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1 Why learn C?

C! is the most commonly used programming language? for writing operating systems>. Unix* was
the first operating system written in C. Later Microsoft Windows>, Mac OS X®, and GNU/Linux’
were all written in C. Not only is C the language of operating systems, it is the precursor and
inspiration for almost all of the most popular high-level languages available today. In fact, Perl®,
PHP?, and Python'? are all written in C.

By way of analogy, let's say that you were going to be learning Spanish, Italian, French, or Portuguese.
Do you think knowing Latin would be helpful? Just as Latin was the basis of all of those languages,
knowing C will enable you to understand and appreciate an entire family of programming languages
built upon the traditions of C. Knowledge of C enables freedom.

1.0.1 Why C, and not assembly language?

While assembly language can provide speed and maximum control of the program, C provides
portability.

Different processors are programmed using different Assembly languages and having to choose and
learn only one of them is too arbitrary. In fact, one of the main strengths of C is that it combines
universality and portability across various computer architectures while retaining most of the control
of the hardware provided by assembly language.

For example, C programs can be compiled and run on the HP 50g calculator (ARM processor), the
TI-89 calculator (68000 processor), Palm OS Cobalt smartphones (ARM processor), the original
iMac (PowerPC), the Arduino (Atmel AVR), and the Intel iMac (Intel Core 2 Duo). Each of these
devices has its own assembly language that is completely incompatible with the assembly language
of any other.

Assembly!!, while extremely powerful, is simply too difficult to program large applications and
hard to read or interpret in a logical way. C is a compiled language, which creates fast and efficient
executable files. It is also a small "what you see is all you get" language: a C statement corresponds
to at most a handful of assembly statements, everything else is provided by library functions.

http://en.wikipedia.org/wiki/C%20%28programming%20language%29
http://en.wikipedia.org/wiki/programming%20language
http://en.wikipedia.org/wiki/operating%$20systems
http://en.wikipedia.org/wiki/Unix
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http://en.wikipedia.org/wiki/Linux
http://en.wikipedia.org/wiki/Perl
http://en.wikipedia.org/wiki/PHP
http://en.wikipedia.org/wiki/Python%20%28programming%20language%29
http://en.wikipedia.org/wiki/Assembly%20language
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Why learn C?

So is it any wonder that C is such a popular language?

Like toppling dominoes, the next generation of programs follows the trend of its ancestors. Operating
systems designed in C always have system libraries designed in C. Those system libraries are in
turn used to create higher-level libraries (like OpenGL'?, or GTK!?), and the designers of those
libraries often decide to use the language the system libraries used. Application developers use the
higher-level libraries to design word processors, games, media players and the like. Many of them
will choose to program in the language that the higher-level library uses. And the pattern continues
on and on and on......

1.0.2 Why C, and not another high-level language?

The primary design of C is to produce portable code while maintaining performance and minimizing
footprint, as is the case for operating systems or other programs where a "high-level" interface would
affect performance. It is a stable and mature language whose features are unlikely to disappear for a
long time and has been ported to most, if not all, platforms.

For example, C programs can be compiled and run on the HP 50g calculator (ARM processor), the
TI-89 calculator (68000 processor), Palm OS Cobalt smartphones (ARM processor), the original
iMac (PowerPC), the Arduino (Atmel AVR), and the Intel iMac (Intel Core 2 Duo). While nearly
all popular programming languages will run on at least one of these devices, C may be the only
programming language that runs on more than 3 of these devices.

One powerful reason is memory allocation. Unlike most computer languages, C allows the pro-
grammer to write directly to memory. Key constructs in C such as structs, pointers and arrays are
designed to structure, and manipulate memory in an efficient, machine-independent fashion. In
particular, C gives control over the memory layout of data structures. Moreover dynamic memory
allocation is under the control of the programmer, which inevitably means that memory deallocation
is the burden of the programmer. Languages like Java'* and Perl shield the programmer from having
to worry about memory allocation and pointers. This is usually a good thing, since dealing with
memory allocation when building a high-level program is a highly error-prone process. However,
when dealing with low level code such as the part of the OS that controls a device, C provides a
uniform, clean interface. These capabilities just do not exist in other languages such as Java.

While Perl, PHP, Python and Ruby may be powerful and support many features not provided by
default in C, they are not normally implemented in their own language. Rather, most such languages
initially relied on being written in C (or another high-performance programming language), and
would require their implementation be ported to a new platform before they can be used.

As with all programming languages, whether you want to choose C over another high-level language
is a matter of opinion and both technical and business requirements.

12 http://en.wikipedia.org/wiki/OpenGL
13 http://en.wikipedia.org/wiki/GTK
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2 History

The field of computing as we know it today started in 1947 with three scientists at Bell Telephone
Laboratories—William Shockley!, Walter Brattain?, and John Bardeen®—and their groundbreaking
invention: the transistor®. In 1956, the first fully transistor-based computer, the TX-0°, was completed
at MIT. The first integrated circuit® was created in 1958 by Jack Kilby’ at Texas Instruments, but the
first high-level programming language existed even before then.

"The Fortran® project" was originally developed in 1954 by IBM. A shortening of "The IBM
Mathematical Formula Translating System", the project had the purpose of creating and fostering
development of a procedural, imperative programming language that was especially suited to nu-
meric computation and scientific computing. It was a breakthrough in terms of productivity and
programming ease (compared to assembly language) and speed (Fortran programs ran nearly as
fast as, and in some cases, just as fast as, programs written in assembly). Furthermore, Fortran was
written at a high-enough level (and thus was machine independent enough) to become the first widely
adopted programming language. The Algorithmic Language (Algol 58°) was derived from Fortran in
1958 and evolved into Algol 60'° in 1960. The Combined Programming Language (CPL)!! was then
created out of Algol 60 in 1963. In 1967, it evolved into Basic CPL'2, which was itself, the base for
B13 in 1969. Finally, B was the root of C, created in 1971.

B was the first language in C's direct lineage. B was created by Ken Thompson'# at Bell Labs
and was an interpreted language'> used in early internal versions of the UNIX operating system.
Thompson and Dennis Ritchie'®, also working at Bell Labs, improved B and called the result NB.
Further extensions to NB created its logical successor, C, a compiled language'”. Most of UNIX was
rewritten in NB, and then C, which resulted in a more portable operating system.

The portability of UNIX was the main reason for the initial popularity of both UNIX and C. Rather
than creating a new operating system for each new machine, system programmers could simply write

1 http://en.wikipedia.org/wiki/William%20Shockley
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History

the few system-dependent parts required for the machine, and then write a C compiler for the new
system. Since most of the system utilities were thus written in C, it simply made sense to also write
new utilities in C.

The American National Standards Institute began work on standardizing the C language in 1983,
and completed the standard in 1989. The standard, ANSI X3.159-1989 "Programming Language C",
served as the basis for all implementations of C compilers. The standards were later updated in 1990
and 1999, allowing for features that were either in common use, or were appearing in C++.



3 What you need before you can learn

3.1 Getting Started

The goal of this book is to introduce you to the C programming language. Basic computer literacy is
assumed, but no special knowledge is needed.

The minimum software requirements to program in C is a text editor!, as opposed to a word
processor?. There are many text editors (see List of Text Editors®), the most popular being vi*, its
clones (such as Vim®), and Emacs®. A text editor with syntax highlighting’ is recommended, as it
can make code easier to read at a glance. Highlighting can also make it easy to spot syntax errors.
Most programmers' text editors on Windows and Unix systems can do this.

If you choose to use a text editor, you will be required to have a C compiler. A compiler is a program
that converts C code into executable machine code®.”

Popular C compilers Include:

http
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Actually, GCC's(GNU C Compiler) ce (C Compiler) translates the input .c file to the target cpu's assembly, output is

org/wiki/text%20editor
org/wiki/word%20processor
org/wiki/List%200f%20text%20editors
org/wiki/vi
org/wiki/vim%$20%28text%$20editor%29
org/wiki/Emacs
org/wiki/syntax%$20highlighting
org/wiki/machine%20code

written to an .s file. Then as (assembler) generates a machine code file from the .s file. Pre-processing is done by
another sub-program cpp (C PreProcessor).
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Getting Started

Though not absolutely needed, many programmers prefer and recommend using an Integrated
development environment?’ (IDE) instead of a text editor and compiler. An IDE is a suite of
programs that developers need, combined into one convenient package, usually with a graphical
user interface. These programs include a compiler, linker, and text editor. They typically include a
debugger, a tool that will preserve your C source code after compilation and enable you to do such
things as step through it manually, or alter data as an aid to finding and correcting programming
erTors.

Popular IDEs Include:

27 http://en.wikipedia.org/wiki/Integrated%20development%$20environment
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http://www.codeblocks.org/
http://en.wikipedia.org/wiki/GNU%20General%20Public%20License

Footnotes

On GNU/LINUX, GCC is almost always included automatically.

On Microsoft Windows, Dev-C++ is recommended for beginners because it is easy to use, free, and
simple to install. However, the official release of Dev-C++ hasn't been updated since 22 February
2005.3 An unofficial version of Dev-C++ is being actively developed however.>* An alternate
option, Microsoft Visual Studio Express, may also be helpful for beginners but requires setting up a
compilation project before making an executable file.

On Mac OS X, the Xcode IDE provides the compilers needed to compile various source files.
Installing Xcode installs both the command-line compilers as well as the graphical IDE.

3.2 Footnotes

pl:C/Czego potrzebujesz>

53 http://sourceforge.net/news/?group_id=10639
54 http://orwellengine.blogspot.com/
55 http://pl.wikibooks.org/wiki/C%2FCzego%20potrzebujesz
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4 Using a Compiler

4.0.1 Dev-C++

Dev C++! is an Integrated Development Environment(IDE) for the C++ programming language,

available from Bloodshed Software?.

C++ is a programming language which contains within itself, most of the C language, plus extensions.
Most C++ compilers will compile C programs, sometimes with a few adjustments (like invoking them
with a different name or command line switch). Therefore, you can use Dev C++ for C development.

However, Dev C++ is not the compiler. It is designed to use the MinGW? or Cygwin* versions of
GCC? - both of which can be obtained as part of the Dev C++ package, although they are completely
different projects.

Dev C++ simply provides an editor, syntax highlighting, some facilities for the visualisation of code
(like class and package browsing) and a graphical interface to the chosen compiler. Because Dev C++
analyses the error messages produced by the compiler and attempts to distinguish the line numbers
from the errors themselves, the use of other compiler software is discouraged since the format of
their error messages is likely to be different.

The latest version of Dev-C++ is a beta® for version 5. However, it still has a significant number of
bugs. All the features are there, and it is quite usable. It is considered one of the best free software C
IDEs available for Windows.

A version of Dev C++ for Linux is in the pipeline. It is not quite usable yet, however. Linux users
already have a wealth of IDEs available. (e.g. KDevelop’ and Anjuta®.) Most of the graphical text
editors, and other common editors such as emacs and vi(m), support syntax highlighting®.

http://en.wikipedia.org/wiki/Dev-C%20P1lus%20Plus
http://www.bloodshed.net/
http://en.wikipedia.org/wiki/MinGW
http://en.wikipedia.org/wiki/Cygwin
http://en.wikipedia.org/wiki/GCC
http://en.wikipedia.org/wiki/beta%20version
http://en.wikipedia.org/wiki/KDevelop
http://en.wikipedia.org/wiki/Anjuta
http://en.wikipedia.org/wiki/syntax%$20highlighting
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4.0.2 GCC

The GNU Compiler Collection'? (GCC) is a free!! set of compilers developed by the Free Software
Foundation'2.

Steps for Obtaining the GCC Compiler if You're on GNU/Linux

On GNU/Linux, Installing the GNU C Compiler can vary in method from distribution!'? to distribu-
tion.

» For Redhat!4, get a GCC RPM", e.g. using Rpmfind and then install (as root) using rpm —ivh
gcc-version—-release.arch.rpm

* For Fedora Core!®, install the GCC compiler (as root) by using yum*’ install gcc.

« For Mandrake'®, install the GCC compiler (as root) by using urpmi'® gcc

* For Debian?’, install the GCC compiler (as root) by using apt-get?’ install gcc.

« For Ubuntu??, install the GCC compiler (along with other necessary tools) by using sudo
apt-get?? install build-essential, or by using Synaptic. You do not need Uni-
verse enabled.

* For Slackware®*, the package is available on their website?> - simply download, and type
installpkg gcc—xxxxx.tgz

* For Gentoo?®, you should already have GCC installed as it will have been used when you first
installed. To update it run (as root) emerge -uav gcc.

« For Arch Linux?’, install the GCC compiler (as root) by using pacman -S gcc.

¢ If you cannot become root, get the GCC tarball from ftp://ftp.gnu.org/ and follow the instructions
in it to compile and install in your home directory. Be warned though, you need a C compiler to do
that - yes, GCC itself is written in C.

* You can use some commercial C compiler/IDE.

Steps for Obtaining the GCC Compiler if You're on BSD Family Systems

10 http://en.wikipedia.org/wiki/GNU%$20Compiler%20Collection
11 http://en.wikipedia.org/wiki/free%20software

12 http://en.wikipedia.org/wiki/Free%20Software%$20Foundation
13 http://en.wikipedia.org/wiki/Linux%20distribution

14 http://en.wikipedia.org/wiki/Redhat

15 http://en.wikipedia.org/wiki/RPM%20Package%20Manager

16 http://en.wikipedia.org/wiki/Fedora%20Core

17 http://en.wikipedia.org/wiki/yum

18 http://en.wikipedia.org/wiki/Mandrake

19 http://en.wikipedia.org/wiki/urpmi

20 http://en.wikipedia.org/wiki/Debian

21 http://en.wikipedia.org/wiki/Advanced%$20Packaging%20Tool
22 http://en.wikipedia.org/wiki/Ubuntu

23 http://en.wikipedia.org/wiki/Advanced%$20Packaging%$20Tool
24 http://en.wikipedia.org/wiki/Slackware

25 http://www.slackware.com/pb/

26 http://en.wikipedia.org/wiki/Gentoo

27 http://en.wikipedia.org/wiki/Arch%20Linux
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Footnotes

 For Mac OS X283, FreeBSD?’, NetBSD?°, OpenBSD31, DragonFly BSD?32, Darwin®? the port of

GNU gcc is available in the base system, or it could be obtained using the ports collection or
34
pkgsrc™.

Steps for Obtaining the GCC Compiler if You're on Windows

There are two ways to use GCC on Windows: Cygwin and MinGW. Applications compiled with
Cygwin will not run on any computer without Cygwin, so MinGW is recommended. MinGW is
simpler to install, and takes less disk space.

To get MinGW, do this:

1

. Go to http://sourceforge.net/projects/mingw/>> download and save this to your hard drive.

2. Once the download is finished, open it and follow the instructions. You can also choose to

3.

install additional compilers, or the tool Make, but these aren't necessary.

Now you need to set your PATH. Right-click on "My computer" and click "Properties". Go to
the "Advanced" tab and click on "Environment variables". Go to the "System variables" section
and scroll down until you see "Path". Click on it, then click "edit". Add ";C:\mingw\bin\"
(without the quotes) to the end.

To test if GCC works, open a command prompt and type "gcc". You should get the message
"gcc: no input files". If you get this message, GCC is installed correctly.

To get Cygwin, do this:

L.

Go to http://www.cygwin.com?® and click on the "Install Cygwin Now" button in the upper
right corner of the page.

Click "run" in the window that pops up, and click "next" several times, accepting all the default
settings.

. Choose any of the Download sites ("ftp.easynet.be", etc.) when that window comes up; press

"next" and the Cygwin installer should start downloading.

When the "Select Packages" window appears, scroll down to the heading "Devel" and click on
the "+" by it. In the list of packages that now displays, scroll down and find the "gcc-core"
package; this is the compiler. Click once on the word "Skip", and it should change to some
number like "3.4" etc. (the version number), and an "X" will appear next to "gcc-core" and
several other related packages that will now be downloaded.

. Click "next" and the compiler as well as the Cygwin tools should start downloading; this

could take a while. While you're waiting for the installation to finish, download any text-editor
designed for programming. While Cygwin does include some, you may prefer doing a web
search to find other alternatives. While using a stock text editor is possible, it is not ideal.

Once the Cygwin downloads are finished and you have clicked "next", etc. to finish the
installation, double-click the Cygwin icon on your desktop to begin the Cygwin "command
prompt". Your home directory will automatically be set up in the Cygwin folder, which now

28
29
30
31
32
33
34
35
36

http://en.wikipedia.org/wiki/Mac%200S%20X
http://en.wikipedia.org/wiki/FreeBSD
http://en.wikipedia.org/wiki/NetBSD
http://en.wikipedia.org/wiki/OpenBSD
http://en.wikipedia.org/wiki/DragonFly%20BSD
http://en.wikipedia.org/wiki/Darwin
http://en.wikipedia.org/wiki/pkgsrc
http://sourceforge.net/projects/mingw/
http://www.cygwin.com
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should be at "C:\cygwin" (the Cygwin folder is in some ways like a small unix/linux computer
on your Windows machine -- not technically of course, but it may be helpful to think of it that
way).

7. Type "gecc" at the Cygwin prompt and press "enter"; if "gcc: no input files" or something
like it appears you have succeeded and now have the gcc compiler on your computer (and
congratulations -- you have also just received your first error message!).

The current stable (usable) version of GCC is 5.1.6 published on 2009-10-02, which supports several
platforms. In fact, GCC is not only a C compiler, but a family of compilers for several languages,
such as C++, Ada®’, Java®, and Fortran®.

4.0.3 Embedded systems

* Most CPUs are microcontrollers in embedded systems, often programmed in C, but most of the
compilers mentioned above (except GCC) do not support such CPUs. For specialized compilers
that do support embedded systems, see Embedded Systems/C Programming™.

pl:C/Uzywanie kompilatora*!

37 http://en.wikibooks.org/wiki/Ada%20Programming

38 http://en.wikibooks.org/wiki/Java

39 http://en.wikibooks.org/wiki/Fortran

40 http://en.wikibooks.org/wiki/Embedded%20Systems%$2FC%$20Programming
41 http://pl.wikibooks.org/wiki/C%2FU%01%7Cywanie%20kompilatora
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5 A taste of C

As with nearly every other programming language learning book, we use the Hello world program
to introduce you to C.

#include <stdio.h>

int main (void) {
printf ("Hello, world!\n");
return 0;

This program prints "Hello, world!" and then exits.
Enter this code into your text editor or IDE, and save it as "hello.c".

Then, presuming you are using GCC, type gcc -o hello hello.c. This tells gcc to compile
your hello.c program into a form the machine can execute. The "-o hello' tells it to call the compiled
program 'hello'.

If you have entered this correctly, you should now see a file called hello. This file is the binary
version of your program, and when run should display "Hello, world!"

Here is an example of how compiling and running looks when using a terminal on a unix system. 1s
is a common unix command that will list the files in the current directory, which in this case is the
directory progs inside the home directory (represented with the special tilde, ~, symbol). After
running the gcc command, 1s will list a new file, hello in green. Green is the standard color
coding of 1s for executable files.

“/progs$ 1ls

hello.c

“/progs$ gcc -o hello hello.c
“/progs$ 1ls

hello hello.c

“/progs$ ./hello

Hello, world!

“/progss$

5.0.4 Part-by-part explanation

#include <stdio.h> tells the C compiler to find the standard header called <stdio.h>° and
add it to this program. In C, you often have to pull in extra optional components when you need

1 http://en.wikipedia.org/wiki/Hello%20world%20program
2 http://en.wikipedia.org/wiki/stdio.h
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them. <stdio.h> contains descriptions of standard input/output functions which you can use to send
messages to a user, or to read input from a user.

int main (void) issomething you'll find in every C program. Every program has a main function.
Generally, the main function is where a program begins. However, one C program can be scattered
across multiple files, so you won't always find a main function in every file. The int at the beginning
means that main will return an integer to the operating system when it is finished.

printf ("Hello, world!\n"); is the statement that actually puts the message to the screen.
printfis the formatted printing function that is declared in the file stdio.h - which is why you had to
#include that at the start of the program. \n is an escape sequence which adds a new line at the end of
the printed text.

return 0; will return zero (which is the integer? referred to on line 3) to the operating system.
When a program runs successfully its return value is zero (GCC4 complains if it doesn't when
compiling). A non-zero value is returned to indicate a warning or error.

The empty line is there because it is (at least on UNIX) considered good practice to end a file with
anew line. In gcc using the -Wall -pedantic -—ansi options, if the file does not end with a
new line this message is displayed: "warning: no newline at end of file". (The newline isn't shown on
the example because MediaWiki automatically removes it)

3 http://en.wikipedia.org/wiki/Integer%20%28computer%20science%29
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6 Intro exercise

6.1 Introductory Exercises

6.1.1 On GCC

If you are using a Unix(-like) system, such as GNU/Linux!, Mac OS X2, or Solaris>, it will probably
have GCC installed. Type the hello world program into a file called first.c and then compile it with
gcc. Just type:

gcc first.c

Then run the program by typing:

./a.out

or, If you are using Cygwin.

a.exe

You should now see your very first C program

There are a lot of options you can use with the gcc compiler. For example, if you want the output to
have a name other than a.out, you can use the -o option. The following shows a few examples:

-C

indicates that the compiler is supposed to generate an object file, which can be later linked to other
files to form a final program.

=0

indicates that the next parameter is the name of the resulting program (or library). If this option
is not specified, the compiled program will, for historic reasons, end up in a file called "a.out" or
"a.exe" (for cygwin users).

indicates that debugging information should be added to the results of compilation.

1 http://en.wikipedia.org/wiki/GNU%2FLinux
2  http://en.wikipedia.org/wiki/Mac%$200S%20X
3 http://en.wikipedia.org/wiki/Solaris%$200perating%20Environment
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-02 -ffast-math
indicates that the compilation should be optimized.

-W -Wall —-fno—-common -Wcast—-align -Wredundant-decls
-Wbad-function-cast -Wwrite-strings —-Waggregate-return
-Wstrict-prototypes -Wmissing—-prototypes

indicates that gcc should warn about many types of suspicious code that are likely to be incorrect.
-E

indicates that gcc should only preprocess the code; this is useful when you are having trouble
understanding what gcc is doing with #include and #define, among other things.

All the options are well documented in the manual page* for GCC.

6.1.2 On IDEs

If you are using a commercial IDE you may have to select console project, and to compile you just
select build from the menu or the toolbar. The executable will appear inside the project folder, but
you should have a menu button so you can just run the executable from the IDE.

4 http://gcc.gnu.org/onlinedocs/gcc—-4.3.0/gcc/Debugging-Options.html
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8 Preliminaries

8.1 Basic Concepts

Before one gets too deep into learning C syntax and programming constructs, it is beneficial to learn
the meaning of a few key terms that are central to a thorough understanding of C.

8.2 Block Structure, Statements, Whitespace, and Scope

Now we discuss the basic structure of a C program. If you're familiar with PASCAL!, you may
have heard it referred to as a block-structured language. C does not have complete block structure
(and you'll find out why when you go over functions in detail) but it is still very important to
understand what blocks are and how to use them.

So what is in a block? Generally, a block consists of executable statements, or the text the compiler
will attempt to turn into executable instructions, and the whitespace that surrounds them.

In C, blocks begin with an opening brace " { " and end with a closing brace " } ". Blocks can contain
other blocks which can contain their own blocks, and so on. Statements always end with a semicolon
(;) character. Since C is a free-format language, several statements can share a single line in the
source file. There are several kinds of statements, including assignment, conditional and flow-control.
A substantial portion of this book deals with statement construction.

Whitespace refers to the tab, space and newline/EOL (End Of Line) characters that separate the text
characters that make up source code lines. Like many things in life, it's hard to appreciate whitespace
until it's gone. To a C compiler, the source code

printf ("Hello world"); return 0;

1s the same as

printf ("Hello world");
return 0;

which is the same as

1 http://en.wikipedia.org/wiki/Pascal%20%28programming%20language%$29
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printf (
"Hello world") ; <br><br><br>
return 0;

The compiler simply skips over whitespace. However, it is common practice to use spaces (and tabs)
to organize source code for human readability. You can use blocks without a conditional, loop, or
other statement to organize your code.

In C, most of the time we do not want other functions or other programmer's routines> accessing data
that we are currently manipulating. This is why it is important to understand the concept of scope.

Scope describes the level at which a piece of data or a function is visible. There are two kinds of
scope in C, local and global. When we speak of something being global, we speak of something
that can be seen or manipulated from anywhere in the program. When we speak of something being
local, we speak of something that can be seen or manipulated only within the block it was declared.

8.3 Basics of Using Functions

Functions are a big part of programming. A function is a special kind of block that performs a
well-defined task. If a function is well-designed, it can enable a programmer to perform a task
without knowing anything about how the function works. The act of requesting a function to perform
its task is called a function call. Many functions require a caller to hand it certain pieces of data
needed to perform its task; these are called arguments. Many functions also return a value to the
caller when they're finished; this is called a return value (the return value in the above program is 0).

The things you need to know before calling a function are:

* What the function does
* The data type (discussed later) of the arguments and what they mean
* The data type of the return value and what it means

All code other than global data definitions and declarations needs to be a part of a function.

Every executable program needs to have one, and only one, main function, which is where the
program begins executing.

We will discuss functions in more detail in a later chapter, C Programming/Procedures and functions>.

8.4 The Standard Library

In 1983, when C was in the process of becoming standardized, the American National Standards
Institute* (ANSI) formed a committee to establish a standard specification of C known as "ANSI
C". That standard specification created a basic set of functions common to each implementation of

2 http://en.wikipedia.org/wiki/Subroutine
3 Chapter 17 on page 93
4 http://en.wikipedia.org/wiki/American%20National%20Standards%20Institute

26


http://en.wikipedia.org/wiki/Subroutine
http://en.wikipedia.org/wiki/American%20National%20Standards%20Institute

Comments and Coding Style

C, which is referred to as the Standard Library>. The Standard Library provides functions for tasks
such as input/output, string manipulation, mathematics, files, and memory allocation. The Standard
Library does not provide functions that are dependent on specific hardware or operating systems,
like graphics, sound, or networking. In the "Hello, World", program, a Standard Library function is
used print £ which outputs lines of text to the standard output® stream.

8.5 Comments and Coding Style

Comments are text inserted into the source code of a program that serve no purpose other than
documenting the code. So, it is not necessary to use comments in your program, but it will help you
figure out things while you are scanning through a huge program source code that you/someone else
had written earlier.

Types of comments C has two types of comments : 1. Multi-line comment : A comment may
begin with /* and end with */. This type of comment may span part of a line or may span many
lines. 2. Single line comment : For a one line comment statement, you can use the token "//" at the
beginning of the statement. The compiler ignores all text from a "//" until the end of a line.

Good commenting is considered essential to software development, not just because others may
need to read your code, but because you may need to revise your code after writing it and will want
to quickly understand how it works. In general, it is a good idea to comment anything that is not
immediately obvious to a competent programmer (such as the purpose of a function, variable or
code). However, you should avoid overdoing comments, since over-commenting may actually make
your code more difficult to read and waste space.

Good coding style habits are important to adopt for the simple reason that code should be intuitive
and readable, which is, after all, the purpose of a high-level programming language like C. In
general, provide ample white space, indent so that the opening brace of a block and the closing
brace of a block are vertically aligned, and provide evocative names for your functions and variables.
Throughout this text we will be providing more style and coding style tips for you. Do try and follow
these tips: they will make your code easier for you and others to read and understand.

pl:C/Podstawy’

5 http://en.wikipedia.org/wiki/C%20standard%20library
6 http://en.wikipedia.org/wiki/standard%$20output
7 http://pl.wikibooks.org/wiki/C%2FPodstawy
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9 Compiling

Having covered the basic concepts of C programming, we can now briefly discuss the process of
compilation.

Like any programming language, C by itself is completely incomprehensible to a microprocessor!.

Its purpose is to provide an intuitive way for humans to provide instructions that can be easily
converted into machine code that is comprehensible to a microprocessor. The compiler is what takes
this code, and translates it into the machine code.

To those new to programming, this seems fairly simple. A naive compiler might read in every source
file, translate everything into machine code, and write out an executable. This could work, but has
two serious problems. First, for a large project, the computer may not have enough memory to read
all of the source code at once. Second, if you make a change to a single source file, you would rather
not have to recompile the entire application.

To deal with these problems, compilers break their job down into steps; for each source file (each
. c file), the compiler reads the file, reads the files it references with #include, and translates it to
machine code. The result of this is an "object file" (. o). Once every object file is made, a "linker"
collects all of the object files and writes the actual program. This way, if you change one source file,
only that file needs to be recompiled and then the application needs to be re-linked.

Without going into the painful details, it can be beneficial to have a superficial understanding of the
compilation process. In brief, here it is:

9.1 Preprocessor

The preprocessor provides the ability for the inclusion of header files, macro expansions, conditional
compilation, and line control. Many times you will need to give special instructions to your compiler.
This is done by inserting preprocessor directives” into your code. When you begin compiling
your code, a special program called the preprocessor scans the source code and performs simple
substitution of tokenized strings for others according to predefined rules. The preprocessor is not a
part of the C language.

In C language, all preprocessor directives begin with the pound character (#). You can see one
preprocessor directive in the Hello world program?® introduced in A taste of C*:

Example:

1 http://en.wikipedia.org/wiki/microprocessor

2 http://en.wikipedia.org/wiki/Preprocessor$20directives
3 http://en.wikibooks.org/wiki/Hello%20world%20program

4 Chapter 5 on page 19

29


http://en.wikipedia.org/wiki/microprocessor
http://en.wikipedia.org/wiki/Preprocessor%20directives
http://en.wikibooks.org/wiki/Hello%20world%20program

Compiling

#include <stdio.h>

This directive causes the header to be included into your program. Other directives such as #pragma
control compiler settings and macros. The result of the preprocessing stage is a text string. You can
think of the preprocessor as a non-interactive text editor that prepares your code for the compilation
step. The language of preprocessor directives is agnostic to the grammar of C, so the C preprocessor
can also be used independently to process other kinds of text files.

9.2 Syntax Checking

This step ensures that the code is valid and will sequence into an executable program. Under most
compilers, you may get messages or warnings indicating potential issues with your program (such as
a statement always being true or false, etc.)

When an error is detected in the program, the compiler will normally report the file name and line
that is preventing compilation.

9.3 Object Code

The compiler produces a machine code equivalent of the source code that can then be linked into the
final program. The code itself can't be executed yet, as it has to complete the linking stage.

It's important to note after discussing the basics that compilation is a "one way street”. That is,
compiling a C source file into machine code is easy, but "decompiling” (turning machine code into
the C source that creates it) is not. Decompilers for C do exist, but they rarely create useful code.

9.4 Linking

Linking combines the separate object codes into one complete program by integrating libraries and
the code and producing either an executable program® or a library®. Linking is performed by a linker,
which is often part of a compiler.

Common errors during this stage are either missing functions, or duplicate functions.

9.5 Automation

For large C projects, many programmers choose to automate compilation, both in order to reduce
user interaction requirements and to speed up the process by only recompiling modified files.

5 http://en.wikipedia.org/wiki/Executable
6 http://en.wikipedia.org/wiki/Library%$20%28computing%29
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Most integrated development environments have some kind of project management, which makes
such automation very easy. On UNIX-like systems, make’ and Makefiles are often used to accomplish
the same.

de:C-Programmierung: Kompilierung®  es:Programacién_en_C/Compilar_un_programa’

et:Programmeerimiskeel C/Kompileerimine!® fr:Programmation C-C%2B%2B/Modularité et
compilation!! it:C/Compilatore e precompilatore/Compilatore!? pt:Programar em C/Utilizando um
compilador!?

7 http://en.wikibooks.org/wiki/make

8 http://de.wikibooks.org/wiki/C-Programmierung$%$3A%20Kompilierung

9 http://es.wikibooks.org/wiki/Programaci%F3n_en_C%2FCompilar_un_programa

10 http://et.wikibooks.org/wiki/Programmeerimiskeel%20C%2FKompileerimine

11 http://fr.wikibooks.org/wiki/Programmation%$20C-C%252B%252B%2FModularit%E9%

20et%20compilation

12 http://it.wikibooks.org/wiki/C%2FCompilatore%20e%20precompilatore%
2FCompilatore

13 http://pt.wikibooks.org/wiki/Programar%20em%$20C%2FUtilizando%20um%
20compilador
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10 Structure and style

10.1 C Structure and Style

This is a basic introduction to good code style in the C Programming Language. It is designed to
provide information on how to effectively use indentation, comments, and other elements that will
make your C code more readable. It is not a tutorial on actually programming in C.

As a beginning programmer, the point of creating structure in the programs' code might not be clear,
as the compiler doesn't care about the difference. However, as programs become complex, chances
are that writing the program has become a joint effort. (Or others might want to see how it was
accomplished.) Therefore, the code is no longer designed purely for a compiler to read.

In the following sections, we will attempt to explain good programming practices that will in turn
make your programs clearer and more effective.

10.2 Introduction

In C, programs are composed of statements. These statements are terminated with a semi-colon, and
are collected in sections known as functions. By convention, a statement should be kept on its own
line, as shown in the example below:

#include <stdio.h>

printf ("Hello, World!\n");
return 0;

}

The following block of code is essentially the same: while it contains exactly the same code, and
will compile and execute with the same result, the removal of spacing causes an essential difference
making it harder to read:

#include <stdio.h>
int main(void) {printf("Hello, World!\n");return 0;}

The simple use of indents and line breaks can greatly improve the readability of the code; without
making any impact whatsoever on how the code performs. By having readable code, it is much easier
to see where functions and procedures end, and which lines are part of which loops and procedures.

This book is going to focus on the above piece of code, and how to improve it. Please note that
during the course of the tutorial, there will be many (apparently) redundant pieces of code added.
These are only added to provide examples of techniques that we will be explaining, without breaking
the overall flow of code that the program achieves.
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10.3 Line Breaks and Indentation

The addition of white space inside your code is arguably the most important part of good code
structure. Effective use of white space can create a visual scale of how your code flows, which can
be very important when returning to your code when you want to maintain it.

10.3.1 Line Breaks

/A Warning

Note that we have used line numbers here; they are not a part of the actual code. They are only
there for reference in this book

With minimal line breaks, code is barely readable by humans, and may be hard to debug or understand:

#include <stdio.h>
int main(void) { int i=0; printf("Hello, World!"); for (i=0; i<1l; i++){
printf ("\n"); break; } return 0; }

Rather than putting everything on one line, it is much more readable to break up long lines so that
each statement and declaration goes on its own line. After inserting line breaks, the code will look
like this:

#include <stdio.h>

int main(void)

{

int i=0;

printf ("Hello, World!");
for (i=0; i<1; i++)

{

printf ("\n"); break;

}

return O;

}

10.3.2 Blank Lines

Blank lines should be used to offset the main components of your code. Use them

* After precompiler declarations.
e After new variables are declared.

Based on these two rules, there should now be two line breaks added.

» After line 1, because line 1 has a preprocessor directive
e After line 5, because line 5 contains a variable declaration

This will make the code much more readable than it was before:

The following lines of code have line breaks between functions, but without indentation.

#include <stdio.h>
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int main (void)

—~—

int 1=0;

printf ("Hello, World!");
for (i=0; 1<1; 1i++)

{

printf ("\n");

break;

}

return 0;

}

But this still isn't as readable as it can be.

10.3.3 Indentation

Note:
Many text editors automatically indent appropriately when you hit the enter/return key.

Although adding simple line breaks between key blocks of code can make code easier to read, it
provides no information about the block structure of the program. Using the tab key can be very
helpful now: indentation visually separates paths of execution by moving their starting points to a
new column in the line. This simple practice will make it much easier to read and understand code.
Indentation follows a fairly simple rule:

» All code inside a new block should be indented by one tab'

2 more than the code in the previous path.

Based on the code from the previous section, there are two blocks requiring indentation:

e Lines 5to 13
e Lines 10 and 11

#include <stdio.h>

int main (void)

{

int i1=0;

printf ("Hello, World!");
for (i=0; 1i<1; 1i++)
{

printf ("\n");

break;

—_—

Several programmers recommend "use spaces for indentation. Do not use tabs in your code. You should set your
editor to emit spaces when you hit the tab key." http://google-styleguide.googlecode.com/svn/
trunk/cppguide.xml http://www. jwz.org/doc/tabs-vs-spaces.html

Other programmers disagree. http://diagrammes-modernes.blogspot.com/2006/04/
tab-versus—-spaces.html http://www.derkarl.org/why_to_tabs.html

Regardless of whether you prefer spaces or tabs, make sure you keep it consistent with projects you are working on,
because mixing tabs and spaces can cause code to become unreadable.
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}

return 0;

It is now fairly obvious as to which parts of the program fit inside which blocks. You can tell which
parts of the program the coder has intended to loop, and which ones he has not. Although it might
not be immediately noticeable, once many nested loops and paths get added to the structure of the
program, the use of indentation can be very important. This indentation makes the structure of your
program clear.

Indentation was originally one tab character, or the equivalent of 8 spaces. Research since the original
indent size has shown that indents between 2 to 4 characters are easier to read>, resulting in such tab

sizes being used as default in modern IDEs. However, an indent of 8 characters may still be in use

for some systems®*.

10.4 Comments

Comments in code can be useful for a variety of purposes. They provide the easiest way to set off
specific parts of code (and their purpose); as well as providing a visual "split" between various parts
of your code. Having good comments throughout your code will make it much easier to remember
what specific parts of your code do.

Comments in modern flavors of C (and many other languages) can come in two forms:

//Single Line Comments (added by C99 standard, famously known as c++ style of
comments)

and

/*Multi-Line
Comments+/ (only form of comments supported by C89 standard)

Note that Single line comments are a fairly recent addition to C, so some compilers may not support
them. A recent version of GCC> will have no problems supporting them.

This section is going to focus on the various uses of each form of commentary.

10.4.1 Single-line Comments

Single-line comments are most useful for simple 'side’ notes that explain what certain parts of the
code do. The best places to put these comments are next to variable declarations, and next to pieces
of code that may need explanation.

Based on our previous program, there are two good places to place comments

* Line 5, to explain what 'int i' is going to do

[O¥]

http://www.oualline.com/vim-cook.html#drawing

4 [http://lxr.linux.no/#linux+v2.6.31/Documentation/CodingStyle Linux Kernel coding
standard

5 http://en.wikipedia.org/wiki/GNU%20Compiler%20Collection
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e Line 11, to explain why there is a 'break’ keyword.

This will make our program look something like

#include <stdio.h>

int main(void)

{

int i=0; // loop variable.
printf ("Hello, World!");

for (i=0; 1i<1l; i++) |

printf ("\n");

break; //Exits 'for' loop.
}

return 0;

10.4.2 Multi-line Comments

Note:
Single-line comments are a new feature, so many C programmers only use multi-line comments.

Multi-line comments are most useful for long explanations of code. They can be used as copyright/li-
censing notices, and they can also be used to explain the purpose of a block of code. This can be
useful for two reasons: They make your functions easier to understand, and they make it easier to
spot errors in code. If you know what a block is supposed to do, then it is much easier to find the
piece of code that is responsible if an error occurs.

As an example, suppose we had a program that was designed to print "Hello, World! " a certain
number of lines, a specified number of times. There would be many for loops in this program. For
this example, we shall call the number of lines i, and the number of strings per line as j.

A good example of a multi-line comment that describes 'for' loop is purpose would be:

/* For Loop (int 1)
Loops the following procedure i times (for number of lines). Performs 'for'
loop j on each loop,
and prints a new line at end of each loop.
*/
This provides a good explanation of what is purpose is, whilst not going into detail of what jdoes.
By going into detail over what the specific path does (and not ones inside it), it will be easier to

troubleshoot the path.

Similarly, you should always include a multi-line comment before each function, to explain the
role, preconditions and postconditions of each function. Always leave the technical details to the
individual blocks inside your program - this makes it easier to troubleshoot.

A function descriptor should look something like:

/# Function : int hworld (int i,int j)
Input : int 1 (Number of lines), int j (Number of instances per line)
Output : 0 (on success)
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Procedure: Prints "Hello, World!" j times, and a new line to standard output
over 1 lines.

*/

This system allows for an at-a-glance explanation of what the function should do. You can then go
into detail over how each aspect of the program is achieved later on in the program.

Finally, if you like to have aesthetically-pleasing source code, the multi-line comment system allows
for the easy addition comment boxes. These make the comments stand out much more than they
would without otherwise. They look like this.

/***************************************
% This is a multi line comment
* That 1is nearly surrounded by a
* Cool, starry border!

ok ok ok ok ok ok ok ok koK Kk ok ok ok koK ok ko ok ok koK ok koK ok ok ko ok ok kK )

Applied to our original program, we can now include a much more descriptive and readable source
code:
#include <stdio.h>

int main(void)

{

/) x kK

B i o b b b b b b b b e i i i i i i i i b b b b b e i i i i b b i i b i

* Function: int main (void)

* Input : none

* Output : Returns 0 on success

* Procedure: Prints "Hello, World!" and a new line to standard output then
exits.

*ok Ak A
********************************************************************************/

int 1=0; //Temporary variable used for 'for' loop.
printf ("Hello, World!");

/* FOR LOOP (int 1)

Prints a new line to standard output, and exits */
for (i=0; 1i<1; 1i++)
{

printf ("\n");

break; //Exits 'for' loop.

return 0;

}

This will allow any outside users of the program an easy way to comprehend what the code functions
are, and how it operates. It also inhibits uncertainty with other like-named functions.

A few programmers add a column of stars on the right side of a block comment:

/***************************************

* This is a multi line comment *
* that is completely surrounded by a *
* cool, starry border! *

***************************************/

But most programmers don't put any stars on the right side of a block comment. They feel that
aligning the right side is a waste of time.
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Comments written in source files can be used for documenting source code automatically by using
popular tools like Doxygen®’

10.5 Links

+ Aladdin's C coding guidelines® - A more definitive C coding guideline.
+ C/C++ Programming Styles” GNU Coding styles & Linux Kernel Coding style

¢ C Programming Tutoria

19 C Programming Tutorial

et:Programmeerimiskeel C/Stiil'!

6

10
11

"Coding Conventions for C++ and Java" “{http://www.macadamian.com/index.php?option=com_
content&task=viewsid=34&Itemid=37} "all the block comments illustrated in this document have no
pretty stars on the right side of the block comment. This deliberate choice was made because aligning those pretty
stars is a large waste of time and discourages the maintenance of in-line comments.",
wiki:BigBlocksOfAsterisks “"{http://en.wikibooks.org/wiki/wiki%$3ABigBlocksOfAsterisks}
, "Code craft" “{http://books.google.com/books?id=14zCzpkrt4sC&pg=PA82&1pg=PA82&dg=
programming+comment+block+waste+time+lining+upé&source=bl&ots=TUpTMIHBnh&sig=
NeZm23WPmvnw2aKMnIRUeQoHmJg&hl=en&ei=pri3SevGIYGyNMn9jd4K&sa=X&oi=book__
result&resnum=8&ct=result} by Pete Goodliffe page 82, Falvotech "C Programming Style Guide"
“{http://www.falvotech.com/content/publications/conventions/c/} , Fedora Directory
Server Coding Style “{http://directory.fedoraproject.org/wiki/Coding_Style}
http://www.cs.wisc.edu/~ghost/doc/AFPL/6.01/C-style.htm
http://www.mycplus.com/c.asp?ID=12
http://www.studiesinn.com/learn/Programming-Languages/C-Language.html
http://et.wikibooks.org/wiki/Programmeerimiskeel%20C%2FStiil

39


http://www.macadamian.com/index.php?option=com_content&task=view&id=34&Itemid=37
http://www.macadamian.com/index.php?option=com_content&task=view&id=34&Itemid=37
http://en.wikibooks.org/wiki/wiki%3ABigBlocksOfAsterisks
http://books.google.com/books?id=i4zCzpkrt4sC&pg=PA82&lpg=PA82&dq=programming+comment+block+waste+time+lining+up&source=bl&ots=TUpTMIHBnh&sig=NeZm23WPmvnw2aKMnIRUeQoHmJg&hl=en&ei=pri3SevGIYGyNMn9jd4K&sa=X&oi=book_result&resnum=8&ct=result
http://books.google.com/books?id=i4zCzpkrt4sC&pg=PA82&lpg=PA82&dq=programming+comment+block+waste+time+lining+up&source=bl&ots=TUpTMIHBnh&sig=NeZm23WPmvnw2aKMnIRUeQoHmJg&hl=en&ei=pri3SevGIYGyNMn9jd4K&sa=X&oi=book_result&resnum=8&ct=result
http://books.google.com/books?id=i4zCzpkrt4sC&pg=PA82&lpg=PA82&dq=programming+comment+block+waste+time+lining+up&source=bl&ots=TUpTMIHBnh&sig=NeZm23WPmvnw2aKMnIRUeQoHmJg&hl=en&ei=pri3SevGIYGyNMn9jd4K&sa=X&oi=book_result&resnum=8&ct=result
http://books.google.com/books?id=i4zCzpkrt4sC&pg=PA82&lpg=PA82&dq=programming+comment+block+waste+time+lining+up&source=bl&ots=TUpTMIHBnh&sig=NeZm23WPmvnw2aKMnIRUeQoHmJg&hl=en&ei=pri3SevGIYGyNMn9jd4K&sa=X&oi=book_result&resnum=8&ct=result
http://www.falvotech.com/content/publications/conventions/c/
http://directory.fedoraproject.org/wiki/Coding_Style
http://www.cs.wisc.edu/~ghost/doc/AFPL/6.01/C-style.htm
http://www.mycplus.com/c.asp?ID=12
http://www.studiesinn.com/learn/Programming-Languages/C-Language.html
http://et.wikibooks.org/wiki/Programmeerimiskeel%20C%2FStiil




11 Error handling

C does not provide direct support for error handling (also known as exception handling). By
convention, the programmer is expected to prevent errors from occurring in the first place, and test
return values from functions. For example, -1 and NULL are used in several functions such as socket()
(Unix socket programming) or malloc() respectively to indicate problems that the programmer should
be aware about. In a worst case scenario where there is an unavoidable error and no way to recover
from it, a C programmer usually tries to log the error and "gracefully" terminate the program.

There is an external variable called "errno", accessible by the programs after including <errno.h> -
that file comes from the definition of the possible errors that can occur in some Operating Systems
(e.g. Linux - in this case, the definition is in include/asm-generic/errno.h) when programs ask for
resources. Such variable indexes error descriptions accessible by the function 'strerror( errno )'.

The following code tests the return value from the library function malloc to see if dynamic memory
allocation completed properly:

#include <stdio.h> /* fprintf */

#include <errno.h> /* errno #*/

#include <stdlib.h> /+ malloc, free, exit %/
#include <string.h> /% strerror +/

extern int errno;

int main( void )

{

/% pointer to char, requesting dynamic allocation of 2,000,000,000
* storage elements (declared as an integer constant of type
* unsigned long int). (If your system has less than 2GB of memory
* available, then this call to malloc will fail)
*/

char xptr = malloc( 2000000000UL );

if ( ptr == NULL ) {
puts("malloc failed");
puts (strerror (errno));

}
else

{
/* the rest of the code hereafter can assume that 2,000,000,000
* chars were successfully allocated...
%/
free( ptr );
}

exit (EXIT_SUCCESS); /# exiting program +*/
}

The code snippet above shows the use of the return value of the library function malloc to check for
errors. Many library functions have return values that flag errors, and thus should be checked by the
astute programmer. In the snippet above, a NULL pointer returned from malloc signals an error in
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allocation, so the program exits. In more complicated implementations, the program might try to
handle the error and try to recover from the failed memory allocation.

11.1 Preventing divide by zero errors

A common pitfall made by C programmers is not checking if a divisor is zero before a division
command. The following code will produce a runtime error and in most cases, exit.

int dividend = 50;
int divisor = 0;
int quotient;

quotient = (dividend/divisor); /# This will produce a runtime error! */

For reasons beyond the scope of this document, you must check or make sure that a divisor is
never zero. Alternatively, for *nix processes, you can stop the OS from terminating your process by
blocking the SIGFPE signal.

The code below fixes this by checking if the divisor is zero before dividing.

#include <stdio.h> /# for fprintf and stderr =/
#include <stdlib.h> /% for exit #*/
int main( void )
{
int dividend = 50;
int divisor = 0;
int quotient;

if (divisor == 0) {
/# Example handling of this error. Writing a message to stderr, and
* exiting with failure.
*/
fprintf (stderr, "Division by zero! Aborting...\n");
exit (EXIT_FAILURE); /# indicate failure.x*/
}

quotient = dividend / divisor;
exit (EXIT_SUCCESS); /% indicate success.*/

11.2 Signals

In some cases, the environment may respond to a programming error in C by raising a signal. Signals
are events raised by the host environment or operating system to indicate that a specific error or
critical event has occurred (e.g. a division by zero, interrupt, and so on.) However, these signals are
not meant to be used as a means of error catching; they usually indicate a critical event that will
interfere with normal program flow.

To handle signals, a program needs to use the signal . h header file. A signal handler will need to
be defined, and the signal() function is then called to allow the given signal to be handled. Some
signals that are raised to an exception within your code (e.g. a division by zero) are unlikely to allow
your program to recover. These signal handlers will be required to instead ensure that some resources
are properly cleaned up before the program terminates.
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11.3 setjmp

The setjmp' function can be used to emulate the exception handling feature of other programming
languages. The first call to setjmp provides a reference point to returning to a given function, and is
valid as long as the function containing setjmp() doesn't return or exit. A call to longjmp causes the
execution to return to the point of the associated setjmp call.

#include <stdio.h>
finclude <setjmp.h>

jmp_buf testl;

void tryjump ()
{

longjmp (testl, 3);
}

int main (void)

{

if (setjmp(testl)==0) {
printf ("setjmp() returned 0.");

tryjump () ;
} else {
printf ("setjmp returned from a longjmp function call.");

}
}

The values of non-volatile variables may be corrupted when setjmp returns from a longjmp call.

While setjmp() and longjmp() may be used for error handling, it is generally preferred to use the
return value of a function to indicate an error, if possible.

1 http://en.wikibooks.org/wiki/C%20Programming%$2FCoroutines%23set jmp
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12 Variables

Like most programming languages, C is able to use and process named variables and their contents.
Variables are simply names used to refer to some location in memory — a location that holds a value
with which we are working.

It may help to think of variables as a placeholder for a value. You can think of a variable as being
equivalent to its assigned value. So, if you have a variable i that is initialized (set equal) to 4, then it
follows that i+ will equal 5.

Since C is a relatively low-level programming language, before a C program can utilize memory to
store a variable it must claim the memory needed to store the values for a variable. This is done
by declaring variables. Declaring variables is the way in which a C program shows the number of
variables it needs, what they are going to be named, and how much memory they will need.

Within the C programming language, when managing and working with variables, it is important to
know the type of variables and the size of these types. Since C is a fairly low-level programming
language, these aspects of its working can be hardware specific — that is, how the language is made
to work on one type of machine can be different from how it is made to work on another.

All variables in C are typed. That is, every variable declared must be assigned as a certain type of
variable.

12.1 Declaring, Initializing, and Assigning Variables

Here is an example of declaring an integer, which we've called some_number. (Note the semicolon
at the end of the line; that is how your compiler separates one program statement from another.)
int some_number;

This statement means we're declaring some space for a variable called some_number, which will
be used to store integer data. Note that we must specify the type of data that a variable will store.
There are specific keywords to do this — we'll look at them in the next section.

Multiple variables can be declared with one statement, like this:

int anumber, anothernumber, yetanothernumber;

We can also declare and assign some content to a variable at the same time.

int some_number=3;

This is called initialization.
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In early versions of C, variables must be declared at the beginning of a block. In C99 it is allowed to
mix declarations and statements arbitrarily — but doing so is not usual, because it is rarely necessary,
some compilers still don’t support C99 (portability), and it may, because it is uncommon yet, irritate
fellow programmers (maintainability).

After declaring variables, you can assign a value to a variable later on using a statement like this:

some_number=3;

You can also assign a variable the value of another variable, like so:

anumber = anothernumber;

Or assign multiple variables the same value with one statement:

anumber = anothernumber = yetanothernumber = 3;

This is because the assignment x = vy returns the value of the assignment. x = y = z isreally
shorthand forx = (y = z).

12.1.1 Naming Variables

Variable names in C are made up of letters (upper and lower case) and digits. The underscore
character ("_") is also permitted. Names must not begin with a digit. Unlike some languages (such
as Perl! and some BASIC? dialects), C does not use any special prefix characters on variable names.

Some examples of valid (but not very descriptive) C variable names:

foo

Bar

BAZ
foo_bar
_foo42

QuUx

Some examples of invalid C variable names:

2foo (must not begin with a digit)

my foo (spaces not allowed in names)

s$foo ($ not allowed —- only letters, digits, and _)
while (language keywords cannot be used as names)

As the last example suggests, certain words are reserved as keywords in the language, and these
cannot be used as variable names.

In addition there are certain sets of names that, while not language keywords, are reserved for one
reason or another. For example, a C compiler might use certain names "behind the scenes", and
this might cause problems for a program that attempts to use them. Also, some names are reserved
for possible future use in the C standard library. The rules for determining exactly what names are
reserved (and in what contexts they are reserved) are too complicated to describe here, and as a

1 http://en.wikipedia.org/wiki/Perl
2 http://en.wikipedia.org/wiki/BASIC%20programming%20language
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beginner you don't need to worry about them much anyway. For now, just avoid using names that
begin with an underscore character.

The naming rules for C variables also apply to naming other language constructs such as function
names, struct tags, and macros, all of which will be covered later.

12.2 Literals

Anytime within a program in which you specify a value explicitly instead of referring to a variable or
some other form of data, that value is referred to as a literal. In the initialization example above, 3 is
a literal. Literals can either take a form defined by their type (more on that soon), or one can use
hexadecimal (hex) notation to directly insert data into a variable regardless of its type. Hex numbers
are always preceded with Ox. For now, though, you probably shouldn't be too concerned with hex.

12.3 The Four Basic Data Types

In Standard C there are four basic data types. They are int, char, float, and double.

We will briefly describe them here, then go into more detail in C Programming/Types>.

12.3.1 The int type

The int type stores integers in the form of "whole numbers". An integer is typically the size of one
machine word, which on most modern home PCs is 32 bits (4 octets). Examples of literals are whole
numbers (integers) such as 1,2,3, 10, 100... When int is 32 bits (4 octets), it can store any whole
number (integer) between -2147483648 and 2147483647. A 32 bit word (number) has the possibility
of representing any one number out of 4294967296 possibilities (2 to the power of 32).

If you want to declare a new int variable, use the int keyword. For example:

int numberOfStudents, i, j=5;

In this declaration we declare 3 variables, numberOfStudents, i and j, j here is assigned the literal 5.

12.3.2 The char type

The char type is capable of holding any member of the execution character set. It stores the same
kind of data as an int (i.e. integers), but typically has a size of one byte. The size of a byte is
specified by the macro CHAR_BIT which specifies the number of bits in a char (byte). In standard C
it never can be less than 8 bits. A variable of type char is most often used to store character data,
hence its name. Most implementations use the ASCII* character set as the execution character set,
but it's best not to know or care about that unless the actual values are important.

3 http://en.wikibooks.org/wiki/C%20Programming$2FTypes
4 http://en.wikipedia.org/wiki/ASCII
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Examples of character literals are 'a’, 'b', '1', etc., as well as some special characters such as '\ 0' (the
null character) and '\n' (newline, recall "Hello, World"). Note that the char value must be enclosed
within single quotations.

When we initialize a character variable, we can do it two ways. One is preferred, the other way is
bad programming practice.

The first way is to write

char letterl = 'a';

This is good programming practice in that it allows a person reading your code to understand that
letter1 is being initialized with the letter 'a’ to start off with.

The second way, which should not be used when you are coding letter characters, is to write

char letter2 = 97; /% in ASCII, 97 = 'a' */

This is considered by some to be extremely bad practice, if we are using it to store a character, not a
small number, in that if someone reads your code, most readers are forced to look up what character
corresponds with the number 97 in the encoding scheme. In the end, letterl and letter?2 store
both the same thing — the letter 'a', but the first method is clearer, easier to debug, and much more
straightforward.

One important thing to mention is that characters for numerals are represented differently from their
corresponding number, i.e. '1' is not equal to 1. In short, any single entry that is enclosed within
'single quotes'.

There is one more kind of literal that needs to be explained in connection with chars: the string
literal. A string is a series of characters, usually intended to be displayed. They are surrounded by
double quotations (" ", not ' '). An example of a string literal is the "Hello, World\n" in the "Hello,
World" example.

12.3.3 The float type

float is short for floating point. It stores real numbers also, but is only one machine word in size.
Therefore, it is used when less precision than a double provides is required. £1oat literals must be
suffixed with F or f, otherwise they will be interpreted as doubles. Examples are: 3.1415926f, 4.0f,
6.022e+23f. float variables can be declared using the £1oat keyword.

12.3.4 The double type

The double and float types are very similar. The float type allows you to store single-
precision floating point numbers, while the double keyword allows you to store double-precision
floating point numbers — real numbers, in other words, both integer and non-integer values. Its size
is typically two machine words, or 8 bytes on most machines. Examples of double literals are
3.1415926535897932, 4.0, 6.022¢+23 (scientific notation®). If you use 4 instead of 4.0, the 4 will be
interpreted as an int.

5 http://en.wikipedia.org/wiki/Scientific%20notation
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The distinction between floats and doubles was made because of the differing sizes of the two types.
When C was first used, space was at a minimum and so the judicious use of a float instead of a
double saved some memory. Nowadays, with memory more freely available, you do not really
need to conserve memory like this — it may be better to use doubles consistently. Indeed, some C
implementations use doubles instead of floats when you declare a float variable.

If you want to use a double variable, use the double keyword.

12.4 sizeof

If you have any doubts as to the amount of memory actually used by any variable (and this goes
for types we'll discuss later, also), you can use the sizeof operator to find out for sure. (For
completeness, it is important to mention that sizeof is a unary operator®, not a function.) Its syntax
is:

sizeof object

sizeof (type)

The two expressions above return the size of the object and type specified, in bytes. The return type
is size_t (defined in the header <stddef .h>) which is an unsigned value. Here's an example
usage:

size_t size;

int i;

size = sizeof (i);

size will be set to 4, assuming CHAR_BIT is defined as 8, and an integer is 32 bits wide. The
value of sizeof's result is the number of bytes.

Note that when sizeof is applied to a char, the result is 1; that is:

sizeof (char)

always returns 1.

12.5 Data type modifiers

One can alter the data storage of any data type by preceding it with certain modifiers.

long and short are modifiers that make it possible for a data type to use either more or less memory.
The int keyword need not follow the short and 1ong keywords. This is most commonly the
case. A short can be used where the values fall within a lesser range than that of an int, typically
-32768 to 32767. A 1ong can be used to contain an extended range of values. It is not guaranteed
that a short uses less memory than an int, nor is it guaranteed that a 1 ong takes up more memory
than an int. It is only guaranteed that sizeof(short) <= sizeof(int) <= sizeof(long). Typically a
short is 2 bytes, an int is 4 bytes, and a 1ong either 4 or 8 bytes. Modern C compilers also
provide 1ong long which is typically an 8 byte integer.

6 http://en.wikipedia.org/wiki/Unary%$20operation
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In all of the types described above, one bit is used to indicate the sign (positive or negative) of a value.
If you decide that a variable will never hold a negative value, you may use the unsigned modifier
to use that one bit for storing other data, effectively doubling the range of values while mandating
that those values be positive. The unsigned specifier also may be used without a trailing int,
in which case the size defaults to that of an int. There is also a signed modifier which is the
opposite, but it is not necessary, except for certain uses of char, and seldom used since all types
(except char) are signed by default.

To use a modifier, just declare a variable with the data type and relevant modifiers:

unsigned short int usi; /* fully qualified —- unsigned short int #*/
short si; /* short int #*/
unsigned long uli; /+* unsigned long int x/

12.6 const qualifier

When the const qualifier is used, the declared variable must be initialized at declaration. It is then
not allowed to be changed.

While the idea of a variable that never changes may not seem useful, there are good reasons to use
const. For one thing, many compilers can perform some small optimizations on data when it knows
that data will never change. For example, if you need the value of 7 in your calculations, you can
declare a const variable of pi, so a program or another function written by someone else cannot
change the value of pi.

Note that a Standard conforming compiler must issue a warning if an attempt is made to change a
const variable - but after doing so the compiler is free to ignore the const qualifier.

12.7 Magic numbers

When you write C programs, you may be tempted to write code that will depend on certain numbers.
For example, you may be writing a program for a grocery store. This complex program has thousands
upon thousands of lines of code. The programmer decides to represent the cost of a can of corn,
currently 99 cents, as a literal throughout the code. Now, assume the cost of a can of corn changes to
89 cents. The programmer must now go in and manually change each entry of 99 cents to 89. While
this is not that big of a problem, considering the "global find-replace" function of many text editors,
consider another problem: the cost of a can of green beans is also initially 99 cents. To reliably
change the price, you have to look at every occurrence of the number 99.

C possesses certain functionality to avoid this. This functionality is approximately equivalent, though
one method can be useful in one circumstance, over another.

12.7.1 Using the const keyword
The const keyword helps eradicate magic numbers. By declaring a variable const corn at the

beginning of a block, a programmer can simply change that const and not have to worry about setting
the value elsewhere.
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There is also another method for avoiding magic numbers. It is much more flexible than const,
and also much more problematic in many ways. It also involves the preprocessor, as opposed to the
compiler. Behold...

12.7.2 #define

When you write programs, you can create what is known as a macro, so when the computer is reading
your code, it will replace all instances of a word with the specified expression.

Here's an example. If you write

#define PRICE_OF_CORN 0.99

when you want to, for example, print the price of corn, you use the word PRICE_OF_ CORN instead
of the number 0.99 — the preprocessor will replace all instances of PRICE_OF_CORN with 0.99,
which the compiler will interpret as the literal double 0.99. The preprocessor performs substitution,
that is, PRICE_OF__CORN is replaced by 0.99 so this means there is no need for a semicolon.

It is important to note that #de fine has basically the same functionality as the "find-and-replace"
function in a lot of text editors/word processors.

For some purposes, #define can be harmfully used, and it is usually preferable to use const if
#define is unnecessary. It is possible, for instance, to #define, say, a macro DOG as the number
3, but if you try to print the macro, thinking that DOG represents a string that you can show on the
screen, the program will have an error. #define also has no regard for type. It disregards the
structure of your program, replacing the text everywhere (in effect, disregarding scope), which could
be advantageous in some circumstances, but can be the source of problematic bugs.

You will see further instances of the #de fine directive later in the text. It is good convention to
write #de fined words in all capitals, so a programmer will know that this is not a variable that you
have declared but a #def ined macro. If we put semicolon after preprocessor statement then it is
perfectly valid no compile time error. i.e #include<stdio.h>; is valid

12.8 Scope

In the Basic Concepts section, the concept of scope was introduced. It is important to revisit the
distinction between local types and global types, and how to declare variables of each. To declare a
local variable, you place the declaration at the beginning (i.e. before any non-declarative statements)
of the block to which the variable is intended to be local. To declare a global variable, declare the
variable outside of any block. If a variable is global, it can be read, and written, from anywhere in
your program.

Global variables are not considered good programming practice, and should be avoided whenever
possible. They inhibit code readability, create naming conflicts, waste memory, and can create
difficult-to-trace bugs. Excessive usage of globals is usually a sign of laziness and/or poor design.
However, if there is a situation where local variables may create more obtuse and unreadable code,
there's no shame in using globals.
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12.9 Other Modifiers

Included here, for completeness, are more of the modifiers that standard C provides. For the beginning
programmer, static and extern may be useful. volatile is more of interest to advanced programmers.
register and auto are largely deprecated and are generally not of interest to either beginning or
advanced programmers.

12.9.1 static

static is sometimes a useful keyword. It is a common misbelief that the only purpose is to make a
variable stay in memory.

When you declare a function or global variable as static it will become internal. You cannot access
the function or variable through the extern (see below) keyword from other files in your project.

When you declare a local variable as static, it is created just like any other variable. However, when
the variable goes out of scope (i.e. the block it was local to is finished) the variable stays in memory,
retaining its value. The variable stays in memory until the program ends. While this behaviour
resembles that of global variables, static variables still obey scope rules and therefore cannot be
accessed outside of their scope.

Variables declared static are initialized to zero (or for pointers, NULL) by default.

You can use static in (at least) two different ways. Consider this code, and imagine it is in a file called
jfile.c:

finclude <stdio.h>
static int j = 0;

void up(void)
{
/+ k is set to 0 when the program starts. The line is then "ignored"
* for the rest of the program (i.e. k is not set to 0 every time up/()
* 1s called)

*/
static int k = 0;
Jt+;
k++;
printf ("up() called. k= %2d, j= %2d\n", k , J);

}

void down (void)
{

static int k = 0;

=i

k=—;

printf ("down() called. k= %2d, j= %2d\n", k , 3J);
}

int main (void)
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/# call the up function 3 times, then the down function 2 times */
for (i= 0; i < 3; 1i++)

up () ;
for (i= 0; i < 2; i++)

down () ;

return 0;

}

The j var is accessible by both up and down and retains its value. The k vars also retain their value,
but they are two different variables, one in each of their scopes. Static vars are a good way to
implement encapsulation, a term from the object-oriented way of thinking that effectively means not
allowing changes to be made to a variable except through function calls.

Running the program above will produce the following output:

up () called. k= 1, j= 1
up () called. k= 2, j= 2
up () called. k= 3, j= 3
down () called. k= -1, = 2
down () called. k= -2, j= 1

Features of static variables :

1. Keyword used - static

2. Storage - Memory

3. Default value - Zero

4. Scope - Local to the block in which it is declared

5. Lifetime — Value persists between different function calls
6. Keyword optionality - Mandatory to use the keyword

12.9.2 extern

extern is used when a file needs to access a variable in another file that it may not have # included
directly. Therefore, extern does not actually carve out space for a new variable, it just provides the
compiler with sufficient information to access the remote variable.

Features of external variable :

1. Keyword used - extern

2. Storage - Memory

3. Default value - Zero

4. Scope - Global (all over the program)

5. Lifetime — Value persists till the program's execution comes
to an end

6. Keyword optionality - Optional if declared outside all the functions

12.9.3 volatile

volatile is a special type modifier which informs the compiler that the value of the variable may
be changed by external entities other than the program itself. This is necessary for certain programs
compiled with optimizations — if a variable were not defined volatile then the compiler may
assume that certain operations involving the variable are safe to optimize away when in fact they

53



Variables

aren't. volatile is particularly relevant when working with embedded systems (where a program may
not have complete control of a variable) and multi-threaded applications.

12.9.4 auto

auto is a modifier which specifies an "automatic" variable that is automatically created when in
scope and destroyed when out of scope. If you think this sounds like pretty much what you've been
doing all along when you declare a variable, you're right: all declared items within a block are
implicitly "automatic". For this reason, the auto keyword is more like the answer to a trivia question
than a useful modifier, and there are lots of very competent programmers that are unaware of its
existence.

Features of automatic variables :

1. Keyword used - auto
2. Storage - Memory
3. Default value - Garbage value (random value)
4. Scope — Local to the block in which it is defined
5. Lifetime — Value persists till the control remains within the
block
Keyword optionality - Optional

12.9.5 register

register is a hint to the compiler to attempt to optimize the storage of the given variable by
storing it in a register of the computer's CPU when the program is run. Most optimizing compilers
do this anyway, so use of this keyword is often unnecessary. In fact, ANSI C states that a compiler
can ignore this keyword if it so desires — and many do. Microsoft Visual C++ is an example of an
implementation that completely ignores the register keyword.

Features of register variables :

1. Keyword used - register

2. Storage - CPU registers (values can be retrieved faster than
from memory)

3. Default value - Garbage value

4. Scope — Local to the block in which it is defined

5. Lifetime — Value persists till the control remains within the
block

Keyword optionality - Mandatory to use the keyword

12.9.6 Concepts

Variables’
* Types®

BN

http://en.wikibooks.org/wiki/Computer%20Programming%2FVariables
8 http://en.wikibooks.org/wiki/Computer$20Programming$2FTypes
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* Data Structures’
* Arrays'’

12.9.7 In this section

o C variables'!

et:Programmeerimiskeel C/Muutujad'# it:C/Variabili, operatori e costanti/Variabili'> pl:C/Zmienne

* Ctypes'?
* C arrays'?

fi:C/Muuttujat!”

9 http://en.wikibooks.
10 http://en.wikibooks.
11 Chapter 12 on page 45

12 http://en.wikibooks.
13 Chapter 24 on page 163

14 http://et.wikibooks.
15 http://it.wikibooks.

2FVariabili

16 http://pl.wikibooks.
17 http://fi.wikibooks.

org/wiki/Data%20Structures
org/wiki/Data%$20Structures%$2FArrays
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13 Simple Input and Output

When you take time to consider it, a computer would be pretty useless without some way to talk to
the people who use it. Just like we need information in order to accomplish tasks, so do computers.
And just as we supply information to others so that they can do tasks, so do computers.

These supplies and returns of information to a computer are called input and output. 'Input' is
information supplied to a computer or program. 'Output’ is information provided by a computer
or program. Frequently, computer programmers will lump the discussion in the more general term
input/output or simply, I/O.

In C, there are many different ways for a program to communicate with the user. Amazingly, the
most simple methods usually taught to beginning programmers may also be the most powerful. In
the "Hello, World" example! at the beginning of this text, we were introduced to a Standard Library
file stdio.h, and one of its functions, printf(). Here we discuss more of the functions that stdio.h gives
us.

13.1 Output using printf()

Recall from the beginning of this text the demonstration program duplicated below:

#include <stdio.h>

int main(void)

{
printf ("Hello, world!\n");
return 0;

}

If you compile and run this program, you will see the sentence below show up on your screen:

Hello, world!

This amazing accomplishment was achieved by using the function printf (). A function is like
a "black box" that does something for you without exposing the internals inside. We can write
functions ourselves in C, but we will cover that later.

You have seen that to use print £ () one puts text, surrounded by quotes, in between the parentheses.
We call the text surrounded by quotes a literal string (or just a string), and we call that string an
argument to printf.

1 http://en.wikibooks.org/wiki/Programming%$3AC%23A%20taste%200£%20C
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As a note of explanation, it is sometimes convenient to include the open and closing parentheses after
a function name to remind us that it is, indeed, a function. However usually when the name of the
function we are talking about is understood, it is not necessary.

As you can see in the example above, using printf () can be as simple as typing in some text,
surrounded by double quotes (note that these are double quotes and not two single quotes). So, for
example, you can print any string by placing it as an argument to the print £ () function:

printf("This sentence will print out exactly as you see it...");

And once it is contained in a proper main () function, it will show:

This sentence will print out exactly as you see it...

13.1.1 Printing numbers and escape sequences
Placeholder codes

The print £ function is a powerful function, and is probably the most-used function in C programs.

For example, let us look at a problem. Say we don't know what 19 + 31 is. Let's use C to get the
answer.

We start writing

#include <stdio.h> // this is important, since printf
// can't be used without this line

int main (void)
{
printf ("19+31 is");

but here we are stuck! printf only prints strings! Thankfully, printf has methods for printing
numbers. What we do is put a placeholder format code in the string. We write:

printf ("19+31 is %d", 19+31);

The placeholder %d literally "holds the place" for the actual number that is the result of adding 19 to
31.

These placeholders are called format specifiers. Many other format specifiers work with print£.
If we have a floating-point number, we can use £ to print out a floating-point number, decimal point
and all. Other format specifiers are:

* %d - int (same as %i)

* %]Id - long int (same as %Ii)
* %f - float

%lIf - double

* %c - char
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* s - string
* 9%x - hexadecimal

Tabs and newlines

What if, we want to achieve some output that will look like:

printf will not put line breaks in at the end of each statement: we must do this ourselves. But
how?

What we can do is use the newline escape character. An escape character is a special character that
we can write but will do something special onscreen, such as make a beep, write a tab, and so on. To
write a newline we write \n. All escape characters start with a backslash.

So to achieve the output above, we write

printf (" 1905\n312 +\n-———— \n") ;

or to be a bit more clear, we can break this long printf statement over several lines. So our program
will be
#include <stdio.h>

int main (void)

{

printf (" 1905\n");
printf ("312 +\n");
printf ("-———— \n") ;
printf("%d", 1905+312);
return 0;

}

There are other escape characters we can use. Another common one is to use \t to write a tab. You
can use \a to ring the computer's bell, but you should not use this very much in your programs, as
excessive use of sound is not very friendly to the user.

13.2 Other output methods

13.2.1 puts()

The puts() function is a very simple way to send a string to the screen when you have no placeholders
to be concerned about. It works very much like the printf() function we saw in the "Hello, World!"
example:
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puts ("Print this string.");

will print to the screen:

Print this string.

followed by the newline character (as discussed above). (The puts function appends a newline
character to its output.)

13.3 fputs()

The fputs function is similar:

fputs ("Print this string via fputs", stdout);

will print to the stdout file (usually the screen):

Print this string via fputs

without a newline tacked on to the end.

Since puts() and fputs() does not allow the placeholders and the associated formatting that printf()
allows, for most programmers learning printf() is sufficient for their needs.

13.4 Input using scanf()

The scanf() function is the input method equivalent to the printf() output function - simple yet
powerful. In its simplest invocation, the scanf format string holds a single placeholder representing
the type of value that will be entered by the user. These placeholders are exactly the same as the
printf() function - %d for ints, %f for floats, and %If for doubles.

There is, however, one variation to scanf() as compared to printf(). The scanf() function requires
the memory address of the variable to which you want to save the input value. While pointers are
possible here, this is a concept that won't be approached until later in the text. Instead, the simple
technique is to use the address-of operator, &. For now it may be best to consider this "magic" before
we discuss pointers.

A typical application might be like this:

#include "stdio.h"

int main(void)




Links

printf ("Please input an integer value: ");
scanf ("%d", &a);
printf ("You entered: %d\n", a);

return 0;

}

If you were to describe the effect of the scanf() function call above, it might read as: "Read in an
integer from the user and store it at the address of variable a ".

If you are trying to input a string using scanf, you should not include the & operator. The code
below will not compile.

scanf ("%ss", &a);

The correct usage would be:

scanf ("%s", a);

This is because, whenever you use a format specifier for a string (%s), the variable that you use to
store the value will be an array and, the array names (in this case - a) themselves point out to their
base address and hence, the address of operator is not required.

(Although, this is vulnerable to Buffer overflow?. fgets() is preferred to scanf()).

Note on inputs: When data is typed at a keyboard, the information does not go straight to the
program that is running. It is first stored in what is known as a buffer - a small amount of memory
reserved for the input source. Sometimes there will be data left in the buffer when the program wants
to read from the input source, and the scanf() function will read this data instead of waiting for the
user to type something. Some may suggest you use the function fflush(stdin), which may work as
desired on some computers, but isn't considered good practice, as you will see later. Doing this has
the downfall that if you take your code to a different computer with a different compiler, your code
may not work properly.

13.5 Links

Back to contents: Beginning C>

et:Programmeerimiskeel C/IO* pl:C/Podstawowe procedury wejscia i wyjscia® pt:Programar em
C/Entrada e safda simples® ’

http://en.wikipedia.org/wiki/Buffer%20overflow

http://en.wikibooks.org/wiki/C%20Programming%23Beginning%20C

http://et.wikibooks.org/wiki/Programmeerimiskeel®%20C%$2FIO

http://pl.wikibooks.org/wiki/C%$2FPodstawowe%20procedury%20wej%01%5Bcia%20i%

20wyj%01%5Bcia

6 http://pt.wikibooks.org/wiki/Programar%$20em$20C%2FEntrada%20e%20sa%EDda%
20simples

7 http://en.wikibooks.org/wiki/Category%$3AC%20Programming

[ I SOV ]
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14 Simple math

14.1 Operators and Assignments

C has a wide range of operators that make simple math easy to handle. The list of operators grouped
into precedence levels is as follows:

14.1.1 Primary expressions

An identifier is a primary expression, provided that it has been declared as designating an object (in
which case it is an lvalue [a value that can be used as the left side of an assignment expression]) or a
function (in which case it is a function designator).

A constant is a primary expression. Its type depends on its form and value.
A string literal is a primary expression.

A parenthesized expression is a primary expression. Its type and value are those of the unparenthe-
sized expression.

14.1.2 Postfix operators

First, a primary expression is also a postfix expression. The following expressions are also postfix
expressions:

A postfix expression followed by a left square bracket ([), an expression, and a right square bracket
(1) constitutes an invocation of the array subscript operator. One of the expressions shall have type
"pointer to object fype" and the other shall have an integer type; the result type is type. Successive
array subscript operators designate an element of a multidimensional array.

A postfix expression followed by parentheses or an optional parenthesized argument list indicates an
invocation of the function call operator.

A postfix expression followed by a dot (. ) followed by an identifier selects a member from a structure
or union; a postfix expression followed by an arrow (—>) followed by an identifier selects a member
from a structure or union who is pointed to by the pointer on the left-hand side of the expression.

A postfix expression followed by the increment or decrement operators (++ or ——) indicates that the
variable is to be incremented or decremented as a side effect. The value of the expression is the value
of the postfix expression before the increment or decrement.
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14.1.3 Unary expressions

First, a unary expression is a postfix expression. The following expressions are all postfix expressions:

The increment or decrement operators followed by a unary expression is a unary expression. The
value of the expression is the value of the unary expression after the increment or decrement.

The following operators followed by a cast expression are unary expressions:

Operator Meaning

Address-of; value is the location of the operand
Contents—-of; value is what is stored at the location
Negation

Value-of operator

Logical negation ( (!E) is equivalent to (0==E) )
Bit-wise complement

te—= + |k 2

The keyword sizeof followed by a unary expression is a unary expression. The value is the size of
the type of the expression in bytes. The expression is not evaluated.

The keyword sizeof followed by a parenthesized type name is a unary expression. The value is
the size of the type in bytes.

14.1.4 Cast operators

A cast expression is a unary expression.

A parenthesized type name followed by a cast expression is a cast expression. The parenthesized
type name has the effect of forcing the cast expression into the type specified by the type name
in parentheses. For arithmetic types, this either does not change the value of the expression, or
truncates the value of the expression if the expression is an integer and the new type is smaller than
the previous type.

An example of casting a float as an int:

float pi = 3.141592;
int truncated_pi = (int)pi; // truncated pi == 3

An example of casting a char as an int:

char my_char = 'A';
int my_int = (int)my_char; // my_int == 65, which is the ASCII value of 'A'

14.1.5 Multiplicative and additive operators

In C, simple math is very easy to handle. The following operators exist: + (addition), - (subtraction),
* (multiplication), / (division), and % (modulus); You likely know all of them from your math classes
- except, perhaps, modulus. It returns the remainder of a division (e.g. 5 % 2 = 1).

Care must be taken with the modulus, because it's not the equivalent of the mathematical modulus:
(-5) % 2 is not 1, but -1. Division of integers will return an integer, and the division of a negative
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integer by a positive integer will round towards zero instead of rounding down (e.g. (-5)/3 =-1
instead of -2).

There is no inline operator to do the power (e.g. 5 “ 2 is not 25, and 5 ** 2 is an error), but there is a
power function'.

The mathematical order of operations does apply. For example (2 + 3) * 2 =10 while 2 + 3 * 2 = 8.
Multiplicative operators have precedence over additive operators.
#include <stdio.h>

int main ()

/+ while i is less than 5 AND j is less than 5, loop #*/
while( (i < 5) && (j < 5) )
{

/% postfix increment, i++

* the value of i1 is read and then incremented
*/

printf("i: &d\t", i++);

/ *
* prefix increment, ++7j
* the value of j is incremented and then read
*/

printf("j: &d\n", ++7j);
}

printf ("At the end they have both equal values:\ni: %d\tj: %d\n", i, 7J);

return 0;

}

will display the following:

i: 0 J:o 1
i: 1 J: 2
i: 2 J: 3
i: 3 J: 4
i: 4 j: 5
At the end they have both equal values:
i: 5 j: 5

14.1.6 shift and rotate

Shift functions are often used in low-level I/O hardware interfacing. Shift and rotate functions are
heavily used in cryptography and software floating point emulation. Other than that, shifts can be
used in place of division or multiplication by a power of two. Many processors have dedicated
function blocks to make these operations fast -- see Microprocessor Design/Shift and Rotate Blocks?.

1 Chapter 15.4 on page 73
2 http://en.wikibooks.org/wiki/Microprocessor$20Design%2FShift%20and%20Rotate%
20Blocks
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On processors which have such blocks, most C compilers compile shift and rotate operators to a
single assembly-language instruction -- see X86 Assembly/Shift and Rotate?.

shift left

The << operator shifts the binary representation to the left, dropping the most significant bits and
appending it with zero bits. The result is equivalent to multiplying the integer by a power of two.

unsigned shift right

The unsigned shift right operator, also sometimes called the logical right shift operator. It shifts the
binary representation to the right, dropping the least significant bits and prepending it with zeros.
The >> operator is equivalent to division by a power of two for unsigned integers.

signed shift right

The signed shift right operator, also sometimes called the arithmetic right shift operator. It shifts the
binary representation to the right, dropping the least significant bit, but prepending it with copies of
the original sign bit. The >> operator is not equivalent to division for signed integers.

In C, the behavior of the >> operator depends on the data type it acts on. Therefore, a signed and an
unsigned right shift looks exactly the same, but produces a different result in some cases.

rotate right

Contrary to popular belief, it is possible to write C code that compiles down to the "rotate" assembly
language instruction (on CPUs that have such an instruction).

Most compilers recognize this idiom:

unsigned int x;
unsigned int vy;
VY

y = (x >> shift) (x << (32 - shift));

and compile it to a single 32 bit rotate instruction. # 3

On some systems, this may be "#define"ed as a macro or defined as an inline function called
something like "rightrotate32" or "rotr32" or "ror32" in a standard header file like "bitops.h". ¢

3 http://en.wikibooks.org/wiki/X86%20Assembly%$2FShift%20and%20Rotate

4 GCC: "Optimize common rotate constructs" “{http://gcc.gnu.org/ml/gcc—patches/2007-11/
msg01112.html}

5 "Cleanups in ROTL/ROTR DAG combiner code" “{http://www.mail-archive.com/llvm-commits@
cs.uiuc.edu/msgl7216.html} mentions that this code supports the "rotate" instruction in the CellSPU

6 "replace private copy of bit rotation routines" “{http://kerneltrap.org/mailarchive/

linux-kernel/2008/4/15/1440064} --recommends includeing "bitops.h" and using its rol32 and ror32
rather than copy-and-paste into a new program.
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rotate left

Most compilers recognize this idiom:

unsigned int x;
unsigned int vy;
V4
y = (x << shift) | (x >> (32 - shift));
and compile it to a single 32 bit rotate instruction.

On some systems, this may be "#define"ed as a macro or defined as an inline function called
something like "leftrotate32" or "rotl32" in a header file like "bitops.h".

14.1.7 Relational and equality operators

The relational binary operators < (less than), > (greater than), <= (less than or equal), and >=
(greater than or equal) operators return a value of 1 if the result of the operation is true, O if false.

The equality binary operators == (equals) and ! = (not equals) operators are similar to the relational
operators except that their precedence is lower.

14.1.8 Bitwise operators

The bitwise operators are & (and), ~ (exclusive or) and | (inclusive or). The & operator has higher
precedence than ~, which has higher precedence than |.

14.1.9 Logical operators
The logical operators are && (and), and | | (or). Both of these operators produce 1 if the relationship

is true and O for false. Both of these operators short-circuit; if the result of the expression can be
determined from the first operand, the second is ignored.

14.1.10 Conditional operators

The ternary ?: operator is the conditional operator. The expression (x ? 'y : z) has the
value of y if x is nonzero, z otherwise.

14.1.11 Assignment operators

The assignment operators are =, =, /=, $=, +=, —=, <<=, >>=, &=, "=, and |=. The = operator
stores the value of the right operand into the location determined by the left operand, which must be
an lvalue’

7 http://en.wikibooks.org/wiki/lvalue
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For the others, x op= vy is shorthand forx = x op (y) . Hence, the following expressions are
the same :

1. x += vy - X = Xty
2. x —=y - X = X-Yy
3. X *=y - X = X*Y
4. x /=y - x = x/y
5. x %=y - X = X%y

14.1.12 Comma operator

The operator with the least precedence is the comma operator. The value of the expression x, vy is
the value of vy, but x is evaluated.

pl:C/Operatory?®

8 http://pl.wikibooks.org/wiki/C%2FOperatory
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w:math.h!

The <math .h> header contains prototypes for several functions that deal with mathematics. In the
1990 version of the ISO standard, only the double versions of the functions were specified; the
1999 version added the f1oat and 1long double versions. To use these math functions, you must
link your program with the math library. For some compilers (including GCC), you must specify the
additional parameter —1m.

The functions can be grouped into the following categories:

15.1 Trigonometric functions

15.1.1 The acos and asin functions

The acos functions return the arccosine of their arguments in radians, and the a sin functions return
the arcsine of their arguments in radians. All functions expect the argument in the range [-1,+1]. The
arccosine returns a value in the range [0,rt]; the arcsine returns a value in the range [-m/2,+m/2].

#include <math.h>

float asinf (float x); /+ C99 */

float acosf (float x); /+* C99 */

double asin (double x);

double acos (double x);

long double asinl (long double x); /* C99 */
long double acosl (long double x); /# C99 =/

15.1.2 The atan and atan2 functions

The atan functions return the arctangent of their arguments in radians, and the atan?2 function
return the arctangent of y/x in radians. The atan functions return a value in the range [-1t/2,+/2]
(the reason why +xi/2 are included in the range is because the floating-point value may represent
infinity, and atan(d-c0) = +7/2); the atan2 functions return a value in the range [-nt/2,+m/2]. For
atan2, a domain error may occur if both arguments are zero.

#include <math.h>

float atanf (float x); /+ C99 */

float atan2f (float y, float x); /# C99 =/
double atan(double x);

double atan2 (double y, double x);

1 http://en.wikipedia.org/wiki/math.h
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long double atanl (long double x); /# C99 =%/
long double atan2l(long double y, long double x); /+* C99 */

15.1.3 The cos, sin, and tan functions

The cos, sin, and tan functions return the cosine, sine, and tangent of the argument, expressed in
radians.

#include <math.h>

float cosf(float x); /+ C99 */

float sinf (float x); /% C99 =/

float tanf (float x); /+ C99 */

double cos (double x);

double sin(double x);

double tan (double x);

long double cosl(long double x); /% C99 x/
long double sinl (long double x); /% C99 x/
long double tanl(long double x); /* C99 */

15.2 Hyperbolic functions

The cosh, sinh and tanh functions compute the hyperbolic cosine, the hyperbolic sine, and the
hyperbolic tangent of the argument respectively. For the hyperbolic sine and cosine functions, a
range error occurs if the magnitude of the argument is too large.

The acosh functions compute the inverse hyperbolic cosine of the argument. A domain error occurs
for arguments less than 1.

The asinh functions compute the inverse hyperbolic sine of the argument.

The atanh functions compute the inverse hyperbolic tangent of the argument. A domain error
occurs if the argument is not in the interval [-1, +1]. A range error may occur if the argument equals
-1 or +1.

#include <math.h>

float coshf (float x); /* C99 =%/

float sinhf (float x); /* C99 */

float tanhf (float x); /* C99 =/

double cosh (double x);

double sinh (double x);

double tanh (double x);

long double coshl (long double x); /# C99 =/
long double sinhl (long double x); /# C99 x*/
long double tanhl (long double x); /# C99 #*/
float acoshf (float x); /* C99 =/

float asinhf (float x); /* C99 =/

float atanhf (float x); /* C99 =/
(
(

double acosh (double x); /* C99 x/
double asinh (double x); /#* C99 */
double atanh (double x); /% C99 x/
long double acoshl (long double x); /# C99 %/
long double asinhl (long double x); /# C99 %/
long double atanhl (long double x); /* C99 */
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15.3 Exponential and logarithmic functions

15.3.1 The exp, exp2, and expml functions

The exp functions compute the base-e exponential function of x (e*). A range error occurs if the
magnitude of x is too large.

The exp2 functions compute the base-2 exponential function of x (2¥). A range error occurs if the
magnitude of x is too large.

The expml functions compute the base-e exponential function of the argument, minus 1. A range
error occurs in the magnitude of x is too large.

finclude <math.h>

float expf (float x); /# C99 =/

double exp(double x);

long double expl (long double x); /* C99 */
float exp2f (float x); /% C99 x/

double exp2 (double x); /* C99 x/

long double exp2l (long double x); /+* C99 */
float expmlf (float x); /* C99 +/

double expml (double x); /* C99 x/

long double expmll (long double x); /# C99 =%/

15.3.2 The frexp, 1dexp, modf, scalbn, and scalbln functions

These functions are heavily used in software floating-point emulators, but are otherwise rarely directly
called.

Inside the computer, each floating point number is represented by two parts:

» The significand is either in the range [1/2, 1), or it equals zero.
* The exponent is an integer.

The value of a floating point number v is v = significand % 2¢Po"e"t

The frexp functions break the argument floating point number value into those two parts, the
exponent and significand. After breaking it apart, it stores the exponent in the int object pointed to
by ex, and returns the significand. In other words, the value returned is a copy of the given floating
point number but with an exponent replaced by 0. If value is zero, both parts of the result are zero.

The 1dexp functions multiply a floating-point number by a integral power of 2 and return the result.
In other words, it returns copy of the given floating point number with the exponent increased by ex.
A range error may occur.

The modf functions break the argument value into integer and fraction parts, each of which has
the same sign as the argument. They store the integer part in the object pointed to by *iptr and
return the fraction part. The »iptr is a floating-point type, rather than an "int" type, because it
might be used to store an integer like 1 000 000 000 000 000 000 000 which is too big to fit in an int.

The scalbn and scalbln compute x X FLT_RADIX". FLT_RADIX is the base of the floating-
point system; if it is 2, the functions are equivalent to 1dexp.

finclude <math.h>
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float frexpf (float value, int =*ex); /# C99 =/

double frexp(double value, int *ex);

long double frexpl (long double value, int *ex); /* C99 */
float ldexpf (float x, int ex); /* C99 »/

double ldexp (double x, int ex);

long double ldexpl (long double x, int ex); /+ C99 #*/

float modff (float value, float =*iptr); /x C99 x/

double modf (double value, double *iptr);

long double modfl (long double value, long double xiptr); /+ C99 #*/
float scalbnf (float x, int ex); /# C99 %/

double scalbn (double x, int ex); /% C99 =/

long double scalbnl (long double x, int ex); /x C99 */

float scalblnf (float x, long int ex); /* C99 x/

double scalbln(double x, long int ex); /* C99 =/

long double scalblnl (long double x, long int ex); /+* C99 */

Most C floating point libraries also implement the IEEE754-recommended nextafter(), nextUp( ), and
nextDown( ) functions. http://www.opengroup.org/onlinepubs/009695399/functions/nextafter.html?

15.3.3 The 1log, 10g2, 1oglp, and 1ogl0 functions

The 1og functions compute the base-e natural (not common) logarithm of the argument and return
the result. A domain error occurs if the argument is negative. A range error may occur if the argument
is zero.

The 1og1lp functions compute the base-e natural (not common) logarithm of one plus the argument
and return the result. A domain error occurs if the argument is less than -1. A range error may occur
if the argument is -1.

The 10g10 functions compute the common (base-10) logarithm of the argument and return the
result. A domain error occurs if the argument is negative. A range error may occur if the argument is
Zero.

The 1og2 functions compute the base-2 logarithm of the argument and return the result. A domain
error occurs if the argument is negative. A range error may occur if the argument is zero.

finclude <math.h>

float logf(float x); /% C99 x/

double log(double x);

long double logl (long double x); /* C99 */
float loglpf (float x); /* C99 */

double loglp(double x); /% C99 x/

long double loglpl (long double x); /# C99 %/
float loglOf (float x); /# C99 =/

double loglO (double x);

long double 1loglOl (long double x); /# C99 %/
float log2f (float x); /* C99 */

double log2 (double x); /% C99 x/

long double log2l (long double x); /# C99 #*/

15.3.4 The ilogb and logb functions

The 11ogb functions extract the exponent of x as a signed int value. If x is zero, they return the
value FP_ILOGBO; if x is infinite, they return the value INT_MAX; if x is not-a-number they return

2 http://www.opengroup.org/onlinepubs/009695399/functions/nextafter.html
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the value FP_ T LOGBNAN; otherwise, they are equivalent to calling the corresponding 1 ogb function
and casting the returned value to type int. A range error may occur if x is zero. FP_ILOGBO and
FP_ILOGBNAN are macros defined in math.h; INT MAX is a macro definedin 1imits.h.

The 1ogb functions extract the exponent of x as a signed integer value in floating-point format.
If x is subnormal, it is treated as if it were normalized; thus, for positive finite x, 1 < x X FLT_—
RADIX 1°9° () < FIL,T_RADIX.FLT_RADIX is the radix for floating-point numbers, defined in
the float . h header.

#include <math.h>

int ilogbf (float x); /* C99 +/

int ilogb(double x); /* C99 */

int double ilogbl (long double x); /* C99 */
float logbf (float x); /* C99 */

double logb (double x); /% C99 =/

long double logbl (long double x); /* C99 */

15.4 Power functions

15.4.1 The pow functions

The pow functions compute x raised to the power y and return the result. A domain error occurs if x
is negative and y is not an integral value. A domain error occurs if the result cannot be represented
when x is zero and y is less than or equal to zero. A range error may occur.

#include <math.h>

float powf (float x, float y); /* C99 =/

double pow (double x, double vy);

long double powl (long double x, long double y); /* C99 */

15.4.2 The sqgrt functions

The sqgrt functions compute the positive square root of x and return the result. A domain error
occurs if the argument is negative.

#include <math.h>

float sqrtf (float x); /* C99 */

double sqgrt (double x);

long double sqrtl (long double x); /* C99 */

15.4.3 The cbrt functions
The cbrt functions compute the cube root of x and return the result.

#include <math.h>

float cbrtf (float x); /* C99 #/

double cbrt (double x); /% C99 x/

long double cbrtl (long double x); /# C99 =/
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15.4.4 The hypot functions

The hypot functions compute the square root of the sums of the squares of x and y, without
overflow or underflow, and return the result.

#include <math.h>

float hypotf (float x, float y); /* C99 %/

double hypot (double x, double y); /* C99 x/

long double hypotl (long double x, long double y); /% C99 x/

15.5 Nearest integer, absolute value, and remainder functions

15.5.1 The ceil and floor functions

The ceil functions compute the smallest integral value not less than x and return the result; the
floor functions compute the largest integral value not greater than x and return the result.

#include <math.h>

float ceilf (float x); /+ C99 */

double ceil (double x);

long double ceill (long double x); /* C99 */
float floorf (float x); /* C99 =/

double floor (double x);

long double floorl(long double x); /* C99 */

15.5.2 The fabs functions

The fabs functions compute the absolute value of a floating-point number x and return the result.

#include <math.h>

float fabsf (float x); /* C99 =/

double fabs (double x);

long double fabsl (long double x); /* C99 */

15.5.3 The fmod functions

The fmod functions compute the floating-point remainder of x /vy and return the value x - i * y, for
some integer i such that, if y is nonzero, the result has the same sign as x and magnitude less than
the magnitude of y. If y is zero, whether a domain error occurs or the fmod functions return zero is
implementation-defined.

#include <math.h>

float fmodf (float x, float y); /* C99 =/

double fmod (double x, double y);

long double fmodl (long double x, long double y); /# C99 =%/
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15.5.4 The nearbyint, rint, 1lrint, and 11rint functions

The nearbyint functions round their argument to an integer value in floating-point format, using
the current rounding direction and without raising the "inexact" floating-point exception.

The rint functions are similar to the nearbyint functions except that they can raise the "inexact"
floating-point exception if the result differs in value from the argument.

The 1rint and 11rint functions round their arguments to the nearest integer value according
to the current rounding direction. If the result is outside the range of values of the return type, the
numeric result is undefined and a range error may occur if the magnitude of the argument is too large.

finclude <math.h>

float nearbyintf (float x); /* C99 =/

double nearbyint (double x); /% C99 =/

long double nearbyintl (long double x); /* C99 #*/
float rintf (float x); /+ C99 */

double rint (double x); /* C99 =/

long double rintl (long double x); /* C99 */
long int lrintf(float x); /* C99 =%/

long int lrint (double x); /* C99 #*/

long int lrintl(long double x); /* C99 =%/

long long int llrintf (float x); /* C99 =/

long long int llrint (double x); /* C99 */

long long int llrintl (long double x); /* C99 =/

15.5.5 The round, 1round, and 11round functions

The round functions round the argument to the nearest integer value in floating-point format,
rounding halfway cases away from zero, regardless of the current rounding direction.

The 1round and 11round functions round the argument to the nearest integer value, rounding
halfway cases away from zero, regardless of the current rounding direction. If the result is outside
the range of values of the return type, the numeric result is undefined and a range error may occur if
the magnitude of the argument is too large.

finclude <math.h>

float roundf (float x); /* C99 %/

double round(double x); /* C99 */

long double roundl (long double x); /* C99 */
long int lroundf (float x); /* C99 =/

long int lround(double x); /* C99 =%/

long int lroundl (long double x); /% C99 x/

long long int llroundf (float x); /* C99 =/

long long int llround(double x); /% C99 x/

long long int llroundl (long double x); /* C99 */

15.5.6 The trunc functions

The t runc functions round their argument to the integer value in floating-point format that is nearest
but no larger in magnitude than the argument.

#include <math.h>
float truncf (float x); /* C99 x/
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double trunc(double x); /* C99 */
long double truncl (long double x); /# C99 %/

15.5.7 The remainder functions

The remainder functions compute the remainder x REM y as defined by IEC 60559. The
definition reads, "When y # 0, the remainder » = x REM y is defined regardless of the rounding
mode by the mathematical reduction » = x - ny, where n is the integer nearest the exact value of x/y;
whenever In - x/yl = %, then n is even. Thus, the remainder is always exact. If r = 0, its sign shall be
that of x." This definition is applicable for all implementations.

#include <math.h>

float remainderf (float x, float y); /* C99 x/

double remainder (double x, double y); /* C99 */

long double remainderl (long double x, long double y); /* C99 */

15.5.8 The remquo functions

The remquo functions return the same remainder as the remainder functions. In the object
pointed to by quo, they store a value whose sign is the sign of x/y and whose magnitude is congruent
modulo 2" to the magnitude of the integral quotient of x/y, where n is an implementation-defined
integer greater than or equal to 3.

#include <math.h>

float remquof (float x, float y, int xquo); /* C99 #*/

double remquo (double x, double y, int xquo); /* C99 x/

long double remquol (long double x, long double y, int *quo); /* C99 */

15.6 Error and gamma functions

The erf functions compute the error function of the argument (2/(7[:%) fox e'2 dt); the erfc
functions compute the complimentary error function of the argument (that is, 1 - erf x). For the
erfc functions, a range error may occur if the argument is too large.

The 1gamma functions compute the natural logarithm of the absolute value of the gamma of the
argument (that is, log.II"(x)l). A range error may occur if the argument is a negative integer or zero.

The t gamma functions compute the gamma of the argument (that is, I'(x)). A domain error occurs if
the argument is a negative integer or if the result cannot be represented when the argument is zero. A
range error may occur.

#include <math.h>

float erff (float x); /# C99 =*/

double erf (double x); /* C99 x/

long double erfl(long double x); /% C99 x/
float erfcf(float x); /+ C99 */

double erfc(double x); /* C99 */

long double erfcl (long double x); /* C99 */
float lgammaf (float x); /* C99 */

double lgamma (double x); /# C99 =/

long double lgammal (long double x); /# C99 =/
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float tgammaf (float x); /* C99 */
double tgamma (double x); /* C99 =/
long double tgammal (long double x); /# C99 =/

15.7 Further reading

w:circular shift?

pl:C/Zaawansowane operacje matematyczne*

3 http://en.wikipedia.org/wiki/circular%20shift
4 http://pl.wikibooks.org/wiki/C%2FZaawansowane%20operacje%$20matematyczne
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16 Control

Very few programs follow exactly one control path and have each instruction stated explicitly. In
order to program effectively, it is necessary to understand how one can alter the steps taken by a
program due to user input or other conditions, how some steps can be executed many times with
few lines of code, and how programs can appear to demonstrate a rudimentary grasp of logic. C
constructs known as conditionals and loops grant this power.

From this point forward, it is necessary to understand what is usually meant by the word block. A
block is a group of code statements that are associated and intended to be executed as a unit. In C,
the beginning of a block of code is denoted with { (left curly), and the end of a block is denoted with
}. It is not necessary to place a semicolon after the end of a block. Blocks can be empty, as in {}.
Blocks can also be nested; i.e. there can be blocks of code within larger blocks.

16.1 Conditionals

There is likely no meaningful program written in which a computer does not demonstrate basic
decision-making skills. It can actually be argued that there is no meaningful human activity in which
some sort of decision-making, instinctual or otherwise, does not take place. For example, when
driving a car and approaching a traffic light, one does not think, "I will continue driving through the
intersection." Rather, one thinks, "I will stop if the light is red, go if the light is green, and if yellow
go only if I am traveling at a certain speed a certain distance from the intersection." These kinds of
processes can be simulated in C using conditionals.

A conditional is a statement that instructs the computer to execute a certain block of code or alter
certain data only if a specific condition has been met. The most common conditional is the If-
Else statement, with conditional expressions and Switch-Case statements typically used as more
shorthanded methods.

Before one can understand conditional statements, it is first necessary to understand how C expresses
logical relations. C treats logic as being arithmetic. The value O (zero) represents false, and all other
values represent true. If you chose some particular value to represent true and then compare values
against it, sooner or later your code will fail when your assumed value (often 1) turns out to be
incorrect. Code written by people uncomfortable with the C language can often be identified by the
usage of #define to make a "TRUE" value. !

Because logic is arithmetic in C, arithmetic operators and logical operators are one and the same.
Nevertheless, there are a number of operators that are typically associated with logic:

1 CFAQ “{http://www.c—faqg.com/bool/bool2.html}
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16.1.1 Relational and Equivalence Expressions:

a<b

1 if a is less than b, O otherwise.
a>b

1 if a is greater than b, O otherwise.
a<=b

1 if a is less than or equal to b, 0 otherwise.
a>=b

1 if a is greater than or equal to b, 0 otherwise.
a==

1 if a is equal to b, O otherwise.
al=b

1 if a is not equal to b, O otherwise

New programmers should take special note of the fact that the "equal to" operator is ==, not =. This
is the cause of numerous coding mistakes and is often a difficult-to-find bug, as the expression (a
= D) sets a equal to b and subsequently evaluates to b; but the expression (a == b), which is
usually intended, checks if a is equal to b. It needs to be pointed out that, if you confuse = with ==,
your mistake will often not be brought to your attention by the compiler. A statement such as 1 f
( ¢ = 20) ({} isconsidered perfectly valid by the language, but will always assign 20 to ¢ and
evaluate as true. A simple technique to avoid this kind of bug (in many, not all cases) is to put the
constant first. This will cause the compiler to issue an error, if == got misspelled with =.

Note that C does not have a dedicated boolean type as many other languages do. 0 means false and
anything else true. So the following are equivalent:

if (foo()) |
//do something
}

and

if (foo() != 0) |
//do something
}

Often #define TRUE 1 and #define FALSE 0 are used to work around the lack of a boolean
type. This is bad practice, since it makes assumptions that do not hold. It is a better idea to indicate

what you are actually expecting as a result from a function call, as there are many different ways of
indicating error conditions, depending on the situation.

if (strstr("foo", bar) >= 0) {
//bar contains "foo"

}
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Here, st rstr returns the index where the substring foo is found and -1 if it was not found. Note
that this would fail with the TRUE definition mentioned in the previous paragraph. It would also not
produce the expected results if we omitted the >= 0.

One other thing to note is that the relational expressions do not evaluate as they would in mathematical
texts. That is, an expression myMin < value < myMax does not evaluate as you probably
think it might. Mathematically, this would test whether or not value is between myMin and myMax.
But in C, what happens is that value is first compared with myMin. This produces either a O or a 1. It
is this value that is compared against myMax. Example:

int value = 20;
Jx . x/
if ( 0 < value < 10) { // don't do this! it always evaluates to "true"!

/% do some stuff =/
}

Because value is greater than 0, the first comparison produces a value of 1. Now 1 is compared to be
less than 10, which is true, so the statements in the if are executed. This probably is not what the
programmer expected. The appropriate code would be

int value = 20;

V2 Y4

if ( 0 < value && value < 10) { // the && means "and"
/+ do some stuff =/

}

16.1.2 Logical Expressions

allb

when EITHER a or b is true (or both), the result is 1, otherwise the result is O.
a&&b

when BOTH a and b are true, the result is 1, otherwise the result is 0.
la

when a is true, the result is 0, when a is O, the result is 1.

Here's an example of a larger logical expression. In the statement:

e = ((a && b) || (c >d));

e is set equal to 1 if a and b are non-zero, or if ¢ is greater than d. In all other cases, e is set to 0.

C uses short circuit evaluation of logical expressions. That is to say, once it is able to determine the
truth of a logical expression, it does no further evaluation. This is often useful as in the following:

int myArray[12];

if (1 < 12 && myArray[i] > 3) {
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In the snippet of code, the comparison of i with 12 is done first. If it evaluates to O (false), i would
be out of bounds as an index to myArray. In this case, the program never attempts to access
myArrayl[i] since the truth of the expression is known to be false. Hence we need not worry here
about trying to access an out-of-bounds array element if it is already known that i is greater than or
equal to zero. A similar thing happens with expressions involving the or |l operator.

while( doThis () || doThat()) ...

doThat() is never called if doThis() returns a non-zero (true) value.

16.1.3 Bitwise Boolean Expressions

The bitwise operators work bit by bit on the operands. The operands must be of integral type (one
of the types used for integers). The six bitwise operators are & (AND), | (OR), " (exclusive OR,
commonly called XOR), ™ (NOT, which changes 1 to 0 and O to 1), << (shift left), and >> (shift
right). The negation operator is a unary operator which precedes the operand. The others are binary
operators which lie between the two operands. The precedence of these operators is lower than that
of the relational and equivalence operators; it is often required to parenthesize expressions involving
bitwise operators.

For this section, recall that a number starting with 0x is hexadecimal, or hex for short. Unlike the
normal decimal system using powers of 10 and digits 0123456789, hex uses powers of 16 and digits
0123456789abcdef. Hexadecimal is commonly used in C programs because a programmer can
quickly convert it to or from binary (powers of 2 and digits 01). C does not directly support binary
notation, which would be really verbose anyway.

a&b

bitwise boolean and of a and b

Oxc & Oxa produces the value 0x8 (in binary, 1100 & 1010 produces 1000)
alb

bitwise boolean or of a and b

Oxc | Oxa produces the value Oxe (in binary, 1100 | 1010 produces 1110)
a"b

bitwise xor of a and b

Oxc ~ Oxa produces the value 0x6 (in binary, 1100 ~ 1010 produces 0110)

a

bitwise complement of a.

“0Oxc produces the value -1-0xc (in binary, "1100 produces ...11110011 where "..." may be many
more 1 bits)

a<<b

shift a left by b (multiply a by 2°)
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Oxc << 1 produces the value 0x18 (in binary, 1100 << 1 produces the value 11000)
a>>b
shift a right by b (divide a by 2)

Oxc >> 1 produces the value 0x6 (in binary, 1100 >> 1 produces the value 110)

16.1.4 The If-Else statement

If-Else provides a way to instruct the computer to execute a block of code only if certain conditions
have been met. The syntax of an If-Else construct is:

if (/% condition goes here x*/) {

/+* 1f the condition 1s non—-zero (true), this code will execute */
} else {

/+* 1f the condition is 0 (false), this code will execute */

}

The first block of code executes if the condition in parentheses directly after the if evaluates to
non-zero (true); otherwise, the second block executes.

The else and following block of code are completely optional. If there is no need to execute code if a
condition is not true, leave it out.

Also, keep in mind that an if can directly follow an else statement. While this can occasionally
be useful, chaining more than two or three if-elses in this fashion is considered bad programming
practice. We can get around this with the Switch-Case construct described later.

Two other general syntax notes need to be made that you will also see in other control constructs:
First, note that there is no semicolon after if or else. There could be, but the block (code enclosed in
{ and }) takes the place of that. Second, if you only intend to execute one statement as a result of
an if or else, curly braces are not needed. However, many programmers believe that inserting curly
braces anyway in this case is good coding practice.

The following code sets a variable ¢ equal to the greater of two variables a and b, or O if a and b are
equal.

if(a > b) |
c = a;

} else if (b > a) {
c = b;

} else {
c = 0;

}

Consider this question: why can't you just forget about else and write the code like:

if(a > b) {
c = a;
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There are several answers to this. Most importantly, if your conditionals are not mutually exclusive,
two cases could execute instead of only one. If the code was different and the value of a or b changes
somehow (e.g.: you reset the lesser of a and b to 0 after the comparison) during one of the blocks?
You could end up with multiple if statements being invoked, which is not your intent. Also, evaluating
if conditionals takes processor time. If you use else to handle these situations, in the case above
assuming (a > b) is non-zero (true), the program is spared the expense of evaluating additional if
statements. The bottom line is that it is usually best to insert an else clause for all cases in which a
conditional will not evaluate to non-zero (true).

The conditional expression

A conditional expression is a way to set values conditionally in a more shorthand fashion than If-Else.
The syntax is:

(/* logical expression goes here */) ? (/» if non-zero (true) /) : (/* 1if O
(false) «/)

The logical expression is evaluated. If it is non-zero (true), the overall conditional expression
evaluates to the expression placed between the ? and :, otherwise, it evaluates to the expression after
the :. Therefore, the above example (changing its function slightly such that c is set to b when a and
b are equal) becomes:

c = (a>b) ?2 a: b;

Conditional expressions can sometimes clarify the intent of the code. Nesting the conditional operator
should usually be avoided. It's best to use conditional expressions only when the expressions for a
and b are simple. Also, contrary to a common beginner belief, conditional expressions do not make
for faster code. As tempting as it is to assume that fewer lines of code result in faster execution times,
there is no such correlation.

16.1.5 The Switch-Case statement

Say you write a program where the user inputs a number 1-5 (corresponding to student grades,
A(represented as 1)-D(4) and F(5)), stores it in a variable grade and the program responds by
printing to the screen the associated letter grade. If you implemented this using If-Else, your code
would look something like this:

if (grade == 1) {
printf ("A\n");

} else if(grade == 2) {
printf ("B\n");

} else if /+ etc. etc. */
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Having a long chain of if-else-if-else-if-else can be a pain, both for the programmer and anyone
reading the code. Fortunately, there's a solution: the Switch-Case construct, of which the basic syntax
is:

switch(/+ integer or enum goes here */) {

case /+ potential value of the aforementioned int or enum */:
/% code */

case /+ a different potential value #*/:
/+ different code =/

/+ insert additional cases as needed x/

default:
/% more code */

}

The Switch-Case construct takes a variable, usually an int or an enum, placed after switch, and
compares it to the value following the case keyword. If the variable is equal to the value specified
after case, the construct "activates", or begins executing the code after the case statement. Once the
construct has "activated", there will be no further evaluation of cases.

Switch-Case is syntactically "weird" in that no braces are required for code associated with a case.

Very important: Typically, the last statement for each case is a break statement. This causes program
execution to jump to the statement following the closing bracket of the switch statement, which
is what one would normally want to happen. However if the break statement is omitted, program
execution continues with the first line of the next case, if any. This is called a fall-through. When a
programmer desires this action, a comment should be placed at the end of the block of statements
indicating the desire to fall through. Otherwise another programmer maintaining the code could
consider the omission of the 'break’ to be an error, and inadvertently 'correct' the problem. Here's an
example:

switch ( someVariable ) {

case 1:
printf ("This code handles case 1\n");
break;

case 2:
printf ("This prints when someVariable is 2, along with...\n");
/* FALL THROUGH x/

case 3:
printf ("This prints when someVariable is either 2 or 3.\n" );
break;

}

If a default case is specified, the associated statements are executed if none of the other cases match.
A default case is optional. Here's a switch statement that corresponds to the sequence of if - else if
statements above.

Back to our example above. Here's what it would look like as Switch-Case:

switch (grade) {
case 1:
printf ("A\n");
break;
case 2:
printf ("B\n");
break;
case 3:
printf ("C\n");
break;
case 4:
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printf ("D\n");
break;
default:
printf ("F\n");
break;
}

A set of statements to execute can be grouped with more than one value of the variable as in the
following example. (the fall-through comment is not necessary here because the intended behavior is
obvious)

switch (something) {

case 2:

case 3:

case 4:
/+ some statements to execute for 2, 3 or 4 */
break;

case 1:

default:
/* some statements to execute for 1 or other than 2,3,and 4 =/
break;

}

Switch-Case constructs are particularly useful when used in conjunction with user defined enum
data types. Some compilers are capable of warning about an unhandled enum value, which may be
helpful for avoiding bugs.

16.2 Loops

Often in computer programming, it is necessary to perform a certain action a certain number of times
or until a certain condition is met. It is impractical and tedious to simply type a certain statement or
group of statements a large number of times, not to mention that this approach is too inflexible and
unintuitive to be counted on to stop when a certain event has happened. As a real-world analogy,
someone asks a dishwasher at a restaurant what he did all night. He will respond, "I washed dishes
all night long." He is not likely to respond, "I washed a dish, then washed a dish, then washed a dish,
then...". The constructs that enable computers to perform certain repetitive tasks are called loops.

16.2.1 While loops

A while loop is the most basic type of loop. It will run as long as the condition is non-zero (true). For
example, if you try the following, the program will appear to lock up and you will have to manually
close the program down. A situation where the conditions for exiting the loop will never become
true is called an infinite loop.

int a=1;
while (42) |
a = ax2;

}

Here is another example of a while loop. It prints out all the powers of two less than 100.

int a=1;
while (a<100) {
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printf("a is %d \n",a);
a = ax2;

}

The flow of all loops can also be controlled by break and continue statements. A break statement
will immediately exit the enclosing loop. A continue statement will skip the remainder of the block
and start at the controlling conditional statement again. For example:

int a=1;
while (42) { // loops until the break statement in the loop is executed
printf("a is %d ",a);
a = ax2;
if (a>100) {
break;

} else if (a==64) {
continue; // Immediately restarts at while, skips next step

}
printf ("a is not 64\n");
}

In this example, the computer prints the value of a as usual, and prints a notice that a is not 64 (unless
it was skipped by the continue statement).

Similar to If above, braces for the block of code associated with a While loop can be omitted if the
code consists of only one statement, for example:

int a=1;
while(a < 100) a = ax*2;

This will merely increase a until a is not less than 100.

When the computer reaches the end of the while loop, it always goes back to the while statement at
the top of the loop, where it re-evaluates the controlling condition. If that condition is "true" at that
instant -- even if it was temporarily O for a few statements inside the loop -- then the computer begins
executing the statements inside the loop again; otherwise the computer exits the loop. The computer
does not "continuously check" the controlling condition of a while loop during the execution of that
loop. It only "peeks" at the controlling condition each time it reaches the while at the top of the
loop.

It is very important to note, once the controlling condition of a While loop becomes 0 (false), the
loop will not terminate until the block of code is finished and it is time to reevaluate the conditional.
If you need to terminate a While loop immediately upon reaching a certain condition, consider using
break.

A common idiom is to write:

int i = 5;
while (i—-) {
printf ("java and c# can't do this\n");

}

This executes the code in the while loop 5 times, with i having values that range from 4 down
to O (inside the loop). Conveniently, these are the values needed to access every item of an array
containing 5 elements.
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16.2.2 For loops

For loops generally look something like this:

for(initialization; test; increment) {
/+ code =/
}

The initialization statement is executed exactly once - before the first evaluation of the fest condition.
Typically, it is used to assign an initial value to some variable, although this is not strictly necessary.
The initialization statement can also be used to declare and initialize variables used in the loop.

The test expression is evaluated each time before the code in the for loop executes. If this expression
evaluates as 0 (false) when it is checked (i.e. if the expression is not true), the loop is not (re)entered
and execution continues normally at the code immediately following the FOR-loop. If the expression
is non-zero (true), the code within the braces of the loop is executed.

After each iteration of the loop, the increment statement is executed. This often is used to increment
the loop index for the loop, the variable initialized in the initialization expression and tested in the
test expression. Following this statement execution, control returns to the top of the loop, where the
test action occurs. If a continue statement is executed within the for loop, the increment statement
would be the next one executed.

Each of these parts of the for statement is optional and may be omitted. Because of the free-form
nature of the for statement, some fairly fancy things can be done with it. Often a for loop is used to
loop through items in an array, processing each item at a time.

int myArrayl[1l2];

int ix;
for (ix = 0; ix<12; ix++) {
myArray[ix] = 5 x ix + 3;

}
The above for loop initializes each of the 12 elements of myArray. The loop index can start from any

value. In the following case it starts from 1.

for(ix = 1; ix <= 10; ix++) |
printf("sd ", ix);
}

which will print

123456782910

You will most often use loop indexes that start from 0, since arrays are indexed at zero, but you will
sometimes use other values to initialize a loop index as well.

The increment action can do other things, such as decrement. So this kind of loop is common:

for (i = 5; i > 0; i--) {
printf("sd ",1i);
}
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which yields

54321

Here's an example where the test condition is simply a variable. If the variable has a value of O or
NULL, the loop exits, otherwise the statements in the body of the loop are executed.

for (t = list_head; t; t = NextItem(t) ) {
/+body of loop */
}

A WHILE loop can be used to do the same thing as a FOR loop, however a FOR loop is a more
condensed way to perform a set number of repetitions since all of the necessary information is in a
one line statement.

A FOR loop can also be given no conditions, for example:

for (;;) |
/% block of statements x/
}

This is called an infinite loop since it will loop forever unless there is a break statement within the
statements of the for loop. The empty test condition effectively evaluates as true.

It is also common to use the comma operator in for loops to execute multiple statements.

int i, j, n = 10;
for(i =0, § = 0;
printf("i =

o

}

16.2.3 Do-While loops

A DO-WHILE loop is a post-check while loop, which means that it checks the condition after each
run. As a result, even if the condition is zero (false), it will run at least once. It follows the form of:

do {
/* do stuff */
} while (condition);

Note the terminating semicolon. This is required for correct syntax. Since this is also a type of while
loop, break and continue statements within the loop function accordingly. A continue statement
causes a jump to the test of the condition and a break statement exits the loop.

It is worth noting that Do-While and While are functionally almost identical, with one important
difference: Do-While loops are always guaranteed to execute at least once, but While loops will not
execute at all if their condition is O (false) on the first evaluation.
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16.3 One last thing: goto

goto is a very simple and traditional control mechanism. It is a statement used to immediately and
unconditionally jump to another line of code. To use goto, you must place a label at a point in your
program. A label consists of a name followed by a colon (:) on a line by itself. Then, you can type
"goto label;" at the desired point in your program. The code will then continue executing beginning
with label. This looks like:

MyLabel:
/% some code x/
goto MyLabel;

The ability to transfer the flow of control enabled by gotos is so powerful that, in addition to the
simple if, all other control constructs can be written using gotos instead. Here, we can let "S" and
"T" be any arbitrary statements:

if ('"'cond'') {
S;

} else {
T;

}

V2 Y4

The same statement could be accomplished using two gotos and two labels:

if (''cond'') goto Labell;
T;
goto Label2;
Labell:
S;
Label2:
V2 V4

Here, the first goto is conditional on the value of "cond". The second goto is unconditional. We can
perform the same translation on a loop:

while (''condl'') {
S;
if (''cond2'') break;
T;

}

V2 Y

Which can be written as:

Start:
if (!''condl'') goto End;
S;
if (''cond2'') goto End;
T;
goto Start;

End:
Jx . x/

As these cases demonstrate, often the structure of what your program is doing can usually be
expressed without using gotos. Undisciplined use of gotos can create unreadable, unmaintainable
code when more idiomatic alternatives (such as if-elses, or for loops) can better express your structure.
Theoretically, the goto construct does not ever have to be used, but there are cases when it can increase
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readability, avoid code duplication, or make control variables unnecessary. You should consider first
mastering the idiomatic solutions, and use goto only when necessary. Keep in mind that many, if
not most, C style guidelines strictly forbid use of goto, with the only common exceptions being the
following examples.

One use of goto is to break out of a deeply nested loop. Since break will not work (it can only escape
one loop), goto can be used to jump completely outside the loop. Breaking outside of deeply nested
loops without the use of the goto is always possible, but often involves the creation and testing of
extra variables that may make the resulting code far less readable than it would be with goto. The
use of goto makes it easy to undo actions in an orderly fashion, typically to avoid failing to free
memory that had been allocated.

Another accepted use is the creation of a state machine. This is a fairly advanced topic though, and
not commonly needed.

16.4 Examples

finclude <errno.h>
#include <stdio.h>
#include <stdlib.h>

int main (void)

{

int years;

printf ("Enter your age in years : ");
fflush (stdout) ;
errno = 0;
if (scanf ("%d", &years) != 1 || errno)
return EXIT_FAILURE;
printf ("Your age in days is %d\n", years * 365);
return O;

16.5 Further reading

de:C-Programmierung: Kontrollstrukturen?  et:Programmeerimiskeel ~C/Keelestruktuurid?

pl:C/Instrukcje sterujace* pt:Programar em C/Controle de fluxo® fi:C/Ohjausrakenteet®

http://de.wikibooks.org/wiki/C-Programmierung%3A%20Kontrollstrukturen
http://et.wikibooks.org/wiki/Programmeerimiskeel%20C%2FKeelestruktuurid
http://pl.wikibooks.org/wiki/C%2FInstrukcje%$20steruj%01%05ce
http://pt.wikibooks.org/wiki/Programar%20em%20C%2FControle%20de%20fluxo
http://fi.wikibooks.org/wiki/C%2FOhjausrakenteet
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17 Procedures and functions

In C programming, all executable code resides within a function. A function is a named block of
code that performs a task and then returns control to a caller. Note that other programming languages

may distinguish between a "function", "subroutine", "subprogram", "procedure", or "method" -- in C,
these are all functions.

A function is often executed (called) several times, from several different places, during a single
execution of the program. After finishing a subroutine, the program will branch back (return) to the
point after the call.

Functions are a powerful programming tool.

As a basic example, suppose you are writing code to print out the first 5 squares of numbers, do some
intermediate processing, then print the first 5 squares again. We could write it like this:

#include <stdio.h>

int main (void)

{
int i;
for(i=1; i <= 5; i++)
{

printf("sd ", ixi);
}
for(i=1; i <= 5; i++)
{

printf ("sd ", ixi);
}
return 0;

}

We have to write the same loop twice. We may want to somehow put this code in a separate place
and simply jump to this code when we want to use it. This would look like:

finclude <stdio.h>

void Print_Squares (void)
{

int 1i;

for (i=1; i <=5; i++)

{

printf("sd ", ixi);

}

}

int main(void)

{
Print_Squares () ;
Print_Squares () ;
return 0;

}

This is precisely what functions are for.
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17.1 More on functions

A function is like a black box. It takes in input, does something with it, then spits out an answer.

Note that a function may not take any inputs at all, or it may not return anything at all. In the above
example, if we were to make a function of that loop, we may not need any inputs, and we aren't
returning anything at all (Text output doesn't count - when we speak of returning we mean to say
meaningful data that the program can use).

We have some terminology to refer to functions:

* A function, call it f, that uses another function g, is said to call g. For example, f calls g to print the
squares of ten numbers.

* A function's inputs are known as its arguments

* A function g that gives some kind of answer back to fis said to return that answer. For example, g
returns the sum of its arguments.

17.2 Writing functions in C

It's always good to learn by example. Let's write a function that will return the square of a number.

int square (int x)

{

int square_of_x;
square_of_x = x x x;
return square_of_x;

}

To understand how to write such a function like this, it may help to look at what this function does as
a whole. It takes in an int, X, and squares it, storing it in the variable square_of_x. Now this value
is returned.

The first int at the beginning of the function declaration is the type of data that the function returns.
In this case when we square an integer we get an integer, and we are returning this integer, and so we
write int as the return type.

Next is the name of the function. It is good practice to use meaningful and descriptive names for
functions you may write. It may help to name the function after what it is written to do. In this case
we name the function "square"”, because that's what it does - it squares a number.

Next is the function's first and only argument, an int, which will be referred to in the function as x.
This is the function's input.

In between the braces is the actual guts of the function. It declares an integer variable called square_-
of_x that will be used to hold the value of the square of x. Note that the variable square_of_x can
only be used within this function, and not outside. We'll learn more about this sort of thing later, and
we will see that this property is very useful.

We then assign x multiplied by x, or x squared, to the variable square_of_x, which is what this
function is all about. Following this is a return statement. We want to return the value of the
square of X, so we must say that this function returns the contents of the variable square_of_x.
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Our brace to close, and we have finished the declaration.

Written in a more concise manner, this code performs exactly the same function as the above:

int square (int x)

{

return x * x;

}

Note this should look familiar - you have been writing functions already, in fact - main is a function
that is always written.

17.2.1 In general

In general, if we want to declare a function, we write

type name(typel argl, type2 arg2, ...)
{
/% code */

}

We've previously said that a function can take no arguments, or can return nothing, or both. What
do we write if we want the function to return nothing? We use C's void keyword. void basically
means "nothing" - so if we want to write a function that returns nothing, for example, we write

void sayhello (int number_of_times)
{
int i;
for(i=1; i <= number_of_times; i++) {
printf ("Hello!\n");
}
}

Notice that there is no return statement in the function above. Since there's none, we write void
as the return type.

What about a function that takes no arguments? If we want to do this, we can write for example

float calculate_number (void)
{
float to_return=1;
int i;
for (i=0; i < 100; i++) {
to_return += 1;
to_return = 1/to_return;

}
return to_return;
}
Notice this function doesn't take any inputs, but merely returns a number calculated by this function.

Naturally, you can combine both void return and void in arguments together to get a valid function,
also.
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17.2.2 Recursion

Here's a simple function that does an infinite loop. It prints a line and calls itself, which again prints
a line and calls itself again, and this continues until the stack overflows and the program crashes. A
function calling itself is called recursion, and normally you will have a conditional that would stop
the recursion after a small, finite number of steps.

// don't run this!
void infinite_recursion ()
{
printf("Infinite loop!\n");
infinite_recursion();

}

A simple check can be done like this. Note that ++depth is used so the increment will take place
before the value is passed into the function. Alternatively you can increment on a separate line before
the recursion call. If you say print_me(3,0); the function will print the line Recursion 3 times.

void print_me (int j, int depth)
{
if (depth < j) {
printf ("Recursion! depth = %d j = %d\n",depth, j); //j keeps its value
print_me (j, ++depth);

}

Recursion is most often used for jobs such as directory tree scans, seeking for the end of a linked
list, parsing a tree structure in a database and factorising numbers (and finding primes) among other
things.

17.2.3 Static Functions

If a function is to be called only from within the file in which it is declared, it is appropriate to declare
it as a static function. When a function is declared static, the compiler will now compile to an object
file in a way that prevents the function from being called from code in other files. Example:

static int compare( int a, int b )
{

return (a+4 < b)? a : b;
}

17.3 Using C functions

We can now write functions, but how do we use them? When we write main, we place the function
outside the braces that encompass main.

When we want to use that function, say, using our calculate_number function above, we can
write something like

float f;
f = calculate_number();
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If a function takes in arguments, we can write something like

int square_of_10;
square_of_10 = square(10);

If a function doesn't return anything, we can just say

say_hello () ;

since we don't need a variable to catch its return value.

17.4 Functions from the C Standard Library

While the C language doesn't itself contain functions, it is usually linked with the C Standard Library.
To use this library, you need to add an #include directive at the top of the C file, which may be one of
the following:

<assert.h>! <limits.h>® <signal.h>’ <stdlib.h>'3
e <ctype.h>? e . .
e <errno.h>? <locale.h>® <stdarg.h>'?® <string.h>'*
e <float.h>* e <math.h>’ . e <time.h>'>
. <stddef.h>'le
<setjmp.h>% e <complex.h>!®

<stdio.h>1?

The functions available are:

| <assert.h> <limits.h> <signal.h> <stdlib.h>

http://en.wikipedia.org/wiki/Assert.h
http://en.wikipedia.org/wiki/Ctype.h
http://en.wikipedia.org/wiki/Errno.h
http://en.wikipedia.org/wiki/Float.h
http://en.wikipedia.org/wiki/Limits.
http://en.wikipedia.org/wiki/Locale.
http://en.wikipedia.org/wiki/Math.h
http://en.wikipedia.org/wiki/Set jmp.
http://en.wikipedia.org/wiki/Signal.
http://en.wikipedia.org/wiki/Stdarg.
http://en.wikipedia.org/wiki/Stddef.
http://en.wikipedia.org/wiki/Stdio.h
http://en.wikipedia.org/wiki/Stdlib.h
http://en.wikipedia.org/wiki/String.h
http://en.wikipedia.org/wiki/Time.h

http://en.wikipedia.org/wiki/Complex.h
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<assert .h>

<limits.h>

<signal.h>

<stdlib.h>

* assert(int)

* (constants only)

* int raise(int sig).
This

* void* signal(int sig,

void (*func)(int))

 atof(char®),
atoi(char®),
atol(char*)

e strtod(char * str,
char ** endptr ),
strtol(char *str,
char **endptr),
strtoul(char *str,
char **endptr)

e rand(), srand()

* malloc(size_t),
calloc (size_t el-
ements, size_t
elementSize), re-
alloc(void*, int)

* free (void¥*)

e exit(int), abort()

* atexit(void
(*func)())

* getenv

* system

* gsort(void *,
size_t number,
size_t size, int
(*sortfunc)(void*,
void*))

* abs, labs

e div, 1div

<ctype.h>

<locale.h>

<stdarg.h>

<string.h>
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<assert .h>

<limits.h>

<signal.h>

<stdlib.h>

* isalnum, isalpha,
isblank

* iscntrl, isdigit, is-
graph

* islower, isprint,
ispunct

* isspace, isupper,
isxdigit

* tolower, toupper

e struct Iconv* lo-
caleconv(void);

e char* setlocale(int,
const char*);

e va_start (va_list,
ap)

* va_arg (ap, (type))

* va_end (ap)

* va_copy (va_list,
va_list)

* memcpy, mem-
move

* memchr, memcmp,
memset

e strcat, strncat,
strchr, strrchr

* strcmp, strncmp,
strccoll

e strcpy, strncpy

® strerror

e strlen

¢ strspn, strcspn

e strpbrk

e strstr

e strtok

e strxfrm

errno.h

math.h

stddef.h

time.h
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<assert.h> <limits.h> <signal.h> <stdlib.h>
¢ (errno) e sin, cos, tan « offsetof macro e asctime (struct tm*
e asin, acos, atan, tmptr)
atan2 ¢ clock_t clock()
¢ sinh, cosh, tanh * char* ctime(const
e ceil time_t* timer)
* exp * double
 fabs difftime(time_-
¢ floor t timer2, time_t
e fmod timer1)
* frexp * struct tm* gm-
* ldexp time(const time_t*
* log, log10 timer)
e modf * struct tm*
* pow gmtime_r(const
e sqrt time_t* timer,
struct tm* result)

* struct tm* local-
time(const time_t*
timer)

* time_t mk-
time(struct tm*
ptm)

e time_t time(time_t*
timer)

e char * strp-
time(const char*
buf, const char*
format, struct tm*
tptr)

e time_t
timegm(struct tm
*brokentime)

float.h setjmp.h stdio.h
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<assert.h> <limits.h> <signal.h> <stdlib.h>
* (constants * int setjmp(jmp_buf | * fclose e fread, fwrite
env) * fopen, freopen * getc, putc
* void longjmp(jmp_- | * remove * getchar, putchar,
buf env, int value) * rename fputchar
e rewind * gets, puts
* tmpfile e printf, vprintf
* clearerr e fprintf, viprintf
e feof, ferror e sprintf, snprintf,
¢ fflush vsprintf, vsnprintf
* fgetpos, fsetpos * perror
* fgetc, fputc * scanf, vscanf
* fgets, fputs * fscanf, vfscanf
e ftell, fseek ¢ sscanf, vsscanf
¢ setbuf, setvbuf
e tmpnam
* ungetc

o /printf/!
o full list'8

17.5 Variable-length argument lists

Functions with variable-length argument lists are functions that can take a varying number of
arguments. An example in the C standard library is the print f function, which can take any
number of arguments depending on how the programmer wants to use it.

C programmers rarely find the need to write new functions with variable-length arguments. If they
want to pass a bunch of things to a function, they typically define a structure to hold all those things
-- perhaps a linked list, or an array -- and call that function with the data in the arguments.

However, you may occasionally find the need to write a new function that supports a variable-length
argument list. To create a function that can accept a variable-length argument list, you must first
include the standard library header st darg.h. Next, declare the function as you would normally.
Next, add as the last argument an ellipsis ("..."). This indicates to the compiler that a variable list of
arguments is to follow. For example, the following function declaration is for a function that returns
the average of a list of numbers:

float average (int n_args, ...);

Note that because of the way variable-length arguments work, we must somehow, in the arguments,
specify the number of elements in the variable-length part of the arguments. In the average

17 http://en.wikibooks.org/wiki/%2Fprintf£%2F
18 http://www.utas.edu.au/infosys/info/documentation/C/CStdLib.html#ctype.h
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function here, it's done through an argument called n_args. In the print f function, it's done
with the format codes that you specify in that first string in the arguments you provide.

Now that the function has been declared as using variable-length arguments, we must next write the
code that does the actual work in the function. To access the numbers stored in the variable-length
argument list for our average function, we must first declare a variable for the list itself:

va_list myList;

The va_1list typeis a type declared in the stdarg.h header that basically allows you to keep
track of your list. To start actually using myList, however, we must first assign it a value. After
all, simply declaring it by itself wouldn't do anything. To do this, we must call va_start, which
is actually a macro defined in stdarg.h. In the arguments to va_start, you must provide the
va_list variable you plan on using, as well as the name of the last variable appearing before the
ellipsis in your function declaration:

#include <stdarg.h>
float average (int n_args, ...)
{

va_list myList;

va_start (myList, n_args);

}

Now that myList has been prepped for usage, we can finally start accessing the variables stored in
it. To do so, use the va_arg macro, which pops off the next argument on the list. In the arguments
to va_arg, provide the va_11ist variable you're using, as well as the primitive data type (e.g.
int, char) that the variable you're accessing should be:

#include <stdarg.h>
float average (int n_args, ...)
{
va_list myList;
va_start (myList, n_args);
int myNumber = va_arg (myList, int);

}

By popping n_args integers off of the variable-length argument list, we can manage to find the
average of the numbers:

#include <stdarg.h>
float average (int n_args, ...)
{

va_list myList;

va_start (myList, n_args);

int numbersAdded = 0;
int sum = 0;

while (numbersAdded < n_args) {
int number = va_arg (myList, int); // Get next number from list
sum += number;
numbersAdded += 1;

}

float avg = (float) (sum) / (float) (numbersAdded); // Find the average
return avg;
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By calling average (2, 10, 20), we get the average of 10 and 20, whichis 15.

it:C/Blocchi e funzioni/Funzioni'® pl:C/Funkcje?

19 http://it.wikibooks.org/wiki/C%2FBlocchi%20e%20funzioni%2FFunzioni
20 http://pl.wikibooks.org/wiki/C%2FFunkcje
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18 Preprocessor

Preprocessors are a way of making text processing with your C program before they are actually
compiled. Before the actual compilation of every C program it is passed through a Preprocessor. The
Preprocessor looks through the program trying to find out specific instructions called Preprocessor
directives that it can understand. All Preprocessor directives begin with the # (hash) symbol.

The preprocessor! is a part of the compiler which performs preliminary operations (conditionally

compiling code, including files etc...) to your code before the compiler sees it. These transformations
are lexical, meaning that the output of the preprocessor is still text.

NOTE: Technically the output of the preprocessing phase for C consists of a sequence of to-
kens, rather than source text, but it is simple to output source text which is equivalent to the
given token sequence, and that is commonly supported by compilers via a —E or /E option --
although command line options to C compilers aren't completely standard, many follow similar
rules.

18.1 Directives

Directives are special instructions directed to the preprocessor (preprocessor directive) or to the
compiler? (compiler directive) on how it should process part or all of your source code or set some
flags on the final object and are used to make writing source code easier (more portable for instance)
and to make the source code more understandable. Directives are handled by the preprocessor, which
is either a separate program invoked by the compiler or part of the compiler itself.

18.1.1 #include

C has some features as part of the language and some others as part of a standard library, which is
a repository of code that is available alongside every standard-conformant C compiler. When the C
compiler compiles your program it usually also links it with the standard C library. For example, on
encountering a #include <stdio.h> directive, it replaces the directive with the contents of the
stdio.h header file.

When you use features from the library, C requires you to declare what you would be using. The first
line in the program is a preprocessing directive which should look like this:

1 http://en.wikipedia.org/wiki/Preprocessor
2 http://en.wikipedia.org/wiki/compiler
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#include <stdio.h>

The above line causes the C declarations which are in the stdio . h header® to be included for use
in your program. Usually this is implemented by just inserting into your program the contents of a
header file called stdio.h, located in a system-dependent location. The location of such files may
be described in your compiler's documentation. A list of standard C header files is listed below in the
Headers table.

The stdio.h header contains various declarations for input/output (I/O) using an abstraction of
I/O mechanisms called streams. For example there is an output stream object called st dout which
is used to output text to the standard output, which usually displays the text on the computer screen.

If using angle brackets like the example above, the preprocessor is instructed to search for the
include file along the development environment path for the standard includes.

#include "other.h"

If you use quotation marks (" "), the preprocessor is expected to search in some additional, usually
user-defined, locations for the header file, and to fall back to the standard include paths only if it is
not found in those additional locations. It is common for this form to include searching in the same
directory as the file containing the # include directive.

NOTE: You should check the documentation of the development environment you are using for
any vendor specific implementations of the #include directive.

Headers

The C90 standard headers list:

3 http://en.wikipedia.org/wiki/Header%20file
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» <assert.h>?
e <ctype.h>>
e <errno.h>®
e <float.h>’
e <limits.h>®

Headers added since C90:

e <complex.h>'°
s <fenv.h>??
* <inttypes.h>?!

18.1.2 #pragma

e <locale.h>’
e <math.h>'°

s <setjmp.h>*!
* <signal.h

e <stdarg.h>'3

512

¢ <is0646.h>%?
e <stdbool.h>?3
e <stdint.h>?%

<stddef.h>!
<stdio.h>'?

<stdlib.h>!®
<string.h>'’

<time.h>!8

<tgmath.h>?°
<wchar.h>2°
<wctype.h>?7

The pragma (pragmatic information) directive is part of the standard, but the meaning of any pragma
depends on the software implementation of the standard that is used. The #pragma directive provides
a way to request special behavior from the compiler. This directive is most useful for programs that
are unusually large or that need to take advantage of the capabilities of a particular compiler.

Pragmas are used within the source program.

4  http:
5 http:
6 http:
7 http:
8 http:
9 http:
10 http:
11 http:
12 http:
13 http:
14 http:
15 http:
16 http:
17 http:
18 http:
19 http:
20 http:
21 http:
22  http:
23  http:
24  http:
25 http:
26 http:
27 http:

//en
//en
//en
//en
//en
//en
//en
//en
//en
//en
//en
//en
//en
//en
//en
//en
//en
//en
//en
//en
//en
//en
//en
//en

.wikipedia.
.wikipedia.
.wikipedia.
.wikipedia.
.wikipedia.
.wikipedia.
.wikipedia.
.wikipedia.
.wikipedia.
.wikipedia.
.wikipedia.
.wikipedia.
.wikipedia.
.wikipedia.org/wiki/String.h
.wikipedia.
.wikipedia.
.wikipedia.
.wikipedia.
.wikipedia.
.wikipedia.
.wikipedia.
.wikipedia.
.wikipedia.
.wikipedia.

org/wiki/Assert.h
org/wiki/Ctype.h
org/wiki/Errno.h
org/wiki/Float.h
org/wiki/Limits.
org/wiki/Locale.
org/wiki/Math.h

org/wiki/Setjmp.
org/wiki/Signal.
org/wiki/Stdarg.
org/wiki/Stddef.
org/wiki/Stdio.h
org/wiki/stdlib.h

o=y

e e iila &

org/wiki/Time.h
org/wiki/Complex.h
org/wiki/Fenv.h
org/wiki/Inttypes.h
org/wiki/Iso646.h
org/wiki/Stdbool.h
org/wiki/Stdint.h
org/wiki/Tgmath.h
org/wiki/Wchar.h
org/wiki/Wctype.h
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#pragma token (s)

1. pragma is usually followed by a single token, which represents a command for the compiler to
obey. You should check the software implementation of the C standard you intend on using for
a list of the supported tokens. Not surprisingly, the set of commands that can apear in #pragma
directives is different for each compiler; you'll have to consult the documentation for your
compiler to see which commands it allows and what those commands do.

For instance one of the most implemented preprocessor directives, #pragma once when placed
at the beginning of a header file, indicates that the file where it resides will be skipped if included
several times by the preprocessor.

NOTE: Other methods exist to do this action that is commonly referred as using include
guards.

18.1.3 #define

WARNING: Preprocessor macros, although tempting, can produce quite unexpected results if
not done right. Always keep in mind that macros are textual substitutions done to your source
code before anything is compiled. The compiler does not know anything about the macros and
never gets to see them. This can produce obscure errors, amongst other negative effects. Prefer
to use language features, if there are equivalent (In example use const int or enum instead
of #defined constants).

That said, there are cases, where macros are very useful (see the debug macro below for an
example).

The #define directive is used to define values or macros that are used by the preprocessor to
manipulate the program source code before it is compiled. Because preprocessor definitions are
substituted before the compiler acts on the source code, any errors that are introduced by #define
are difficult to trace.

By convention, values defined using #de fine are named in uppercase. Although doing so is not a
requirement, it is considered very bad practice to do otherwise. This allows the values to be easily
identified when reading the source code.

Today, #define is primarily used to handle compiler and platform differences. E.g., a define might
hold a constant which is the appropriate error code for a system call. The use of #define should
thus be limited unless absolutely necessary; t ypedef statements and constant variables can often
perform the same functions more safely.

Another feature of the #de fine command is that it can take arguments, making it rather useful as a
pseudo-function creator. Consider the following code:
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#define ABSOLUTE_VALUE( x ) ( ((x) < 0) 2?2 —(x) : (x) )

int x = -1;
while ( ABSOLUTE_VALUE( x ) ) {

}

It's generally a good idea to use extra parentheses when using complex macros. Notice that in
the above example, the variable "x" is always within its own set of parentheses. This way, it will
be evaluated in whole, before being compared to O or multiplied by -1. Also, the entire macro is
surrounded by parentheses, to prevent it from being contaminated by other code. If you're not careful,
you run the risk of having the compiler misinterpret your code.

Because of side-effects it is considered a very bad idea to use macro functions as described above.

int x
int y

-10;
ABSOLUTE_VALUE ( x++ );

If ABSOLUTE_VALUE() were a real function 'x' would now have the value of '-9', but because it
was an argument in a macro it was expanded twice and thus has a value of -8.

Example:
To illustrate the dangers of macros, consider this naive macro #define MAX(a,b) a>b?a:b and
the code i = MAX(2,3)+5; j = MAX(3,2)+5; Take a look at this and consider what the value af-
ter execution might be. The statements are turned into int i = 2>372:345; int j = 3>273:2+5;
Thus, after execution 1=8 and j=3 instead of the expected result of i=7j=8! This is why
you were cautioned to use an extra set of parenthesis above, but even with these, the road is
fraught with dangers. The alert reader might quickly realize that if a or b contains expressions,
the definition must parenthesize every use of a, b in the macro definition, like this: #define
MAX(a,b) ((a)>(b)?(a):(b)) This works, provided a, b have no side effects. Indeed, i=2;j =
3; k = MAX(i++, j++); would result in k=4, 1=3 and j=5. This would be highly surprising to
anyone expecting MAX () to behave like a function.
So what is the correct solution? The solution is not to use macro at all. A global, inline func-
tion, like this
inline int max(int a, int b) { return a>b?a:b }
has none of the pitfalls above, but will not work with all types.
NOTE: The explicit inline declaration is not really necessary unless the definition is in
a header file, since your compiler can inline functions for you (with gcc this can be done
with ~-finline-functions or —03). The compiler is often better than the programmer
at predicting which functions are worth inlining. Also, function calls are not really expensive
(they used to be).
The compiler is actually free to ignore the inline keyword. It is only a hint (except that
inline is necessary in order to allow a function to be defined in a header file without gener-
ating an error message due to the function being defined in more than one translation unit).

(#, ##)
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The # and ## operators are used with the #de fine macro. Using # causes the first argument after
the # to be returned as a string in quotes. For example, the command

fdefine as_string( s ) # s

will make the compiler turn this command

puts ( as_string( Hello World! ) ) ;

nto

puts( "Hello World!" );

Using ## concatenates what's before the ## with what's after it. For example, the command

#define concatenate( x, v ) x ## vy

int xy = 10;

will make the compiler turn

printf( "%$d", concatenate( x, y ));

into

printf ( "%d", xy);

which will, of course, display 10 to standard output.

It is possible to concatenate a macro argument with a constant prefix or suffix to obtain a valid
identifier as in

#define make_function( name ) int my_ ## name (int foo) {}
make_function( bar )

which will define a function called my_bar (). But it isn't possible to integrate a macro
argument into a constant string using the concatenation operator. In order to obtain such
an effect, one can use the ANSI C property that two or more consecutive string constants are
considered equivalent to a single string constant when encountered. Using this property, one can write

#define eat ( what ) puts( "I'm eating " #what " today." )
eat ( fruit )
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which the macro-processor will turn into

puts( "I'm eating " "fruit" " today." )

which in turn will be interpreted by the C parser as a single string constant.

The following trick can be used to turn a numeric constants into string literals

#define num2str (x) str(x)
#define str(x) #x
#define CONST 23

puts (num2str (CONST) ) ;

This is a bit tricky, since it is expanded in 2 steps. First num2str (CONST) is replaced with
str (23), which in turn is replaced with "23". This can be useful in the following example:

#ifdef DEBUG

#define debug(msg) fputs(__FILE__ ":" num2str(__LINE__) " - " msg, stderr)
felse

#define debug (msg)

#endif

This will give you a nice debug message including the file and the line where the message was issued.
If DEBUG is not defined however the debugging message will completely vanish from your code.
Be careful not to use this sort of construct with anything that has side effects, since this can lead to
bugs, that appear and disappear depending on the compilation parameters.

18.1.4 macros

Macros aren't type-checked and so they do not evaluate arguments. Also, they do not obey scope
properly, but simply take the string passed to them and replace each occurrence of the macro argument
in the text of the macro with the actual string for that parameter (the code is literally copied into the
location it was called from).

An example on how to use a macro:

#include <stdio.h>

#define SLICES 8
#define ADD(x) ( (x) / SLICES )

int main ()
{
int a = 0, b = 10, ¢ = 6;

a = ADD(b + c);
printf ("$d\n", a);

return 0;

}

-- the result of "a" should be "2" (b + ¢ = 16 -> passed to ADD -> 16 / SLICES -> result is "2")
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NOTE:

It is usually bad practice to define macros in headers.

A macro should be defined only when it is not possible to achieve the same result with a func-
tion or some other mechanism. Some compilers are able to optimize code to where calls to
small functions are replaced with inline code, negating any possible speed advantage. Using
typedefs, enums, and inline (in C99) is often a better option.

18.1.5 #error

The #error directive halts compilation. When one is encountered the standard specifies that the
compiler should emit a diagnostic containing the remaining tokens in the directive. This is mostly
used for debugging purposes.

#error message

18.1.6 #undef

The #undef directive undefines a macro. The identifier need not have been previously defined.

18.1.7 #if #else, #elif #endif (conditionals)

The #if command checks whether a controlling conditional expression evaluates to zero or nonzero,
and excludes or includes a block of code respectively. For example:

#if 1

/+* This block will be included x/
fendif

#if O

/+ This block will not be included x/
fendif

The conditional expression could contain any C operator except for the assignment operators, the
increment and decrement operators, the address-of operator, and the sizeof operator.

One unique operator used in preprocessing and nowhere else is the defined operator. It returns 1 if
the macro name, optionally enclosed in parentheses, is currently defined; O if not.

The #endif command ends a block started by #1f, #1fdef, or #ifndef.

The #elif command is similar to #1i £, except that it is used to extract one from a series of blocks of
code. E.g.:

#if /» some expression x/

#elif /+ another expression =/

/* imagine many more #elifs here ... x/
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#else
/* The optional #else block is selected if none of the previous #if or
#elif blocks are selected =/

fendif /* The end of the #if block x/

18.1.8 #ifdef #ifndef

The #ifdef command is similar to #1 £, except that the code block following it is selected if a macro
name is defined. In this respect,

#ifdef NAME

is equivalent to

#if defined NAME

The #ifndef command is similar to #ifdef, except that the test is reversed:

#ifndef NAME

is equivalent to

#if !defined NAME

18.2 Useful Preprocessor Macros for Debugging

2829

ANSI C defines some useful preprocessor macros and variables, also called "magic constants”,

include:
__FILE__=> The name of the current file, as a string literal

_ LINE__=> Current line of the source file, as a numeric literal

__DATE__=> Current system date, as a string

28 HP C Compiler Reference Manual "{http://docs.hp.com/en/B3901-90003/ch07s04.html}
29 C++ reference: Predefined preprocessor variables “{http://www.cppreference.com/wiki/
preprocessor/preprocessor_vars}
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__TIME__=> Current system time, as a string
_ TIMESTAMP__=> Date and time (non-standard)

__cplusplus => undefined when your C code is being compiled by a C compiler; 199711L when
your C code is being compiled by a C++ compiler compliant with 1998 C++ standard.

__func__=> Current function name of the source file, as a string (part of C99)

_ PRETTY_FUNCTION__=> "decorated" Current function name of the source file, as a string (in
GCC; non-standard)

Compile-time assertions

Some people®” define a preprocessor macro to allow compile-time assertions, something like:

#define COMPILE_TIME_ASSERT (pred) switch(0) {case 0O:case pred:;}

COMPILE_TIME_ASSERT ( BOOLEAN CONDITION ) ;

The static_assert.hpp Boost library?! defines a similar macro. Some compilers define a
static_assert keyword used in the same way.

Such compile-time assertions can help you debug faster than using only run-time assert() statements,
because the compile-time assertions are all tested at compile time, while it is possible that a test run
of a program may fail to exercise some run-time assert() statements.

X-Macros

One little-known usage pattern of the C preprocessor is known as "X-Macros".333436 An X-Macro is
a header file’”. Commonly these use the extension ".def" instead of the traditional ".h". This file
contains a list of similar macro calls, which can be referred to as "component macros". The include
file is then referenced repeatedly in the following pattern. Here, the include file is "xmacro.def" and
it contains a list of component macros of the style "foo(x, y, z)".

30  "Compile Time Assertions in C" “{http://www. jaggersoft.com/pubs/CVull_3.html} byJonJagger
1999

31 http://en.wikibooks.org/wiki/C%$2B%2B%20Programming%2FLibraries%$2FBoost%20

32 Wikipedia: C++0x#Static assertions “{http://en.wikipedia.org/wiki/%$20C%2B%2B0x%23Static%
20assertions}

33 Wirzenius, Lars. C Preprocessor Trick For Implementing Similar Data Types “{http://liw.iki.fi/1liw/
texts/cpp-trick.html} Retrieved January 9, 2011.

34 . The New C: X Macros The New C: X Macros 3>. Dr. Dobb's Journal , May 2001

36 ..,
37 http://en.wikibooks.org/wiki/header%20file
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#define foo(x, y, z) doSomethingWith(x, vy, z);
#include "xmacro.def"
#undef foo

#define foo(x, y, z) doSomethingElseWith(x, vy, z);
#include "xmacro.def"
#undef foo

(etc...)

The most common usage of X-Macros is to establish a list of C objects and then automatically
generate code for each of them. Some implementations also perform any #undefs they need inside
the X-Macro, as opposed to expecting the caller to undefine them.

Common sets of objects are a set of global configuration settings, a set of members of a struct®®, a
list of possible XML3 tags for converting an XML file to a quickly-traversable tree, or the body of
an enum® declaration; other lists are possible.

Once the X-Macro has been processed to create the list of objects, the component macros can be
redefined to generate, for instance, accessor and/or mutator*! functions. Structure serializing and
deserializing*” are also commonly done.

Here is an example of an X-Macro that establishes a struct and automatically creates serialize/deseri-
alize functions. For simplicity, this example doesn't account for endianness or buffer overflows.

File star.def:

EXPAND_EXPAND_STAR_MEMBER (x, int)
EXPAND_EXPAND_STAR_MEMBER (y, int)
EXPAND_EXPAND_STAR_MEMBER (z, int)
EXPAND_EXPAND_STAR_MEMBER (radius, double)
#undef EXPAND_EXPAND_STAR_MEMBER

File star_table.c:

typedef struct {
#define EXPAND_EXPAND_STAR_MEMBER (member, type) type member;
#include "star.def"
} starStruct;

void serialize_star (const starStruct xconst star, unsigned char xbuffer) {
#define EXPAND_EXPAND_STAR_MEMBER (member, type) \
memcpy (buffer, & (star->member), sizeof (star->member)); \
buffer += sizeof (star—->member);
#include "star.def"

}

void deserialize_star (starStruct *const star, const unsigned char xbuffer) {
#define EXPAND_EXPAND_STAR_MEMBER (member, type) \
memcpy (& (star->member), buffer, sizeof (star->member)); \
buffer += sizeof (star->member);
#include "star.def"

}

38 http://en.wikibooks.org/wiki/struct%$20%28C%20programming%20language%29
39 http://en.wikibooks.org/wiki/XML

40 http://en.wikibooks.org/wiki/enumerated%20type

41 http://en.wikibooks.org/wiki/mutator%$20method

42 http://en.wikibooks.org/wiki/serialization
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Handlers for individual data types may be created and accessed using token concatenation ("##")
and quoting ("#") operators. For example, the following might be added to the above code:

#define print_int (val) printf ("$d", wval)
#define print_double (val) printf ("%g", val)

void print_star(const starStruct xconst star) {
/% print_##type will be replaced with print_int or print_double x/
#define EXPAND_EXPAND_STAR_MEMBER (member, type) \
printf("%$s: ", #member); \
print_##type (star->member); \
printf ("\n");
#include "star.def"

}

Note that in this example you can also avoid the creation of separate handler functions for each
datatype in this example by defining the print format for each supported type, with the additional
benefit of reducing the expansion code produced by this header file:

#define FORMAT_ (type) FORMAT_##type
#define FORMAT_int "an
#define FORMAT_double "%g"

void print_star(const starStruct xconst star) {
/% FORMAT_(type) will be replaced with FORMAT int or FORMAT double */
#define EXPAND_EXPAND_STAR_MEMBER (member, type) \
printf ("%$s: " FORMAT_ (type) "\n", #member, star->member);
#include "star.def"

}

The creation of a separate header file can be avoided by creating a single macro containing what
would be the contents of the file. For instance, the above file "star.def" could be replaced with this
macro at the beginning of:

File star_table.c:

#define EXPAND_STAR \
EXPAND_STAR_MEMBER (

(

(

(

x, int) \
EXPAND_STAR_MEMBER (y, int) \
EXPAND_STAR_MEMBER (z, int) \

EXPAND_STAR_MEMBER (radius, double)

and then all calls to #include "star.def" could be replaced with a simple EXPAND__STAR
statement. The rest of the above file would become:

typedef struct ({
#define EXPAND_STAR_MEMBER (member, type) type member;
EXPAND_STAR
#undef EXPAND_STAR_MEMBER
} starStruct;

void serialize_star (const starStruct xconst star, unsigned char xbuffer) {
#define EXPAND_STAR_MEMBER (member, type) \
memcpy (buffer, & (star->member), sizeof (star->member)); \
buffer += sizeof (star->member);
EXPAND_STAR
#undef EXPAND_STAR_MEMBER
}

void deserialize_star (starStruct *const star, const unsigned char xbuffer) {
#define EXPAND_STAR_MEMBER (member, type) \
memcpy (& (star->member), buffer, sizeof (star->member)); \
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buffer += sizeof (star->member);
EXPAND_STAR
#undef EXPAND_STAR_MEMBER
}

and the print handler could be added as well as:

#define print_int (val) printf ("%d", wval)
#define print_double (val) printf ("%g", val)

void print_star (const starStruct =xconst star) {
/* print_##type will be replaced with print_int or print_double x/
#define EXPAND_STAR_MEMBER (member, type) \
printf ("%s: ", #member); \
print_##type (star->member); \
printf ("\n");
EXPAND_STAR
#undef EXPAND_STAR_MEMBER

or as:

#define FORMAT_ (type) FORMAT_##type
#define FORMAT_int neg"
#define FORMAT_double "%g"

void print_star (const starStruct xconst star) {
/% FORMAT_(type) will be replaced with FORMAT int or FORMAT double */
#define EXPAND_STAR_MEMBER (member, type) \
printf ("%s: " FORMAT_ (type) "\n", #member, star->member);
EXPAND_STAR
#undef EXPAND_STAR_MEMBER
}

A variant which avoids needing to know the members of any expanded sub-macros is to accept the
operators as an argument to the list macro:

File star_table.c:

J *

Generic

*/
#define STRUCT_MEMBER (member, type, dummy) type member;

#define SERIALIZE_MEMBER (member, type, obj, buffer) \
memcpy (buffer, & (obj->member), sizeof (obj->member)); \
buffer += sizeof (obj->member);

#define DESERIALIZE_MEMBER (member, type, obj, buffer) \
memcpy (& (obj-—>member), buffer, sizeof (obj->member)); \
buffer += sizeof (obj->member) ;

#define FORMAT_ (type) FORMAT_##type
#define FORMAT_int neg"
#define FORMAT_double "%g"

/+ FORMAT_ (type) will be replaced with FORMAT_ int or FORMAT double #*/
#define PRINT_MEMBER (member, type, obj) \

printf ("%$s: " FORMAT_ (type) "\n", #member, obj->member);
J *

starStruct

*/
#define EXPAND_STAR(_, ...) \
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_(x, int, __VA_ARGS__) \
_(y, int, __VA_ARGS_ ) \
_(z, int, __ VA _ARGS_ ) \

_(radius, double, _ VA_ARGS_ )

typedef struct {
EXPAND_STAR (STRUCT_MEMBER, )
} starStruct;

void serialize_star (const starStruct xconst star, unsigned char xbuffer) ({
EXPAND_STAR (SERIALIZE_MEMBER, star, buffer)
}

void deserialize_star (starStruct *const star, const unsigned char xbuffer) {
EXPAND_STAR (DESERIALIZE_MEMBER, star, buffer)
}

void print_star (const starStruct xconst star) {
EXPAND_STAR (PRINT_MEMBER, star)
}

This approach can be dangerous in that the entire macro set is always interpreted as if it was on a
single source line, which could encounter compiler limits with complex component macros and/or
long member lists.

This technique was reported by Lars Wirzenius*® in a web page dated January 17, 2000, in which he

gives credit to Kenneth Oksanen for "refining and developing" the technique prior to 1997. The other
references describe it as a method from at least a decade before the turn of the century.

w:C preprocessor**

de:C-Programmierung: Priprozessor®> fr:Programmation C/Préprocesseur*® it:C/Compilatore e

precompilatore/Direttive*’ pl:C/Preprocesor*®

43 Wirzenius, Lars. C Preprocessor Trick For Implementing Similar Data Types "{http://liw.iki.fi/liw/
texts/cpp-trick.html} Retrieved January 9, 2011.

44 http://en.wikipedia.org/wiki/C%20preprocessor

45 http://de.wikibooks.org/wiki/C-Programmierung%3A%20Pr$E4prozessor

46 http://fr.wikibooks.org/wiki/Programmation%20C%2FPr%E9processeur

47 http://it.wikibooks.org/wiki/C%2FCompilatore%20e%20precompilatore%
2FDirettive

48 http://pl.wikibooks.org/wiki/C%2FPreprocesor
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19 Libraries

A library in C is a group of functions and declarations, exposed for use by other programs. The library
therefore consists of an interface expressed in a . h file (named the "header") and an implementation
expressed in a . c file. This . c file might be precompiled or otherwise inaccessible, or it might
be available to the programmer. (Note: Libraries may call functions in other libraries such as the
Standard C or math libraries to do various tasks.)

The format of a library varies with the operating system and compiler one is using. For example, in
the Unix and Linux operating systems, a library consists of one or more object files, which consist of
object code that is usually the output of a compiler (if the source language is C or something similar)
or an assembler (if the source language is assembly language). These object files are then turned into
a library in the form of an archive by the ar archiver (a program that takes files and stores them in a
bigger file without regard to compression). The filename for the library usually starts with "lib" and
ends with ".a"; e.g. the libc.a file contains the Standard C library and the "libm.a" the mathematics
routines, which the linker would then link in. Other operating systems such as Microsoft Windows
use a ".lib" extension for libraries and an ".obj" extension for object files.

We're going to use as an example a function to parse! arguments from the command line. Arguments
on the command line could be by themselves:

have an optional argument that is concatenated? to the letter:

—-ioptarg

or have the argument in a separate argv-element:

-1 optarg

In order to parse all these types of arguments, we have written the following "getopt.c" file:

#include <stdio.h> /+ for fprintf() and EOF %/
#include <string.h> /% for strchr() =*/
#include "getopt.h" /% consistency check x*/

/% variables x/
int opterr
int optind

/+ getopt prints errors if this is on */
1; /% token pointer x/

I
-
~

1 http://en.wikipedia.org/wiki/Parsing
2 http://en.wikipedia.org/wiki/Concatenate
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int optopt;

char *optarg; /+ flag argument

/* function */

/* return option character, EOF if no more or ? 1
The arguments to the function:

(or value)

f problem.

/% option character passed back to user x/

*/

argc, argv - the arguments to the main() function. An argument of "--"
stops the processing.
opts - a string containing the valid option characters.

an option character followed by a colon (:) indicates that

the option has a required argument.
*/
int
getopt
{

(int argc, char x*argv, char *opts)
static int sp = 1;

register char x*cp;

if (sp == 1)
{
/+ check for more flag-like tokens #*/
if (optind >= argc || argv[optind] [0] != '-' || argv[optind] [1]
return EOF;
else if (strcmp (argv[optind], "--") == 0)
{
optind++;
return EOF;
}
}
optopt = argv[optind] [sp];
if (optopt == ':' || (cp = strchr (opts, optopt)) == NULL)
{
if (opterr)
fprintf (stderr, "%s: invalid option -- '%c'\n", argv([0],
/+ 1f no characters left in this token, move to next token =/
if (argv[optind] [++sp] == '\0'")
{
optind++;
sp = 1;
}
return '?';
}
if (xt+cp == ':")
{
/+ 1f a value is expected, get it */
if (argvioptind][sp + 1] != '"\0"'")
/* flag value is rest of current token #*/
optarg = argv[optind++] + (sp + 1);
else if (++optind >= argc)
{
if (opterr)
fprintf (stderr, "%s: option requires an argument --—
argv([0], optopt);
sp = 1;
return '?';
}
else
/% flag value 1s next token */
optarg = argv[optind++];
sp = 1;
}
else
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/* set up to look at next char in token, next time */
if (argv[optind] [++sp] == '\0")
{

/* no more in current token, so setup next token x/

sp = 1;
optind++;
}
optarg = 0;

}
return optopt;

}
/+ END OF FILE x*/

The interface would be the following "getopt.h" file:

#ifndef GETOPT_H
#define GETOPT_H

/+ exported variables */
extern int opterr, optind, optopt;
extern char »optarg;

/* exported function x/
int getopt (int, char xx, char *);
fendif

/% END OF FILE */

At a minimum, a programmer has the interface file to figure out how to use a library, although,
in general, the library programmer also wrote documentation on how to use the library. In the
above case, the documentation should say that the provided arguments xxargv and xopt s both
shouldn't be null pointers (or why would you be using the getopt function anyway?). Specifically,
it typically states what each parameter is for and what return values can be expected in which
conditions. Programmers that use a library, are normally not interested in the implementation of the
library -- unless the implementation has a bug, in which case he would want to complain somehow.

Both the implementation of the getopts library, and programs that use the library should state
#include "getopt.h", in order to refer to the corresponding interface. Now the library is
"linked" to the program -- the one that contains the main() function. The program may refer to
dozens of interfaces.

In some cases, just placing #include "getopt.h" may appear correct but will still fail to link
properly. This indicates that the library is not installed correctly, or there may be some additional
configuration required. You will have to check either the compiler's documentation or library's
documentation on how to resolve this issue.

19.1 Further reading

* C FAQ: "I'm wondering what to put in .c files and what to put in .h files. (What does ".h" mean,
anyway?)"?

3 http://c-faqg.com/cpp/hfiles.html
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« PIClist thread: "Global variables in projects with many C files."*
pl:C/Biblioteki®

4 http://www.piclist.com/techref/postbot.asp?by=time&id=piclist\T1\
textbackslash{}2007\T1\textbackslash{}10\T1l\textbackslash{}25\T1\
textbackslash{}073430a&tgt=post

5  http://pl.wikibooks.org/wiki/C%2FBiblioteki
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20 Standard libraries

The C standard library is a standardized collection of header files and library routines used to
implement common operations, such as input/output and character string handling. Unlike other
languages (such as COBOL, Fortran, and PL/I) C does not include builtin keywords for these tasks,
so nearly all C programs rely on the standard library to function.

20.1 History

The C programming language previously did not provide any elementary functionalities, such as
I/O operations. Over time, user communities of C shared ideas and implementations to provide that
functionality. These ideas became common, and were eventually incorporated into the definition of
the standardized C programming language. These are now called the C standard libraries.

Both Unix and C were created at AT&T's Bell Laboratories in the late 1960s and early 1970s. During
the 1970s the C programming language became increasingly popular, with many universities and
organizations beginning to create their own variations of the language for their own projects. By the
start of the 1980s compatibility problems between the various C implementations became apparent.
In 1983 the American National Standards Institute (ANSI) formed a committee to establish a standard
specification of C known as "ANSI C". This work culminated in the creation of the so-called C89
standard in 1989. Part of the resulting standard was a set of software libraries called the ANSI C
standard library.

Later revisions of the C standard have added several new required header files to the library. Support
for these new extensions varies between implementations.

The headers <is0646.h>, <wchar.h>, and <wctype.h> were added with Normative Addendum 1
(hereafter abbreviated as NA1), an addition to the C Standard ratified in 1995.

The headers <complex.h>, <fenv.h>, <inttypes.h>, <stdbool.h>, <stdint.h>, and <tgmath.h>
were added with C99, a revision to the C Standard published in 1999.

Note:

The C++“ programming language includes the functionality of the ANSI C 89 standard library,
but has made several modifications, such as placing all identifiers into the std namespace and
changing the names of the header files from <xxx .h> to <cxxx> (however, the C-style names
are still available, although deprecated).

a http://en.wikibooks.org/wiki/C%2B%2B
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20.2 Design

The declaration of each function is kept in a header file, while the actual implementation of functions
are separated into a library file. The naming and scope of headers have become common but the
organization of libraries still remains diverse. The standard library is usually shipped along with a
compiler. Since C compilers often provide extra functionalities that are not specified in ANSI C, a
standard library with a particular compiler is mostly incompatible with standard libraries of other
compilers.

Much of the C standard library has been shown to have been well-designed. A few parts, with the
benefit of hindsight, are regarded as mistakes. The string input functions gets () (and the use of
scanf () to read string input) are the source of many buffer overflows, and most programming
guides recommend avoiding this usage. Another oddity is st rtok (), a function that is designed as
a primitive lexical analyser' but is highly "fragile" and difficult to use.

20.3 ANSI Standard

The ANSI C standard library consists of 24 C header files which can be included into a programmer's
project with a single directive. Each header file contains one or more function declarations, data type
definitions and macros. The contents of these header files follows.

In comparison to some other languages (for example Java) the standard library is minuscule. The
library provides a basic set of mathematical functions, string manipulation, type conversions, and file
and console-based I/O. It does not include a standard set of "container types" like the C++ Standard
Template Library, let alone the complete graphical user interface (GUI) toolkits, networking tools,
and profusion of other functionality that Java provides as standard. The main advantage of the small
standard library is that providing a working ANSI C environment is much easier than it is with other
languages, and consequently porting C to a new platform is relatively easy.

Many other libraries have been developed to supply equivalent functionality to that provided by
other languages in their standard library. For instance, the GNOME desktop environment project has
developed the GTK+ graphics toolkit and GLib, a library of container data structures, and there are
many other well-known examples. The variety of libraries available has meant that some superior
toolkits have proven themselves through history. The considerable downside is that they often do not
work particularly well together, programmers are often familiar with different sets of libraries, and a
different set of them may be available on any particular platform.

20.3.1 ANSI C library header files

<assert.h>> Contains the assert macro, used to assist with
detecting logical errors and other types of bug
in debugging versions of a program.

1 http://en.wikipedia.org/wiki/lexical%20analysis
2 http://en.wikipedia.org/wiki/Assert.h
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<complex.h>>

A set of functions for manipulating complex
numbers. (New with C99)

<ctype.h>* This header file contains functions used to
classify characters by their types or to convert
between upper and lower case in a way that
is independent of the used character set (typi-
cally ASCII or one of its extensions, although
implementations utilizing EBCDIC are also
known).
<errno.h>° For testing error codes reported by library
functions.
<fenv.h>® For controlling floating-point environment.
(New with C99)
<float.h>’ Contains defined constants specifying the
implementation-specific properties of the
floating-point library, such as the minimum
difference between two different floating-
point numbers (_EPSILON), the maximum
number of digits of accuracy (_DIG) and the
range of numbers which can be represented
(_MIN, _MAX)).
<inttypes.h>® For precise conversion between integer types.
(New with C99)
<is0646.h>’ For programming in ISO 646 variant charac-
ter sets. (New with NA1)
<limits.h>1" Contains defined constants specifying the
implementation-specific properties of the
integer types, such as the range of numbers
which can be represented (_MIN, _MAX).
<locale.h>1! For setlocale() and related constants. This is
used to choose an appropriate locale.
3 http://en.wikipedia.org/wiki/Complex.h
4  http://en.wikipedia.org/wiki/Ctype.h
5 http://en.wikipedia.org/wiki/Errno.h
6 http://en.wikipedia.org/wiki/Fenv.h
7 http://en.wikipedia.org/wiki/Float.h
8 http://en.wikipedia.org/wiki/Inttypes.h
9 http://en.wikipedia.org/wiki/Iso646.h
10 http://en.wikipedia.org/wiki/Limits.h
11 http://en.wikipedia.org/wiki/Locale.h

125


http://en.wikipedia.org/wiki/Complex.h
http://en.wikipedia.org/wiki/Ctype.h
http://en.wikipedia.org/wiki/Errno.h
http://en.wikipedia.org/wiki/Fenv.h
http://en.wikipedia.org/wiki/Float.h
http://en.wikipedia.org/wiki/Inttypes.h
http://en.wikipedia.org/wiki/Iso646.h
http://en.wikipedia.org/wiki/Limits.h
http://en.wikipedia.org/wiki/Locale.h

Standard libraries

<math.h>1? For computing common mathematical func-
tions -- see ../Further math/'3 or C++ Program-
ming/Code/Standard C Library/Math'# for
details.
<setjmp.h>" setjmp and longjmp, which are used for non-
local exits
<signal.h>16 For controlling various exceptional condi-
tions
<stdarg.h>17 For accessing a varying number of arguments
passed to functions.
<stdbool.h>13 For a boolean data type. (New with C99)
<stdint.h>" For defining various integer types. (New with
C99)
<stddef.h>? For defining several useful types and macros.
<stdio.h>?! Provides the core input and output capabili-
ties of the C language. This file includes the
venerable print f function.
<stdlib.h>%* For performing a variety of operations, in-
cluding conversion, pseudo-random numbers,
memory allocation, process control, environ-
ment, signalling, searching, and sorting.
<string.h>* For manipulating several kinds of strings.
<tgmath.h>** For type-generic mathematical functions.
(New with C99)
<time.h>% For converting between various time and date
formats.
<wchar.h>%6 For manipulating wide streams and several
kinds of strings using wide characters - key to
supporting a range of languages. (New with
NA1)
12 http://en.wikipedia.org/wiki/Math.h
13 Chapter 15 on page 69
14 http://en.wikibooks.org/wiki/C%2B%2B%$20Programming%2FCode%2FStandard%20C%
20Library%2FMath
15 http://en.wikipedia.org/wiki/Setjmp.h
16 http://en.wikipedia.org/wiki/Signal.h
17 http://en.wikipedia.org/wiki/Stdarg.h
18 http://en.wikipedia.org/wiki/Stdbool.h
19 http://en.wikipedia.org/wiki/Stdint.h
20 http://en.wikipedia.org/wiki/Stddef.h
21 http://en.wikipedia.org/wiki/Stdio.h
22 http://en.wikipedia.org/wiki/Stdlib.h
23 http://en.wikipedia.org/wiki/String.h
24 http://en.wikipedia.org/wiki/Tgmath.h
25 http://en.wikipedia.org/wiki/Time.h
26 http://en.wikipedia.org/wiki/Wchar.h
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<wctype.h>27 For classifying wide characters. (New with
NA1)

20.4 Common support libraries

While not standardized, C programs may depend on a runtime library of routines which contain
code the compiler uses at runtime. The code that initializes the process for the operating system, for
example, before calling main (), is implemented in the C Run-Time Library for a given vendor's
compiler. The Run-Time Library code might help with other language feature implementations, like
handling uncaught exceptions or implementing floating point code.

The C standard library only documents that the specific routines mentioned in this article are
available, and how they behave. Because the compiler implementation might depend on these
additional implementation-level functions to be available, it is likely the vendor-specific routines are
packaged with the C Standard Library in the same module, because they're both likely to be needed
by any program built with their toolset.

Though often confused with the C Standard Library because of this packaging, the C Runtime Library
is not a standardized part of the language and is vendor-specific.

20.5 Compiler built-in functions

Some compilers (for example, GCC?®) provide built-in versions of many of the functions in the C
standard library; that is, the implementations of the functions are written into the compiled object
file, and the program calls the built-in versions instead of the functions in the C library shared object
file. This reduces function call overhead, especially if function calls are replaced with inline variants,
and allows other forms of optimization (as the compiler knows the control-flow characteristics of
the built-in variants), but may cause confusion when debugging (for example, the built-in versions
cannot be replaced with instrumented variants).

20.6 POSIX standard library

POSIX, (along with the Single Unix Specification), specifies a number of routines that should
be available over and above those in the C standard library proper; these are often implemented
alongside the C standard library functionality, with varying degrees of closeness. For example,
glibc implements functions such as fork within libc.so, but before NPTL was merged into glibc it
constituted a separate library with its own linker flag. Often, this POSIX-specified functionality will
be regarded as part of the library; the C library proper may be identified as the ANSI or ISO C library.

pl:C/Biblioteka standardowa?’

27 http://en.wikipedia.org/wiki/Wctype.h
28 http://en.wikipedia.org/wiki/GCC
29 http://pl.wikibooks.org/wiki/C%$2FBiblioteka%20standardowa
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21 File 10

21.1 Introduction

The stdio.h header declares a broad assortment of functions that perform input and output to
files and devices such as the console. It was one of the earliest headers to appear in the C library. It
declares more functions than any other standard header and also requires more explanation because
of the complex machinery that underlies the functions.

The device-independent model of input and output has seen dramatic improvement over the years and
has received little recognition for its success. FORTRAN II was touted as a machine-independent
language in the 1960s, yet it was essentially impossible to move a FORTRAN program between
architectures without some change. In FORTRAN II, you named the device you were talking to right
in the FORTRAN statement in the middle of your FORTRAN code. So, you said READ INPUT
TAPE 5 on a tape-oriented IBM 7090 but READ CARD to read a card image on other machines.
FORTRAN IV had more generic READ and WRITE statements, specifying a logical unit number
(LUN) instead of the device name. The era of device-independent I/O had dawned.

Peripheral devices such as printers still had fairly strong notions about what they were asked to do.
And then, peripheral interchange utilities were invented to handle bizarre devices. When cathode-ray
tubes came onto the scene, each manufacturer of consoles solved problems such as console cursor
movement in an independent manner, causing further headaches.

It was into this atmosphere that Unix was born. Ken Thompson and Dennis Ritchie, the developers
of Unix, deserve credit for packing any number of bright ideas into the operating system. Their
approach to device independence was one of the brightest.

The ANSI C <stdio.h> library is based on the original Unix file I/O primitives but casts a wider
net to accommodate the least-common denominator across varied systems.

21.2 Streams

Input and output, whether to or from physical devices such as terminals and tape drives, or whether
to or from files supported on structured storage devices, are mapped into logical data streams, whose
properties are more uniform than their various inputs and outputs. Two forms of mapping are
supported: text streams and binary streams.

A text stream consists of one or more lines. A line in a text stream consists of zero or more characters
plus a terminating new-line character. (The only exception is that in some implementations the last
line of a file does not require a terminating new-line character.) Unix adopted a standard internal
format for all text streams. Each line of text is terminated by a new-line character. That's what
any program expects when it reads text, and that's what any program produces when it writes text.
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(This is the most basic convention, and if it doesn't meet the needs of a text-oriented peripheral
attached to a Unix machine, then the fix-up occurs out at the edges of the system. Nothing in between
needs to change.) The string of characters that go into, or come out of a text stream may have to be
modified to conform to specific conventions. This results in a possible difference between the data
that go into a text stream and the data that come out. For instance, in some implementations when a
space-character precedes a new-line character in the input, the space character gets removed out of
the output. In general, when the data only consist of printable characters and the control characters
horizontal tab and new-line, the input and output of a text stream are equal.

Compared to a text stream, a binary stream is pretty straight forward. A binary stream is an ordered
sequence of characters that can transparently record internal data. Data written to a binary stream
shall always equal the data that gets read out under the same implementation. Binary streams,
however, may have an implementation-defined number of null characters appended to the end of the
stream. There are no further conventions which need to be considered.

Nothing in Unix prevents the program from writing arbitrary 8-bit binary codes to any open file, or
reading them back unchanged from an adequate repository. Thus, Unix obliterated the long-standing
distinction between text streams and binary streams.

21.3 Standard Streams

When a C program starts its execution the program automatically opens three standard streams named
stdin, stdout, and stderr. These are attached for every C program.

The first standard stream is used for input buffering and the other two are used for output. These
streams are sequences of bytes.

Consider the following program:

/% A example program. x/
int main()

{

int var;

scanf ("%d", &var); /* use stdin for scanning an integer from keyboard. #*/
printf ("%d", var); /+ use stdout for printing a character. */

return 0;

}

/* end program. */
By default stdin points to the keyboard and stdout and stderr point to the screen. It is
possible under Unix and may be possible under other operating systems to redirect input from or
output to a file or both.

21.4 FILE pointers

The <stdio.h> header contains a definition for a type FILE (usually via a typedef) which is
capable of processing all the information needed to exercise control over a stream, including its file
position indicator, a pointer to the associated buffer (if any), an error indicator that records whether a
read/write error has occurred, and an end-of-file indicator that records whether the end of the file has
been reached.

130



Opening and Closing Files

It is considered bad manners to access the contents of FILE directly unless the programmer is
writing an implementation of <stdio.h> and its contents. Better access to the contents of FILE
is provided via the functions in <stdio.h>. It can be said that the FILE type is an early example
of object-oriented programming.

21.5 Opening and Closing Files

To open and close files, the <stdio.h> library has three functions: fopen, freopen, and
fclose.

21.5.1 Opening Files

#include <stdio.h>
FILE *fopen(const char xfilename, const char xmode);
FILE *freopen(const char xfilename, const char *mode, FILE *stream);

fopen and freopen opens the file whose name is in the string pointed to by filename and
associates a stream with it. Both return a pointer to the object controlling the stream, or if the
open operation fails a null pointer. The error and end-of-file indicators are cleared, and if the open
operation fails error is set. freopen differs from fopen in that the file pointed to by st ream is
closed first when already open and any close errors are ignored.

mode for both functions points to a string consisting of one of the following sequences:

r open a text file for reading

w truncate to zero length or create a text file for writing

a append; open or create text file for writing at end-of-file
rb open binary file for reading

wb truncate to zero length or create a binary file for writing
ab append; open or create binary file for writing at end-of-file
r+ open text file for update (reading and writing)

w+ truncate to zero length or create a text file for update

at append; open or create text file for update

r+b or rb+ open binary file for update (reading and writing)

w+b or wb+ truncate to zero length or create a binary file for update
atb or ab+ append; open or create binary file for update

Opening a file with read mode ('r' as the first character in the mode argument) fails if the file does
not exist or cannot be read.

Opening a file with append mode ('a' as the first character in the mode argument) causes all
subsequent writes to the file to be forced to the then-current end-of-file, regardless of intervening
calls to the £seek function. In some implementations, opening a binary file with append mode ('b'
as the second or third character in the above list of mode arguments) may initially position the file
position indicator for the stream beyond the last data written, because of null character padding.

When a file is opened with update mode ('+' as the second or third character in the above list of mode
argument values), both input and output may be performed on the associated stream. However, output

1 http://en.wikipedia.org/wiki/Object-oriented%20programming
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may not be directly followed by input without an intervening call to the £ £1ush function or to a file
positioning function (fseek, fsetpos, or rewind), and input may not be directly followed by
output without an intervening call to a file positioning function, unless the input operation encounters
end-of-file. Opening (or creating) a text file with update mode may instead open (or create) a binary
stream in some implementations.

When opened, a stream is fully buffered if and only if it can be determined not to refer to an interactive
device.

21.5.2 Closing Files

#include <stdio.h>
int fclose(FILE xstream);

The fclose function causes the stream pointed to by st ream to be flushed and the associated file
to be closed. Any unwritten buffered data for the stream are delivered to the host environment to be
written to the file; any unread buffered data are discarded. The stream is disassociated from the file.
If the associated buffer was automatically allocated, it is deallocated. The function returns zero if the
stream was successfully closed or EOF if any errors were detected.

21.6 Other file access functions

21.6.1 The £f1lush function

#include <stdio.h>
int fflush(FILE xstream);

If st ream points to an output stream or an update stream in which the most recent operation was
not input, the £ £ 1ush function causes any unwritten data for that stream to be deferred to the host
environment to be written to the file. The behavior of fflush is undefined for input stream.

If stream is a null pointer, the £ f 1ush function performs this flushing action on all streams for
which the behavior is defined above.

The £ £1ush functions returns EOF if a write error occurs, otherwise zero.

The reason for having a £ £ 1ush function is because streams in C can have buffered input/output;
that is, functions that write to a file actually write to a buffer inside the FILE structure. If the buffer
is filled to capacity, the write functions will call £f1ush to actually "write" the data that is in the
buffer to the file. Because £ £ 1ush is only called every once in a while, calls to the operating system
to do a raw write are minimized.

21.6.2 The setbuf function

#include <stdio.h>
void setbuf (FILE *stream, char xbuf);
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Except that it returns no value, the setbuf function is equivalent to the set vibuf function invoked
with the values _TOFBF for mode and BUFSIZ for size, or (if buf is a null pointer) with the
value _TONBF for mode.

21.6.3 The setvbuf function

#include <stdio.h>
int setvbuf (FILE *stream, char *buf, int mode, size_t size);

The setvbuf function may be used only after the stream pointed to by st ream has been associated
with an open file and before any other operation is performed on the stream. The argument mode
determines how the stream will be buffered, as follows: _TOFBF causes input/output to be fully
buffered; _ TOLBF causes input/output to be line buffered; _ TONBF causes input/output to be
unbuffered. If buf is not a null pointer, the array it points to may be used instead of a buffer
associated by the setvbuf function. (The buffer must have a lifetime at least as great as the
open stream, so the stream should be closed before a buffer that has automatic storage duration is
deallocated upon block exit.) The argument size specifies the size of the array. The contents of the
array at any time are indeterminate.

The setvbuf function returns zero on success, or nonzero if an invalid value is given for mode or
if the request cannot be honored.

21.7 Functions that Modify the File Position Indicator

The stdio.h library has five functions that affect the file position indicator besides those that do
reading or writing: fgetpos, fseek, fsetpos, ftell, and rewind.

The fseek and ftell functions are older than fgetpos and fsetpos.

21.7.1 The fgetpos and £setpos functions

#include <stdio.h>
int fgetpos (FILE *stream, fpos_t =xpos);
int fsetpos (FILE *stream, const fpos_t xpos);

The fgetpos function stores the current value of the file position indicator for the stream pointed
to by st ream in the object pointed to by pos. The value stored contains unspecified information
usable by the fsetpos function for repositioning the stream to its position at the time of the call to
the fgetpos function.

If successful, the fgetpos function returns zero; on failure, the fgetpos function returns nonzero
and stores an implementation-defined positive value in errno.

The fsetpos function sets the file position indicator for the stream pointed to by st ream according
to the value of the object pointed to by pos, which shall be a value obtained from an earlier call to
the fgetpos function on the same stream.
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A successful call to the fsetpos function clears the end-of-file indicator for the stream and undoes
any effects of the ungetc function on the same stream. After an fsetpos call, the next operation
on an update stream may be either input or output.

If successful, the fsetpos function returns zero; on failure, the f set pos function returns nonzero
and stores an implementation-defined positive value in errno.

21.7.2 The £seek and ftell functions

#include <stdio.h>
int fseek (FILE xstream, long int offset, int whence);
long int ftell (FILE xstream);

The fseek function sets the file position indicator for the stream pointed to by st ream.

For a binary stream, the new position, measured in characters from the beginning of the file, is
obtained by adding of £ set to the position specified by whence. Three macros in stdio.h called
SEEK_SET, SEEK_CUR, and SEEK_END expand to unique values. If the position specified by
whence is SEEK_SET, the specified position is the beginning of the file; if whence is SEEK_END,
the specified position is the end of the file; and if whence is SEEK_CUR, the specified position
is the current file position. A binary stream need not meaningfully support fseek calls with a
whence value of SEEK_END.

For a text stream, either of £ set shall be zero, or of £ set shall be a value returned by an earlier
call to the ftell function on the same stream and whence shall be SEEK_SET.

The fseek function returns nonzero only for a request that cannot be satisfied.

The ftell function obtains the current value of the file position indicator for the stream pointed
to by stream. For a binary stream, the value is the number of characters from the beginning of
the file; for a text stream, its file position indicator contains unspecified information, usable by the
fseek function for returning the file position indicator for the stream to its position at the time
of the ftell call; the difference between two such return values is not necessarily a meaningful
measure of the number of characters written or read.

If successful, the ftell function returns the current value of the file position indicator for the
stream. On failure, the ftel1 function returns —1L and stores an implementation-defined positive
value in errno.

21.7.3 The rewind function

#include <stdio.h>
void rewind (FILE xstream);

The rewind function sets the file position indicator for the stream pointed to by st ream to the
beginning of the file. It is equivalent to

(void) fseek (stream, 0L, SEEK_SET)
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except that the error indicator for the stream is also cleared.

21.8 Error Handling Functions

21.8.1 The clearerr function

#include <stdio.h>
void clearerr (FILE *stream);

The clearerr function clears the end-of-file and error indicators for the stream pointed to by
stream.

21.8.2 The feof function

#include <stdio.h>
int feof (FILE xstream);

The feof function tests the end-of-file indicator for the stream pointed to by st ream and returns
nonzero if and only if the end-of-file indicator is set for st ream, otherwise it returns zero.

21.8.3 The ferror function

finclude <stdio.h>
int ferror (FILE *stream);

The ferror function tests the error indicator for the stream pointed to by st ream and returns
nonzero if and only if the error indicator is set for st ream, otherwise it returns zero.

21.8.4 The perror function

finclude <stdio.h>
void perror (const char xs);

The perror function maps the error number in the integer expression errno to an error message.
It writes a sequence of characters to the standard error stream thus: first, if s is not a null pointer
and the character pointed to by s is not the null character, the string pointed to by s followed by a
colon (:) and a space; then an appropriate error message string followed by a new-line character.
The contents of the error message are the same as those returned by the st rerror function with
the argument errno, which are implementation-defined.

21.9 Other Operations on Files

The stdio.h library has a variety of functions that do some operation on files besides reading and
writing.
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21.9.1 The remove function

#include <stdio.h>
int remove (const char xfilename);

The remove function causes the file whose name is the string pointed to by £ilename to be no
longer accessible by that name. A subsequent attempt to open that file using that name will fail, unless
it is created anew. If the file is open, the behavior of the remove function is implementation-defined.

The remove function returns zero if the operation succeeds, nonzero if it fails.

21.9.2 The rename function

#include <stdio.h>
int rename (const char *old_filename, const char *new_filename);

The rename function causes the file whose name is the string pointed to by o1d_filename
to be henceforth known by the name given by the string pointed to by new_filename. The
file named o1d_filename is no longer accessible by that name. If a file named by the string
pointed to by new_filename exists prior to the call to the rename function, the behavior is
implementation-defined.

The rename function returns zero if the operation succeeds, nonzero if it fails, in which case if the
file existed previously it is still known by its original name.

21.9.3 The tmpfile function

#include <stdio.h>
FILE *tmpfile(void);

The tmpfile function creates a temporary binary file that will automatically be removed when it is
closed or at program termination. If the program terminates abnormally, whether an open temporary
file is removed is implementation-defined. The file is opened for update with "wb+" mode.

The tmpfile function returns a pointer to the stream of the file that it created. If the file cannot be
created, the tmpfile function returns a null pointer.

21.9.4 The tmpnam function

#include <stdio.h>
char xtmpnam(char =*s);

The tmpnam function generates a string that is a valid file name and that is not the name of an
existing file.

The tmpnam function generates a different string each time it is called, up to TMP_MAX times.
(TMP_MAX is a macro defined in stdio.h.) If it is called more than TMP_ MAX times, the behavior
is implementation-defined.
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The implementation shall behave as if no library function calls the tmpnam function.

If the argument is a null pointer, the tmpnam function leaves its result in an internal static object
and returns a pointer to that object. Subsequent calls to the tmpnam function may modify the same
object. If the argument is not a null pointer, it is assumed to point to an array of at least L_tmpnam
characters (I_tmpnam is another macro in stdio.h); the tmpnam function writes its result in
that array and returns the argument as its value.

The value of the macro TMP_ MAX must be at least 25.

21.10 Reading from Files

21.10.1 Character Input Functions

The £getc function

#include <stdio.h>
int fgetc (FILE xstream);

The fgetc function obtains the next character (if present) as an unsigned char converted to
an int, from the input stream pointed to by st ream, and advances the associated file position
indicator for the stream (if defined).

The fgetc function returns the next character from the input stream pointed to by st ream. If the
stream is at end-of-file, the end-of-file indicator for the stream is set and fgetc returns EOF (EOF
is a negative value defined in <stdio.h>, usually (-1)). If a read error occurs, the error indicator
for the stream is set and fget c returns EOF.

The £gets function

#include <stdio.h>
char xfgets(char xs, int n, FILE *stream);

The fgets function reads at most one less than the number of characters specified by n from the
stream pointed to by st ream into the array pointed to by s. No additional characters are read after
a new-line character (which is retained) or after end-of-file. A null character is written immediately
after the last character read into the array.

The fgets function returns s if successful. If end-of-file is encountered and no characters have
been read into the array, the contents of the array remain unchanged and a null pointer is returned. If
a read error occurs during the operation, the array contents are indeterminate and a null pointer is
returned.

Warning: Different operating systems may use different character sequences to represent the end-of-
line sequence. For example, some filesystems use the terminator \ r\n in text files; fget s may read
those lines, removing the \n but keeping the \ r as the last character of s. This expurious character
should be removed in the string s before the string is used for anything (unless the programmer

137



File IO

doesn't care about it). Unixes typically use \n as its end-of-line sequence, MS-DOS and Windows
uses \r\n, and Mac OSes used \ r before OS X.

/+ A example program that reads from stdin and writes to stdout */
#include <stdio.h>

#define BUFFER_SIZE 100

int main (void)
{
char buffer[BUFFER_SIZE]; /x a read buffer x*/
while( fgets (buffer, BUFFER_SIZE, stdin) != NULL)
{
printf ("$s",buffer);
}
return 0;
}

/% end program. x/

The getc function

#include <stdio.h>
int getc (FILE *stream);

The getc function is equivalent to fgetc, except that it may be implemented as a macro. If it is
implemented as a macro, the st ream argument may be evaluated more than once, so the argument
should never be an expression with side effects (i.e. have an assignment, increment, or decrement
operators, or be a function call).

The getc function returns the next character from the input stream pointed to by st ream. If the
stream is at end-of-file, the end-of-file indicator for the stream is set and get c returns EOF (EOF is
a negative value defined in <stdio.h>, usually (-1)). If a read error occurs, the error indicator
for the stream is set and get c returns EOF.

The getchar function

#include <stdio.h>
int getchar (void);

The get char function is equivalent to get ¢ with the argument stdin.

The getchar function returns the next character from the input stream pointed to by stdin. If
stdin is at end-of-file, the end-of-file indicator for stdin is set and get char returns EOF (EOF
is a negative value defined in <stdio.h>, usually (-1)). If a read error occurs, the error indicator
for stdin is set and getchar returns EOF.

The gets function

#include <stdio.h>
char xgets(char =s);
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The gets function reads characters from the input stream pointed to by stdin into the array
pointed to by s until an end-of-file is encountered or a new-line character is read. Any new-line
character is discarded, and a null character is written immediately after the last character read into
the array.

The get s function returns s if successful. If the end-of-file is encountered and no characters have
been read into the array, the contents of the array remain unchanged and a null pointer is returned. If
a read error occurs during the operation, the array contents are indeterminate and a null pointer is
returned.

This function and description is only included here for completeness. Most C programmers nowadays
shy away from using gets, as there is no way for the function to know how big the buffer is that the
programmer wants to read into. Commandment #5 of Henry Spencer®'s The Ten Commandments
for C Programmers (Annotated Edition) reads, "Thou shalt check the array bounds of all strings
(indeed, all arrays), for surely where thou typest foo someone someday shall type supercalifragilistic-
expialidocious." It mentions get s in the annotation: "As demonstrated by the deeds of the Great
Worm, a consequence of this commandment is that robust production software should never make
use of gets (), for it is truly a tool of the Devil. Thy interfaces should always inform thy servants
of the bounds of thy arrays, and servants who spurn such advice or quietly fail to follow it should be
dispatched forthwith to the Land Of Rm, where they can do no further harm to thee."

The ungetc function

#include <stdio.h>
int ungetc(int c, FILE *stream);

The ungetc function pushes the character specified by c (converted to an unsigned char)
back onto the input stream pointed to by stream. The pushed-back characters will be returned by
subsequent reads on that stream in the reverse order of their pushing. A successful intervening
call (with the stream pointed to by st ream) to a file-positioning function (fseek, fsetpos, or
rewind) discards any pushed-back characters for the stream. The external storage corresponding to
the stream is unchanged.

One character of pushback is guaranteed. If the ungetc function is called too many times on the
same stream without an intervening read or file positioning operation on that stream, the operation
may fail.

If the value of c equals that of the macro EOF, the operation fails and the input stream is unchanged.

A successful call to the unget c function clears the end-of-file indicator for the stream. The value
of the file position indicator for the stream after reading or discarding all pushed-back characters
shall be the same as it was before the characters were pushed back. For a text stream, the value
of its file-position indicator after a successful call to the ungetc function is unspecified until all
pushed-back characters are read or discarded. For a binary stream, its file position indicator is
decremented by each successful call to the unget c function; if its value was zero before a call, it is
indeterminate after the call.

2 http://en.wikipedia.org/wiki/Henry%20Spencer%20
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The unget c function returns the character pushed back after conversion, or EOF if the operation
fails.

21.10.2 EOF pitfall

A mistake when using fgetc, getc, or getchar is to assign the result to a variable of type char
before comparing it to EOF. The following code fragments exhibit this mistake, and then show the
correct approach (using type int):

Mistake Correction

char c; int c;

while ((c = getchar()) != EOF) while ((c = getchar()) != EOF)
putchar (c); putchar (c);

Consider a system in which the type char is 8 bits wide, representing 256 different values.
getchar may return any of the 256 possible characters, and it also may return EOF to indicate
end-of-file3, for a total of 257 different possible return values.

When getchar's result is assigned to a char, which can represent only 256 different values, there
is necessarily some loss of information—when packing 257 items into 256 slots, there must be a
collision*. The EOF value, when converted to char, becomes indistinguishable from whichever
one of the 256 characters shares its numerical value. If that character is found in the file, the above
example may mistake it for an end-of-file indicator; or, just as bad, if type char is unsigned, then
because EOF is negative, it can never be equal to any unsigned char, so the above example will not
terminate at end-of-file. It will loop forever, repeatedly printing the character which results from
converting EOF to char.

However, this looping failure mode does not occur if the char definition is signed (C makes the
signedness of the default char type implementation-dependent),’ assuming the commonly used EOF
value of -1°. However, the fundamental issue remains that if the EOF value is defined outside of
the range of the char type, when assigned to a char that value is sliced and will no longer match
the full EOF value necessary to exit the loop. On the other hand, if EOF is within range of char,
this guarantees a collision between EOF and a char value. Thus, regardless of how system types are
defined, never use char types when testing against EOF'.

On systems where int and char are the same size (i.e., systems incompatible with minimally the
POSIX and C99 standards), even the "good" example will suffer from the indistinguishability of
EOF and some character's value. The proper way to handle this situation is to check feof’ and
ferror? after getchar returns EOF. If feof indicates that end-of-file has not been reached, and
ferror indicates that no errors have occurred, then the EOF returned by get char can be assumed

http://en.wikibooks.org/wiki/end-of-file
http://en.wikibooks.org/wiki/Pigeonhole%20principle
C99 §6.2.5/15

http://en.wikibooks.org/wiki/End-of-file
http://en.wikibooks.org/wiki/feof
http://en.wikibooks.org/wiki/ferror

0NN kAW
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to represent an actual character. These extra checks are rarely done, because most programmers
assume that their code will never need to run on one of these "big char" systems. Another way
is to use a compile-time assertion to make sure that UINT_MAX > UCHAR_MAX, which at least
prevents a program with such an assumption from compiling in such a system.

21.10.3 Direct input function: the f£read function

finclude <stdio.h>
size_t fread(void *ptr, size_t size, size_t nmemb, FILE xstream);

The fread function reads, into the array pointed to by ptr, up to nmemb elements whose size
is specified by size, from the stream pointed to by st ream. The file position indicator for the
stream (if defined) is advanced by the number of characters successfully read. If an error occurs, the
resulting value of the file position indicator for the stream is indeterminate. If a partial element is
read, its value is indeterminate.

The fread function returns the number of elements successfully read, which may be less than
nmemb if a read error or end-of-file is encountered. If size or nmemb is zero, £read returns zero
and the contents of the array and the state of the stream remain unchanged.

21.10.4 Formatted input functions: the scanf family of functions

#include <stdio.h>

int fscanf (FILE *stream, const char *format, ...);
int scanf (const char xformat, ...);

int sscanf (const char s, const char xformat, ...);

The fscanf function reads input from the stream pointed to by st ream, under control of the string
pointed to by format that specifies the admissible sequences and how they are to be converted for
assignment, using subsequent arguments as pointers to the objects to receive converted input. If there
are insufficient arguments for the format, the behavior is undefined. If the format is exhausted while
arguments remain, the excess arguments are evaluated (as always) but are otherwise ignored.

The format shall be a multibyte character sequence, beginning and ending in its initial shift state.
The format is composed of zero or more directives: one or more white-space characters; an ordinary
multibyte character (neither % or a white-space character); or a conversion specification. Each
conversion specification is introduced by the character %. After the %, the following appear in
sequence:

* An optional assignment-suppressing character x.

* An optional nonzero decimal integer that specifies the maximum field width.

* An optional h, 1 (ell) or L indicating the size of the receiving object. The conversion specifiers d,
i, and n shall be preceded by h if the corresponding argument is a pointer to short int rather
than a pointer to int, or by 1 if it is a pointer to long int. Similarly, the conversion specifiers
o, u, and x shall be preceded by h if the corresponding argument is a pointer to unsigned
short int rather than unsigned int, or by 1 ifitis a pointer to unsigned long int.
Finally, the conversion specifiers e, £, and g shall be preceded by 1 if the corresponding argument
is a pointer to doub 1 e rather than a pointer to £ 1oat, or by L if it is a pointer to long double.
Ifan h, 1, or L appears with any other format specifier, the behavior is undefined.
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* A character that specifies the type of conversion to be applied. The valid conversion specifiers are
described below.

The f£scanf function executes each directive of the format in turn. If a directive fails, as detailed
below, the £scanf function returns. Failures are described as input failures (due to the unavailability
of input characters) or matching failures (due to inappropriate input).

A directive composed of white-space character(s) is executed by reading input up to the first non-
white-space character (which remains unread) or until no more characters remain unread.

A directive that is an ordinary multibyte character is executed by reading the next characters of the
stream. If one of the characters differs from one comprising the directive, the directive fails, and the
differing and subsequent characters remain unread.

A directive that is a conversion specification defines a set of matching input sequences, as described
below for each specifier. A conversion specification is executed in the following steps:

Input white-space characters (as specified by the i sspace function) are skipped, unless the spec-
ification includes a [, c, or n specifier. (The white-space characters are not counted against the
specified field width.)

An input item is read from the stream, unless the specification includes an n specifier. An input item
is defined as the longest matching sequences of input characters, unless that exceeds a specified field
width, in which case it is the initial subsequence of that length in the sequence. The first character, if
any, after the input item remains unread. If the length of the input item is zero, the execution of the
directive fails; this condition is a matching failure, unless an error prevented input from the stream,
in which case it is an input failure.

Except in the case of a % specifier, the input item (or, in the case of a $n directive, the count of input
characters) is converted to a type appropriate to the conversion specifier. If the input item is not a
matching sequence, the execution of the directive fails; this condition is a matching failure. Unless
assignment suppression was indicated by a *, the result of the conversion is placed in the object
pointed to by the first argument following the format argument that has not already received a
conversion result. If this object does not have an appropriate type, or if the result of the conversion
cannot be represented in the space provided, the behavior is undefined.

The following conversion specifiers are valid:
d

Matches an optionally signed decimal integer, whose format is the same as expected for the subject
sequence of the st rt ol function with the value 10 for the base argument. The corresponding
argument shall be a pointer to integer.

i

Matches an optionally signed integer, whose format is the same as expected for the subject sequence
of the strtol function with the value O for the base argument. The corresponding argument
shall be a pointer to integer.

o

Matches an optionally signed octal integer, whose format is the same as expected for the subject
sequence of the st rtoul function with the value 8 for the base argument. The corresponding
argument shall be a pointer to unsigned integer.
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u

Matches an optionally signed decimal integer, whose format is the same as expected for the subject
sequence of the st rtoul function with the value 10 for the base argument. The corresponding
argument shall be a pointer to unsigned integer.

X

Matches an optionally signed hexadecimal integer, whose format is the same as expected for
the subject sequence of the st rtoul function with the value 16 for the base argument. The
corresponding argument shall be a pointer to unsigned integer.

e f,g

Matches an optionally signed floating-point number, whose format is the same as expected for the
subject string of the st rt od function. The corresponding argument will be a pointer to floating.

S

Matches a sequence of non-white-space characters. (No special provisions are made for multibyte
characters.) The corresponding argument shall be a pointer to the initial character of an array large
enough to accept the sequence and a terminating null character, which will be added automatically.

[

Matches a nonempty sequence of characters (no special provisions are made for multibyte characters)
from a set of expected characters (the scanset). The corresponding argument shall be a pointer to
the initial character of an array large enough to accept the sequence and a terminating null character,
which will be added automatically. The conversion specifier includes all subsequent characters in
the format string, up to and including the matching right bracket (]). The characters between
the brackets (the scanlist) comprise the scanset, unless the character after the left bracket is a
circumflex (*), in which case the scanset contains all the characters that do not appear in the scanlist
between the circumflex and the right bracket. If the conversion specifier begins with [] or [ "], the
right-bracket character is in the scanlist and the next right bracket character is the matching right
bracket that ends the specification; otherwise, the first right bracket character is the one that ends
the specification. If a — character is in the scanlist and is not the first, nor the second where the first
character is a ~, nor the last character, the behavior is implementation-defined.

(o]

Matches a sequence of characters (no special provisions are made for multibyte characters) of the
number specified by the field width (1 if no field width is present in the directive). The corresponding
argument shall be a pointer to the initial character of an array large enough to accept the sequence.
No null character is added.

P

Matches an implementation-defined set of sequences, which should be the same as the set of
sequences that may be produced by the $p conversion of the fprint £ function. The corresponding
argument shall be a pointer to void. The interpretation of the input then is implementation-defined.
If the input item is a value converted earlier during the same program execution, the pointer that
results shall compare equal to that value; otherwise the behavior of the $p conversion is undefined.

n
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No input is consumed. The corresponding argument shall be a pointer to integer into which is to
be written the number of characters read from the input stream so far by this call to the fscanf
function. Execution of a $n directive does not increment the assignment count returned at the
completion of execution of the fscanf function.

%

Matches a single %; no conversion or assignment occurs. The complete conversion specification
shall be %%.

If a conversion specification is invalid, the behavior is undefined.
The conversion specifiers E, G, and X are also valid and behave the same as, respectively, e, g, and x.

If end-of-file is encountered during input, conversion is terminated. If end-of-file occurs before any
characters matching the current directive have been read (other than leading white space, where
permitted), execution of the current directive terminates with an input failure; otherwise, unless
execution of the current directive is terminated with a matching failure, execution of the following
directive (if any) is terminated with an input failure.

If conversion terminates on a conflicting input character, the offending input character is left unread
in the input stream. Trailing white space (including new-line characters) is left unread unless matched
by a directive. The success of literal matches and suppressed assignments is not directly determinable
other than via the $n directive.

The fscanf function returns the value of the macro EOF if an input failure occurs before any
conversion. Otherwise, the £ scanf function returns the number of input items assigned, which can
be fewer than provided for, or even zero, in the event of an early matching failure.

The scanf function is equivalent to £scanf with the argument stdin interposed before the
arguments to scanf. Its return value is similar to that of fscanf.

The sscanf function is equivalent to fscanf, except that the argument s specifies a string from
which the input is to be obtained, rather than from a stream. Reaching the end of the string is
equivalent to encountering the end-of-file for the fscanf function. If copying takes place between
objects that overlap, the behavior is undefined.

21.11 Writing to Files

21.11.1 Character Output Functions

The £putc function

#include <stdio.h>
int fputc(int c, FILE xstream);

The fputc function writes the character specified by c (converted to an unsigned char) to the
stream pointed to by st ream at the position indicated by the associated file position indicator (if
defined), and advances the indicator appropriately. If the file cannot support positioning requests,
or if the stream is opened with append mode, the character is appended to the output stream. The
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function returns the character written, unless a write error occurs, in which case the error indicator
for the stream is set and fputc returns EOF.

The fputs function

#include <stdio.h>
int fputs(const char xs, FILE *stream);

The fputs function writes the string pointed to by s to the stream pointed to by st ream. The
terminating null character is not written. The function returns EOF if a write error occurs, otherwise
it returns a nonnegative value.

The putc function

#include <stdio.h>
int putc(int ¢, FILE xstream);

The putc function is equivalent to fputc, except that if it is implemented as a macro, it may
evaluate st ream more than once, so the argument should never be an expression with side effects.
The function returns the character written, unless a write error occurs, in which case the error
indicator for the stream is set and the function returns EOF.

The putchar function

#include <stdio.h>
int putchar (int c);

The putchar function is equivalent to putc with the second argument stdout. It returns the
character written, unless a write error occurs, in which case the error indicator for st dout is set
and the function returns EOF'.

The put s function

#include <stdio.h>
int puts(const char =s);

The puts function writes the string pointed to by s to the stream pointed to by stdout, and
appends a new-line character to the output. The terminating null character is not written. The
function returns EOF if a write error occurs; otherwise, it returns a nonnegative value.

21.11.2 Direct output function: the fwrite function

#include <stdio.h>
size_t fwrite(const void *ptr, size_t size, size_t nmemb, FILE xstream);
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The fwrite function writes, from the array pointed to by pt r, up to nmemb elements whose size
is specified by size to the stream pointed to by st ream. The file position indicator for the stream
(if defined) is advanced by the number of characters successfully written. If an error occurs, the
resulting value of the file position indicator for the stream is indeterminate. The function returns
the number of elements successfully written, which will be less than nmemb only if a write error is
encountered.

21.11.3 Formatted output functions: the print £ family of functions

#include <stdarg.h>

#include <stdio.h>

int fprintf (FILE *xstream, const char xformat, ...);

int printf (const char xformat, ...);

int sprintf (char *s, const char xformat, ...);

int vfprintf (FILE *stream, const char xformat, va_list arg);
int vprintf (const char xformat, va_list arg);

int vsprintf (char *s, const char xformat, va_list arg);

Note: Some length specifiers and format specifiers are new in C99. These may not be available in
older compilers and versions of the stdio library, which adhere to the C89/C90 standard. Wherever
possible, the new ones will be marked with (C99).

The fprint £ function writes output to the stream pointed to by st ream under control of the string
pointed to by format that specifies how subsequent arguments are converted for output. If there
are insufficient arguments for the format, the behavior is undefined. If the format is exhausted while
arguments remain, the excess arguments are evaluated (as always) but are otherwise ignored. The
fprintf function returns when the end of the format string is encountered.

The format shall be a multibyte character sequence, beginning and ending in its initial shift state.
The format is composed of zero or more directives: ordinary multibyte characters (not %), which
are copied unchanged to the output stream; and conversion specifications, each of which results
in fetching zero or more subsequent arguments, converting them, if applicable, according to the
corresponding conversion specifier, and then writing the result to the output stream.

Each conversion specification is introduced by the character %. After the %, the following appear in
sequence:

* Zero or more flags (in any order) that modify the meaning of the conversion specification.

* An optional minimum field width. If the converted value has fewer characters than the field width,
it is padded with spaces (by default) on the left (or right, if the left adjustment flag, described later,
has been given) to the field width. The field width takes the form of an asterisk  (described later)
or a decimal integer. (Note that O is taken as a flag, not as the beginning of a field width.)

* An optional precision that gives the minimum number of digits to appear for the d, i, o, u, x,
and X conversions, the number of digits to appear after the decimal-point character for a, A, e, E,
f, and F conversions, the maximum number of significant digits for the g and G conversions, or
the maximum number of characters to be written from a string in s conversions. The precision
takes the form of a period (.) followed either by an asterisk x (described later) or by an optional
decimal integer; if only the period is specified, the precision is taken as zero. If a precision appears
with any other conversion specifier, the behavior is undefined. Floating-point numbers are rounded
to fit the precision; i.e. printf ("%$1.1f\n", 1.19); produces1.2.

* An optional length modifier that specifies the size of the argument.
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* A conversion specifier character that specifies the type of conversion to be applied.

As noted above, a field width, or precision, or both, may be indicated by an asterisk. In this case,
an int argument supplies the field width or precision. The arguments specifying field width, or
precision, or both, shall appear (in that order) before the argument (if any) to be converted. A negative
field width argument is taken as a — flag followed by a positive field width. A negative precision
argument is taken as if the precision were omitted.

The flag characters and their meanings are:

The result of the conversion is left-justified within the field. (It is right-justified if this flag is not
specified.)

+

The result of a signed conversion always begins with a plus or minus sign. (It begins with a sign
only when a negative value is converted if this flag is not specified. The results of all floating
conversions of a negative zero, and of negative values that round to zero, include a minus sign.)

space

If the first character of a signed conversion is not a sign, or if a signed conversion results in no
characters, a space is prefixed to the result. If the space and + flags both appear, the space flag is
ignored.

#

The result is converted to an "alternative form". For o conversion, it increases the precision, if and
only if necessary, to force the first digit of the result to be a zero (if the value and precision are both
0, a single 0 is printed). For x (or X) conversion, a nonzero result has 0x (or 0X) prefixed to it. For
a, A, e, E, £f,F, g, and G conversions, the result always contains a decimal-point character, even if
no digits follow it. (Normally, a decimal-point character appears in the result of these conversions
only if a digit follows it.) For g and G conversions, trailing zeros are not removed from the result.
For other conversions, the behavior is undefined.

0

Ford, i,0,u, x, X, a, A, e, E, f,F, g, and G conversions, leading zeros (following any indication
of sign or base) are used to pad to the field width; no space padding is performed. If the 0 and
- flags both appear, the 0 flag is ignored. For d, i, o, u, x, and X conversions, if a precision is
specified, the O flag is ignored. For other conversions, the behavior is undefined.

The length modifiers and their meanings are:
hh

(C99) Specifies that a following d, i, o, u, %, or X conversion specifier applies to a signed
char or unsigned char argument (the argument will have been promoted according to the
integer promotions, but its value shall be converted to signed char or unsigned char
before printing); or that a following n conversion specifier applies to a pointer to a signed char
argument.

h
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Specifies that a following d, i, o, u, x, or X conversion specifier applies to a short int or
unsigned short int argument (the argument will have been promoted according to the
integer promotions, but its value shall be converted to short int orunsigned short int
before printing); or that a following n conversion specifier applies to a pointer to a short int
argument.

1 (el)

Specifies that a following d, i, o, u, %, or X conversion specifier applies to a long int or
unsigned long int argument; that a following n conversion specifier applies to a pointer to a
long int argument; (C99) that a following c conversion specifier applies to a wint_t argument;
(C99) that a following s conversion specifier applies to a pointer to a wchar_t argument; or has
no effect on a following a, A, e, E, £, F, g, or G conversion specifier.

11 (ell-ell)

(C99) Specifies that a following d, 1, o, u, %, or X conversion specifier applies to a long long
int or unsigned long long int argument; or that a following n conversion specifier
applies to a pointer to a long long int argument.

J
(C99) Specifies that a following d, i, o, u, %, or X conversion specifier applies to an intmax_t

or uintmax_t argument; or that a following n conversion specifier applies to a pointer to an
intmax_t argument.

(C99) Specifies that a following d, i, o, u, x, or X conversion specifier applies to a size_t or the
corresponding signed integer type argument; or that a following n conversion specifier applies to a
pointer to a signed integer type corresponding to size_t argument.

t

(C99) Specifies that a following d, i, o, u, x, or X conversion specifier applies toa ptrdiff_t
or the corresponding unsigned integer type argument; or that a following n conversion specifier
applies to a pointer to a pt rdi ££_t argument.

L

Specifies that a following a, A, e, E, £, F, g, or G conversion specifier applies to a Llong double
argument.

If a length modifier appears with any conversion specifier other than as specified above, the behavior
is undefined.

The conversion specifiers and their meanings are:
d i

The int argument is converted to signed decimal in the style [—]dddd. The precision specifies
the minimum number of digits to appear; if the value being converted can be represented in fewer
digits, it is expanded with leading zeros. The default precision is 1. The result of converting a zero
value with a precision of zero is no characters.

o,u, x, X
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The unsigned int argument is converted to unsigned octal (o), unsigned decimal (u), or
unsigned hexadecimal notation (x or X) in the style dddd; the letters abedef are used for x
conversion and the letters ABCDEF for X conversion. The precision specifies the minimum number
of digits to appear; if the value being converted can be represented in fewer digits, it is expanded
with leading zeros. The default precision is 1. The result of converting a zero value with a precision
of zero is no characters.

£,F

A double argument representing a (finite) floating-point number is converted to decimal notation
in the style [—]ddd . ddd, where the number of digits after the decimal-point character is equal to
the precision specification. If the precision is missing, it is taken as 6; if the precision is zero and
the # flag is not specified, no decimal-point character appears. If a decimal-point character appears,
at least one digit appears before it. The value is rounded to the appropriate number of digits.
(C99) A double argument representing an infinity is converted in one of the styles /[—]inf or
[-]infinity — which style is implementation-defined. A double argument representing a NaN
is converted in one of the styles [—/nan or [—[nan (n-char-sequence) — which style, and the
meaning of any n-char-sequence, is implementation-defined. The F conversion specifier produces
INF, INFINITY, or NAN instead of inf, infinity, or nan, respectively. (When applied to
infinite and NaN values, the —, +, and space flags have their usual meaning; the # and 0 flags have
no effect.)

e, E

A double argument representing a (finite) floating-point number is converted in the style
[—]d .ddde=dd, where there is one digit (which is nonzero if the argument is nonzero) before the
decimal-point character and the number of digits after it is equal to the precision; if the precision is
missing, it is taken as 6; if the precision is zero and the # flag is not specified, no decimal-point
character appears. The value is rounded to the appropriate number of digits. The E conversion
specifier produces a number with E instead of e introducing the exponent. The exponent always
contains at least two digits, and only as many more digits as necessary to represent the exponent. If
the value is zero, the exponent is zero.

(C99) A double argument representing an infinity or NaN is converted in the style of an f or F
conversion specifier.

g9,G

A double argument representing a (finite) floating-point number is converted in style £ or e (or
in style F or E in the case of a G conversion specifier), with the precision specifying the number
of significant digits. If the precision is zero, it is taken as 1. The style used depends on the value
converted; style e (or E) is used only if the exponent resulting from such a conversion is less than
—4 or greater than or equal to the precision. Trailing zeros are removed from the fractional portion
of the result unless the # flag is specified; a decimal-point character appears only if it is followed by
a digit.

(C99) A double argument representing an infinity or NaN is converted in the style of an f or F
conversion specifier.

a,A

(C99) A double argument representing a (finite) floating-point number is converted in the style
[—]0xh . hhhhp=+d, where there is one hexadecimal digit (which is nonzero if the argument is a
normalized floating-point number and is otherwise unspecified) before the decimal-point character
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(Binary implementations can choose the hexadecimal digit to the left of the decimal-point character
so that subsequent digits align to nibble [4-bit] boundaries.) and the number of hexadecimal digits
after it is equal to the precision; if the precision is missing and FLT_RADIX is a power of 2, then
the precision is sufficient for an exact representation of the value; if the precision is missing and
FLT_RADIX is not a power of 2, then the precision is sufficient to distinguish (The precision p is
sufficient to distinguish values of the source type if 16°~! > b where b is FLT_RADIX and n is the
number of base-b digits in the significand of the source type. A smaller p might suffice depending
on the implementation's scheme for determining the digit to the left of the decimal-point character.)
values of type double, except that trailing zeros may be omitted; if the precision is zero and the
# flag is not specified, no decimal-point character appears. The letters abedef are used for a
conversion and the letters ABCDEF for A conversion. The A conversion specifier produces a number
with X and P instead of x and p. The exponent always contains at least one digit, and only as many
more digits as necessary to represent the decimal exponent of 2. If the value is zero, the exponent is
Zero.

A double argument representing an infinity or NaN is converted in the style of an £ or F' conversion
specifier.

[

If no 1 length modifier is present, the int argument is converted to an unsigned char, and the
resulting character is written.

(C99) If an 1 length modifier is present, the wint_t argument is converted as if by an 1s
conversion specification with no precision and an argument that points to the initial element of
a two-element array of wchar_ t, the first element containing the wint_t argument to the 1c
conversion specification and the second a null wide character.

S

If no 1 length modifier is present, the argument shall be a pointer to the initial element of an array
of character type. (No special provisions are made for multibyte characters.) Characters from the
array are written up to (but not including) the terminating null character. If the precision is specified,
no more than that many characters are written. If the precision is not specified or is greater than the
size of the array, the array shall contain a null character.

(C99) If an 1 length modifier is present, the argument shall be a pointer to the initial element of an
array of wchar_t type. Wide characters from the array are converted to multibyte characters (each
as if by a call to the wcrtomb function, with the conversion state described by an mbstate_—
t object initialized to zero before the first wide character is converted) up to and including a
terminating null wide character. The resulting multibyte characters are written up to (but not
including) the terminating null character (byte). If no precision is specified, the array shall contain a
null wide character. If a precision is specified, no more than that many characters (bytes) are written
(including shift sequences, if any), and the array shall contain a null wide character if, to equal
the multibyte character sequence length given by the precision, the function would need to access
a wide character one past the end of the array. In no case is a partial multibyte character written.
(Redundant shift sequences may result if multibyte characters have a state-dependent encoding.)

p

The argument shall be a pointer to void. The value of the pointer is converted to a sequence of
printable characters, in an implementation-defined manner.

n
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The argument shall be a pointer to signed integer into which is written the number of characters
written to the output stream so far by this call to fprintf. No argument is converted, but one
is consumed. If the conversion specification includes any flags, a field width, or a precision, the
behavior is undefined.

%

A % character is written. No argument is converted. The complete conversion specification shall be

o\
o\

If a conversion specification is invalid, the behavior is undefined. If any argument is not the correct
type for the corresponding coversion specification, the behavior is undefined.

In no case does a nonexistent or small field width cause truncation of a field; if the result of a
conversion is wider than the field width, the field is expanded to contain the conversion result.

For a and A conversions, if FLT_RADIX is a power of 2, the value is correctly rounded to a
hexadecimal floating number with the given precision.

It is recommended practice that if FLT_RADIX is not a power of 2, the result should be one of
the two adjacent numbers in hexadecimal floating style with the given precision, with the extra
stipulation that the error should have a correct sign for the current rounding direction.

It is recommended practice that for e, E, £, F, g, and G conversions, if the number of significant
decimal digits is at most DECIMAL_DIG, then the result should be correctly rounded. (For binary-
to-decimal conversion, the result format's values are the numbers representable with the given format
specifier. The number of significant digits is determined by the format specifier, and in the case of
fixed-point conversion by the source value as well.) If the number of significant decimal digits is
more than DECIMAL_DIG but the source value is exactly representable with DECIMAL_DIG digits,
then the result should be an exact representation with trailing zeros. Otherwise, the source value is
bounded by two adjacent decimal strings L < U, both having DECIMAL_DIG significant digits; the
value of the resultant decimal string D should satisfy L < D < U, with the extra stipulation that the
error should have a correct sign for the current rounding direction.

The fprint £ function returns the number of characters transmitted, or a negative value if an output
or encoding error occurred.

The print f function is equivalent to fprint £ with the argument st dout interposed before the
arguments to printf. It returns the number of characters transmitted, or a negative value if an
output error occurred.

The sprintf function is equivalent to fprint £, except that the argument s specifies an array
into which the generated input is to be written, rather than to a stream. A null character is written
at the end of the characters written; it is not counted as part of the returned sum. If copying takes
place between objects that overlap, the behavior is undefined. The function returns the number of
characters written in the array, not counting the terminating null character.

The vfprint f function is equivalent to fprint £, with the variable argument list replaced by
arg, which shall have been initialized by the va_start macro (and possibly subsequent va_arg
calls). The vfprintf function does not invoke the va_end macro. The function returns the
number of characters transmitted, or a negative value if an output error occurred.

The vprint f function is equivalent to print £, with the variable argument list replaced by arg,
which shall have been initialized by the va_start macro (and possibly subsequent va_arg calls).
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The vprint £ function does not invoke the va_end macro. The function returns the number of
characters transmitted, or a negative value if an output error occurred.

The vsprint f function is equivalent to sprint £, with the variable argument list replaced by
arg, which shall have been initialized by the va_start macro (and possibly subsequent va_arg
calls). The vsprint £ function does not invoke the va_ end macro. If copying takes place between
objects that overlap, the behavior is undefined. The function returns the number of characters written
into the array, not counting the terminating null character.

21.12 References

pl:C/Czytanie i pisanie do plikéw’

9 http://pl.wikibooks.org/wiki/C%2FCzytanie%20i%20pisanie%20do%20plik%F3w
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22 Beginning exercises

22.1 Variables

22.1.1 Naming

1. Can a variable name start with a number?
2. Can a variable name start with a typographical symbol (e.g. #, *, _)?
3. Give an example of a C variable name that would not work. Why doesn't it work?

Solution

1. No, the name of a variable must begin with a letter (lowercase or uppercase), or an
underscore.

2. Only the underscore can be used.

3. for example, #nm*rt is not allowed because # and * are not the valid characters for the

name of a variable.

#include<stdio.h>
main ()
{
int a,b,c,max;
clrscr();
printf ("\nenter three numbers ");
scanf ("%d %d %d", &a, &b, &c) ;
max=a;
if (max<b)
max=b;
if (max<c)
max=c;
printf ("\nlargest=%d \n",max) ;
getch () ;

22.1.2 Data Types

1. List at least three data types in C
a) On your computer, how much memory does each require?
b) Which ones can be used in place of another? Why?
i. Are there any limitations on these uses?
ii. If so, what are they?
iii. Is it necessary to do anything special to use the alternative?
2. Can the name we use for a data type (e.g. 'int', 'float') be used as a variable?
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Solution

3 data types : long int, short int,float.
* On my computer :
* long int : 4 byte
* short int : 2 bytes
* float : 4 bytes
* we can not use 'int' or 'float’ as a variable's name.

22.1.3 Assignment

1. How would you assign the value 3.14 to a variable called pi?
2. Is it possible to assign an int to a double?
a) Is the reverse possible?

Solution

double pi;
pi=3.14;

» Extra credit for the following answer

const float pi = 3.14;

Since pi is a constant, good programming convention dictates to make it unchangeable during
runtime.
* Yes, for example :

int a=67;
double b;
b=a;

* Yes, but a cast is necessary and the double is truncated:

double a=89;
int b;
b=(int) a;

22.1.4 Referencing

1. A common mistake for new students is reversing the assignment statement. Suppose you want
to assign the value stored in the variable "pi" to another variable, say "pi2":
a) What is the correct statement?
b) What is the reverse? Is this a valid C statement (even if it gives incorrect results)?
¢) What if you wanted to assign a constant value (like 3.1415) to "pi2":
a. What would the correct statement look like?
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b. Would the reverse be a valid or invalid C statement?

Solution

l. pi2 = pi;

2. The reverse, pi = piZ2; is avalid C statement if pi is not a constant.

3. a.pi2 = 3.1415;
b. The reverse: 3.1415 = pi2; is not valid since it is impossible to assign a value to a
literal.

22.2 Simple /O

22.2.1 Input

1. scanf() is a very powerful function. Describe some features that make it so versatile.
2. Write the scanf() function call that will read into the variable "var":

a) afloat

b) an int

¢) adouble

Solution

scanf ("$f",var) ; //read float into var
scanf ("%d",var) ; //read int into var

scanf ("$1f", var); //read double into var

22.2.2 String manipulation

1. Write a program that prompts the user for a string, and prints its reverse.

Solution
One possible solution could be:

include <stdio.h>

include <string.h>

int main (void)

{
char s([8l]; // A string of upto 80 chars + '\0'

int i;
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puts ("Please write a string: ");

fgets (s, 81, stdin);

puts ("Your sentence in reverse: ");
for (i= strlen(s)-1; 1 >= 0; i-)
{
if (s[i] == '\n'")
continue; // don't write newline
else
putchar (s[i]);
}
putchar ('\n');

return 0;

2. Write a program that prompts the user for a sentence, and prints each word on its own line.

Solution
One possible solution could be:

include <stdio.h>

int main (void)
{
char s[81], word[81];

int n= 0, idx= 0;

puts ("Please write a sentence:");

fgets (s, 81, stdin);

/+ %s matches a sequence of non-whitespace character, which is a
* fair definition of "word" in this context.

* %n matches nothing, but stores the number of characters that have

* been processed. i.e. if s is "Hello, World!", then word and n
* will be "Hello," and 6 respectively in the first iteration. In
* the second iteration they will be "World!" and 7 (6 chars +
* the space in front of the word).
*/

while ( sscanf (s[idx], "%s%n", word, n) > 0 )

{
idx += n;
puts (word) ;
}

return 0;
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22.2.3 Loops

1. Write a function that outputs a right isosceles triangle of height and width n, so n = 6 would look
like

* *

* kK

* k k *x
* ok Kk KKk

* kkk kK

Solution
One possible solution:

void isosceles (int n)
{
int x,y;
for (y= 0; y < n; y++)
{
for (x= 0; x <= y; x++)
putchar('x"');

putchar ('\n');

2. Write a function that outputs a sideways triangle of height 2rn-1 and width n, so the output for n =
4 would be:

* %

* kK
* k k%
* kK

* K

Solution
One possible solution:
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void sideways (int n)
{

int x,y;

for (y= 0; y < n; y++)

for (x= 0; x <= y; x++)
putchar('x"');
putchar ('\n');

for (y= n-1; y > 0; y-)

for (x= 0; x < y; x++)
putchar('x"');
putchar ('\n"') ;

3. Write a function that outputs a right-side-up triangle of height n» and width 2n-1; the output for n
= 6 would be:

*
* kK
* k k Kk k
*k Kk k KKk K
*kkkkhkkkk*k

Kok ok k ok ok ok ok Kkok ok

Solution
One possible solution:

void right_side_up (int n)
{
int x,y;
for (y= 1; y <= nj y+t+)
{
for (x= 0; x < n-y; x++)
putchar (' ');
for (x= (n-y); x < (n-y)+(2+xy-1); x++)
putchar ('x"');

putchar ('"\n'");
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22.3 Program Flow

1. Build a program where control passes from main to four different functions with 4 calls.

2. Now make a while loop in main with the function calls inside it. Ask for input at the beginning of
the loop. End the while loop if the user hits Q

3. Next add conditionals to call the functions when the user enters numbers, so 1 goes to functionl, 2
goes to function 2, etc.

4. Have function 1 call function a, which calls function b, which calls function ¢

5. Draw out a diagram of program flow, with arrows to indicate where control goes

22.4 Functions

1. Write a function to check if an integer is negative; the declaration should look like bool is_-
positive(int 1);

2. Write a function to raise a floating point number to an integer power, so for example to when you
use it

float a = raise_to_power(2, 3); //a gets 8
float b = raise_to_power(9, 2); //b gets 81

float raise_to_power(float f, int power); //make this your declaration

22.5 Math

1. Write a function to calculate if a number is prime. Return 1 if it is prime and 0 if it is not a prime.

Solution
One possible solution using a naive primality test!:

// to compile: gcc —-Wall prime.c —-lm —o prime

include <math.h> // for the square root function sqgrt ()

include <stdio.h>
int is_prime (int n);

int main ()

printf ("Write an integer: ");
int var;
scanf ("%d", var);

if (is_prime (var)==1) {
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printf ("A prime\n");
} else {

printf ("Not a prime\n");
}

return 1;

int is_prime (int n)
{
int x;

int sg= sqgrt (n)+1;

// Checking the trivial cases first
if (n < 2)

return 0;
if (n==2 || n == 3 )

return 1;

// Checking if n is divisible by 2 or odd numbers between 3 and the
// square root of n.
if (n $ 2 == 0 )

return 0;

for (x= 3; x <= sqg; x += 2)

return 1;

2. Write a function to determine the number of prime numbers below n.
3. Write a function to find the square root by using Newton's method.
4. Write functions to evaluate the trigonometric functions:

5. Try to write a random number generator.

6. Write a function to determine the prime number between 2 and 100:

et:Programmeerimiskeel C/Harjutused® pl:C/Cwiczenia dla poczatkujacych?

2 http://et.wikibooks.org/wiki/Programmeerimiskeel®%20C%$2FHarjutused
3 http://pl.wikibooks.org/wiki/C%2F%01%06wiczenia%20d1la%20pocz%01%05tkujs01%
05cych
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23 In-depth C ideas
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24 Arrays

Arrays in C act to store related data under a single variable name with an index, also known as a
subscript. It is easiest to think of an array as simply a list or ordered grouping for variables of the
same type. As such, arrays often help a programmer organize collections of data efficiently and
intuitively.

Later we will consider the concept of a pointer, fundamental to C, which extends the nature of the
array (array can be termed as a constant pointer). For now, we will consider just their declaration and
their use.

24.1 Arrays

If we want an array of six integers (or numbers), we write in C:

int numbers[6];

For a SIX character array called letters,

char letters[6];
and so on.

If we wish to initialize as we declare, we write:

int point[6]={0,0,1,0,0,0};

Though when the array is initialized as in this case, the array dimension may be omitted, and the
array will be automatically sized to hold the initial data:

int point[]={0,0,1,0,0,0};

This is very useful in that the size of the array can be controlled by simply adding or removing
initializer elements from the definition without the need to adjust the dimension.

If the dimension is specified, but not all elements in the array are initialized, the remaining elements
will contain a value of 0. This is very useful, especially when we have very large arrays.

int numbers[2000]={245};

The above example sets the first value of the array to 245, and the rest to 0.

If we want to access a variable stored in an array, for example with the above declaration, the
following code will store a 1 in the variable x
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int x;

x = point[2];

Arrays in C are indexed starting at 0, as opposed to starting at 1. The first element of the array above
is point [0]. The index to the last value in the array is the array size minus one. In the example
above the subscripts run from O through 5. C does not guarantee bounds checking on array accesses.
The compiler may not complain about the following (though the best compilers do):

char vy;
int z = 9;
char point[6] = { 1, 2, 3, 4, 5, 6 };

//examples of accessing outside the array. A compile error is not always raised

y = point[15];

y = point[-4];

y = point[z];

During program execution, an out of bounds array access does not always cause a run time error.
Your program may happily continue after retrieving a value from point[-1]. To alleviate indexing
problems, the sizeof() expression is commonly used when coding loops that process arrays.

int ix;
short anArrayl[]l= { 3, 6, 9, 12, 15 };

for (ix=0; ix< (sizeof (anArray)/sizeof (short)); ++ix) {

DoSomethingWith ("$d", anArray([ix] );
}
Notice in the above example, the size of the array was not explicitly specified. The compiler knows
to size it at 5 because of the five values in the initializer list. Adding an additional value to the
list will cause it to be sized to six, and because of the sizeof expression in the for loop, the code
automatically adjusts to this change. Good programming practice is declare a variable size and store
the size of the array.

size = sizeof(anArray)/sizeof(short)

C also supports multi dimensional arrays (or, rather, arrays of arrays). The simplest type is a two
dimensional array. This creates a rectangular array - each row has the same number of columns. To
get a char array with 3 rows and 5 columns we write in C

char two_d[3][5];

To access/modify a value in this array we need two subscripts:

char ch;
ch = two_d[2][4];

or

two_d[0][0] = "x';

Similarly, a multi-dimensional array can be initialized like this:

int two_d[2]1[3] = {{ 5, 2, 1 },
6,

7, 8 }}i

164



Strings

The amount of columns must be explicitly stated; however, the compiler will find the appropriate
amount of rows based on the initializer list.

There are also weird notations possible:

int a[100];
int i = 0;
if (ali]==ifal])
{
printf ("Hello world!\n");
}

a[i] and i[a] refer to the same location. (This is explained later in the next Chapter.)

24.2 Strings

o 1 2 3 4 5 6 7 8 9 10
M|e|r |k |k ]|]i|j]|]o|[n]|]o]\

Figure 1 String "Merkkijono" stored in memory

C has no string handling facilities built in; consequently, strings are defined as arrays of characters.
C allows a character array to be represented by a character string rather than a list of characters,
with the null terminating character automatically added to the end. For example, to store the string
"Merkkijono", we would write

char string[] = "Merkkijono";
or
char string[] - {'M', |e|, 'I', 'k', lkv, 'i', ljl, va, '1’1', 'O', V\Ol};

In the first example, the string will have a null character automatically appended to the end by the
compiler; by convention, library functions expect strings to be terminated by a null character. The
latter declaration indicates individual elements, and as such the null terminator needs to be added
manually.

Strings do not always have to be linked to an explicit variable. As you have seen already, a string
of characters can be created directly as an unnamed string that is used directly (as with the printf
functions.)

To create an extra long string, you will have to split the string into multiple sections, by closing the
first section with a quote, and recommencing the string on the next line (also starting and ending in a
quote):

char string[] = "This is a very, very long "
"string that requires two lines.";

While strings may also span multiple lines by putting the backslash character at the end of the line,
this method is deprecated.
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There is a useful library of string handling routines which you can use by including another header
file.
finclude <string.h> //new header file

This standard string library will allow various tasks to be performed on strings, and is discussed in
the Strings' chapter.

et:Programmeerimiskeel C/Massiivid? it:C/Vettori e puntatori/Vettori® pl:C/Tablice* fi:C/Taulukot®

Chapter 27 on page 187
http://et.wikibooks.org/wiki/Programmeerimiskeel%20C%2FMassiivid
http://it.wikibooks.org/wiki/C%2FVettori%20e%20puntatori%2FVettori
http://pl.wikibooks.org/wiki/C%2FTablice
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25 Pointers and arrays
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—» b 17 1462
1461
1460

876
875
— a| 1462 874
873
872

Figure 2 Pointer a pointing variable b.
Note that b stores number, whereas a stores
address of b in memory (1462)

A pointer! is a value that designates the address (i.e., the location in memory), of some value. There
are four fundamental things you need to know about pointers:

* How to declare them

* How to assign to them

* How to reference the value to which the pointer points (known as dereferencing) and
How they relate to arrays

L]

We'll also discuss the relationship of pointers with text strings and the more advanced concept of
function pointers.

Pointers are variables that hold a memory location. One can access the value of the variable pointed
to using the dereferencing operator '*'.

Pointers can reference any data type, even functions.

1 http://en.wikipedia.org/wiki/Pointer%20%28computing%29
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The vast majority of arrays in C are simple lists, also called "1 dimensional arrays". We will briefly
cover multi-dimensional arrays in a later chapter?.

25.1 Declaring pointers

Consider the following snippet of code which declares two pointers:

struct MyStruct {
int m_aNumber;
float num2;

bi

int * pJ2;

struct MyStruct * pAnItem;
Lines 1-4 define a structure®. Line 6 declares a variable which points to an int, and line 7 declares
a variable which points to something with structure MyStruct. So to declare a variable as something
which points to some type, rather than contains some type, the asterisk (*) is placed before the
variable name.

In the following, line 1 declares var1l as a pointer to a long and var?2 as a long and not a pointer to
along. In line 2, p3 is declared as a pointer to a pointer to an int.

long * varl, var2;
int *%x pP3;

Pointer types are often used as parameters to function calls. The following shows how to
declare a function which uses a pointer as an argument. Since C passes function arguments
by value, in order to allow a function to modify a value from the calling routine, a pointer
to the value must be passed. Pointers to structures are also used as function arguments
even when nothing in the struct will be modified in the function. This is done to avoid copying
the complete contents of the structure onto the stack. More about pointers as function arguments later.

int MyFunction( struct MyStruct xpStruct );

25.2 Assigning values to pointers

So far we've discussed how to declare pointers. The process of assigning values to pointers is next.
To assign a pointer the address of a variable, the & or 'address of' operator is used.

int myInt;

2 Chapter 30.1 on page 213
3 Chapter 28.1.2 on page 204
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int ~*pPointer;
struct MyStruct dvorak;
struct MyStruct *pKeyboard;

pPointer = &myInt;
pKeyboard = &dvorak;

Here, pPointer will now reference mylnt and pKeyboard will reference dvorak.
Pointers can also be assigned to reference dynamically allocated memory. The malloc() and calloc()

functions are often what are used to do this.

#include <stdlib.h>

Jx o %/
struct MyStruct xpKeyboard;
V2 Y4

pKeyboard = malloc (sizeof xpKeyboard);

The malloc function returns a pointer to dynamically allocated memory (or NULL if unsuccessful).
The size of this memory will be appropriately sized to contain the MyStruct structure.

The following is an example showing one pointer being assigned to another and of a pointer being
assigned a return value from a function.

static struct MyStruct vall, val2, val3, val4;

struct MyStruct *ASillyFunction( int b )

{
struct MyStruct smyReturn;

if (b == 1) myReturn = &vall;
else if (b==2) myReturn = &val2;
else if (b==3) myReturn = &val3;
else myReturn = &val4;

return myReturn;

}

struct MyStruct xstrPointer;

int *c, *d;

int J;

c = &j; /+* pointer assigned using & operator #*/
d = c; /#* assign one pointer to another */
strPointer = ASillyFunction( 3 ); /#* pointer returned from a function. */

When returning a pointer from a function, do not return a pointer that points to a value that is local to
the function or that is a pointer to a function argument. Pointers to local variables become invalid
when the function exits. In the above function, the value returned points to a static variable. Returning
a pointer to dynamically allocated memory is also valid.
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25.3 Pointer dereferencing
Address

Value - Address

a IS

Figure 3 The pointer p points to the variable a.

To access a value to which a pointer points, the = operator is used. Another operator, the —> operator
is used in conjunction with pointers to structures. Here's a short example.

int ¢, d;

int  xpj;

struct MyStruct astruct;
struct MyStruct «*bb;

c = 10;

pj = &c; /% pj points to c */

d = *pJ; /# d is assigned the value to which pj points, 10 */
pj = &d; /% now points to d */

*xpj = 12; /#* d is now 12 */

bb = &astruct;

(xbb) .m_aNumber = 3; /* assigns 3 to the m_aNumber member of astruct x/
bb->num2 = 44.3; /% assigns 44.3 to the num2 member of astruct */
*pj = bb->m_aNumber; /* egivalent to d = astruct.m_aNumber; */

The expression bb—>m_aNumber is entirely equivalent to («bb) .m_aNumber. They both access
the m_aNumber element of the structure pointed to by bb. There is one more way of dereferencing
a pointer, which will be discussed in the following section.

When dereferencing a pointer that points to an invalid memory location, an error often occurs which
results in the program terminating. The error is often reported as a segmentation error. A common
cause of this is failure to initialize a pointer before trying to dereference it.

C is known for giving you just enough rope to hang yourself, and pointer dereferencing is a prime
example. You are quite free to write code that accesses memory outside that which you have explicitly
requested from the system. And many times, that memory may appear as available to your program
due to the vagaries of system memory allocation. However, even if 99 executions allow your program
to run without fault, that 100th execution may be the time when your "memory pilfering" is caught
by the system and the program fails. Be careful to ensure that your pointer offsets are within the
bounds of allocated memory!

The declaration void ssomePointer; is used to declare a pointer of some nonspecified type.
You can assign a value to a void pointer, but you must cast the variable to point to some specified
type before you can dereference it. Pointer arithmetic is also not valid with void * pointers.
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25.4 Pointers and Arrays

Up to now, we've carefully been avoiding discussing arrays in the context of pointers. The interaction
of pointers and arrays can be confusing but here are two fundamental statements about it:

» A variable declared as an array of some type acts as a pointer to that type. When used by itself, it
points to the first element of the array.
* A pointer can be indexed like an array name.

The first case often is seen to occur when an array is passed as an argument to a function. The
function declares the parameter as a pointer, but the actual argument may be the name of an array.
The second case often occurs when accessing dynamically allocated memory. Let's look at examples
of each. In the following code, the call to calloc() effectively allocates an array of struct MyStruct
items.

float KrazyFunction( struct MyStruct *parml, int plsize, int bb )
{

int ix; //declaring an integer variable//

for (ix=0; ix<plsize; ix++) {

if (parml[ix].m_aNumber == bb )
return parml[ix].num2;
}
return 0.0f;

}

VA V4
struct MyStruct myArrayl[4];
#define MY_ARRAY_SIZE (sizeof (myArray)/sizeof (xmyArray))

float v3;

struct MyStruct xsecondArray;

int someSize;

int  ix;

/# initialization of myArray ... #*/

v3 = KrazyFunction( myArray, MY_ARRAY_SIZE, 4 );
VY4

secondArray = calloc( someSize, sizeof (myArray) );
for (ix=0; ix<someSize; ix++) {
secondArray[ix] .m_aNumber = ix x2;
secondArray[ix] .num2 = .304 » ix x 1ix;

}

Pointers and array names can pretty much be used interchangeably. There are exceptions. You cannot
assign a new pointer value to an array name. The array name will always point to the first element of
the array. In the function KrazyFunction above, you could however assign a new value to parm1,
as it is just a pointer to the first element of myArray. It is also valid for a function to return a pointer
to one of the array elements from an array passed as an argument to a function. A function should
never return a pointer to a local variable, even though the compiler will probably not complain.

When declaring parameters to functions, declaring an array variable without a size is equivalent to
declaring a pointer. Often this is done to emphasize the fact that the pointer variable will be used in a
manner equivalent to an array.

/+ two equivalent function definitions #*/
int LittleFunction( int #*paramN );
int LittleFunction( int paramN[] );

Now we're ready to discuss pointer arithmetic. You can add and subtract integer values to/from
pointers. If myArray is declared to be some type of array, the expression » (myArray+7j), where j
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is an integer, is equivalent to myArray [ j]. So for instance in the above example where we had the
expression secondArray[i].num2, we could have written that as « (secondArray+i) .num2 or
more simply (secondArray+i)—>num?2.

Note that for addition and subtraction of integers and pointers, the value of the pointer is not adjusted
by the integer amount, but is adjusted by the amount multiplied by the size (in bytes) of the type to
which the pointer refers. One pointer may also be subtracted from another, provided they point to
elements of the same array (or the position just beyond the end of the array). If you have a pointer
that points to an element of an array, the index of the element is the result when the array name is
subtracted from the pointer. Here's an example.

struct MyStruct someArray[20];
struct MyStruct =*p2;
int idx;

/* array initialization .. x/

éor (p2 = someArray; p2 < someArray+20; ++p2) {
if (p2->num2 > testValue) break;

}

idx = p2 - someArray;
You may be wondering how pointers and multidimensional arrays interact. Lets look at this a bit in
detail. Suppose A is declared as a two dimensional array of floats (f1loat A[D1] [D2];) and that
pf is declared a pointer to a float. If pf is initialized to point to A[0][0], then *(pf+1) is equivalent to
A[O][1] and *(pf+D?2) is equivalent to A[1][0]. The elements of the array are stored in row-major
order.

float A[6][8];

float *pf;

pf = &A[0][0];

*x (pf+l) = 1.3; /% assigns 1.3 to A[0][1] */
* (pf+8) = 2.3; /* assigns 2.3 to A[1][0] x/

Let's look at a slightly different problem. We want to have a two dimensional array, but we don't need
to have all the rows the same length. What we do is declare an array of pointers. The second line
below declares A as an array of pointers. Each pointer points to a float. Here's some applicable code:

float linearA[30];
float *A[6];

A[0] = linearA; /* 5 - 0 =5 elements in row */
A[l] = linearA + 5; /+ 11 — 5 = 6 elements in row #*/

A[2] = linearA + 11; /% 15 — 11 = 4 elements in row =/

A[3] = linearA + 15; /+ 21 — 15 = 6 elements */

A[4] = linearA + 21; /+ 25 — 21 = 4 elements */

A[5] = linearA + 25; /* 30 — 25 = 5 elements %/

A[3][2] = 3.66; /* assigns 3.66 to linearA[17]; */
A[3][-3] = 1.44; /* refers to linearA[12];

negative indices are sometimes useful. But avoid
using them as much as possible. x/

We also note here something curious about array indexing. Suppose myArray is an array and idx is
an integer value. The expression myArray[idx] is equivalent to idx[myArray]. The first is equivalent
to *(myArray+idx), and the second is equivalent to *(idx+myArray). These turn out to be the same,
since the addition is commutative.
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Pointers can be used with preincrement or post decrement, which is sometimes done within a loop,
as in the following example. The increment and decrement applies to the pointer, not to the object to
which the pointer refers. In other words, *pArray++ is equivalent to *(pArray++).

long myArray([20];
long *pArray;
int 1i;

/+ Assign values to the entries of myArray #*/
pArray = myArray;
for (i=0; i<10; ++1i) {

«pArray++ = 5 + 3xi + 12xixi;

*pArray++ = 6 + 2%1 + Txixi;

}

25.5 Pointers in Function Arguments

Often we need to invoke a function with an argument that is itself a pointer. In many instances, the
variable is itself a parameter for the current function and may be a pointer to some type of structure.
The ampersand character is not needed in this circumstance to obtain a pointer value, as the variable
is itself a pointer. In the example below, the variable pSt ruct, a pointer, is a parameter to function
FunctTwo, and is passed as an argument to FunctOne. The second parameter to FunctOne
is an int. Since in function FunctTwo, mValue is a pointer to an int, the pointer must first be
dereferenced using the * operator, hence the second argument in the call is *xmValue. The third
parameter to function FunctOne is a pointer to a long. Since pAA is itself a pointer to a long, no
ampersand is needed when it is used as the third argument to the function.

int FunctOne( struct SomeStruct xpValue, int iValue, long *1lValue )

{

/* do some stuff ... */
return 0;

}
int FunctTwo ( struct someStruct xpStruct, int *mValue )

{

int 3j;
long AnArray[25];
long *pAA;

pAA = &AnArray[13];
j = FunctOne( pStruct, *mValue, pAA );
return j;

25.6 Pointers and Text Strings

Historically, text strings in C have been implemented as arrays of characters, with the last byte in the
string being a zero, or the null character \0'. Most C implementations come with a standard library of
functions for manipulating strings. Many of the more commonly used functions expect the strings to
be null terminated strings of characters. To use these functions requires the inclusion of the standard
C header file "string.h".

173



Pointers and arrays

A statically declared, initialized string would look similar to the following:

static const char smyFormat = "Total Amount Due: %d";

The variable myFormat can be viewed as an array of 21 characters. There is an implied null
character (\O') tacked on to the end of the string after the 'd’ as the 21st item in the array. You can
also initialize the individual characters of the array as follows:

static const char myFlower[] = { 'P', 'e', 't', 'u', 'n', 'i', ‘'a', '\0' };

An initialized array of strings would typically be done as follows:

static const char smyColors[] = {
"Red", "Orange", "Yellow", "Green", "Blue", "Violet" };

The initilization of an especially long string can be split across lines of source code as follows.

static char *longString = "Hello. My name is Rudolph and I work as a reindeer "
"around Christmas time up at the North Pole. My boss is a really swell guy."
" He likes to give everybody gifts.";

The library functions that are used with strings are discussed in a later chapter.

25.7 Pointers to Functions

C also allows you to create pointers to functions. Pointers to functions can get rather messy.
Declaring a typedef to a function pointer generally clarifies the code. Here's an example that
uses a function pointer, and a void * pointer to implement what's known as a callback. The
DoSomethingNice function invokes a caller supplied function Talk Jive with caller data. Note
that DoSomethingNice really doesn't know anything about what dat aPointerrefers to.

typedef int («MyFunctionType) ( int, wvoid x); /* a typedef for a function
pointer */

#define THE_BIGGEST 100

int DoSomethingNice( int aVariable, MyFunctionType aFunction, void =*dataPointer

{

int rv = 0;

if (aVariable < THE_BIGGEST) {
/* invoke function through function pointer (old style) =/
rv = (xaFunction) (aVariable, dataPointer );

} else {
/+ invoke function through function pointer (new style) #*/

rv = aFunction (aVariable, dataPointer );

bi

return rv;
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typedef struct ({
int colorSpec;
char *phrase;

} DataINeed;

int TalkJive( int myNumber, void xsomeStuff )

{

/% recast void * to pointer type specifically needed for this function */
DataINeed *myData = someStuff;

/% talk jive. x/

return 5;

}
static DataINeed sillyStuff = { BLUE, "Whatcha talkin 'bout Willis?" };

Jx o %/

DoSomethingNice ( 41, &TalkJdive, &sillyStuff );
Some versions of C may not require an ampersand preceding the TalkJive argument in the
DoSomethingNice call. Some implementations may require specifically casting the argument to
the MyFunctionType type, even though the function signature exacly matches that of the typedef.

Function pointers can be useful for implementing a form of polymorphism in C. First one declares
a structure having as elements function pointers for the various operations to that can be specified
polymorphically. A second base object structure containing a pointer to the previous structure is also
declared. A class is defined by extending the second structure with the data specific for the class,
and static variable of the type of the first structure, containing the addresses of the functions that are
associated with the class. This type of polymorphism is used in the standard library when file I/O
functions are called.

A similar mechanism can also be used for implementing a state machine in C. A structure is defined
which contains function pointers for handling events that may occur within state, and for functions
to be invoked upon entry to and exit from the state. An instance of this structure corresponds to a
state. Each state is initialized with pointers to functions appropriate for the state. The current state of
the state machine is in effect a pointer to one of these states. Changing the value of the current state
pointer effectively changes the current state. When some event occurs, the appropriate function is
called through a function pointer in the current state.

25.8 Practical use of function pointer in C

Function pointers are mainly used to reduce the complexity of switch statement. Example with
switch statement:

#include <stdio.h>
int add(int a, int b);
int sub(int a, int b);
int mul(int a, int b);
int div(int a, int b);
int main ()

{

int i, result;

int a=10;

int b=5;

printf ("Enter the value between 0 and 3 : ");
scanf ("%d", &1);

switch (i)
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case 0: result = add(a,b); break;
case 1: result = sub(a,b); break;
case 2: result = mul(a,b); break;
case 3: result = div(a,b); break;

}
int add(int i, int 3Jj)

return (i+j);

int sub(int i, int 3j)

return (i-j);

int mul (int i, int 3j)
{

return (ixj);

{

[

nt div(int i, int 3J)

return (i/7);

}

Without using a switch statement:

#include <stdio.h>
int add(int a, int b);
int sub(int a, int b);
int mul(int a, int b);
int div(int a, int b);
int (xoper[4]) (int a, int b) = {add, sub, mul, div};
int main()
{
int i,result;
int a=10;
int b=5;
printf ("Enter the value between 0 and 3 : ");
scanf ("%d", &i);
result = oper[i] (a,b);

int add(int i, int 3j)

return (i+3);
int sub(int i, int 3j)
return (i-j);

int mul (int i, int 3j)

return (ixj);

}
int div(int i, int 3Jj)

return (i/j);

Function pointers may be used to create a struct member function:

typedef struct

{
int (*xopen) (void);
void (xclose) (void);
int (*register) (void);

} device;
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int my_device_open (void)

{

Jr e xS/

void my_device_close (void)
{
V4 V4

void register_device (void)
{
VY

device create (void)
{

device my_device;

my_device.open = my_device_open;
my_device.close = my_device_close;
my_device.register = register_device;

my_device.register();
return my_device;

}

Use to implement this pointer (following code must be placed in library).

static struct device_data

{

/% ... here goes data of structure

bi

static struct device_data obj;

typedef struct

{
int (*xopen) (void);
void (*close) (void);
int (*register) (void);

} device;

static struct device_data create_device_data (void)

{

struct device_data my_device_data;
/* ... here goes constructor

return my_device_data;

/+ here I omit the my_device_open,

*/

device create_device (void)
{

device my_device;

my_device.open = my_device_open;
my_device.close = my_device_close;
my_device.register = register_device;

my_device.register();
return my_device;

*/

my_device_close and register._device functions
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25.9 Examples of pointer constructs

Below are some example constructs which may aid in creating your pointer.

int i; // integer variable 'i'

int xp; // pointer 'p' to an integer

int afll; // array 'a' of integers

int £(); // function 'f' with return value of type integer

int x*pp; // pointer 'pp' to a pointer to an integer

int (xpa)[]; // pointer 'pa' to an array of integer

int (*pf) (); // pointer 'pf' to a function with returnvalue integer
int xapl]; // array 'ap' of pointers to an integer

int *fp(); // function 'fp' which returns a pointer to an integer
int xxxppp; // pointer 'ppp' to a pointer to a pointer to an integer

int (x*ppa)[]; // pointer 'ppa' to a pointer to an array of integers

int (x*ppf) (); // pointer 'ppf' to a pointer to a function with return value of
type integer

int = (*pap)[]; // pointer 'pap' to an array of pointers to an integer

int *(xpfp) (); // pointer 'pfp' to function with return value of type pointer to
an integer

int xxappl]l; // array of pointers 'app' that point to pointers to integer
values

int (xapall)[];// array of pointers 'apa' to arrays of integers

int (xapfll) ();// array of pointers 'apf' to functions with return values of

type integer
int xx+xfpp(); // function 'fpp' which returns a pointer to a pointer to a
pointer to an int

int (xfpa())[1;// function 'fpa' with return value of a pointer to array of
integers
int (xfpf()) ();// function 'fpf' with return value of a pointer to function

which returns an integer

25.10 sizeof

The sizeof operator is often used to refer to the size of a static array declared earlier in the same
function.

To find the end of an array (example from wikipedia:Buffer overflow?):

/* better.c - demonstrates one method of fixing the problem x/

#include <stdio.h>
#include <string.h>

int main(int argc, char xargv([])
{
char buffer[10];
if (argc < 2)
{
fprintf (stderr, "USAGE: %s string\n", argv[0]);
return 1;
}
strncpy (buffer, argv([l], sizeof (buffer));
buffer[sizeof (buffer) - 1] = '\0';
return 0;

4 http://en.wikipedia.org/wiki/Buffer%20overflow
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To iterate over every element of an array, use

#define NUM_ELEM(x) (sizeof (x) / sizeof (*(x)))

for( i = 0; i < NUM_ELEM(array); i++ )
{
/* do something with array([i] =/

}
Note that the sizeof operator only works on things defined earlier in the same function. The
compiler replaces it with some fixed constant number. In this case, the buf fer was declared as
an array of 10 char's earlier in the same function, and the compiler replaces sizeof (buffer)
with the number 10 at compile time (equivalent to us hard-coding 10 into the code in place of
sizeof (buffer)). The information about the length of buf fer is not actually stored anywhere
in memory (unless we keep track of it separately) and cannot be programmatically obtained at run

time from the array/pointer itself.

Often a function needs to know the size of an array it was given -- an array defined in some other
function. For example,

/* broken.c - demonstrates a flaw */

#include <stdio.h>
#include <string.h>
#define NUM_ELEM(x) (sizeof (x) / sizeof (x(x)))

int sum( int input_arrayl[] ){
int sum_so_far = 0;
int i;
for( i = 0; i1 < NUM_ELEM (input_array); i++ ) // WON'T WORK —-- input_array

wasn't defined in this function.
{
sum_so_far += input_arrayl[i];
bi
return( sum_so_far );

}

int main(int argc, char xargv[])

{
int left_arrayl[] = { 1, 2, 3 };
int right_array(] = { 10, 9, 8, 7, 6, 5, 4, 3, 2, 1 };
int the_sum = sum( left_array );
printf( "the sum of left_array is: %d", the_sum );
the_sum = sum( right_array );
printf( "the sum of right_array is: %d", the_sum );

return 0;

}

Unfortunately, (in C and C++) the length of the array cannot be obtained from an array passed in at
run time, because (as mentioned above) the size of an array is not stored anywhere. The compiler
always replaces sizeof with a constant. This sum() routine needs to handle more than just one
constant length of an array.

There are some common ways to work around this fact:

* Write the function to require, for each array parameter, a "length" parameter (which has type
"size_t"). (Typically we use sizeof at the point where this function is called).
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+ Use of a convention, such as a null-terminated string® to mark the end of the array.

* Instead of passing raw arrays, pass a structure that includes the length of the array (such as
"length") as well as the array (or a pointer to the first element); similar to the st ring or vector
classes in C++.

/+ fixed.c - demonstrates one work—around #*/

#include <stdio.h>
#include <string.h>
#define NUM_ELEM(x) (sizeof (x) / sizeof (*(x)))

int sum( int input_array[], size_t length ) {
int sum_so_far = 0;
int i;
for( i = 0; 1 < length; i++ )
{
sum_so_far += input_arrayl[i];
bi
return( sum_so_far );

}

int main(int argc, char xargv([])

{

-

int left_arrayl] = { 1, 2, 3, 4 };

int right_arrayl[] { 10, 9, 8, 7, 6, 5, 4, 3, 2, 1 };

int the_sum = sum( left_array, NUM_ELEM(left_array) ); // works here, because
left_array is defined in this function

printf( "the sum of left_array is: %d", the_sum );

the_sum = sum( right_array, NUM_ELEM (right_array) ); // works here, because
right_array is defined in this function

printf( "the sum of right_array is: %d", the_sum );

return 0;
}
It's worth mentioning that sizeof operator has two variations: sizeof (type) (for instance:
sizeof (int) or sizeof (struct some_structure)) and sizeof expression
(for instance: sizeof some_variable.some_fieldorsizeof 1).

25.11 External Links

« C Reference Card (ANSI)®

+ "Common Pointer Pitfalls"” by Dave Marshall

» "Further insights into size_t"® by Dan Saks 2007
« "Pointer Fun with Binky"’

5 http://en.wikipedia.org/wiki/null-terminated%20string

6 http://www.digilife.be/quickreferences/QRC/C%20Reference%20Card%20 (ANSI) $202.
2.pdf

7 http://www.cs.cf.ac.uk/Dave/C/nodel0.html#SECTION001080000000000000000

8 http://www.embedded.com/columns/programmingpointers/201803576

9 http://en.wikibooks.org/wiki/%$3AFile%$3APointer%20Fun%20with%20Binky%20%28C%
29.0g99
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http://en.wikibooks.org/wiki/%3AFile%3APointer%20Fun%20with%20Binky%20%28C%29.ogg
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External Links

de:C-Programmierung: Zeiger!'? it:C/Vettori e puntatori/Interscambiabilita tra puntatori e vettori'!
pl:C/Wskazniki'?

10 http://de.wikibooks.org/wiki/C-Programmierung%$3A%20Zeiger
11 http://it.wikibooks.org/wiki/C%2FVettori%20e%20puntatori%
2FInterscambiabilit%E0%20tra%20puntatori%20e%20vettori

12 http://pl.wikibooks.org/wiki/C%2FWska%01%$7Aniki
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26 Memory management

In C, you have already considered creating variables for use in the program. You have created some
arrays for use, but you may have already noticed some limitations:

¢ the size of the array must be known beforehand
* the size of the array cannot be changed in the duration of your program

Dynamic memory allocation in C is a way of circumventing these problems.

26.1 Malloc

#include <stdlib.h>

void *calloc(size_t nmemb, size_t size);

void free(void *ptr);

void *malloc(size_t size);

void *realloc(void xptr, size_t size);

The C function malloc is the means of implementing dynamic memory allocation. It is defined in
stdlib.h or malloc.h, depending on what operating system you may be using. Malloc.h contains only
the definitions for the memory allocation functions and not the rest of the other functions defined in
stdlib.h. Usually you will not need to be so specific in your program, and if both are supported, you
should use <stdlib.h>, since that is ANSI C, and what we will use here.

The corresponding call to release allocated memory back to the operating system is free.

When dynamically allocated memory is no longer needed, £ ree should be called to release it back
to the memory pool. Overwriting a pointer that points to dynamically allocated memory can result in
that data becoming inaccessible. If this happens frequently, eventually the operating system will no
longer be able to allocate more memory for the process. Once the process exits, the operating system
is able to free all dynamically allocated memory associated with the process.

Let's look at how dynamic memory allocation can be used for arrays.

Normally when we wish to create an array we use a declaration such as

int array[10];

Recall array can be considered a pointer which we use as an array. We specify the length of this
array is 10 ints. After array [0], nine other integers have space to be stored consecutively.

Sometimes it is not known at the time the program is written how much memory will be needed for
some data. In this case we would want to dynamically allocate required memory after the program
has started executing. To do this we only need to declare a pointer, and invoke malloc when we
wish to make space for the elements in our array, or, we can tell malloc to make space when we
first initialize the array. Either way is acceptable and useful.
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We also need to know how much an int takes up in memory in order to make room for it; fortunately
this is not difficult, we can use C's builtin sizeof operator. For example, if sizeof (int) yields
4, then one int takes up 4 bytes. Naturally, 2+xsizeof (int) is how much memory we need for
2 ints, and so on.

So how do we malloc an array of ten ints like before? If we wish to declare and make room in
one hit, we can simply say

int xarray = malloc(lOxsizeof (int));

We only need to declare the pointer; malloc gives us some space to store the 10 ints, and returns
the pointer to the first element, which is assigned to that pointer.

Important note! malloc does not initialize the array; this means that the array may contain
random or unexpected values! Like creating arrays without dynamic allocation, the programmer
must initialize the array with sensible values before using it. Make sure you do so, too. (See later the
function memset for a simple method.)

It is not necessary to immediately call malloc after declaring a pointer for the allocated memory.
Often a number of statements exist between the declaration and the call to malloc, as follows:

int xarray = NULL;

printf ("Hello World!!!");

/* more statements #*/

array = malloc(l0xsizeof (int)); /* delayed allocation #*/
/* use the array */

26.1.1 Error checking

When we want to use malloc, we have to be mindful that the pool of memory available to the
programmer is finite. As such, we can conceivably run out of memory! In this case, malloc will
return NULL. In order to stop the program crashing from having no more memory to use, one should
always check that malloc has not returned NULL before attempting to use the memory; we can do
this by

int *pt = malloc (3 * sizeof (int));

if (pt == NULL)

{
fprintf (stderr, "Out of memory, exiting\n");
exit (1);

}

Of course, suddenly quitting as in the above example is not always appropriate, and depends on
the problem you are trying to solve and the architecture you are programming for. For example if
program is a small, non critical application that's running on a desktop quitting may be appropriate.
However if the program is some type of editor running on a desktop, you may want to give the
operator the option of saving his tediously entered information instead of just exiting the program. A
memory allocation failure in an embedded processor, such as might be in a washing machine, could
cause an automatic reset of the machine. For this reason, many embedded systems designers avoid
dynamic memory allocation altogether.
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26.2 The calloc function

The calloc function allocates space for an array of items and initilizes the memory to zeros. The
callmArray = calloc( count, sizeof (struct V)) allocates count objects, each of
whose size is sufficient to contain an instance of the structure st ruct V. The space is initialized to
all bits zero. The function returns either a pointer to the allocated memory or, if the allocation fails,
NULL.

26.3 The realloc function

void % realloc ( void % ptr, size_t size );

The realloc function changes the size of the object pointed to by pt r to the size specified by
size. The contents of the object shall be unchanged up to the lesser of the new and old sizes. If
the new size is larger, the value of the newly allocated portion of the object is indeterminate. If pt r
is a null pointer, the realloc function behaves like the malloc function for the specified size.
Otherwise, if pt r does not match a pointer earlier returned by the calloc, malloc, or realloc
function, or if the space has been deallocated by a call to the free or realloc function, the
behavior is undefined. If the space cannot be allocated, the object pointed to by pt r is unchanged.
If size is zero and pt r is not a null pointer, the object pointed to is freed. The realloc function
returns either a null pointer or a pointer to the possibly moved allocated object.

26.4 The free function

Memory that has been allocated using malloc, realloc, or calloc must be released back to
the system memory pool once it is no longer needed. This is done to avoid perpetually allocating
more and more memory, which could result in an eventual memory allocation failure. Memory that is
not released with free is however released when the current program terminates on most operating
systems. Calls to free are as in the following example.

int *myStuff = malloc( 20 * sizeof (int));
if (myStuff != NULL)
{

/+ more statements here #*/

/* time to release myStuff */

free( myStuff );

26.4.1 free with recursive data structures

It should be noted that £ ree is neither intelligent nor recursive. The following code that depends on
the recursive application of free to the internal variables of a struct' does not work.

typedef struct BSTNode
{

1 Chapter 28 on page 203
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int value;
struct BSTNodex left;
struct BSTNode* right;

} BSTNode;

// Later:

BSTNodex temp = (BSTNodex) calloc(l, sizeof (BSTNode));
temp->left = (BSTNodex) calloc(l, sizeof (BSTNode)) ;

// Later:

free (temp); // WRONG! don't do this!
The statement "free (temp) ; " will not free temp—>1eft, causing a memory leak.

Because C does not have a garbage collector, C programmers are responsible for making sure there
isa free () exactly once for each time there isamalloc (). If a tree has been allocated one node
at a time, then it needs to be freed one node at a time.

26.4.2 Don't free undefined pointers
Furthermore, using £ree when the pointer in question was never allocated in the first place often
crashes or leads to mysterious bugs further along.

To avoid this problem, always initialize pointers when they are declared. Either use malloc at the
point they are declared (as in most examples in this chapter), or set them to NULL when they are
declared (as in the "delayed allocation" example in this chapter). >

26.5 References

2 "Bug 478901 ... libpng-1.2.34 and earlier might free undefined pointers" "{https://bugzilla.mozilla.
org/show_bug.cgi?id=478901}
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27 Strings

A string in C is merely an array of characters. The length of a string is determined by a terminating
null character: '\0'. So, a string with the contents, say, "abc" has four characters: 'a', 'b"',
'c ', and the terminating null character.

The terminating null character has the value zero.

27.1 Syntax

In C, string constants (literals) are surrounded by double quotes ("), e.g. "Hello world!" and are
compiled to an array of the specified char values with an additional null terminating character
(0-valued) code to mark the end of the string. The type of a string constant is char .

String literals may not directly in the source code contain embedded newlines or other control
characters, or some other characters of special meaning in string.

To include such characters in a string, the backslash escapes may be used, like this:

Escape Meaning
AN\ Literal backslash
\" Double quote
\! Single quote
\n Newline (line feed)
\r Carriage return
\b Backspace
\t Horizontal tab
\f Form feed
\a Alert (bell)
\v Vertical tab
\7? Question mark (used to escape trigraphs')
\nnn Character with octal value nnn
\xhh Character with hexadecimal value hh

27.1.1 Wide character strings

C supports wide character strings, defined as arrays of the type wchar_t, 16-bit (at least) values.
They are written with an L before the string like this

1 http://en.wikibooks.org/wiki/C%20trigraph
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wchar_t *p = L"Helloworld!";

This feature allows strings where more than 256 different possible characters are needed (although
also variable length char strings can be used). They end with a zero-valued wchar_t. These
strings are not supported by the <string.h> functions. Instead they have their own functions,
declared in <wchar.h>.

27.1.2 Character encodings

What character encoding the char and wchar_t represent is not specified by the C standard,
except that the value 0x00 and 0x0000 specify the end of the string and not a character. It the input
and output code which are directly affected by the character encoding. Other code should not be too
affected. The editor should also be able to handle the encoding if strings shall be able to written in
the source code.

There are three major types of encodings:

* One byte per character. Normally based on ASCII. There is a limit of 255 different characters plus
the zero termination character.

* Variable length char strings, which allows many more than 255 different characters. Such
strings are written as normal char-based arrays. These encodings are normally ASCII-based and
examples are UTF-82 or Shift JIS.

* Wide character strings. They are arrays of wchar_t values. UTF-16* is the most common such
encoding, and it is also variable-length, meaning that a character can be two wchar_t.

27.2 The <string.h> Standard Header

Because programmers find raw strings cumbersome to deal with, they wrote the code in the
<string.h> library. It represents not a concerted design effort but rather the accretion of contribu-
tions made by various authors over a span of years.

First, three types of functions exist in the string library:

* the mem functions manipulate sequences of arbitrary characters without regard to the null character;
* the st r functions manipulate null-terminated sequences of characters;
* the st rn functions manipulate sequences of non-null characters.

27.2.1 The more commonly-used string functions

The nine most commonly used functions in the string library are:

* strcat - concatenate two strings
* strchr - string scanning operation
* strcmp - compare two strings

[\

http://en.wikibooks.org/wiki/UTF-8
http://en.wikibooks.org/wiki/Shift%$20JIS
4 http://en.wikibooks.org/wiki/UTF-16

w
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* strcpy - copy a string

* strlen - get string length

* strncat - concatenate one string with part of another
* strncmp - compare parts of two strings

* strncpy - copy part of a string

* strrchr - string scanning operation

The strcat function

char xstrcat (char » restrict sl, const char * restrict s2);

Some people recommend using strncat () or strlcat () instead of strcat, in order to avoid
buffer overflow.

The strcat () function shall append a copy of the string pointed to by s2 (including the terminating
null byte) to the end of the string pointed to by s1. The initial byte of s2 overwrites the null byte at
the end of s1. If copying takes place between objects that overlap, the behavior is undefined. The
function returns s1.

This function is used to attach one string to the end of another string. It is imperative that the first
string (s1) have the space needed to store both strings.

Example:

#include <stdio.h>
#include <string.h>

static const char xcolors[] =
{"Red", "Orange", "Yellow", "Green", "Blue", "Purple" };
static const char xwidths[] = {"Thin", "Medium", "Thick", "Bold" };

char penText[20];

int penColor = 3, penThickness = 2;

strcpy (penText, colors[penColor]);

strcat (penText, widths[penThickness]);

printf ("My pen is %s\n", penText); // prints 'My pen is GreenThick'

Before calling st rcat (), the destination must currently contain a null terminated string or the first
character must have been initialized with the null character (e.g. penText [0] = '\0';).

The following is a public-domain implementation of strcat:

#include <string.h>
/* strcat =*/
char = (strcat) (char xrestrict sl, const char *restrict s2)

{

char xs = sl;
/#* Move s so that it points to the end of sl. «*/
while (xs != '\0'")

s++;

/+ Copy the contents of s2 into the space at the end of sl. */
strcpy (s, s2);
return sl;
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The strchr function

char *strchr (const char *s, int c);

The strchr () function shall locate the first occurrence of ¢ (converted to a char) in the string
pointed to by s. The terminating null byte is considered to be part of the string. The function returns
the location of the found character, or a null pointer if the character was not found.

This function is used to find certain characters in strings.

At one point in history, this function was named index. The st rchr name, however cryptic, fits
the general pattern for naming.

The following is a public-domain implementation of st rchr:

#include <string.h>
/% strchr =*/
char = (strchr) (const char *s, int c¢)
{
/#* Scan s for the character. When this loop is finished,
s will either point to the end of the string or the

character we were looking for. */
while (xs != '"\0' && *s != (char)c)

s++;
return ( (xs == c) ? (char =) s : NULL );

The st rcmp function

int strcmp (const char xsl, const char xs2);

A rudimentary form of string comparison is done with the strcmp() function. It takes two strings
as arguments and returns a value less than zero if the first is lexographically less than the second,
a value greater than zero if the first is lexographically greater than the second, or zero if the two
strings are equal. The comparison is done by comparing the coded (ascii) value of the chararacters,
character by character.

This simple type of string comparison is nowadays generally considered unacceptable when sorting
lists of strings. More advanced algorithms exist that are capable of producing lists in dictionary
sorted order. They can also fix problems such as strcmp() considering the string "Alpha2" greater
than "Alphal2". (In the previous example, "Alpha2" compares greater than "Alphal2" because '2'
comes after '1' in the character set.) What we're saying is, don't use this st rcmp () alone for general
string sorting in any commercial or professional code.

The strcmp () function shall compare the string pointed to by s1 to the string pointed to by s2.
The sign of a non-zero return value shall be determined by the sign of the difference between the
values of the first pair of bytes (both interpreted as type unsigned char) that differ in the strings
being compared. Upon completion, st rcmp () shall return an integer greater than, equal to, or less
than 0, if the string pointed to by s1 is greater than, equal to, or less than the string pointed to by s2,
respectively.

Since comparing pointers by themselves is not practically useful unless one is comparing pointers
within the same array, this function lexically compares the strings that two pointers point to.
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This function is useful in comparisons, e.g.

if (strcmp(s, "whatever") == 0) /% do something =/

’

The collating sequence used by st rcmp () is equivalent to the machine's native character set. The
only guarantee about the order is that the digits from '0' to '9' are in consecutive order.

The following is a public-domain implementation of st rcmp:

#include <string.h>
/% strcmp #*/
int (strcmp) (const char xsl, const char xs2)
{
unsigned char ucl, uc2;
/#+ Move sl and s2 to the first differing characters
in each string, or the ends of the strings if they

are identical. */

while (*sl != '"\0' && *sl == xs2) {
sl++;
s2++;

}

/+ Compare the characters as unsigned char and

return the difference. x/
ucl = (x(unsigned char =) sl);
uc2 = (x(unsigned char =) s2);
return ((ucl < uc2) ? -1 : (ucl > uc2));

The st rcpy function

char xstrcpy(char *xrestrict sl, const char *restrict s2);
Some people recommend always using st rncpy () instead of strcpy, to avoid buffer overflow.

The strcpy () function shall copy the C string pointed to by s2 (including the terminating null
byte) into the array pointed to by s1. If copying takes place between objects that overlap, the
behavior is undefined. The function returns s1. There is no value used to indicate an error: if the
arguments to st rcpy () are correct, and the destination buffer is large enough, the function will
never fail.

Example:

#include <stdio.h>

#include <string.h>

Jx . x/

static const char *penType="round";
Jx e x/

char penText[20];

Jx e x/

strcpy (penText, penType);

Important: You must ensure that the destination buffer (s 1) is able to contain all the characters in the
source array, including the terminating null byte. Otherwise, st rcpy () will overwrite memory
past the end of the buffer, causing a buffer overflow, which can cause the program to crash, or can be
exploited by hackers to compromise the security of the computer.
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The following is a public-domain implementation of st rcpy:

#include <string.h>
/* strcpy */
char x(strcpy) (char *restrict sl, const char *restrict s2)

{

char *dst = sl;

const char #*src = s2;
/+ Do the copying in a loop. #*/
while ((*dst++ = xsrc++) != '\0")
; /% The body of this loop is left empty. =/
/+* Return the destination string. #*/

return sl;

The strlen function

size_t strlen(const char =*s);

The strlen () function shall compute the number of bytes in the string to which s points, not
including the terminating null byte. It returns the number of bytes in the string. No value is used to
indicate an error.

The following is a public-domain implementation of st rlen:

#include <string.h>
/* strlen */
size_t (strlen) (const char xs)

{

const char *p = s;
/* Loop over the data in s. */
while (xp != '\0"')
pt+;
return (size_t) (p - s);

The st rncat function

char *strncat (char *restrict sl, const char *restrict s2, size_t

n);

The strncat () function shall append not more than n bytes (a null byte and bytes that follow it are
not appended) from the array pointed to by s2 to the end of the string pointed to by s1. The initial
byte of s2 overwrites the null byte at the end of s1. A terminating null byte is always appended
to the result. If copying takes place between objects that overlap, the behavior is undefined. The
function returns s1.

The following is a public-domain implementation of st rncat:

#include <string.h>
/* strncat */
char = (strncat) (char xrestrict sl, const char *restrict s2, size_t n)

{

char xs = sl;
/* Loop over the data in sl. +/
while (xs != '"\0")

s++;
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/% s now points to sl's trailing null character, now copy
up to n bytes from sl into s stopping if a null character
is encountered in s2.
It is not safe to use strncpy here since it copies EXACTLY n
characters, NULL padding if necessary. */

while (n != 0 && (*s = xs2+4+) != '"\0") {
n--;
s++;

}

if (xs != '"\0")
xs = "\0';

return sl;

The st rnemp function

int strncmp(const char xsl, const char x*s2, size_t n);

The st rncmp () function shall compare not more than n bytes (bytes that follow a null byte are
not compared) from the array pointed to by s1 to the array pointed to by s2. The sign of a non-zero
return value is determined by the sign of the difference between the values of the first pair of bytes
(both interpreted as type unsigned char) that differ in the strings being compared. See st rcmp
for an explanation of the return value.

This function is useful in comparisons, as the st rcmp function is.

The following is a public-domain implementation of st rncmp:

#include <string.h>
/% strncmp */
int (strncmp) (const char xsl, const char *s2, size_t n)

{

unsigned char ucl, uc2;

/% Nothing to compare? Return zero. */
if (n == 0)
return O;
/* Loop, comparing bytes. +/
while (n-- > 0 && *xsl == *s2) {
/* If we've run out of bytes or hit a null, return zero
since we already know #sl == *s2. */
if (n == || *s1l == '"\0")
return 0;
sl++;
sS2++;
}
ucl = (x(unsigned char =) sl);
uc2 = (% (unsigned char *) s2);
return ((ucl < uc2) ? -1 : (ucl > uc2));

The st rncpy function

char xstrncpy (char xrestrict sl, const char xrestrict s2, size_t

n);

The strncpy () function shall copy not more than n bytes (bytes that follow a null byte are not
copied) from the array pointed to by s2 to the array pointed to by s1. If copying takes place between
objects that overlap, the behavior is undefined. If the array pointed to by s2 is a string that is shorter
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than n bytes, null bytes shall be appended to the copy in the array pointed to by s1, until n bytes in
all are written. The function shall return s1; no return value is reserved to indicate an error.

It is possible that the function will not return a null-terminated string, which happens if the s2 string
is longer than n bytes.

The following is a public-domain version of st rncpy:

#include <string.h>
/* strncpy #*/
char x(strncpy) (char *restrict sl, const char xrestrict s2, size_t n)

{

char *dst = sl;
const char *src = s2;
/* Copy bytes, one at a time. x/
while (n > 0) {
n-—;
if ((xdst++ = xsrc++) == '\0') {
/+ If we get here, we found a null character at the end
of s2, so use memset to put null bytes at the end of

sl. #/
memset (dst, '\0', n);
break;

}
}

return sl;

The strrchr function

char *strrchr (const char *xs, int c);
strrchr is similar to st rchr, except the string is searched right to left.

The strrchr () function shall locate the last occurrence of ¢ (converted to a char) in the string
pointed to by s. The terminating null byte is considered to be part of the string. Its return value is
similar to st rchr's return value.

At one point in history, this function was named rindex. The st rrchr name, however cryptic,
fits the general pattern for naming.

The following is a public-domain implementation of st rrchr:

#include <string.h>

/* strrchr #*/

char x(strrchr) (const char *s, int c)
{

const char xlast = NULL;

/% If the character we're looking for is the terminating null,
we just need to look for that character as there's only one
of them in the string. =/

if (c == '\0")

return strchr (s, c);
/# Loop through, finding the last match before hitting NULL. +/

while ((s = strchr(s, c)) != NULL) {
last = s;
s++;

}

return (char *) last;
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27.2.2 The less commonly-used string functions

The less-used functions are:

* memchr - Find a byte in memory

* memcmp - Compare bytes in memory

* memcpy - Copy bytes in memory

* memmove - Copy bytes in memory with overlapping areas
* memset - Set bytes in memory

* strcoll - Compare bytes according to a locale-specific collating sequence
* strcspn - Get the length of a complementary substring

* strerror - Get error message

* strpbrk - Scan a string for a byte

* strspn - Get the length of a substring

* strstr - Find a substring

* strtok - Split a string into tokens

* strxfrm- Transform string

Copying functions

The memcpy function
void xmemcpy (void % restrict sl, const void % restrict s2, size_t
n ;

The memcpy () function shall copy n bytes from the object pointed to by s2 into the object pointed
to by s1. If copying takes place between objects that overlap, the behavior is undefined. The function
returns s1.

Because the function does not have to worry about overlap, it can do the simplest copy it can.

The following is a public-domain implementation of memcpy:

#include <string.h>
/* memcpy */
void = (memcpy) (void = restrict sl, const void * restrict s2, size_t n)

{

char xdst = sl;
const char *src = s2;
/% Loop and copy. */
while (n—- != 0)

*dst++ = *src++;
return sl;

The memmove function
voilid *memmove (void *sl, const void xs2, size_t n);

The memmove () function shall copy n bytes from the object pointed to by s2 into the object
pointed to by s1. Copying takes place as if the n bytes from the object pointed to by s2 are first
copied into a temporary array of n bytes that does not overlap the objects pointed to by s1 and s2,
and then the n bytes from the temporary array are copied into the object pointed to by s1. The
function returns the value of s1.
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The easy way to implement this without using a temporary array is to check for a condition that
would prevent an ascending copy, and if found, do a descending copy.

The following is a public-domain, though not completely portable, implementation of memmove:

#include <string.h>
/* memmove #*/
void * (memmove) (void *sl, const void *s2, size_t n)
{
/% note: these don't have to point to unsigned chars */
char xpl = sl;
const char *p2 = s2;
/+ test for overlap that prevents an ascending copy */
if (p2 < pl && pl < p2 + n) {
/% do a descending copy */

p2 += n;
pl += n;
while (n—— != 0)
*——pl = *x——p2;
} else
while (n—- != 0)

*pl++ = *p2++;
return sl;

Comparison functions

The memcmp function
int memcmp (const void *sl, const void xs2, size_t n);

The memcmp () function shall compare the first n bytes (each interpreted as unsigned char) of
the object pointed to by s1 to the first n bytes of the object pointed to by s2. The sign of a non-zero
return value shall be determined by the sign of the difference between the values of the first pair of
bytes (both interpreted as type unsigned char) that differ in the objects being compared.

The following is a public-domain implementation of memcmp:

#include <string.h>
/% memcmp */
int (memcmp) (const void *sl, const void *xs2, size_t n)

{

const unsigned char *usl = (const unsigned char ) sl;
const unsigned char *us2 = (const unsigned char x) s2;
while (n—— != 0) {
if (xusl != xus2)
return (*usl < *us2) ? -1 : +1;
usl++;
us2++;

}

return 0;

The strcoll and st rxfrm functions
int strcoll (const char *xsl, const char =*s2);

size_t strxfrm(char xsl, const char *s2, size_t n);

The ANSI C Standard specifies two locale-specific comparison functions.
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The strcoll function compares the string pointed to by s1 to the string pointed to by s2, both
interpreted as appropriate to the LC_COLLATE category of the current locale. The return value is
similar to st rcmp.

The st rxfrm function transforms the string pointed to by s2 and places the resulting string into the
array pointed to by s1. The transformation is such that if the st rcmp function is applied to the two
transformed strings, it returns a value greater than, equal to, or less than zero, corresponding to the
result of the st rcol1 function applied to the same two original strings. No more than n characters
are placed into the resulting array pointed to by s1, including the terminating null character. If n is
zero, s1 is permitted to be a null pointer. If copying takes place between objects that overlap, the
behavior is undefined. The function returns the length of the transformed string.

These functions are rarely used and nontrivial to code, so there is no code for this section.

Search functions

The memchr function
void *memchr (const void *s, int ¢, size_t n);

The memchr () function shall locate the first occurrence of ¢ (converted to an unsigned char)
in the initial n bytes (each interpreted as unsigned char) of the object pointed to by s. If c is
not found, memchr returns a null pointer.

The following is a public-domain implementation of memchr:

#include <string.h>
/+ memchr */
void * (memchr) (const void s, int c, size_t n)
{
const unsigned char *src = s;
unsigned char uc = c;
while (n—— != 0) {
if (*src == uc)
return (void *) src;
src++;

}
return NULL;

The strespn, strpbrk, and strspn functions
size_t strcspn(const char xsl, const char xs2);

char xstrpbrk (const char xsl, const char =*s2);
size_t strspn(const char *sl, const char =xs2);

The st rcspn function computes the length of the maximum initial segment of the string pointed to
by s1 which consists entirely of characters not from the string pointed to by s2.

The st rpbrk function locates the first occurrence in the string pointed to by s1 of any character
from the string pointed to by s2, returning a pointer to that character or a null pointer if not found.

The st rspn function computes the length of the maximum initial segment of the string pointed to
by s1 which consists entirely of characters from the string pointed to by s2.
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All of these functions are similar except in the test and the return value.

The following are public-domain implementations of st rcspn, strpbrk, and strspn:

#include <string.h>
/% strcspn */
size_t (strcspn) (const char xsl, const char xs2)

{

const char #scl;

for (scl = sl; *scl != '"\0'; scl++)
if (strchr(s2, =*scl) != NULL)
return (scl - sl);
return scl - sl; /+ terminating nulls match */

#include <string.h>

/% strpbrk */

char = (strpbrk) (const char xsl, const char =*s2)
{

const char #scl;

for (scl = sl; *scl != '"\0'; scl++)
if (strchr(s2, =*scl) != NULL)
return (char =)scl;
return NULL; /# terminating nulls match */

#include <string.h>

/% strspn */

size_t (strspn) (const char xsl, const char =*s2)
{

const char #scl;

for (scl = sl; *scl != '"\0'; scl++)
if (strchr(s2, =*scl) == NULL)
return (scl - sl);
return scl - sl; /# terminating nulls don't match #*/

The strstr function
char xstrstr(const char xhaystack, const char xneedle);

The strstr () function shall locate the first occurrence in the string pointed to by haystack of
the sequence of bytes (excluding the terminating null byte) in the string pointed to by needle. The
function returns the pointer to the matching string in haystack or a null pointer if a match is not
found. If needle is an empty string, the function returns haystack.

The following is a public-domain implementation of strstr:

#include <string.h>
/* strstr x/
char x(strstr) (const char xhaystack, const char xneedle)
{
size_t needlelen;
/+ Check for the null needle case. #*/

if (xneedle == '\0"')
return (char x) haystack;

needlelen = strlen (needle);

for (; (haystack = strchr (haystack, xneedle)) != NULL; haystack++)
if (strncmp (haystack, needle, needlelen) == 0)

return (char x) haystack;
return NULL;
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The strtok function
char xstrtok (char *restrict sl, const char xrestrict delimiters);

A sequence of calls to strtok () breaks the string pointed to by s1 into a sequence of tokens,
each of which is delimited by a byte from the string pointed to by delimiters. The first call in
the sequence has s1 as its first argument, and is followed by calls with a null pointer as their first
argument. The separator string pointed to by delimiters may be different from call to call.

The first call in the sequence searches the string pointed to by s1 for the first byte that is not contained
in the current separator string pointed to by delimiters. If no such byte is found, then there are
no tokens in the string pointed to by s1 and strtok () shall return a null pointer. If such a byte is
found, it is the start of the first token.

The strtok () function then searches from there for a byte (or multiple, consecutive bytes) that is
contained in the current separator string. If no such byte is found, the current token extends to the end
of the string pointed to by s1, and subsequent searches for a token shall return a null pointer. If such
a byte is found, it is overwritten by a null byte, which terminates the current token. The st rtok ()
function saves a pointer to the following byte, from which the next search for a token shall start.

Each subsequent call, with a null pointer as the value of the first argument, starts searching from the
saved pointer and behaves as described above.

The st rtok () function need not be reentrant. A function that is not required to be reentrant is not
required to be thread-safe.

Because the strtok () function must save state between calls, and you could not have two
tokenizers going at the same time, the Single Unix Standard defined a similar function, st rtok_—
r (), that does not need to save state. Its prototype is this:

char xstrtok_r (char *s, const char *delimiters, char *xlasts);

The strtok_r () function considers the null-terminated string s as a sequence of zero or more
text tokens separated by spans of one or more characters from the separator string delimiters.
The argument lasts points to a user-provided pointer which points to stored information necessary for
strtok_r () to continue scanning the same string.

In the first call to strtok_r (), s points to a null-terminated string, delimiters to a null-
terminated string of separator characters, and the value pointed to by lasts is ignored. The
strtok_r () function shall return a pointer to the first character of the first token, write a null
character into s immediately following the returned token, and update the pointer to which lasts
points.

In subsequent calls, s is a null pointer and 1ast s shall be unchanged from the previous call so that
subsequent calls shall move through the string s, returning successive tokens until no tokens remain.
The separator string delimiters may be different from call to call. When no token remains in s,
a NULL pointer shall be returned.

The following public-domain code for st rt ok and st rtok_r codes the former as a special case
of the latter:

#include <string.h>
/* strtok_r */
char = (strtok_r) (char s, const char x*delimiters, char xxlasts)

{
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char xsbegin, =*send;

sbegin = s ? s : xlasts;
sbegin += strspn(sbegin, delimiters);
if (xsbegin == '\0"') {

xlasts = "";

return NULL;
}

send = sbegin + strcspn(sbegin, delimiters);

if (xsend != '\0")
xsend++ = '"\0';
*lasts = send;

return sbegin;
}
/* strtok */
char =*(strtok) (char xrestrict sl, const char *restrict delimiters)

{

static char *ssave = "";
return strtok_r(sl, delimiters, &ssave);

Miscellaneous functions

These functions do not fit into one of the above categories.

The memset function
volid #*memset (void *s, int ¢, size_t n);

The memset () function converts ¢ into unsigned char, then stores the character into the first
n bytes of memory pointed to by s.

The following is a public-domain implementation of memset:

#include <string.h>
/+ memset */
void * (memset) (void s, int ¢, size_t n)
{

unsigned char *us = s;

unsigned char uc = c;

while (n——- != 0)

*us++ = uc;
return s;

The strerror function
char xstrerror (int errorcode);

This function returns a locale-specific error message corresponding to the parameter. Depending on
the circumstances, this function could be trivial to implement, but this author will not do that as it
varies.

The Single Unix System Version 3 has a variant, st rerror_r, with this prototype:
int strerror_r (int errcode, char xbuf, size_t buflen);

This function stores the message in buf, which has a length of size buflen.
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27.3 Examples

To determine the number of characters in a string, the strlen () function is used:

#include <stdio.h>
#include <string.h>

int length, length2;

char xturkey;

static char *xflower= "begonia";
static char xgemstone="ruby ";

length = strlen(flower);
printf ("Length = %d\n", length); // prints 'Length = 7'
length2 = strlen(gemstone);

turkey = malloc( length + length2 + 1);
if (turkey) {
strcpy ( turkey, gemstone);
strcat ( turkey, flower);
printf( "%s\n", turkey); // prints 'ruby begonia'
free( turkey );
}

Note that the amount of memory allocated for 'turkey’ is one plus the sum of the lengths of the strings
to be concatenated. This is for the terminating null character, which is not counted in the lengths of
the strings.

27.3.1 Exercises

1. The string functions use a lot of looping constructs. Is there some way to portably unravel the

loops?

2. What functions are possibly missing from the library as it stands now?

27.4 Further reading

A Little C Primer/C String Function Library’

C++ Programming/Code/I0/Streams/string®

Because so many functions in the standard st ring.h library are vulnerable to buffer overflow
errors, some people’ recommend avoiding the st ring.h library and "C style strings" and
instead using a dynamic string API, such as the ones listed in the String library comparison®.
There's a tiny public domain concat() function, which will allocate memory and safely concatenate
any number of strings in portable C/C++ code’

o]

http://en.wikibooks.org/wiki/A%$20Litt1e%20C%20Primer%2FC%20String%
20Function%20Library
http://en.wikibooks.org/wiki/C%$2B%2B%20Programming%$2FCode%$2FI0%2FStreams$
2Fstring

http://www.and.org/vstr/security

http://www.and.org/vstr/comparison
http://openwall.info/wiki/people/solar/software/public-domain-source-code/
concat
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http://en.wikibooks.org/wiki/C%2B%2B%20Programming%2FCode%2FIO%2FStreams%2Fstring
http://en.wikibooks.org/wiki/C%2B%2B%20Programming%2FCode%2FIO%2FStreams%2Fstring
http://www.and.org/vstr/security
http://www.and.org/vstr/comparison
http://openwall.info/wiki/people/solar/software/public-domain-source-code/concat
http://openwall.info/wiki/people/solar/software/public-domain-source-code/concat
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pl:C/Napisy'? pt:Programar em C/Strings'!

10 http://pl.wikibooks.org/wiki/C%2FNapisy
11 http://pt.wikibooks.org/wiki/Programar%20em%20C%2FStrings
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28 Complex types

In the section C types' we looked at some basic types. However C complex types allow us greater
flexibility in managing data in our C program.

28.1 Data structures

A data structure ("struct") contains multiple pieces of data. Each piece of data (called a "member")
can be accessed by the name of the variable, followed by a'.', then the name of the member. (Another
way to access a member is using the member operator '->'). The member variables of a struct can be
of any data type and can even be an array or a pointer.

28.1.1 Pointers

Pointers are variables that don't hold the actual data. Instead they point to the memory location of
some other variable. For example,

int *xpointer = &variable;

defines a pointer to an int, and also makes it point to the particular integer contained in variable.

The '*' is what makes this an integer pointer. To make the pointer point to a different integer, use the
form

pointer = &sandwiches;

Where & is the address of operator. Often programmers set the value of the pointer to NULL (a
standard macro defined as O or (void*)0 ) like this:

pointer = NULL;

This tells us that the pointer isn't currently pointing to any real location.

Additionally, to dereference (access the thing being pointed at) the pointer, use the form:

1 http://en.wikibooks.org/wiki/C%20Programming%2FTypes
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value = xpointer;

28.1.2 Structs

A data structure contains multiple pieces of data. One defines a data structure using the st ruct
keyword. For example,

struct mystruct
{
int int_member;
double double_member;
char string_member[25];
} variable;

variable is an instance of mystruct. You can omit it from the end of the st ruct declaration
and declare it later using:

struct mystruct variable;

It is often common practice to make a type synonym so we don't have to type "struct mystruct" all the
time. C allows us the possibility to do so using a typedef statement, which aliases a type:

typedef struct
{

} Mystruct;

The struct itself has no name (by the absence of a name on the first line), but it is aliased as
Mystruct. Then you can use

Mystruct structure;

Note that it is commonplace, and good style to capitalize the first letter of a type synonym. However
in the actual definition we need to give the struct a fag so we can refer to it: we may have a recursive
data structure of some kind. For trees or chained lists, we need a pointer to the same data type in the
struct. During compilation, the type synonym is not known to the compiler and there will be an error.
To avoid this, it is necessary to let the compiler know the name right from the start (Note that the
struct keyword is used only inside the structure! After the declaration, the compiler knows that the
type synonym refers to a struct):

typedef struct Mystruct
{

struct Mystruct * pMystruct
} Mystruct;
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28.1.3 Unions

The definition of a union is similar to that of a struct. The difference between the two is that in a
struct, the members occupy different areas of memory, but in a union, the members occupy the same
area of memory. Thus, in the following type, for example:

union {
int i;
double d;
}ou;

The programmer can access either u. i or u.d, but not both at the same time. Since u.1i and u.d
occupy the same area of memory, modifying one modifies the value of the other, sometimes in
unpredictable ways.

The size of a union is the size of its largest member.

28.2 Type modifiers

non non

For "register", "volatile", "auto" and "extern", see ../Variables#Other_Modifiers?.

de:C-Programmierung: Komplexe Datentypen® pl:C/Typy ztozone*

2 Chapter 12.9 on page 52
3 http://de.wikibooks.org/wiki/C-Programmierung%$3A%20Komplexe%$20Datentypen
4  http://pl.wikibooks.org/wiki/C%2FTypy%20z%01%420%01%7Cone
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29 Networking in UNIX

Network programming under UNIX is relatively simple in C.

This guide assumes you already have a good general idea about C, UNIX and networks.

29.1 A simple client

To start with, we'll look at one of the simplest things you can do: initialize a stream connection and
receive a message from a remote server.

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
finclude <unistd.h>
#include <arpa/inet.h>
finclude <sys/types.h>
#include <netinet/in.h>
#include <sys/socket.h>

#define MAXRCVLEN 500
#define PORTNUM 2343

int main(int argc, char =*argv([])

{

char buffer [MAXRCVLEN + 1]; /* +1 so we can add null terminator =/
int len, mysocket;
struct sockaddr_in dest;

mysocket = socket (AF_INET, SOCK_STREAM, O0);

memset (&dest, 0, sizeof (dest)); /% zero the struct =/

dest.sin_family = AF_INET;

dest.sin_addr.s_addr = inet_addr("127.0.0.1"); /% set destination IP number x*/

dest.sin_port = htons (PORTNUM) ; /* set destination port number
*/

connect (mysocket, (struct sockaddr x)&dest, sizeof (struct sockaddr));

len = recv(mysocket, buffer, MAXRCVLEN, O0);

/+ We have to null terminate the received data ourselves */
buffer[len] = '\0';

printf ("Received %s (%d bytes) .\n", buffer, len);
close (mysocket) ;
return EXIT_SUCCESS;

}

This is the very bare bones of a client; in practice, we would check every function that we call for
failure, however, error checking has been left out for clarity.
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As you can see, the code mainly revolves around dest which is a struct of type sockaddr_in.
This struct stores information about the machine we want to connect to.
mysocket = socket (AF_INET, SOCK_STREAM, O0);

The socket () function tells our OS that we want a file descriptor for a socket which we can use
for a network stream connection; what the parameters mean is mostly irrelevant for now.

memset (&dest, 0, sizeof (dest)); /* zero the struct =/
dest.sin_family = AF_INET;

dest.sin_addr.s_addr = inet_addr("127.0.0.1"); /* set destination IP number =/
dest.sin_port = htons (PORTNUM) ; /* set destination port number #*/

Now we get on to the interesting part:
The first line uses memset () to zero the struct.

The second line sets the address family. This should be the same value that was passed as the first
parameter to socket () ; for most purposes AF_INET will serve.

The third line is where we set the IP of the machine we need to connect to. The variable dest .sin_-
addr.s_addr is just an integer stored in Big Endian format, but we don't have to know that as the
inet_addr () function will do the conversion from string into Big Endian integer for us.

The fourth line sets the destination port number. The htons () function converts the port number
into a Big Endian short integer. If your program is going to be run solely on machines which use Big
Endian numbers as default then dest .sin_port = 21 would work just as well. However, for
portability reasons htons () should always be used.

Now that all of the preliminary work is done, we can actually make the connection and use it:

connect (mysocket, (struct sockaddr ) &dest, sizeof (struct sockaddr));

This tells our OS to use the socket mysocket to create a connection to the machine specified in
dest.

len = recv(mysocket, buffer, MAXRCVLEN, O0);

Now this receives up to MAXRCVLEN bytes of data from the connection and stores them in the buffer
string. The number of characters received is returned by recv () . It is important to note that the
data received will not automatically be null terminated when stored in the buffer, so we need to do it
ourselves with buffer [inputlen] = "\0"'.

And that's about it!

The next step after learning how to receive data is learning how to send it. If you've understood
the previous section then this is quite easy. All you have to do is use the send () function, which
uses the same parameters as recv (). If in our previous example buf fer had the text we wanted
to send and its length was stored in 1en we would write send (mysocket, buffer, len,
0). send () returns the number of bytes that were sent. It is important to remember that send (),
for various reasons, may not be able to send all of the bytes, so it is important to check that its
return value is equal to the number of bytes you tried to send. In most cases this can be resolved by
resending the unsent data.
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29.2 A simple server

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <unistd.h>
#include <arpa/inet.h>
#include <sys/types.h>
#include <netinet/in.h>
#include <sys/socket.h>

#define PORTNUM 2343

int main(int argc, char *argv([])

{

char msg[] = "Hello World !\n";

struct sockaddr_in dest; /% socket info about the machine connecting to us */
struct sockaddr_in serv; /% socket info about our server =/

int mysocket; /+ socket used to listen for incoming connections #*/

int socksize = sizeof (struct sockaddr_in);

memset (&serv, 0, sizeof (serv)); /+* zero the struct before filling the
fields =/

serv.sin_family = AF_INET; /+* set the type of connection to TCP/IP */

serv.sin_addr.s_addr = INADDR_ANY; /# set our address to any interface x/

serv.sin_port = htons (PORTNUM) ; /* set the server port number */

mysocket = socket (AF_INET, SOCK_STREAM, O0);

/+ bind serv information to mysocket x/
bind (mysocket, (struct sockaddr x)&serv, sizeof (struct sockaddr));

/# start listening, allowing a queue of up to 1 pending connection #*/
listen (mysocket, 1);
int consocket = accept (mysocket, (struct sockaddr «)&dest, &socksize);

while (consocket)
{
printf ("Incoming connection from $s - sending welcome\n",
inet_ntoa(dest.sin_addr));
send (consocket, msg, strlen(msg), 0);
consocket = accept (mysocket, (struct sockaddr x)&dest, &socksize);

}

close (consocket) ;

close (mysocket) ;

return EXIT_SUCCESS;
}

Superficially, this is very similar to the client. The first important difference is that rather than
creating a sockaddr_in with information about the machine we're connecting to, we create it
with information about the server, and then we bind () it to the socket. This allows the machine
to know the data received on the port specified in the sockaddr_in should be handled by our
specified socket.

The 1isten () function then tells our program to start listening using the given socket. The second
parameter of 1isten () allows us to specify the maximum number of connections that can be
queued. Each time a connection is made to the server it is added to the queue. We take connections
from the queue using the accept () function. If there is no connection waiting on the queue the
program waits until a connection is received. The accept () function returns another socket. This
socket is essentially a "session" socket, and can be used solely for communicating with connection
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we took off the queue. The original socket (mysocket) continues to listen on the specified port for
further connections.

Once we have "session" socket we can handle it in the same way as with the client, using send ()
and recv () to handle data transfers.

Note that this server can only accept one connection at a time; if you want to simultaneously handle
multiple clients then you'll need to fork () off separate processes, or use threads, to handle the
connections.

29.3 Useful network functions

int gethostname (char xhostname, size_t size);

The parameters are a pointer to an array of chars and the size of that array. If possible, it finds the
hostname and stores it in the array. On failure it returns -1.

struct hostent *gethostbyname (const char xname);

This function obtains information about a domain name and stores it in a hostent struct. The
most useful part of a hostent structure is the (char+x) h_addr_1ist field, which is a null
terminated array of the IP addresses associated with that domain. The field h_addr is a pointer to
the first IP address in the h_addr_11st array. Returns NULL on failure.

29.4 File transfer

To transfer files with sockets, we need to read a local specified file and send datas it contains to
server, which will write datas it received in a file.

Client-side:

char buffer[1000]; /+ will contain bytes of file */
FILE+« £ = NULL;
f = fopen("local_file", "rb"); /% open 'local_file' in read/binary
mode */
if (f != NULL) /+ 1f we succeed to open file */
{

fread (buffer, sizeof (buffer),1, f); /+ read 1000 bytes of 'f'

(="received_file") and put them in 'buffer' x/
send (socket,buffer, sizeof (buffer),0); /+ send 'buffer' to server #*/
fclose (f); /% close 'f' %/
}
else
printf ("Unable to open file.");

Server-side:

char buffer[1000]; /+ will contain bytes of file #*/
int bytes_received = recv(socket,buffer,1,0); /x put received datas in 'buffer'

*/

buffer[bytes_received] = '\0';
FILEx f = NULL;
f = fopen("received_file", "wb"); /+ open 'received file' in
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write/binary mode */

if (f != NULL) /+ 1f we succeed to open file #*/
{
fwrite (buffer,bytes_received, 1, f); /+ put 'buffer' in 'f'
(="received_file) */
fclose (f); /+ close 'f' %/
}
else

printf ("Unable to open file.");

But the problem is for large files. If the local 'local_file' file contains for example 1500 bytes, only
1000 first bytes will be sent. For large files, we have to split datas in blocks, which will be restitued
by the server.

To explain that, I will take a block size of 1 byte. The client opens a local file, read first byte and
send it, then reads next byte and send it, etc... Every 1 byte, we send datas to server and read next
byte of the local file. To do that, we must get size of local file to stop when we have read all bytes.

Client-side:

char buffer[1000];
int Sent = 0; /+ will contain number of bytes we send each time #*/
int SizeCheck = 0; /% will contain total number of sent bytes */

FILE« f = NULL;
f = fopen("local_file", "rb");
if (f != NULL)
{
struct stat FileStat;
stat ("local_file", &FileStat);

while (SizeCheck != FileStat.st_size) // while 'all sent bytes' # 'total bytes
of file (size)' , which
{ // means: 'while we haven't read all

bytes of file'
fread (buffer,1,1, f);
Sent = send(socket,buffer,1,0);
SizeCheck += Sent; /+ 'all sent bytes' = 'all sent bytes' +
'bytes we have just read' =*/
}
fclose(f);
}
else
printf ("Unable to open file.");

Server-side (this is a very ugly code):

char buffer[1000];

int Received; /+ will contain number of bytes we receive
each time =/

FILE+x f = NULL;

f = fopen("received_file","wb"); /+* open 'received file' in write/binary mode
*/
if (f != NULL)
{
while (1)

{
Received = recv(socket,buffer,1,0);
buffer [Received] = '\0';
fwrite (buffer,Received,1,f); /+ write byte we received in 'received file'
*/
}
fclose (f);
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else
printf ("Unable to open file.");

Will be continued soon...

29.5 FAQs

29.5.1 What about stateless connections?

If you don't want to exploit the properties of TCP in your program and would rather just use a UDP
conection, then you can just replace SOCK__STREAM with SOCK_DGRAM in your call to socket ()
and use the result in the same way. It is important to remember that UDP does not guarantee delivery
of packets and order of delivery, so checking is important.

If you want to exploit the properties of UDP, then you can use sendto () and recvfrom(),
which operate like send () and recv () except you need to provide extra parameters specifying
who you are communicating with.

29.5.2 How do I check for errors?

The functions socket (), recv () and connect () all return -1 on failure and use errno for
further details.
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30 Common practices

With its extensive use, a number of common practices and conventions have evolved to help avoid
errors in C programs. These are simultaneously a demonstration of the application of good software
engineering principles to a language and an indication of the limitations of C. Although few are used
universally, and some are controversial, each of these enjoys wide use.

30.1 Dynamic multidimensional arrays

Although one-dimensional arrays are easy to create dynamically using malloc, and fixed-size multi-
dimensional arrays are easy to create using the built-in language feature, dynamic multidimensional
arrays are trickier. There are a number of different ways to create them, each with different tradeoffs.
The two most popular ways to create them are:

* They can be allocated as a single block of memory, just like static multidimensional arrays. This
requires that the array be rectangular (i.e. subarrays of lower dimensions are static and have the
same size). The disadvantage is that the syntax of declaration the pointer is a little tricky for
programmers at first. For example, if one wanted to create an array of ints of 3 columns and rows
rows, one would do

int (*multi_array) [3] = malloc(rows * sizeof (int([3]));

(Note that here multi_array is a pointer to an array of 3 ints.)

Because of array-pointer interchangeability, you can index this just like static multidimensional
arrays, i.e. multi_array[5] [2] is the element at the 6th row and 3rd column.

» They can be allocated by first allocating an array of pointers, and then allocating subarrays and
storing their addresses in the array of pointers (this approach is also known as an Iliffe vector').
The syntax for accessing elements is the same as for multidimensional arrays described above
(even though they are stored very differently). This approach has the advantage of the ability to
make ragged arrays (i.e. with subarrays of different sizes). However, it also uses more space and
requires more levels of indirection to index into, and can have worse cache performance. It also
requires many dynamic allocations, each of which can be expensive.

For more information, see the comp.lang.c FAQ, question 6.16.

In some cases, the use of multi-dimensional arrays can best be addressed as an array of structures.
Before user-defined data structures were available, a common technique was to define a multi-
dimensional array, where each column contained different information about the row. This approach

1 http://en.wikipedia.org/wiki/Iliffe%$20vector
2 http://www.eskimo.com/~scs/C-faq/g6.16.html
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is also frequently used by beginner programmers. For example, columns of a two-dimensional
character array might contain last name, first name, address, etc.

In cases like this, it is better to define a structure that contains the information that was stored in
the columns, and then create an array of pointers to that structure. This is especially true when the
number of data points for a given record might vary, such as the tracks on an album. In these cases, it
is better to create a structure for the album that contains information about the album, along with a
dynamic array for the list of songs on the album. Then an array of pointers to the album structure can
be used to store the collection.

* Another useful way to create a dynamic multi-dimensional array is to flatten the array and index
manually. For example, a 2-dimensional array with sizes x and y has x*y elements, therefore can
be created by

int dynamic_multi_array[xx*y];

The index is slightly trickier than before, but can still be obtained by y*i+j. You then access the array
with

static_multi_array[i] [J];
dynamic_multi_array[y*i+3];

Some more examples with higher dimensions:

int diml[w];

int dim2[wxx];
int dim3[wexxy];
int dim4 [wxx*y*xz];

diml [
dim2 [wxj+1i];

dim3 [w* (x*i+7)+k] // index is k + w*j + Wrx#1I

diméd [wx (x* (y*i+J)+k)+1] // index 1is wHx+y*i + wxx*j + wxk + 1

i]

Note that w*(x*(y*i+j)+k)+l is equal to w*x*y*i + w*x*j + w*k + 1, but uses fewer operations
(see Horner's Method?). It uses the same number of operations as accessing a static array by
dim4[i][j]1[k][1], so should not be any slower to use.

The advantage to using this method is that the array can be passed freely between functions without
knowing the size of the array at compile time (since C sees it as a 1-dimensional array, although
some way of passing the dimensions is still necessary), and the entire array is contiguous in memory,
so accessing consecutive elements should be fast. The disadvantage is that it can be difficult at first
to get used to how to index the elements.

30.2 Constructors and destructors

In most object-oriented languages, objects cannot be created directly by a client that wishes to use
them. Instead, the client must ask the class to build an instance of the object using a special routine
called a constructor. Constructors are important because they allow an object to enforce invariants
about its internal state throughout its lifetime. Destructors, called at the end of an object's lifetime,

3 http://en.wikipedia.org/wiki/Horner%27s_method
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are important in systems where an object holds exclusive access to some resource, and it is desirable
to ensure that it releases these resources for use by other objects.

Since C is not an object-oriented language, it has no built-in support for constructors or de-
structors. It is not uncommon for clients to explicitly allocate and initialize records and other
objects. However, this leads to a potential for errors, since operations on the object may fail or
behave unpredictably if the object is not properly initialized. A better approach is to have a func-
tion that creates an instance of the object, possibly taking initialization parameters, as in this example:

struct string {
size_t size;
char =xdataj;
bi

struct string xcreate_string(const char xinitial) {
assert (initial != NULL);
struct string xnew_string = malloc(sizeof (xnew_string));
if (new_string != NULL) {
new_string->size = strlen(initial);
new_string->data = strdup(initial);
}

return new_string;

Similarly, if it is left to the client to destroy objects correctly, they may fail to do so, causing resource
leaks. It is better to have an explicit destructor which is always used, such as this one:

void free_string(struct string =xs) {

assert (s != NULL);
free (s—->data); /* free memory held by the structure #*/
free(s); /* free the structure itself */

It is often useful to combine destructors with #Nulling freed pointers®.

Sometimes it is useful to hide the definition of the object to ensure that the client does not allocate it
manually. To do this, the structure is defined in the source file (or a private header file not available
to users) instead of the header file, and a forward declaration is put in the header file:

struct string;
struct string xcreate_string(const char xinitial);
void free_string(struct string =xs);

30.3 Nulling freed pointers

As discussed earlier, after free () has been called on a pointer, it becomes a dangling pointer. Worse
still, most modern platforms cannot detect when such a pointer is used before being reassigned.

4 Chapter 30.3 on page 215
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One simple solution to this is to ensure that any pointer is set to a null pointer immediately after
being freed: >

free(p);
p = NULL;

Unlike dangling pointers, a hardware exception will arise on many modern architectures when a null
pointer is dereferenced. Also, programs can include error checks for the null value, but not for a
dangling pointer value. To ensure it is done at all locations, a macro can be used:

#define FREE (p) do { free(p); (p) = NULL; } while(0)

(To see why the macro is written this way, see #Macro conventions’.) Also, when this technique is
used, destructors should zero out the pointer that they are passed, and their argument must be passed
by reference to allow this. For example, here's the destructor from #Constructors and destructors’
updated:

void free_string(struct string xxs) {

assert (s != NULL && +*s != NULL);

FREE ( (xs) ->data); /* free memory held by the structure */
FREE (*s) ; /% free the structure itself */
*s=NULL; /* zero the argument */

Unfortunately, this idiom will not do anything to any other pointers that may be pointing to the freed
memory. For this reason, some C experts regard this idiom as dangerous due to creating a false sense
of security.

30.4 Macro conventions

Because preprocessor macros in C work using simple token replacement, they are prone to a number
of confusing errors, some of which can be avoided by following a simple set of conventions:

1. Placing parentheses around macro arguments wherever possible. This ensures that, if they
are expressions, the order of operations does not affect the behavior of the expression. For
example:

* Wrong: #define square (x) x*X
e Better: #define square(x) (x)*(x)

2. Placing parentheses around the entire expression if it is a single expression. Again, this avoids
changes in meaning due to the order of operations.
* Wrong: #define square (x) (x)*(x)

5 comp.lang.c FAQ list: "Why isn't a pointer null after calling free?" "{http://c-faqg.com/malloc/
ptrafterfree.html} mentions that "it is often useful to set [pointer variables] to NULL immediately af-
ter freeing them".

6  Chapter 30.4 on page 216

7  Chapter 30.2 on page 214
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3

4.

5

* Better: #define square (x) ((x)*(x))
* Dangerous, remember it replaces the text in verbatim. Suppose your code is square
(x++), after the macro invocation will x be incremented by 2

. If a macro produces multiple statements, or declares variables, it can be wrappedinado { ... }

while(0) loop, with no terminating semicolon. This allows the macro to be used like a single
statement in any location, such as the body of an if statement, while still allowing a semicolon
to be placed after the macro invocation without creating a null statement. Care must be taken
that any new variables do not potentially mask portions of the macro's arguments.

* Wrong: #define FREE (p) free(p); p = NULL;

e Better: #define FREE (p) do { free(p); p = NULL; } while (0)
Avoiding using a macro argument twice or more inside a macro, if possible; this causes
problems with macro arguments that contain side effects, such as assignments.

. If a macro may be replaced by a function in the future, considering naming it like a function.

30.5 Further reading

There are a huge number of C style guidelines.

* "C and C++ Style Guides"® by Chris Lott lists many popular C style guides.

* The Motor Industry Software Reliability Association (MISRA) publishes "MISRA-C: Guidelines
for the use of the C language in critical systems". (Wikipedia: MISRA C°; http://www.misra-
c.com/!9).

pl:C/Powszechne praktyki'!

10
11

http://www.chris-lott.org/resources/cstyle/
http://en.wikipedia.org/wiki/%$20MISRA%20C
http://www.misra—-c.com/
http://pl.wikibooks.org/wiki/C%2FPowszechne%20praktyki
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31 C and beyond
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32 Language extensions

Most C compilers have one or more "extensions" to the standard C language, to do things that are
inconvenient to do in standard, portable C.

Some examples of language extensions:

L]

in-line assembly language
interrupt service routines
variable-length data structure (a structure whose last item is a "zero-length array").!

re-sizeable multidimensional arrays

various "#pragma" settings to compile quickly, to generate fast code, or to generate compact code.
bit manipulation, especially bit-rotations and things involving the "carry" bit

storage alignment

Arrays whose length is computed at run time.

32.1 External links

GNU C: Extensions to the C Language?
C/C++ interpreter Ch extensions to the C language for scripting*
SDCC: Storage Class Language Extensions’

[\

I

comp.lang.c FAQ list: Question 2.6 "{http://c-faq.com/struct/structhack.html} : "C99 intro-
duces the concept of a flexible array member, which allows the size of an array to be omitted if it is the last member
in a structure, thus providing a well-defined solution."
http://gcc.gnu.org/onlinedocs/gcc-4.0.2/gcc/C-Extensions.html#C-Extensions
http://www.softintegration.com/support/faqg/general. .html#4
http://sdcc.sourceforge.net/doc/sdccman.html/node56.html
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33 Mixing languages

33.1 Assembler

See Embedded Systems/Mixed C and Assembly Programming'

33.2 Cg

Make the main program ( for CPU) in C, which loads and run the Cg? program ( for GPU ).3*#3

33.2.1 Header Files

Add to C program :%

#include <Cg/cg.h> /# To include the core Cg runtime API into your program #*/
#include <Cg/cgGL.h> /x to include the OpenGL-specific Cg runtime API »*/

33.3 Java

Using the Java native interface (JNI), Java applications can call C libraries.

See also

» Java_Programming/Keywords/native’

http://en.wikibooks.org/wiki/Embedded%20Systems%$2FMixed%20C%20and%
20Assembly%20Programming

2 http://en.wikibooks.org/wiki/Cg_%28programming_language%29

3 Lesson: 47 from NeHe Productions "{http://nehe.gamedev.net/data/lessons/lesson.asp?
lesson=47}

4 Cg Bumpmapping by Razvan Surdulescu at GameDev “{http://www.gamedev.net/reference/
articles/articlel903.asp}

5 [http://www.fusionindustries.com/default.asp?page=cg-hlsl-faqg|Cg & HLSL Shading
Language FAQ

by Fusion Industries]

6 http://http.developer.nvidia.com/CgTutorial/cg_tutorial_appendix_b.html NVidia
Cg tutorial. Appendix B. The Cg Runtime

7 http://en.wikibooks.org/wiki/Java_Programming%2FKeywords%2Fnative
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33.4 Perl

To mix Perl and C, we can use XS. XS is an interface description file format used to create an
extension interface between Perl and C code (or a C library) which one wishes to use with Perl.

The basic procedure is very simple. We can create the necessary subdirectory structure by running
"h2xs" application (e.g. "h2xs -A -n Modulename"). This will create - among others - a Makefile.PL,
a .pm Perl module and a .xs XSUB file in the subdirectory tree. We can edit the .xs file by adding our
code to that, let's say:

void
hello ()
CODE:
printf ("Hello, world!\n");

and we can successfully use our new command at Perl side, after running a "perl Makefile.PL" and
"make".

Further details can be found on the perlxstut® perldoc’ page.

33.5 Python
33.6 For further reading

« Embedded Systems/Mixed C and Assembly Programming!®

33.7 References

pl:C/Laczenie z innymi jezykami'!

8 http://perldoc.perl.org/perlxstut.html
http://perldoc.perl.org

10 http://en.wikibooks.org/wiki/Embedded%$20Systems$2FMixed%20C%20and%
20Assembly%$20Programming

11 http://pl.wikibooks.org/wiki/C%2F%01%41%01%05czenie%$202%20innymi%203%01%
19zykami
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34 Code library

The following is an implementation of the Standard C99 version of <assert .h>:

/% assert.h header */

#undef assert

#ifdef NDEBUG

#define assert (_Ignore) ((void)O0)

#else

void _Assertfail (char x, char %, int, char =*);

#define assert (_Test)

((_Test)?((void)0) :_Assertfail (#_Test,__ FILE_ , LINE_ ,
fendif

/% END OF FILE x/

func__))

/* xassertfail.c ——- _Assertfail function */

#include <stdlib.h>

#include <stdio.h>

#include <assert.h>

void

_Assertfail (char *test, char xfilename, int line_number, char xfunction_name)

{

fprintf (stderr, "Assertion failed: %s, function %s, file %s, line %d.",
test, function_name, filename, line_number);
abort () ;
}
/% END OF FILE x/
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35 Computer Programming

The following articles are C adaptations from articles of the Computer programming' book.

1 http://en.wikibooks.org/wiki/Computer%$20programming
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36 Statements

A statement is a command given to the computer that instructs the computer to take a specific
action, such as display to the screen, or collect input. A computer program is made up of a series of
statements.

puts ("Hi there!");

puts ("Hi there!");
puts ("Strange things are afoot...");

Category:C Programming'

1 http://en.wikibooks.org/wiki/Category%$3AC%20Programming
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37 C Reference Tables

This section has some tables and lists of C entities.
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38 Reference Tables

38.1 List of Keywords

ANSI C (C89)/ISO C (C90) keywords:

* auto * double e int

* break * else * long

* case * enum * register
¢ char * extern * return

* const * float * short

* continue e for * signed

* default * goto * sizeof

* do e if * static

Keywords added to ISO C (C99) (Supported only in new compilers):

e Bool e -

¢ Complex Imaginary
* inline

struct
switch
typedef
union
unsigned
void
volatile
while

e restrict!

Specific compilers may (in a non-standard-compliant mode) also treat some other words as keywords,
including asm, cdecl, far, fortran, huge, interrupt, near, pascal, typeof.

Very old compilers may not recognize some or all of the C89 keywords const, enum, signed,

void, volatile as well as the C99 keywords.

See also the list of reserved identifiers?.

38.2 List of Standard Headers

ANSI C (C89)/ISO C (C90) headers:

1 http://en.wikipedia.org/wiki/Restrict

2 http://publib.boulder.ibm.com/infocenter/comphelp/v7v9l/topic/com.ibm.

vacpp7a.doc/language/ref/clrcO02reserved_identifiers.htm
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Reference Tables

<assert.h>3
e <ctype.h>?
e <errno.h>>
e <float.h>% e

<limits.h>’

<locale.h>®
<math.h>?

<signal.h

<stdarg.h

<stddef.h

<setjmp.h>10e

<stdio.h>

>11

s12

513

14

<string.h
e <time.h>!’

<stdlib.h>13

>16

Very old compilers may not include some or all of the following headers:

Headers added to ISO C (C94/C95) in Amendment 1 (AMD1):

* <is0646.h>18

Headers added to ISO C (C99) (Supported only in new compilers):

» <complex.h>?!
e <fenv.h>??

e <wchar.h>"'?

» <inttypes.h>?3

e <stdbool.h>?*

3 http://en.wikipedia.
4 http://en.wikipedia.
5 http://en.wikipedia.
6 http://en.wikipedia.
7 http://en.wikipedia.
8 http://en.wikipedia.
9 http://en.wikipedia.
10 http://en.wikipedia.
11 http://en.wikipedia.
12 http://en.wikipedia.
13 http://en.wikipedia.
14 http://en.wikipedia.
15 http://en.wikipedia.
16 http://en.wikipedia
17 http://en.wikipedia.
18 http://en.wikipedia.
19 http://en.wikipedia.
20 http://en.wikipedia.
21 http://en.wikipedia.
22 http://en.wikipedia.
23 http://en.wikipedia.
24 http://en.wikipedia.
25 http://en.wikipedia.
26 http://en.wikipedia.
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org/wiki/Signal.
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org/wiki/Stddef.
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org/wiki/Stdlib.h
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.org/wiki/String.h

org/wiki/Time.h
org/wiki/Iso646.h
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org/wiki/Complex.h
org/wiki/Fenv.h

org/wiki/Inttypes.h

org/wiki/Stdbool.h
org/wiki/Stdint.h
org/wiki/Tgmath.h

s <wctype.h>??

e <stdint.h>?°
e <tgmath.h>?°


http://en.wikipedia.org/wiki/Assert.h
http://en.wikipedia.org/wiki/Ctype.h
http://en.wikipedia.org/wiki/Errno.h
http://en.wikipedia.org/wiki/Float.h
http://en.wikipedia.org/wiki/Limits.h
http://en.wikipedia.org/wiki/Locale.h
http://en.wikipedia.org/wiki/Math.h
http://en.wikipedia.org/wiki/Setjmp.h
http://en.wikipedia.org/wiki/Signal.h
http://en.wikipedia.org/wiki/Stdarg.h
http://en.wikipedia.org/wiki/Stddef.h
http://en.wikipedia.org/wiki/Stdio.h
http://en.wikipedia.org/wiki/Stdlib.h
http://en.wikipedia.org/wiki/String.h
http://en.wikipedia.org/wiki/Time.h
http://en.wikipedia.org/wiki/Iso646.h
http://en.wikipedia.org/wiki/Wchar.h
http://en.wikipedia.org/wiki/Wctype.h
http://en.wikipedia.org/wiki/Complex.h
http://en.wikipedia.org/wiki/Fenv.h
http://en.wikipedia.org/wiki/Inttypes.h
http://en.wikipedia.org/wiki/Stdbool.h
http://en.wikipedia.org/wiki/Stdint.h
http://en.wikipedia.org/wiki/Tgmath.h

Table of Operators

38.3 Table of Operators

Operators in the same row of this table have the same precedence and the order of evaluation is
decided by the associativity (left-to-right or right-to-left). Operators closer to the top of this table
have higher precedence than those in a subsequent group.

Operators
Postfix operators
()

[]

Unary Operators
|

L 0P

++ ——

++ ——

*

sizeof

sizeof ()

(type)

Description

function call operator
array index operator
member access opera-
tor

for an object of struc-
t/union type

or a reference to it
member access opera-
tor

for a pointer to an
object of

struct/union type

logical not operator
bitwise not operator
unary plus/minus
operators

post-
increment/decrement
operators

pre-
increment/decrement
operators

address-of operator
indirection operator
sizeof operator for
expressions

sizeof operator for
types

cast operator

Multiplicative Operators

* /%

multiplication, divi-
sion and
modulus operators

27  Chapter 38.3.1 on page 237

Example Usage
swap (x, V)

arr [1]
obj.member

ptr—->member

leof_reached
"mask

—num

num++

++num

&data
*ptr
sizeof 123

sizeof (int)

(float) i

celsius_diff
9.0 / 5.0

Associativity

Left to right

Right to left

Left to right
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Additive Operators
+ - addition and subtrac-

tion operators

Bitwise Shift Operators
<< left shift operator

>> right shift operator

Relational Inequality Operators

< > <= >= less-than, greater-
than, less-than or
equal-to, greater-than
or equal-to
operators

Relational Equality Operators
equal-to, not-equal-to

== 1=

Bitwise And Operator
&

Bitwise Xor Operator

Bitwise Or Operator
I

Logical And Operator

&&

Logical Or Operator

236

Left to right
end - start + &
1
bits << shift_- Lefttoright
len
bits >> shift_ -
len
. Left to right
i < num_-
elements

Left to right
choice != 'n' &

: Left to right
bits & &
clear_mask_-
complement

Left to right
bits invert - &
mask

. Left to right
bits | set_mask &

Left to right
arr != 0 && &
arr->len != 0

Left to right
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| see Logical Expres- arr ==

sions?® arr—>len
Conditional Operator
?: size != 0
size 0
Assignment Operators
= assignment operator i=20
t= —= x= /= shorthand assignment num /= 10
&= &= |= "= operators
<<= >>= (foo op=
barrepresents
foo = foo op
bar)
Comma Operator
’ i=20, 7
1, k=0

38.3.1 Table of Operators Footnotes

[(I'Very old compilers may not recognize the unary + operator.

et:Programmeerimiskeel C/Operaatorid®

38.4 Table of Data Types

28 Chapter 16.1.2 on page 81

?

Right to left

Right to left

Left to right

29 http://et.wikibooks.org/wiki/Programmeerimiskeel%20C%2FOperaatorid
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Reference Tables

Type Size in Bits Comments Alternative Names
Primitive Types in ANSI C (C89)/ISO C (C90)
char >8 —

¢ sizeof gives the size in
units of chars. These "C
bytes" need not be 8-bit
bytes (though commonly
they are); the number
of bits is given by the
CHAR_BIT macro in the
limits.h header.

* Signedness is
implementation-defined.

* Any encoding of 8 bits or
less (e.g. ASCII) can be
used to store characters.

* Integer operations can be
performed portably only
for the range 0 ™ 127.

« All bits contribute to the
value of the char, i.e.
there are no "holes" or
"padding" bits.

signed char same as char —
¢ Characters stored like for
type char.
» Can store integers in
the range -127 ~ 127
portably!! .

unsigned char same as char —
» Characters stored like for
type char.
» Can store integers in the
range 0 ~ 255 portably.

short > 16, > size of char short int, signed

« Can store integers in the short, signed short
range -32767 ~ 32767 int
portably[2]3] .

¢ Used to reduce memory us-
age (although the resulting
executable may be larger
and probably slower as
compared to using int.

unsigned short same as short unsigned short int
¢ Can store integers in the
range 0 ~ 65535 portably.
¢ Used to reduce memory us-
age (although the resulting
executable may be larger
and probably slower as
compared to using int.

30 Chapter 38.4.1 on page 241
31 Chapter 38.4.1 on page 241
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Type Size in Bits
Primitive Types in ANSI C (C89)/ISO C (C90)
int > 16, > size of short

unsigned int same as int

long > 32, > size of int

unsigned long same as long

float > size of char
double > size of £loat
long double > size of double

Primitive Types added to ISO C (C99)

32 Chapter 38.4.1 on page 241
33  Chapter 38.4.1 on page 241

Comments Alternative Names
signed, signed int
¢ Represents the "normal"

size of data the processor

deals with (the word-size);

this is the integral data-

type used normally.
* Can store integers in the

range -32767 ~ 32767

portably[z]32

unsigned
» Can store integers in the
range 0 ~ 65535 portably.

long int, signed
* Can store integers in the long, signed long
range -2147483647 ~ int

2147483647 portably3”

unsigned long int
» Can store integers in the
range 0 ~ 4294967295
portably.

* Used to reduce memory
usage when the values
used do not vary widely.

¢ The floating-point format
used is implementation
defined and need not be
the IEEE single-precision
format.

* unsigned cannot be
specified.

* Represents the "normal"
size of data the processor
deals with; this is the
floating-point data-type
used normally.

¢ The floating-point format
used is implementation
defined and need not be
the IEEE double-precision
format.

* unsigned cannot be
specified.

* unsigned cannot be
specified.
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Type Size in Bits Comments Alternative Names
Primitive Types in ANSI C (C89)/ISO C (C90)
long long > 64, > size of long long long int, signed
¢ Can store inte- long long, signed
gers in the range - long long int
9223372036854775807
~9223372036854775807

portably[“]34 .

unsigned long long same as long long unsigned long long
* Can store integers int
in the range 0 ~
18446744073709551615
portably.
intmax_t (Write details here.) —

¢ (Write details here.) Used
by the "j" length modifier
in the C Programming/File
IO#Formatted output
functions: the printf family

of functions’>.

User Defined Types
struct > sum of size of each mem- —
ber * Said to be an aggregate
ype.
union > size of the largest member —
» Said to be an aggregate
type.
enum > size of char —
* Enumerations are a sep-
arate type from ints,
though they are mutually
convertible.
typedef same as the type being given —
a name ¢ typedef has syntax
similar to a storage class
like static, register
or extern.
Derived ’I‘ypes[s]36

34 Chapter 38.4.1 on page 241
35 Chapter 21.4 on page 130
36  Chapter 38.4.1 on page 241
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Type

Size in Bits

Primitive Types in ANSI C (C89)/ISO C (C90)

typex
(pointer)

type [integer!®l’ ]
(array)

type
(comma-delimited
list of
types/declarations)
(function)

> size of char

> integer X size of type

38.4.1 Table of Data Types Footnotes

37 Chapter 38.4.1 on page 241

Comments

0 always represents the
null pointer (an address
where no data can be
placed), irrespective of
what bit sequence repre-
sents the value of a null
pointer.

Pointers to different types
may have different repre-
sentations, which means
they could also be of differ-
ent sizes. So they are not
convertible to one another.
Even in an implementation
which guarantess all data
pointers to be of the same
size, function pointers and
data pointers are in general
incompatible with each
other.

For functions taking vari-
able number of arguments,
the arguments passed must
be of appropriate type, so
even 0 must be cast to the
appropriate type in such
function-calls.

The brackets ([ 1) follow
the identifier name in a
declaration.

In a declaration which
also initializes the array
(including a function
parameter declaration),
the size of the array (the
integer) can be omitted.
type [] is not the same
as typex. Only under
some circumstances one
can be converted to the
other.

Functions declared without
any storage class are
extern.

The parentheses ( () )
follow the identifier name
in a declaration, e.g. a
2-arg function pointer:
int (% fptr) (int
argl, int arg2).

Table of Data Types

Alternative Names
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(11 _128 can be stored in two's-complement machines (i.e. most machines in existence). Very
old compilers may not recognize the signed keyword.

(2] -32768 can be stored in two's-complement machines (i.e. most machines in existence). Very
old compilers may not recognize the signed keyword.

131 2147483648 can be stored in two's-complement machines (i.e. most machines in existence).
Very old compilers may not recognize the signed keyword.

(41 .9223372036854775808 can be stored in two's-complement machines (i.e. most machines in

existence).
[5] The precedences in a dec-
laration are:

[1, () (eft associative) —
Highest

x (right associative) — Low-
est

(6] The standards do NOT
place any restriction on the
size/type of the integer, it's
implementation dependent.
The only mention in the stan-
dards is a reference that an
implementation may have
limits to the maximum size
of memory block which can
be allocated, and as such the
limit on integer will be size_-
of_max_block/sizeof(type).

pl:C/Sktadnia’®

38 http://pl.wikibooks.org/wiki/C%2FSk%01%42adnia
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39 Compilers

39.1 Free (or with a free version)

Ch_interpreter' (http://www.softintegration.com)? - The software works in Windows, Linux, Mac

OS X, Freebsd, Solaris, AIX and HP-UX. The Ch Standard Edition is free for noncommercial use.

lcc-win323 (http://www.cs.virginia.edu/ lcc-win32)* - Software copyrighted by Jacob Navia. It is

free for non-commercial use. Windows (98/ME/XP/2000/NT).

GNU Compiler Collection® (http://gcc.gnu.org)® - GNU Compiler Collection. GNU General

Public License / GNU Lesser General Public License.

» MinGW? (http://www.mingw.org/)? provides GCC for Windows

Open Watcom” (http://www.openwatcom.org)'? Open Source development community to maintain

and enhance the Watcom C/C++ and Fortran cross compilers and tools. Version 1.4 released in

December 2005.

* Host Platforms: Win32 systems (IDE and command line), 32-bit OS/2 (IDE and command
line), DOS (command line), and Windows 3.x (IDE)

* Target Platforms: DOS (16-bit), Windows 3.x (16-bit), OS/2 1.x (16-bit), Extended DOS,
Win32s, Windows 95/98/Me, Windows NT/2000/XP, 32-bit OS/2, and Novell NLMs

* Experimental / Development: Linux, BSD, *nix, PowerPC, Alpha AXP, MIPS, and Sparc v8

Tiny C Compiler!!

Portable C Compiler'? (http://pcc.ludd.ltu.se)!? - Portable C Compiler. BSD Style License(s).

Small Device C Compiler14 (SDCC)

* target platforms: Intel 8051-compatibles; Freescale (Motorola) HCO8; Microchip PIC16 and
PIC18.

FpgaC!>. Target platform: FPGA hardware via XNF or VHDL files.

Interactive C'® (http://www.botball.org/educational-resources/ic.php).

* target platform: Handy Board (Freescale 68HC11); Lego RCX

0NN R W=

— e e = O
AN AW = O

http://en.wikipedia.org/wiki/Ch_interpreter
http://www.softintegration.com)
http://en.wikipedia.org/wiki/lcc-win32
http://www.cs.virginia.edu/~lcc-win32)
http://en.wikipedia.org/wiki/GNU%20Compiler%20Collection
http://gcc.gnu.orqg)

http://en.wikipedia.org/wiki/MinGW
http://www.mingw.org/)
http://en.wikipedia.org/wiki/Open%20Watcom
http://www.openwatcom.org)
http://en.wikipedia.org/wiki/Tiny%$20C%20Compiler
http://en.wikipedia.org/wiki/Portable%20C%20Compiler
http://pcc.ludd.ltu.se)
http://en.wikipedia.org/wiki/Small%20Device%$20C%20Compiler
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http://en.wikipedia.org/wiki/Interactive%20C
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Compilers

* C compilers for many digital signal processors (DSPs), many of them free, are listed in the
comp.dsp FAQ!”.

39.2 Commercial

« Intel C Compiler!® (http://software.intel.com/en-us/intel-compilers)!® - Windows, Linux, Mac,
QNX, and embedded C/C++ compilers. Optimized for Intel 32-bit and 64-bit CPUs.

* Microsoft Visual C++% (http://msdn.microsoft.com/visualc)21 - Free (partially limited) version
available (Express edition)

» Impulse C?? - Target platform: FPGA hardware via Hardware Description Language (HDL) files.

17 http://www.bdti.com/faqg/3.htm

18 http://en.wikipedia.org/wiki/Intel%20C%20Compiler

19 http://software.intel.com/en-us/intel-compilers)

20 http://en.wikipedia.org/wiki/Microsoft%$20Visual%20C%2B%2B
21 http://msdn.microsoft.com/visualc)

22 http://en.wikipedia.org/wiki/Impulse%20C
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41 Licenses

41.1 GNU GENERAL PUBLIC LICENSE

Version 3, 29 June 2007

Copyright © 2007 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license
document, but changing it is not allowed. Preamble

The GNU General Public License is a free, copyleft license for software and
other kinds of works.

The licenses for most software and other practical works are designed to take
away your freedom to share and change the works. By contrast, the GNU
General Public License is intended to guarantee your freedom to share and
change all versions of a program-to make sure it remains free software for
all its users. We, the Free Software Foundation, use the GNU General Public
License for most of our software; it applies also to any other work released
this way by its authors. You can apply it to your programs, too.

When we speak of free software, we are referring to freedom, not price. Our
General Public Licenses are designed to make sure that you have the free-
dom to distribute copies of free software (and charge for them if you wish),
that you receive source code or can get it if you want it, that you can change
the software or use pieces of it in new free programs, and that you know you
can do these things.

To protect your rights, we need to prevent others from denying you these
rights or asking you to surrender the rights. Therefore, you have certain re-
sponsibilities if you distribute copies of the software, or if you modify it:
responsibilities to respect the freedom of others.

For example, if you distribute copies of such a program, whether gratis or for
afee, you must pass on to the recipients the same freedoms that you received.
“You must make sure that they, too, receive or can get the source code. And
you must show them these terms so they know their rights.

Developers that use the GNU GPL protect your rights with two steps: (1)
assert copyright on the software, and (2) offer you this License giving you
legal permission to copy, distribute and/or modify it.

For the developers’ and authors’ protection, the GPL clearly explains that
there is no warranty for this free software. For both users’ and authors’ sake,
the GPL requires that modified versions be marked as changed, so that their
problems will not be attributed erroneously to authors of previous versions.

Some devices are designed to deny users access to install or run modified
versions of the software inside them, although the manufacturer can do so.
This is fundamentally incompatible with the aim of protecting users’ free-
dom to change the software. The systematic pattern of such abuse occurs
in the area of products for individuals to use, which is precisely where it is
most unacceptable. Therefore, we have designed this version of the GPL to
prohibit the practice for those products. If such problems arise substantially
in other domains, we stand ready to extend this provision to those domains
in future versions of the GPL, as needed to protect the freedom of users.

Finally, every program is threatened constantly by software patents. States
should not allow patents to restrict development and use of software on
general-purpose computers, but in those that do, we wish to avoid the spe-
cial danger that patents applied to a free program could make it effectively
proprietary. To prevent this, the GPL assures that patents cannot be used to
render the program non-free.

The precise terms and conditions for copying, distribution and modification
follow. TERMS AND CONDITIONS 0. Definitions.

“This License” refers to version 3 of the GNU General Public License.

“Copyright” also means copyright-like laws that apply to other kinds of
works, such as semiconductor masks.

“The Program” refers to any copyrightable work licensed under this License.
Each licensee is addressed as “you”. “Licensees” and “recipients” may be
individuals or organizations.

To “modify” a work means to copy from or adapt all or part of the work in
a fashion requiring copyright permission, other than the making of an exact
copy. The resulting work is called a “modified version” of the earlier work
or a work “based on” the earlier work.

A “covered work” means either the unmodified Program or a work based on
the Program.

To “propagate” a work means to do anything with it that, without permis-
sion, would make you directly or secondarily liable for infringement under
applicable copyright law, except executing it on a computer or modifying
a private copy. Propagation includes copying, distribution (with or without
modification), making available to the public, and in some countries other
activities as well.

To “convey™ a work means any kind of propagation that enables other parties
to make or receive copies. Mere interaction with a user through a computer
network, with no transfer of a copy. is not conveying.

An interactive user interface displays “Appropriate Legal Notices” to the ex-
tent that it includes a convenient and prominently visible feature that (1) dis-
plays an appropriate copyright notice, and (2) tells the user that there is no
warranty for the work (except to the extent that warranties are provided), that
licensees may convey the work under this License, and how to view a copy
of this License. If the interface presents a list of user commands or options,
such as a menu, a prominent item in the list meets this criterion. 1. Source
Code.

The “source code” for a work means the preferred form of the work for mak-
ing modifications to it. “Object code™ means any non-source form of a work.

A “Standard Interface” means an interface that either is an official standard
defined by a recognized standards body, or, in the case of interfaces speci-
fied for a particular programming language, one that is widely used among
developers working in that language.

The “System Libraries” of an executable work include anything, other than
the work as a whole, that (a) is included in the normal form of packaging
a Major Component, but which is not part of that Major Component, and
(b) serves only to enable use of the work with that Major Component, or
to implement a Standard Interface for which an implementation is available
to the public in source code form. A “Major Component”, in this context,
means a major essential component (kernel, window system, and so on) of
the specific operating system (if any) on which the executable work runs, or
a compiler used to produce the work, or an object code interpreter used to
Tun it.

The “Corresponding Source” for a work in object code form means all the
source code needed to generate, install, and (for an exccutable work) run
the object code and to modify the work, including scripts to control those

activities. However, it does not include the work’s System Libraries, or
general-purpose tools or generally available free programs which are used
unmodified in performing those activities but which are not part of the work.
For example, Corresponding Source includes interface definition files a
ciated with source files for the work, and the source code for shared libraries
and dynamically linked subprograms that the work is specifically designed
to require, such as by intimate data communication or control flow between
those subprograms and other parts of the work.

The Corresponding Source need not include anything that users can regener-
ate automatically from other parts of the Corresponding Source.

The Corresponding Source for a work in source code form is that same work.
2. Basic Permissions.

All rights granted under this License are granted for the term of copyright
on the Program, and are irrevocable provided the stated conditions are met.
This License explicitly affirms your unlimited permission to run the unmod-
ified Program. The output from running a covered work is covered by this
License only if the output, given its content, constitutes a covered work. This
License acknowledges your rights of fair use or other equivalent, as provided
by copyright law.

You may make, run and propagate covered works that you do not convey,
without conditions so long as your license otherwise remains in force. You
may convey covered works to others for the sole purpose of having them
make modifications exclusively for you, or provide you with facilities for
running those works, provided that you comply with the terms of this License
in conveying all material for which you do not control copyright. Those thus

A “User Product” is either (1) a “consumer product”, which means any
tangible personal property which is normally used for personal, family, or
household purposes, o (2) anything designed or sold for incorporation into
a dwelling. In determining whether a product is a consumer product, doubt-
ful cases shall be resolved in favor of coverage. For a particular product
received by a particular user, “normally used” refers to a typical or common
use of that class of product, regardless of the status of the particular user or of
the way in which the particular user actually uses, or expects or s expected to
use, the product. A product is a consumer product regardless of whether the
product has industrial or uses, unless
such uses represent the only significant mode of use of the product.

“Installation Information” for a User Product means any methods, proce-
dures, authorization keys, or other information required to install and execute
modified versions of a covered work in that User Product from a modified
version of its Corresponding Source. The information must suffice to en-
sure that the continued functioning of the modified object code is in no case
prevented or interfered with solely because modification has been made.

If you convey an object code work under this section in, or with, or specifi-
cally for use in, a User Product, and the conveying occurs as part of a trans-
action in which the right of possession and use of the User Product is trans-
ferred to the recipient in pclpclulty or for a fixed term (regardless of how the

is ized), the C i Source conveyed under this
section must be by the But this re-
quirement does not apply if neither you nor any third party retains the ability
to install modified object code on the User Product (for example, the work
has been installed in ROM).

making or running the covered works for you must do so on your
behalf, under your direction and control, on terms that prohibit them from
making any copies of your copyrighted material outside their relationship
with you.

Conveying under any other circumstances is permitted solely under the con-
ditions stated below. Sublicensing is not allowed; section 10 makes it unnec-
essary. 3. Protecting Users’ Legal Rights From Anti-Circumvention Law.

No covered work shall be deemed part of an effective technological measure
under any applicable law fulfilling obligations under article 11 of the WIPO
copyright treaty adopted on 20 December 1996, or similar laws prohibiting
or restricting circumvention of such measures.

When you convey a covered work, you waive any legal power to forbid cir-
cumvention of technological measures to the extent such circumvention is
effected by exercising rights under this License with respect to the covered
work, and you disclaim any intention to limit operation or modification of
the work as a means of enforcing, against the work’s users, your or third
parties’ legal rights to forbid circumvention of technological measures. 4.
Conveying Verbatim Copies.

You may convey verbatim copies of the Program’s source code as you re-
ceive it, in any medium, provided that you conspicuously and appropriately
publish on each copy an appropriate copyright notice; keep intact all notices
stating that this License and any non-permissive terms added in accord with
section 7 apply to the code; keep intact all notices of the absence of any war-
ranty; and give all recipients a copy of this License along with the Program.

You may charge any price or no price for each copy that you convey, and you
may offer support or warranty profection for a fee. 5. Conveying Modified
Source Versions.

You may convey a work based on the Program, or the i to pro-

The requi to provide does not include a re-
quirement to continue to provide support service, warranty, or updates for
a work that has been modified or installed by the recipient, or for the User
Product in which it has been modified or installed. Access to a network may
be denied when the modification itself materially and adversely affects the
operation of the network or violates the rules and protocols for communi
tion across the network.

Corresponding Source conveyed, and Installation Information provided, in
accord with this section must be in a format that is publicly documented
(and with an implementation available to the public in source code form),
and must require no special password or key for unpacking, reading or copy-
ing. 7. Additional Terms.

“Additional permissions™ are terms that supplement the terms of this License
by making exceptions from one or more of its conditions. Additional permis-
sions that are applicable to the entire Program shall be treated as though they
were included in this License, to the extent that they are valid under applica-
ble law. If additional permissions apply only to part of the Program, that part
may be used separately under those permissions, but the entire Program re-
mains governed by this License without regard to the additional permissions.

‘When you convey a copy of a covered work, you may at your option remove
any additional permissions from that copy, or from any part of it. (Addi-
tional permissions may be written to require their own removal in certain
cases when you modify the work.) You may place additional permissions on
material, added by you to a covered work, for which you have or can give
appropriate copyright permission.

Notwithstanding any other provision of this License, for material you add
10 a covered work, you may (if authorized by the copyright holders of that
material) supplement the terms of this License with terms:

duce it from the Program, in the form of source code under the terms of
section 4, provided that you also meet all of these conditions:

* a) The work must carry prominent notices stating that you modified it, and
giving a relevant date. * b) The work must carry prominent notices stating
that it is released under this License and any conditions added under section
7. This requirement modifies the requirement in section 4 to “keep intact
all notices”. * ¢) You must license the entire work, as a whole, under this
License to anyone who comes into possession of a copy. This License will
therefore apply, along with any applicable section 7 additional terms, to the
whole of the work, and all its parts, regardless of how they are packaged.
This License gives no permission to license the work in any other way, but
it does not invalidate such permission if you have separately received it. *
d) If the work has interactive user interfaces, each must display Appropriate
Legal Notices; however, if the Program has interactive interfaces that do not
display Appropriate Legal Notices, your work need not make them do so.

A compilation of a covered work with other separate and independent works,
which are not by their nature extensions of the covered work, and which are
not combined with it such as to form a larger program, in or on a volume of
a storage or distribution medium, is called an “aggregate” if the compilation
and its resulting copyright are not used to limit the access or legal rights of
the compilation’s users beyond what the individual works permit. Inclusion
of a covered work in an aggregate does not cause this License to apply to the
other parts of the aggregate. 6. Conveying Non-Source Forms.

You may convey a covered work in object code form under the terms of
sections 4 and 5, provided that you also convey the machine-readable Corre-
sponding Source under the terms of this License, in one of these ways:

* 2) Convey the object code in, or embodied in, a physical product (including
a physical distribution medium), accompanied by the Corresponding Source
fixed on a durable physical medium customarily used for software inter-
change. * b) Convey the object code in, or embodied in, a physical product
(including a physical distribution medium), accompanied by a written offer,
valid for at least three years and valid for as long as you offer spare parts or
customer support for that product model, to give anyone who possesses the
object code either (1) a copy of the Corresponding Source for all the software
in the product that is covered by this License, on a durable physical medium
customarily used for software interchange, for a price no more than your rea-
sonable cost of physically performing this conveying of source, or (2) access
to copy the Corresponding Source from a network server at no charge. * c)
Convey individual copies of the object code with a copy of the written offer
to provide the Corresponding Source. This alternative is allowed only occa-
sionally and noncommercially, and only if you received the object code with
such an offer, in accord with subsection 6b. * d) Convey the object code
by offering access from a designated place (gratis or for a charge), and of-
fer equivalent access to the Corresponding Source in the same way through
the same place at no further charge. You need not require recipients to copy
the Corresponding Source along with the object code. If the place to copy
the object code is a network server, the Corresponding Source may be on a
different server (operated by you or a third party) that supports equivalent
copying facilities, provided you maintain clear directions next to the object
code saying where to find the C ing Source. of what

* ) Di warranty or limiting liability differently from the terms of
sections 15 and 16 of this License; or * b) Requiring preservation of specified
reasonable legal notices or author attributions in that material or in the Ap-
propriate Legal Notices displayed by works containing it; or * ¢) Prohibiting
misrepresentation of the origin of that material, or requiring that modified
versions of such material be marked in reasonable ways as different from the
original version; or * ) Limiting the use for publicity purposes of names of
licensors or authors of the material; or * ) Declining to grant rights under
trademark law for use of some trade names, trademarks, or service marks;
or * f) Requiring indemnification of licensors and authors of that material
by anyone who conveys the material (or modified versions of it) with con-
tractual assumptions of liability to the recipient, for any liability that these
contractual assumptions directly impose on those licensors and authors.

All other non-permissive additional terms are considered “further restric-
tions” within the meaning of section 10. If the Program as you received
it, or any part of it, contains a notice stating that it is governed by this Li-
cense along with a term that is a further restriction, you may remove that
term. If a license document contains a further restriction but permits reli-
censing or conveying under this License, you may add to a covered work
material governed by the terms of that license document, provided that the
further restriction does not survive such relicensing or conveying.

If you add terms 10 a covered work in accord with this section, you must
place, in the relevant source files, a statement of the additional terms that
apply to those files, or a notice indicating where to find the applicable terms.

dd | terms, or , may be stated in the form of
a separately written license, or stated as exceptions; the above requirements
apply either way. 8. Termination.

You may not propagate or modify a covered work except as expressly pro-
vided under this License. Any attempt otherwise to propagate or modify it is
void, and will automatically terminate your rights under this License (includ-
ing any patent licenses granted under the third paragraph of section 11).

However, if you cease all violation of this License, then your license from
a particular copyright holder is reinstated (a) provisionally, unless and until
the copyright holder explicitly and finally terminates your license, and (b)
permanently, if the copyright holder fails to notify you of the violation by
some reasonable means prior to 60 days after the cessation.

Moreover, your license from a particular copyright holder is reinstated per-
manently if the copyright holder notifies you of the violation by some reason-
able means, this is the first time you have received notice of violation of this
License (for any work) from that copyright holder, and you cure the violation
prior to 30 days after your receipt of the notice.

Termination of your rights under this section does not terminate the licenses
of parties who have received copies or rights from you under this License.
If your rights have been terminated and not permanently reinstated, you do
ot qualify 0 receive new licenses for the same material under secton 10. 9.
Not Required for Having Copies.

server hosts the Corresponding Source, you remain obligated to ensure that
itis available for as long as needed to satisfy these requirements. * ¢) Convey
the object code using peer-to-peer transmission, provided you inform other
peers where the object code and Corresponding Source of the work are being
offered to the general public at no charge under subsection 6d.

A separable portion of the object code, whose source code is excluded from
the Corresponding Source as a System Library, need not be included in con-
veying the object code work.

You are not required to accept this License in order to receive or run a copy
of the Program. Ancillary propagation of a covered work occurring solely as
a of using peer-i to receive a copy likewise
does not require acceptance. Hnwever nothing other than this License grants
you permission to propagate or modify any covered work. These actions in-
fringe copyright if you do not accept this License. Therefore, by modifying
or propagating a covered work, you indicate your acceptance of this License
to do so. 10. ic Licensing of D

Each time you convey a covered work, the recipient automatically receives a
license from the original licensors, to run, modify and propagate that work,
subject to this License. You are not responsible for enforcing compliance by
third parties with this License.

An “entity Tisa control of an organiza-
tion, or substantially all assets of one, or subdmdmg an organization, or
merging organizations. If propagation of a covered work results from an
entity transaction, each party to that transaction who receives a copy of the
work also receives whatever licenses to the work the party’s predecessor in
interest had or could give under the previous paragraph, plus a right to pos-
session of the Corresponding Source of the work from the predecessor in
interest, if the predecessor has it or can get it with reasonable efforts.

You may not impose any further restrictions on the exercise of the rights
granted or affirmed under this License. For example, you may not impose a
license fee, royalty, or other charge for exercise of rights granted under this
License, and you may not initiate litigation (including a cross-claim or coun-
terclaim in a lawsuit) alleging that any patent claim is infringed by making,
using, selling, offering for sale, or importing the Program or any portion of
it. 11. Patents.

A “contributor” is a copyright holder who authorizes use under this License
of the Program or a work on which the Program is based. The work thus
licensed is called the contributor’s “contributor version™.

A contributor’s “essential patent claims” are all patent claims owned or con-
trolled by the contributor, whether already acquired or hereafter acquired,
that would be infringed by some manner, permitted by this License, of mak-
ing, using, or selling its contributor version, but do not include claims that
would be infringed only as a consequence of further modification of the con-
tributor version. For purposes of this definition, “control” includes the right
to grant patent sublicenses in a manner consistent with the requirements of
this License.

Each contributor grants you a non-exclusive, worldwide, royalty-free patent
license under the contributor’s essential patent claims, to make, use, sell, of-
fer for sale, import and otherwise run, modify and propagate the contents of
its contributor version.

In the following three paragraphs, a “patent license” is any express agree-
ment or commitment, however denominated, not to enforce a patent (such as
an express permission to practice a patent or covenant not to sue for patent
infringement). To “grant” such a patent license to a party means to make
such an agreement or commitment not to enforce a patent against the party.

If you convey a covered work, knowingly relying on a patent license, and the
Corresponding Source of the work is not available for anyone to copy, free of
charge and under the terms of this License, through a publicly available net-
work server or other readily accessible means, then you must either (1) cause
the Corresponding Source to be so available, or (2) arrange to deprive your-
self of the benefit of the patent license for this particular work, or (3) arrange,
in a manner consistent with the requirements of this License, to extend the
patent license to downstream recipients. “Knowingly relying” means you
have actual knowledge that, but for the patent license, your conveying the
covered work in a country, or your recipient’s use of the covered work in a
country, would infringe one or more identifiable patents in that country that
you have reason to believe are valid.

If, pursuant to or in with a single orar you
convey, or propagate by procuring conveyance of, a covered work, and grant
a patent license to some of the parties recciving the covered work authoriz-
ing them to use, propagate, modify or convey a specific copy of the covered
work, then the patent license you grant is automatically extended to all recip-
ients of the covered work and works based on it.

A patent license is “discriminatory” if it does not include within the scope of
its coverage, prohibits the exercise of, or is conditioned on the non-exercise
of one or more of the rights that are specifically granted under this License.
You may not convey a covered work if you are a party to an arrangement
with a third party that is in the business of distributing software, under which
you make payment to the third party based on the extent of your activity of
conveying the work, and under which the third party grants, to any of the par-
ties who would receive the covered work from you, a discriminatory patent
license (a) in connection with copies of the covered work conveyed by you
(or copies made from those copies), or (b) primarily for and in connection
with specific products or compilations that contain the covered work, unless
you entered into that arrangement, or that patent license was granted, prior
to 28 March 2007.

Nothing in this License shall be construed as excluding or limiting any im-
plied license or other defenses to infringement that may otherwise be avail-
able to you under applicable patent law. 12. No Surrender of Others’ Free-
dom.

If conditions are imposed on you (whether by court order, agreement or oth-
erwise) that contradict the conditions of this License, they do not excuse you
from the conditions of this License. If you cannot convey a covered work
50 as to satisfy simultancously your obligations under this License and any
other pertinent obligations, then as a consequence you may not convey it at
all. For example, if you agree to terms that obligate you to collect a royalty
for further conveying from those to whom you convey the Program, the only
way you could satisfy both those terms and this License would be to refrain
entirely from conveying the Program. 13. Use with the GNU Affero General
Public License.

Notwithstanding any other provision of this License, you have permission to
link or combine any covered work with a work licensed under version 3 of
the GNU Affero General Public License into a single combined work, and to
convey the resulting work. The terms of this License will continue to apply to
the part which is the covered work, but the special requirements of the GNU
Affero General Public License, section 13, concerning interaction through a
network will apply to the combination as such. 14. Revised Versions of this
License.

The Free Software Foundation may publish revised and/or new versions of
the GNU General Public License from time to time. Such new versions will
be similar in spirit to the present version, but may differ in detail to address
new problems or concerns.

Each version is given a distinguishing version number. If the Program speci-
fies that a certain numbered version of the GNU General Public License “‘or
any later version™ applies to it, you have the option of following the terms
and conditions either of that numbered version or of any later version pub-
lished by the Free Software Foundation. If the Program does not specify a
version number of the GNU General Public License, you may choose any
version ever published by the Free Software Foundation.

If the Program specifies that a proxy can decide which future versions of the
GNU General Public License can be used, that proxy’s public statement of

of a version permanently authorizes you to choose that version
for the Program.

Later license versions may give you additional or different permissions.
However, no additional obligations are imposed on any author or copyright



holder as a result of your choosing to follow a later version. 15. Disclaimer
of Warranty.

THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT
PERMITTED BY APPLICABLE LAW. EXCEPT WHEN OTHERWISE
STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR OTHER
PARTIES PROVIDE THE PROGRAM “AS IS” WITHOUT WARRANTY
OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING,
BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MER-
CHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE
ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE
PROGRAM IS WITH YOU. SHOULD THE PROGRAM PROVE DEFEC-
TIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING,
REPAIR OR CORRECTION. 16. Limitation of Liability.

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR
AGREED TO IN WRITING WILL ANY COPYRIGHT HOLDER, OR
ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS THE PRO-
GRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAM-
AGES, INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR
CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OR IN-
ABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED
TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR

LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A FAILURE
OF THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS),
EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF
THE POSSIBILITY OF SUCH DAMAGES. 17. Interpretation of Sections
15 and 16.

If the disclaimer of warranty and limitation of liability provided above can-
not be given local legal effect according to their terms, reviewing courts shall
apply local law that most closely approximates an absolute waiver of all civil
liability in connection with the Program, unless a warranty or assumption of
liability accompanies a copy of the Program in return for a fee.

END OF TERMS AND CONDITIONS How to Apply These Terms to Your
New Programs

If you develop a new program, and you want it to be of the greatest possible
use to the public, the best way to achieve this is to make it free software
which everyone can redistribute and change under these terms.

To do so, attach the following notices to the program. It is safest to attach
them to the start of each source file to most effectively state the exclusion of
warranty; and each file should have at least the “copyright” line and a pointer
to where the full notice is found.

41.2 GNU Free Documentation License

Version 3 November 2008

Copyright © 2000, 2001, 2002, 2007, 2008 Free Software Foundation, Inc.
<http://fst.org/>

Everyone is permitted to copy and distribute verbatim copies of this license
document, but changing it is not allowed. 0. PREAMBLE

The purpose of this License is to make a manual, textbook, or other func-
tional and useful document "free" in the sense of freedom: to assure everyone
the effective lresdom to copy and redmubule it, with or without modifying
it, either or ily, this License pre-
serves for the author and publisher a way lo get credit for their work, while
not being for jons made by others.

This License is a kind of "copyleft”, which means that derivative works of
the document must themselves be free in the same sense. It complements the
GNU General Public License, which is a copyleft license designed for free
software.

We have designed this License in order to use it for manuals for free software,
because free software needs free documentation: a free program should come
with manuals providing the same freedoms that the software does. But this
License is not limited to software manuals; it can be used for any textual
work, regardless of subject matter or whether it is published as a printed
book. We recommend this License principally for works whose purpose is
instruction or reference. 1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that con-
tains a notice placed by the copyright holder saying it can be distributed un-
der the terms of this License. Such a notice grants a world-wide, royalty-free
license, unlimited in duration, to use that work under the conditions stated
herein. The "Document", below, refers to any such manual or work. Any
member of the public is a licensee, and is addressed as "you". You accept
the license if you copy, modify or distribute the work in a way requiring
permission under copyright law.

A "Modified Version” of the Document means any work containing the Doc-
ument or a portion of it, cither copied verbatim, or with modifications and/or
translated into another language.

A "Secondary Section” is a named appendix or a front-matter section of the
Document that deals with the of the or
authors of the Document to the Document’s overall subject (or to related
matters) and contains nothing that could fall directly within that overall sub-
ject. (Thus, if the Document is in part a textbook of mathematics, a Sec-
ondary Section may not explain any ics.) The relationship could

A section "Entitled XYZ" means a named subunit of the Document whose ti-
tle either is precisely XYZ or contains XYZ in parentheses following text that
translates XYZ in another language. (Here XYZ stands for a specific section
name mentioned below, such as "Acknowledgements”, "Dedications", "En-
dorsements", or "History".) To "Preserve the Title" of such a section when
you modify the Document means that it remains a section "Entitled XYZ"
according to this definition.

The Document may include Warranty Disclaimers next to the notice which
states that this License applies to the Document. These Warranty Disclaimers
are u)ns!dered to be mduded by reference in this License, but only as re-
gards di any other i that these Warranty Dis-
claimers may have is void and has no effect on the meaning of this License.
2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commer-
cially or noncommercially, provided that this License, the copyright notices,
and the license notice saying this License applies to the Document are re-
produced in all copies, and that you add no other conditions whatsoever to
those of this License. You may not use technical measures to obstruct or
control the reading or further copying of the copies you make or distribute.
However, you may accept compensation in exchange for copies. If you dis-
tribute a large enough number of copies you must also follow the conditions
in section 3.

You may also lend copies, under the same conditions stated above, and you
may publicly display copies. 3. COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed
covers) of the Document, numbering more than 100, and the Document’s li-
cense notice requires Cover Texts, you must enclose the copies in covers that
carry, clearly and legibly, all these Cover Texts: Front-Cover Texts on the
front cover, and Back-Cover Texts on the back cover. Both covers must also
clearly and legibly identify you as the publisher of these copies. The front
cover must present the full title with all words of the title equally prominent
and visible. You may add other material on the covers in addition. Copying
with changes limited to the covers, as long as they preserve the title of the
Document and satisfy these conditions, can be treated as verbatim copying
in other respects.

If the required texts for either cover are too voluminous to fit legibly, you
should put the first ones listed (as many as fit reasonably) on the actual cover,
and continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the Document numbering
more than 100, you must either include a machine-readable Transparent
Copy along with each Opaque copy, or state in or with each Opaque copy

be a matter of historical connection with the subject or with related matters,
or of legal, commercial, philosophical, ethical or political position regarding
them.

The "Invariant Sections” are certain Secondary Sections whose titles are des-
ignated, as being those of Invariant Sections, in the notice that says that the
Document is released under this License. If a section does not fit the above
definition of Secondary then it is not allowed to be designated as Invariant.
The Document may contain zero Invariant Sections. If the Document does
not identify any Invariant Sections then there are none.

The "Cover Texts" are certain short passages of text that are listed, as Front-
Cover Texts or Back-Cover Texts, in the notice that says that the Document
is released under this License. A Front-Cover Text may be at most 5 words,
and a Back-Cover Text may be at most 25 words.

A "Transparent” copy of the Document means a machine-readable copy, rep-
resented in a format whose specification is available to the general public,
that is suitable for revising the document straightforwardly with generic text
editors or (for images composed of pixels) generic paint programs or (for
drawings) some widely available drawing editor, and that is suitable for input
to text formatters or for automatic translation to a variety of formats suitable
for input to text formatters. A copy made in an otherwise Transparent file
format whose markup, or absence of markup, has been arranged to thwart or
discourage subsequent modification by readers is not Transparent. An image
format is not Transparent if used for any substantial amount of text. A copy
that is not "Transparent” is called "Opaque".

Examples of suitable formats for Transparent copies include plain ASCIT
without markup, Texinfo input format, LaTeX input format, SGML or XML
using a publicly available DTD, and standard-conforming simple HTML,
PostScript or PDF designed for human modification. Examples of trans-
parent image formats include PNG, XCF and JPG. Opaque formats include
proprietary formats that can be read and edited only by proprietary word pro-
cessors, SGML or XML for which the DTD and/or processing tools are not
generally available, and the machine-generated HTML, PostScript or PDF
produced by some word processors for output purposes only.

The "Title Page" means, for a printed book, the title page itself, plus such
following pages as are needed to hold, legibly, the material this License re-
quires to appear in the title page. For works in formats which do not have
any title page as such, "Title Page” means the text near the most prominent
appearance of the work’s title, preceding the beginning of the body of the
text.

The "publisher” means any person or entity that distributes copies of the Doc-
ument to the public.

puter-network location from which the general network-using public
has access to download using public-standard network protocols a complete
Transparent copy of the Document, free of added material. If you use the
latter option, you must take reasonably prudent steps, when you begin dis-
tribution of Opaque copies in quantity, to ensure that this Transparent copy
will remain thus accessible at the stated location until at least one year after
the last time you distribute an Opaque copy (directly or through your agents
or retailers) of that edition to the public.

Itis requested, but not required, that you contact the authors of the Document
well before redistributing any large number of copies, to give them a chance
to provide you with an updated version of the Document. 4. MODIFICA-
TIONS

You may copy and distribute a Modified Version of the Document under the
conditions of sections 2 and 3 above, provided that you release the Modi-
fied Version under precisely this License, with the Modified Version filling
the role of the Document, thus licensing distribution and modification of the
Modified Version to whoever possesses a copy of it. In addition, you must
do these things in the Modified Version:

* A. Use in the Title Page (and on the covers, if any) a title distinct from
that of the Document, and from those of previous versions (which should,
if there were any, be listed in the History section of the Document). You
may use the same title as a previous version if the original publisher of that
version gives permission. * B. List on the Title Page, as anuhon one or
more persons or entities for ip of the icati in
the Modified Version, together with at least five of the principal authors of
the Document (all of its principal authors, if it has fewer than five), unless
they release you from this requirement. * C. State on the Title page the name
of the publisher of the Modified Version, as the publisher. * D. Preserve
all the copyright notices of the Document. * E. Add an appropriate copy-
right notice for your modifications adjacent to the other copyright notices. *
F. Include, immediately after the copyright notices, a license notice giving
the public permission to use the Modified Version under the terms of this
License, in the form shown in the Addendum below. * G. Preserve in that
license notice the full lists of Invariant Sections and required Cover Texts
given in the Document’s license notice. * H. Include an unaltered copy of
this License. * I Preserve the section Entitled "History", Preserve its Title,
and add to it an item stating at least the title, year, new authors, and publisher
of the Modified Version as given on the Title Page. If there is no section En-
titled "History" in the Document, create one stating the title, year, authors,
and publisher of the Document as given on its Title Page, then add an item
describing the Modified Version as stated in the previous sentence. * J. Pre-
serve the network location, if any, given in the Document for public access
to a Transparent copy of the Document, and likewise the network locations
given in the Document for previous versions it was based on. These may be
placed in the "History" section. You may omit a network location for a work
that was published at least four years before the Document itself, or if the

41.3 GNU Lesser General Public License

GNU LESSER GENERAL PUBLIC LICENSE

Version 3, 29 June 2007

Copyright © 2007 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license
document, but changing it is not allowed.

This version of the GNU Lesser General Public License incorporates the
terms and conditions of version 3 of the GNU General Public License, sup-
by the additional listed below. 0. Additional Defini-

tions.

As used herein, “this License” refers to version 3 of the GNU Lesser General
Public License, and the “GNU GPL" refers to version 3 of the GNU General
Public License.

<one line to give the program’s name and a brief idea of what it does.> Copy-
right (C) <year> <name of author>

This program s free software: you can redistribute it and/or modify it under
the terms of the GNU General Public License as published by the Free Soft-
ware Foundation, either version 3 of the License, or (at your option) any later
version.

This program is distributed in the hope that it will be useful, but WITH-
OUT ANY WARRANTY; without even the implied warranty of MER-
CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License along
with this program. If not, see <http://www.gnu.org/licenses/>.

Also add information on how to contact you by electronic and paper mail.

If the program does terminal interaction, make it output a short notice like
this when it starts in an interactive mode:

original publisher of the version it refers to gives permission. * K. For any
section Entitled "Acknowledgements" or "Dedications", Preserve the Title
of the section, and preserve in the section all the substance and tone of each
of the contributor acknowledgements and/or dedications given therein. * L.
Preserve all the Invariant Sections of the Document, unaltered in their text
and in their titles. Section numbers or the equivalent are not considered part
of the section titles. * M. Delete any section Entitled "Endorsements”. Such
a section may not be included in the Modified Version. * N. Do not retitle
any existing section to be Entitled "Endorsements" or to conflict in title with
any Invariant Section. * O. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices
that qualify as Secondary Sections and contain no material copied from the
Document, you may at your option designate some or all of these sections
as invariant. To do this, add their titles to the list of Invariant Sections in
the Modified Version’s license notice. These titles must be distinct from any
other section titles.

You may add a section Entitled "Endorsements”. provided it contains nothing
but endorsements of your Modified Version by various parties—for example,
statements of peer review or that the text has been approved by an organiza-
tion as the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a pas-
sage of up to 25 words as a Back-Cover Text, to the end of the list of Cover
Texts in the Modified Version. Only one passage of Front-Cover Text and
one of Back-Cover Text may be added by (or through arrangements made
by) any one entity. If the Document already includes a cover text for the
same cover, previously added by you or by arrangement made by the same
entity you are acting on behalf of, you may not add another; but you may
replace the old one, on explicit permission from the previous publisher that
added the old one.

The author(s) and publisher(s) of the Document do not by this License give
permission to use their names for publicity for or to assert or imply endorse-
ment of any Modified Version. 5. COMBINING DOCUMENTS

You may combine the Document with other documents released under this
License, under the terms defined in section 4 above for modified versions,
provided that you include in the combination all of the Invariant Sections of
all of the original documents, unmodified, and list them all as Invariant Sec-
tions of your combined work in its license notice, and that you preserve all
their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple
identical Invariant Sections may be replaced with a single copy. If there are
multiple Invariant Sections with the same name but different contents, make
the title of each such section unique by adding at the end of it, in parentheses,
the name of the original author or publisher of that section if known, or else
a unique number. Make the same adjustment to the section titles in the list
of Invariant Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled "History" in the
various original documents, forming one section Entitled "History"; likewise
combine any sections Entitled "Acknowledgements”, and any sections Enti-
tled "Dedications". You must delete all sections Entitled "Endorsements". 6.
COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents
released under this License, and replace the individual copies of this License
in the various documents with a single copy that is included in the collection,
provided that you follow the rules of this License for verbatim copying of
each of the documents in all other respects.

You may extract a single document from such a collection, and distribute it
individually under this License, provided you insert a copy of this License
into the extracted document, and follow this License in all other respects
regarding verbatim copying of that document. 7. AGGREGATION WITH
INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and in-
dependent documents or works, in or on a volume of a storage or distribution
medium, is called an "aggregate” if the copyright resulting from the compi-
lation is not used to limit the legal rights of the compilation’s users beyond
what the individual works permit. When the Document is included in an
aggregate, this License does not apply to the other works in the aggregate
which are not themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of
the Document, then if the Document is less than one half of the entire ag-
gregate, the Document’s Cover Texts may be placed on covers that bracket
the Document within the aggregate, or the electronic equivalent of covers if
the Document is in electronic form. Otherwise they must appear on printed
covers that bracket the whole aggregate. 8. TRANSLATION

Translation is considered a kind of modification, so you may distribute trans-
lations of the Document under the terms of section 4. Replacing Invariant
Sections with translations requires special permission from their copyright
holders, but you may include translations of some or all Invariant Sections in
addition to the original versions of these Invariant Sections. You may include
a translation of this License, and all the license notices in the Document, and
any Warranty Disclaimers, provided that you also include the original En-
glish version of this License and the original versions of those notices and

In case of a di between the and the origi-
nal version of this License or a notice or disclaimer, the original version will
prevail.

“The Library” refers to a covered work governed by this License, other than
an Application or a Combined Work as defined below.

An “Application” is any work that makes use of an interface provided by the
Library, but which is not otherwise based on the Library. Defining a subclass
of a class defined by the Library is deemed a mode of using an interface
provided by the Library.

<program> Copyright (C) <year> <name of author> This program comes
with ABSOLUTELY NO WARRANTY; for details type ‘show w’. This is
free software, and you are welcome to redistribute it under certain conditions;
type ‘show ¢ for details.

The hypothetical commands “show w" and “show ¢’ should show the appro-
priate parts of the General Public License. O course, your program’s com-
mands might be different; for a GUI interface, you would use an “about

box™.

You should also get your employer (if you work as a programmer) or school,
if any, to sign a “copyright disclaimer” for the program, if necessary. For
‘more information on this, and how to apply and follow the GNU GPL, see
<http://www.gnu.org/licenses/>.

The GNU General Public License does not permit incorporating your pro-
gram into proprietary programs. If your program is a subroutine library,
you may consider it more useful to permit linking proprietary applications
with the library. If this is what you want to do, use the GNU Lesser
General Public L|Len~c instead of this License. But first, please read
http: .gnu. t-lgpl.html>.

If a section in the Document is Entitled "Acknowledgements”, “Dedications”,
or "History", the requirement (section 4) to Preserve its Title (section 1) will
typically require changing the actual title. 9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as
expressly provided under this License. Any attempt otherwise to copy, mod-
ify, sublicense, or distribute it is void, and will automatically terminate your
rights under this License.

However, if you cease all violation of this License, then your license from
a particular copyright holder is reinstated (a) provisionally, unless and until
the copyright holder explicitly and finally terminates your license, and (b)
permanently, if the copyright holder fails to notify you of the violation by
some reasonable means prior to 60 days after the cessation.

Moreover, your license from a particular copyright holder is reinstated per-
manently if the copyright holder notifies you of the violation by some reason-
able means, this is the first time you have received notice of violation of this
License (for any work) from that copyright holder, and you cure the violation
prior to 30 days after your receipt of the notice.

Termination of your rights under this section does not terminate the licenses
of parties who have received copies or rights from you under this License. If
your rights have been terminated and not permanently reinstated, receipt of a
copy of some or all of the same material does not give you any rights to use
it. 10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the
GNU Free Documentation License from time to time. Such new versions
will be similar in spirit to the present version, but may differ in detail to
address new problems or concerns. See hitp:/www.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number. If the
Document specifies that a particular numbered version of this License "or
any later version" applies to it, you have the option of following the terms
and conditions either of that specified version or of any later version that has
been published (not as a draft) by the Free Software Foundation. If the Doc-
ument does not specify a version number of this License, you may choose
any version ever published (not as a draft) by the Free Software Foundation.
If the Document specifies that a proxy can decide which future versions of
this License can be used, that proxy’s public statement of acceptance of a
version permanently authorizes you to choose that version for the Document.
11. RELICENSING

"Massive Multiauthor Collaboration Site" (or "MMC Site") means any
World Wide Web server that publishes copyrightable works and also pro-
vides prominent facilities for anybody to edit those works. A public wiki
that anybody can edit is an example of such a server. A "Massive Multi-
author Collaboration” (or "MMC") contained in the site means any set of
copyrightable works thus published on the MMC site.

"CC-BY-SA" means the Creative Commons Attribution-Share Alike 3.0 li-
cense published by Creative Commons Corporation, a not-for-profit corpora-
tion with a principal place of business in San Francisco, California, as well as
future copyleft versions of that license published by that same organization.

“Incorporate" means to publish or republish a Document, in whole or in part,
as part of another Document

An MMC is "eligible for relicensing” if it is licensed under this License, and
if all works that were first published under this License somewhere other than
this MMC, and subsequently incorporated in whole or in part into the MMC,
(1) had no cover texts or invariant sections, and (2) were thus incorporated
prior to November 1, 2008.

The operator of an MMC Site may republish an MMC contained in the site
under CC-BY-SA on the same site at any time before August 1, 2009, pro-
vided the MMC is eligible for relicensing. ADDENDUM: How to use this
License for your documents

To use this License in a document you have written, include a copy of the
License in the document and put the following copyright and license notices
Jjust after the title page:

Copyright (C) YEAR YOUR NAME. Permission is granted to copy, dis-
tribute and/or modify this document under the terms of the GNU Free Doc-
umentation License, Version 1.3 or any later version published by the Free
Software Foundation; with no Invariant Sections, no Front-Cover Texts, and
no Back-Cover Texts. A copy of the license is included in the section entitled
"GNU Free Documentation License".

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, re-
place the "with ... Texts." line with this:

with the Invariant Sections being LIST THEIR TITLES, with the Front-
Cover Texts being LIST, and with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other combina-
tion of the three, merge those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recom-
mend releasing these examples in parallel under your choice of free software
license, such as the GNU General Public License, to permit their use in free
software.

A “Combined Work” is a work produced by combining or linking an Appli-
cation with the Library. The particular version of the Library with which the
Combined Work was made is also called the “Linked Version™.

‘The “Minimal Corresponding Source” for a Combined Work means the Cor-
responding Source for the Combined Work, excluding any source code for
portions of the Combined Work that, considered in isolation, are based on
the Application, and not on the Linked Version.



The “Corresponding Application Code” for a Combined Work means the
object code and/or source code for the Application, including any data and
utility programs needed for reproducing the Combined Work from the Appli-
cation, but excluding the System Libraries of the Combined Work. 1. Excep-
tion to Section 3 of the GNU GPL.

You may convey a covered work under sections 3 and 4 of this License with-
out being bound by section 3 of the GNU GPL. 2. Conveying Modified
Versions.

If you modify a copy of the Library, and, in your modifications, a facility
refers to a function or data to be supplied by an Application that uses the
facility (other than as an argument passed when the facility is invoked), then
you may convey a copy of the modified version:

* a) under this License, provided that you make a good faith effort to en-
sure that, in the event an Application does not supply the function or data,
the facility still operates, and performs whatever part of its purpose remains
meaningful, or * b) under the GNU GPL, with none of the additional permis-
sions of this License applicable to that copy.

3. Object Code Incorporating Material from Library Header Files.

The object code form of an Application may incorporate material from a
header file that is part of the Library. You may convey such object code

under terms of your choice, provided that, if the incorporated material is
not limited to numerical parameters, data structure layouts and accessors, or
small macros, inline functions and templates (ten or fewer lines in length),
you do both of the following:

* a) Give prominent notice with each copy of the object code that the Library
is used in it and that the Library and its use are covered by this License. *
b) Accompany the object code with a copy of the GNU GPL and this license
document.

4. Combined Works.

You may convey a Combined Work under terms of your choice that, taken to-
gether, effectively do not restrict modification of the portions of the Library
contained in the Combined Work and reverse engineering for debugging such
modifications, if you also do each of the following:

*a) Give prominent notice with each copy of the Combined Work that the Li-
brary is used in it and that the Library and its use are covered by this License.
* b) Accompany the Combined Work with a copy of the GNU GPL and this
license document. * c) For a Combined Work that displays copyright notices
during execution, include the copyright notice for the Library among these
notices, as well as a reference directing the user to the copies of the GNU
GPL and this license document. * d) Do one of the following: o 0) Con-
vey the Minimal Corresponding Source under the terms of this License, and
the Corresponding Application Code in a form suitable for, and under terms

that permit, the user to recombine or relink the Application with a modified
version of the Linked Version to produce a modified Combined Work, in the
manner specified by section 6 of the GNU GPL for conveying Correspond-
ing Source. o 1) Use a suitable shared library mechanism for linking with the
Library. A suitable mechanism is one that (a) uses at run time a copy of the
Library already present on the user’s computer system, and (b) will operate
properly with a modified version of the Library that is interface-compatible
with the Linked Version. * ) Provide Installation Information, but only if
you would otherwise be required to provide such information under section
6 of the GNU GPL, and only to the extent that such information is necessary
to install and execute a modified version of the Combined Work produced
ining or relinking the ication with a modified version of the
Linked Version. (If you use option 4d0, the Installation Information must
the Minimal Cor: ing Source and Cor ing Applica-
tion Code. If you use option 4d1, you must provide the Installation Infor-
mation in the manner specified by section 6 of the GNU GPL for conveying
Corresponding Source.)

5. Combined Libraries.

You may place library facilities that are a work based on the Library side by
side in a single library together with other library facilities that are not Ap-
plications and are not covered by this License, and convey such a combined
library under terms of your choice, if you do both of the following:

* a) Accompany the combined library with a copy of the same work based on
the Library, uncombined with any other library facilities, conveyed under the
terms of this License. * b) Give prominent notice with the combined library
that part of it is a work based on the Library, and explaining where to find
the accompanying uncombined form of the same work.

6. Revised Versions of the GNU Lesser General Public License.

The Free Software Foundation may publish revised and/or new versions of
the GNU Lesser General Public License from time to time. Such new ver-
sions will be similar in spirit to the present version, but may differ in detail
to address new problems or concerns.

Each version is given a distinguishing version number. If the Library as you
received it specifies that a certain numbered version of the GNU Lesser Gen-
eral Public License “or any later version” applies (o it, you have the option
of following the terms and conditions either of that published version or of
any later version published by the Free Software Foundation. If the Library
as you received it does not specify a version number of the GNU Lesser Gen-
eral Public License, you may choose any version of the GNU Lesser General
Public License ever published by the Free Software Foundation.

If the Library as you received it specifies that a proxy can decide whether
future versions of the GNU Lesser General Public License shall apply, that
proxy’s public statement of acceptance of any version is permanent autho-
rization for you to choose that version for the Library.
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main/md-frame-0.mdf

%%==================================================%%
%%= Ausgabe der Box nach Vorgabe der Ausgaberoutine=%%
%%==================================================%%
%% Styledatei fuer das Paket mdframed erstellt durch
%% Marco Daniel und Elke Schubert
%% 
%% This package may be distributed under the terms of the LaTeX Project
%% Public License, as described in lppl.txt in the base LaTeX distribution.
%% Either version 1.0 or, at your option, any later version.

%%$Id: md-frame-0.mdf 105 2010-12-22 16:50:44Z marco $
%%$Rev: 105 $
%%$Author: marco $
%%$Date: 2010-12-22 17:50:44 +0100 (Mi, 22. Dez 2010) $

\def\mdversion{v0.6a}
\def\mdframedOpackagename{md-frame-0}
\def\md@frameOdate@svn$#1: #2 #3 #4-#5-#6 #7 #8${#4/#5/#6\space }

\ProvidesFile{md-frame-3.mdf}[\md@frameOdate@svn$Id: md-frame-0.mdf 105 2010-12-22 16:50:44Z marco $ \mdversion: \mdframedOpackagename]


\let\md@textwidth\textwidth




%%=single=%%
\def\md@frame@background@single{%
        \rlap{\color{\mdf@backgroundcolor}%
             \setlength{\mdfboundingboxheight}{\ht\@tempboxa+\dp\@tempboxa}%
             \addtolength{\mdfboundingboxheight}{%
                   \mdf@innertopmargin@length%
                  +\mdf@innerbottommargin@length%
                  }%
              \rule[-\mdf@innerbottommargin@length]%
                     {\wd\@tempboxa%
                    +\mdf@innerleftmargin@length%
                    +\mdf@innerrightmargin@length%
                   }{\mdfboundingboxheight}%
              }%
}%
% 
\def\md@frame@leftandbottomandtopline@single{%
           \setlength{\mdfboundingboxheight}{\ht\@tempboxa+\dp\@tempboxa}%
           \addtolength{\mdfboundingboxheight}{%
                           \mdf@innertopmargin@length%
                          +\mdf@innerbottommargin@length%
                          +\mdf@middlelinewidth@length%
                          +\mdf@middlelinewidth@length%
                         }%
           \rlap{\color{\mdf@middlelinecolor}%
                 \ifbool{mdf@leftline}%
                     {\rule[-\mdf@innerbottommargin@length]%
                         {\mdf@middlelinewidth}{\mdfboundingboxheight-2\mdf@middlelinewidth@length}%
                     }{}%
               }%
           \rlap{\color{\mdf@middlelinecolor}%
                 \ifmdf@bottomline%
                     \ifboolexpr{ bool {mdf@leftline} and bool  {mdf@rightline} }%
                       {%\hspace*{\mdf@middlelinewidth@length}%
                       \rule[-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                        {\wd\@tempboxa%
                         +\mdf@innerleftmargin@length%
                         +\mdf@innerrightmargin@length%
                         +\mdf@middlelinewidth@length%
                         +\mdf@middlelinewidth@length%
                      }{\mdf@linewidth}% 
                       }{}%
                     \ifboolexpr{ bool {mdf@leftline} and not( bool  {mdf@rightline}) }%
                       {%\hspace*{\mdf@middlelinewidth@length}%
                       \rule[-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                        {\wd\@tempboxa%
                         +\mdf@innerleftmargin@length%
                         +\mdf@innerrightmargin@length%
                         +\mdf@middlelinewidth@length%
   %                      +\mdf@middlelinewidth@length%
                      }{\mdf@linewidth}% 
                       }{}%
                      \ifboolexpr{ not(bool {mdf@leftline}) and bool  {mdf@rightline} }%
                       {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                      {\wd\@tempboxa%
                       +\mdf@innerleftmargin@length%
                       +\mdf@innerrightmargin@length%
                       +\mdf@middlelinewidth@length%
   %                    +\mdf@middlelinewidth@length%
                      }{\mdf@linewidth}% 
                       }{}%                
                       \ifboolexpr{ not(bool {mdf@leftline}) and not( bool {mdf@rightline}) }%
                       {%\hspace*{\mdf@middlelinewidth@length}%
                        \rule[-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                         {\wd\@tempboxa%
                         +\mdf@innerleftmargin@length%
                         +\mdf@innerrightmargin@length%
   %                      +\mdf@middlelinewidth@length%
   %                      +\mdf@middlelinewidth@length%
                        }{\mdf@linewidth}% 
                       }{}%  
                 \fi%
               }%
          \rlap{\color{\mdf@middlelinecolor}%
                \ifmdf@topline%
                  \ifboolexpr{ bool {mdf@leftline} and bool  {mdf@rightline} }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[%
                       \mdf@innertopmargin@length
                       +\ht\@tempboxa+\dp\@tempboxa]%
                       {\wd\@tempboxa%
                        +\mdf@innerleftmargin@length%
                        +\mdf@innerrightmargin@length%
                        +\mdf@middlelinewidth@length%
                        +\mdf@middlelinewidth@length%
                       }{\mdf@linewidth}%
                    }{}%
                  \ifboolexpr{ bool {mdf@leftline} and not( bool  {mdf@rightline}) }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[%
                       \mdf@innertopmargin@length
                       +\ht\@tempboxa+\dp\@tempboxa]%
                       {\wd\@tempboxa%
                        +\mdf@innerleftmargin@length%
                        +\mdf@innerrightmargin@length%
%                        +\mdf@middlelinewidth@length%
                        +\mdf@middlelinewidth@length%
                       }{\mdf@linewidth}%
                    }{}%
                   \ifboolexpr{ not(bool {mdf@leftline}) and bool  {mdf@rightline} }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[%
                       \mdf@innertopmargin@length
                       +\ht\@tempboxa+\dp\@tempboxa]%
                       {\wd\@tempboxa%
                        +\mdf@innerleftmargin@length%
                        +\mdf@innerrightmargin@length%
%                        +\mdf@middlelinewidth@length%
                        +\mdf@middlelinewidth@length%
                       }{\mdf@linewidth}%
                    }{}%                
                    \ifboolexpr{ not(bool {mdf@leftline}) and not( bool {mdf@rightline}) }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[%
                       \mdf@innertopmargin@length
                       +\ht\@tempboxa+\dp\@tempboxa]%
                       {\wd\@tempboxa%
                        +\mdf@innerleftmargin@length%
                        +\mdf@innerrightmargin@length%
%                        +\mdf@middlelinewidth@length%
%                        +\mdf@middlelinewidth@length%
                       }{\mdf@linewidth}%
                    }{}%  
                \fi%
              }%
}%

\def\md@frame@rightline@single{%
         \llap{\color{\mdf@middlelinecolor}
               \ifmdf@rightline%
                \rule[-\mdf@innerbottommargin@length]%
                     {\mdf@linewidth}%
                     {\mdfboundingboxheight-2\mdf@middlelinewidth@length}%
               \fi%
              }%
}%


\def\md@putbox@single{%%%%% Ausgabe der ungesplitteten Gesamtbox
  \ifvoid\@tempboxa
  \else
      \leftline{%
        \null\hspace*{\mdf@leftmargin@length}%
        \md@frame@leftandbottomandtopline@single%
        \ifbool{mdf@leftline}%
        {\hspace*{\mdf@middlelinewidth@length}}{}%
        \md@frame@background@single%
        \hspace*{\mdf@innerleftmargin@length}%
        {\box\@tempboxa}%
        \hspace*{\mdf@innerrightmargin@length}%
        \hspace*{\mdf@middlelinewidth@length}%
        \md@frame@rightline@single%
        }%
  \fi
}


%%=first=%%

\def\md@frame@background@first{%
       \setlength{\mdfboundingboxheight}{\ht\tw@+\dp\tw@}%
       \addtolength{\mdfboundingboxheight}{%
                           \mdf@innertopmargin@length%
                           +\mdf@splitbottomskip@length%
                         }%
       \rlap{\color{\mdf@backgroundcolor}%
              \rule[-\dp\tw@-\mdf@splitbottomskip@length]%
                   {\wd\tw@+\mdf@innerleftmargin@length+\mdf@innerrightmargin@length}%
                   {\mdfboundingboxheight}%
              }%
}%
 
\def\md@frame@topandleftline@first{%
           \setlength{\mdfboundingboxheight}{\ht\tw@+\dp\tw@}%
           \addtolength{\mdfboundingboxheight}{%
                           1\mdf@innertopmargin@length%
                          +1\mdf@middlelinewidth@length%
                          +\mdf@splitbottomskip@length%
                         }%
            \rlap{\color{\mdf@middlelinecolor}
               \ifbool{mdf@leftline}%
                   {%
                     \rule[-\dp\tw@-\mdf@splitbottomskip@length]%
                            {\mdf@middlelinewidth@length}%
                               {\mdfboundingboxheight-\mdf@middlelinewidth@length}%
                   }{}%
             }%
            \rlap{\color{\mdf@middlelinecolor}%
             \ifmdf@topline
                 \ifboolexpr{ bool {mdf@leftline} and bool {mdf@rightline}}%
                    {\rule[\mdfboundingboxheight-\mdf@middlelinewidth@length-\dp\tw@-\mdf@splitbottomskip@length]%
                        {\wd\tw@%
                          +\mdf@innerleftmargin@length%
                          +\mdf@innerrightmargin@length%
                          +\mdf@middlelinewidth@length%
                          +\mdf@middlelinewidth@length%
                         }{\mdf@linewidth@length}%
                    }{}%
                 \ifboolexpr{ bool {mdf@leftline} and not(bool {mdf@rightline}) }%
                    {\rule[\mdfboundingboxheight-\mdf@middlelinewidth@length-\dp\tw@-\mdf@splitbottomskip@length]%
                        {\wd\tw@%
                          +\mdf@innerleftmargin@length%
                          +\mdf@innerrightmargin@length%
                          +\mdf@middlelinewidth@length%
%                          +\mdf@middlelinewidth@length%
                         }{\mdf@linewidth@length}%
                    }{}%
                 \ifboolexpr{ not (bool {mdf@leftline}) and bool {mdf@rightline} }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[\mdfboundingboxheight-\mdf@middlelinewidth@length-\dp\tw@-\mdf@splitbottomskip@length]%
                        {\wd\tw@%
                          +\mdf@innerleftmargin@length%
                          +\mdf@innerrightmargin@length%
                          +\mdf@middlelinewidth@length%
%                          +\mdf@middlelinewidth@length%
                         }{\mdf@linewidth@length}%
                    }{}%
                 \ifboolexpr{ not (bool {mdf@leftline}) and not( bool {mdf@rightline}) }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[\mdfboundingboxheight-\mdf@middlelinewidth@length-\dp\tw@-\mdf@splitbottomskip@length]%
                        {\wd\tw@%
                          +\mdf@innerleftmargin@length%
                          +\mdf@innerrightmargin@length%
%                          +\mdf@middlelinewidth@length%
%                          +\mdf@middlelinewidth@length%
                         }{\mdf@linewidth@length}%
                    }{}%
              \fi%
              \ifmdf@rightline
               \ifmdf@topline\else%
                 \deflength\@tempskipb{\wd\tw@%
                          +\mdf@innerleftmargin@length%
                          +\mdf@innerrightmargin@length%
                          +2\mdf@middlelinewidth@length%
                         }%
                 \hspace*{\@tempskipb}%
               \fi%
                  \llap{\color{\mdf@middlelinecolor}%
                         \rule[-\dp\tw@-\mdf@splitbottomskip@length]{\mdf@middlelinewidth@length}%
                                {\mdfboundingboxheight-\mdf@middlelinewidth@length}%
                    }%
              \fi%
            }%
}%




\def\md@putbox@first{%%%% Ausgabe der Teilbox 1
      \leftline{%
           \null\hspace*{\mdf@leftmargin@length}%
           \md@frame@topandleftline@first%
           \ifbool{mdf@leftline}%
           {\hspace*{\mdf@middlelinewidth@length}}{}%
           \md@frame@background@first%
           \hspace*{\mdf@innerleftmargin@length}%
           {\box\tw@}%
         }%
}

%%=second=%%

\def\md@frame@background@second{%
         \setlength{\mdfboundingboxheight}{\ht\@tempboxa+\dp\@tempboxa}%
         \addtolength{\mdfboundingboxheight}{%
                    +\mdf@innerbottommargin@length%
                }%
        \rlap{\color{\mdf@backgroundcolor}%
               \rule[\dp\@tempboxa-\mdf@innerbottommargin@length]%
                    {\wd\@tempboxa+\mdf@innerleftmargin@length%
                      +\mdf@innerrightmargin@length}%
                   {\mdfboundingboxheight}%
               }%
}%
 
\def\md@frame@lines@second{%
         \setlength{\mdfboundingboxheight}{\ht\@tempboxa+\dp\@tempboxa}%
         \addtolength{\mdfboundingboxheight}{%
                    +\mdf@innerbottommargin@length%
                    +\mdf@middlelinewidth@length%
                }%
          \rlap{\color{\mdf@middlelinecolor}%
               \ifbool{mdf@leftline}%
                 {\rule[\dp\@tempboxa-\mdf@innerbottommargin@length]%
                        {\mdf@middlelinewidth@length}%
                        {\mdfboundingboxheight-\mdf@middlelinewidth@length}%
                 }{}%
               }%
          \rlap{\color{\mdf@middlelinecolor}%
                \ifbool{mdf@bottomline}%
                 {%
                   \ifboolexpr{ bool {mdf@leftline} and bool {mdf@rightline} }%
                        {\rule[\dp\@tempboxa-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                           {\wd\@tempboxa+\mdf@innerleftmargin@length%
                            +\mdf@innerrightmargin@length+2\mdf@middlelinewidth@length}%
                           {\mdf@middlelinewidth@length}%
                       }{}%
                   \ifboolexpr{ not (bool {mdf@leftline}) and not(bool {mdf@rightline}) }%
                        {%
                          \rule[\dp\@tempboxa-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                           {\wd\@tempboxa+\mdf@innerleftmargin@length%
                            +\mdf@innerrightmargin@length}%
                           {\mdf@middlelinewidth@length}%
                       }{}%
                    \ifboolexpr{ bool {mdf@leftline} and not( bool {mdf@rightline}) }%
                        {%
                          \rule[\dp\@tempboxa-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                           {\wd\@tempboxa+\mdf@innerleftmargin@length%
                            +\mdf@innerrightmargin@length+\mdf@middlelinewidth@length}%
                           {\mdf@middlelinewidth@length}%
                       }{}%
                    \ifboolexpr{ not(bool {mdf@leftline}) and bool {mdf@rightline} }%
                        {%
                          \rule[\dp\@tempboxa-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                           {\wd\@tempboxa+\mdf@innerleftmargin@length%
                            +\mdf@innerrightmargin@length+\mdf@middlelinewidth@length}%
                           {\mdf@middlelinewidth@length}%
                       }{}%
                 }{}%
               \llap{\color{\mdf@middlelinecolor}%
                     \ifbool{mdf@rightline}%
                       {\rule[\dp\@tempboxa-\mdf@innerbottommargin@length]%
                             {\mdf@middlelinewidth@length}%
                             {\mdfboundingboxheight-\mdf@middlelinewidth@length}%
                        \ifbool{mdf@bottomline}{}%
                             {\deflength\@tempskipb{\wd\@tempboxa%
                                      +\mdf@innerleftmargin@length%
                                      +\mdf@innerrightmargin@length%
                                      +2\mdf@middlelinewidth@length%
                                     }%
                             \hspace*{-\@tempskipb}%
                            }%
                      }{}%
                    }%
               }%       
}%


\def\md@putbox@second{%%%%% Ausgabe der mittleren Teilbox
  \ifvoid\@tempboxa%
  \else
      \leftline{%
         \null\hspace*{\mdf@leftmargin@length}%
         \md@frame@lines@second%
         \ifbool{mdf@leftline}%
         {\hspace*{\mdf@middlelinewidth@length}}{}%
         \md@frame@background@second%
         \hspace*{\mdf@innerleftmargin@length}%
         {\box\@tempboxa}%
        }%
  \fi%
}%


%%=middle=%%

\def\md@frame@background@middle{%
         \setlength{\mdfboundingboxheight}{\ht\tw@+\dp\tw@}%
         \addtolength{\mdfboundingboxheight}{%
                  \mdf@splitbottomskip@length%
                  }%
        \rlap{\color{\mdf@backgroundcolor}%
              \rule[-\dp\tw@-\mdf@splitbottomskip@length]%
                    {\wd\tw@+\mdf@innerleftmargin@length+\mdf@innerrightmargin@length}%
                    {\mdfboundingboxheight}%
              }%
}%
 
\def\md@frame@lines@middle{%
         \setlength{\mdfboundingboxheight}{\ht\tw@+\dp\tw@}%
         \addtolength{\mdfboundingboxheight}{%
                  \mdf@splitbottomskip@length%
                  }%
        \rlap{\color{\mdf@middlelinecolor}%
            \ifbool{mdf@leftline}%
              {%
              \rule[-\dp\tw@-\mdf@splitbottomskip@length]{\mdf@middlelinewidth@length}{\mdfboundingboxheight}%
              }{}%
            \ifbool{mdf@rightline}%
                   {%
                   \deflength{\mdfpositionx}{\wd\tw@%
                                     +\mdf@innerleftmargin@length%
                                     +\mdf@innerrightmargin@length%
                                     +\mdf@middlelinewidth@length%
                                    }%
                   \hspace*{\mdfpositionx}%
                   \llap{\color{\mdf@middlelinecolor}%
                        \rule[-\dp\tw@-\mdf@splitbottomskip@length]{\mdf@middlelinewidth@length}{\mdfboundingboxheight}%
                        \ifbool{mdf@leftline}{}{}%
                        }%
                   }{}%
          }%
}%




\def\md@putbox@middle{%%%% Ausgabe der Teilbox 1
      \leftline{%
           \null\hspace*{\mdf@leftmargin@length}%
           \md@frame@lines@middle%
           \ifbool{mdf@leftline}%
           {\hspace*{\mdf@middlelinewidth@length}}{}%
           \md@frame@background@middle%
           \hspace*{\mdf@innerleftmargin@length}%
           {\box\tw@}%
        }%
}







main/md-frame-1.mdf

%%==================================================%%
%%= Ausgabe der Box nach Vorgabe der Ausgaberoutine=%%
%%==================================================%%
%% Styledatei fuer das Paket mdframed erstellt durch
%% Marco Daniel und Elke Schubert
%% 
%% This package may be distributed under the terms of the LaTeX Project
%% Public License, as described in lppl.txt in the base LaTeX distribution.
%% Either version 1.0 or, at your option, any later version.

%%$Id: md-frame-1.mdf 105 2010-12-22 16:50:44Z marco $
%%$Rev: 105 $
%%$Author: marco $
%%$Date: 2010-12-22 17:50:44 +0100 (Mi, 22. Dez 2010) $

\def\mdversion{v0.6a}
\def\mdframedIpackagename{md-frame-1}
\def\md@frameIdate@svn$#1: #2 #3 #4-#5-#6 #7 #8${#4/#5/#6\space }

\ProvidesFile{md-frame-1.mdf}[\md@frameIdate@svn$Id: md-frame-1.mdf 105 2010-12-22 16:50:44Z marco $ \mdversion: \mdframedIpackagename]

%%Allgemeine Einstellungen fuer tikz

\def\md@tikz@settings{%
          %wenn das Innere der Doppellinie 0pt breit ist,
          %muss Grenze zwischen innerer und aeusserer Linie
          %einer Farbe zugeordnet werden
          \ifdimequal{\mdf@middlelinewidth@length}{\z@}%
                       {\ifdimequal{\mdf@innerlinewidth@length}{\z@}%
                            {\ifdimequal{\mdf@outerlinewidth@length}{\z@}%
                              {\let\mdf@middlelinecolor\mdf@backgroundcolor}%
                              {\let\mdf@middlelinecolor\mdf@outerlinecolor}%
                            }%
                            {\let\mdf@middlelinecolor\mdf@innerlinecolor}%
                        }{}%
          \ifdimequal{\mdf@innerlinewidth@length}{\z@}%
                       {\ifdimequal{\mdf@outerlinewidth@length}{\z@}%
                            {\ifdimequal{\mdf@middlelinewidth@length}{\z@}%
                              {}%
                              {\let\mdf@middlelinecolor\mdf@linecolor}%
                            }%
                            {}%
                        }{}%
        \tikzset{mdftext/.style={inner sep=0pt,outer sep=0pt}}%
        \tikzset{mdfcorners/.style={rounded corners=\mdf@roundcorner@length}}%
        \tikzset{mdfbackground/.style={fill=\mdf@backgroundcolor}}%
        \ifdimgreater{\mdf@outerlinewidth@length}{\z@}%
            {\tikzset{mdfborderA/.style={%
                         draw=\mdf@outerlinecolor,%
                         line width=2\mdf@outerlinewidth@length+\mdf@middlelinewidth@length%
                         }%
                     }%
            }%
            {\tikzset{mdfborderA/.style={}}}%
        \ifdimgreater{\mdf@innerlinewidth@length}{\z@}%
            {\tikzset{mdfborderI/.style={%
                         draw=\mdf@innerlinecolor,%
                         line width=2\mdf@innerlinewidth@length+\mdf@middlelinewidth@length%
                         }%
                     }%
            }%
            {\tikzset{mdfborderI/.style={}}}%
       \tikzset{mdfmiddle/.style={draw=\mdf@middlelinecolor,line width=\mdf@middlelinewidth@length}}%
}%



\def\md@putbox@single{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
       \md@tikz@settings%
        \setlength\mdfboxwidth{\wd\@tempboxa}%
        \setlength\mdfboxheight{\ht\@tempboxa+\dp\@tempboxa}%
        \begin{tikzpicture}
	         \coordinate(O)at(0,0);
                 \pgfmathsetlengthmacro\x{\mdfboxwidth+\mdf@innerrightmargin@length%
                                          +\mdf@innerleftmargin@length+%
                                          2\mdf@innerlinewidth@length+\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\xp{\mdf@innerleftmargin@length+%
                                          1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\y{\mdfboxheight+\mdf@innertopmargin@length%
                                          +\mdf@innerbottommargin@length%
                                          +2*\mdf@innerlinewidth@length+\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\yp{\mdf@innerbottommargin@length%
                                          +1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \coordinate(P)at(\x,\y);
                 \begin{scope}
		      \clip[preaction=mdfborderA]%
                           [postaction={mdfbackground,mdfborderI}]%
                           [mdfcorners](O)--(O|-P)--(P)--(P|-O)--cycle;
	         \end{scope}
                 \path[mdfmiddle,mdfcorners](O)--(O|-P)--(P)--(P|-O)--cycle;
                 \node[mdftext,anchor=south west]at(\xp,\yp){\box\@tempboxa};
       \end{tikzpicture}%
     }%
}%

\def\md@putbox@first{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
       \md@tikz@settings%
        \setlength\mdfboxwidth{\wd\tw@}%
        \setlength\mdfboxheight{\ht\tw@+\dp\tw@}%
        \ifdimequal{\pagegoal}{\maxdimen}{\enlargethispage{\baselineskip}}{}%
        \begin{tikzpicture}
	         \coordinate(O) at (0,0);
                 \pgfmathsetlengthmacro\x{\mdfboxwidth+\mdf@innerrightmargin@length%
                                          +\mdf@innerleftmargin@length+%
                                          2*\mdf@innerlinewidth@length+1*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\xp{\mdf@innerleftmargin@length+%
                                          1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\y{-\mdfboxheight-\mdf@innertopmargin@length%
                                          -1*\mdf@innerlinewidth@length-0.5*\mdf@middlelinewidth@length+0.0cm}
                 \pgfmathsetlengthmacro\yp{-\mdf@innertopmargin@length%
                                           -1*\mdf@innerlinewidth@length-0.5*\mdf@middlelinewidth@length%
                                           -0.5\mdfboxheight}
                 \coordinate(P)at(\x,\y);
                 \clip(-\mdf@outerlinewidth@length-0.5*\mdf@middlelinewidth@length,%
                       \mdf@outerlinewidth@length+0.5*\mdf@middlelinewidth@length)%
                      rectangle(\x+\mdf@outerlinewidth@length+0.5*\mdf@middlelinewidth@length,\y);
                 \begin{scope}
                     \clip[preaction=mdfborderA]%
                          [postaction={mdfbackground,mdfborderI}]%
                          [mdfcorners](O|-P)--(O)--(P|-O)--(P);
                 \end{scope}
                 \path[mdfmiddle,mdfcorners,](O|-P)--(O)--(P|-O)--(P);
                 \node[mdftext,anchor=west,inner sep=0pt,outer sep=0pt]at(\xp,\yp){\box\tw@};
%                 \draw[fill] (0,0) circle (.1cm);
%                 \draw[fill,yellow] (\x,\y) circle (.1cm);
%                 \draw[fill,orange] (\xp,\yp) circle (.05cm);
     \end{tikzpicture}%
     }%
}%


\def\md@putbox@middle{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
        \md@tikz@settings%
        \setlength\mdfboxwidth{\wd\tw@}%
        \setlength\mdfboxheight{\ht\tw@}%
        \setlength{\mdf@ymargin@length}{0.4\baselineskip}%
        \begin{tikzpicture}
	         \coordinate(O)at(0,0);
                 \pgfmathsetlengthmacro\x{\mdfboxwidth+\mdf@innerrightmargin@length%
                                          +\mdf@innerleftmargin@length+%
                                          2*\mdf@innerlinewidth@length+1*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\xp{\mdf@innerleftmargin@length+%
                                          1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\y{\mdfboxheight}
                 \pgfmathsetlengthmacro\yp{0cm}
                 \coordinate(P)at(\x,\y);
                 \clip(-\mdf@outerlinewidth@length-0.5*\mdf@middlelinewidth@length,0)%
                       rectangle(\x+\mdf@outerlinewidth@length+0.5*\mdf@middlelinewidth@length,\y);
                 \begin{scope}
                 	\path[mdfborderA](O)--(O|-P)(P)--(P|-O);
                        \clip[postaction=mdfbackground](O)--(O|-P)--(P)--(P|-O);
                        \path[mdfborderI](O)--(O|-P)(P)--(P|-O);
                 \end{scope}
                 \path[mdfmiddle](O)--(O|-P)(P)--(P|-O);
                 \node[mdftext,anchor=south west]at(\xp,\yp){\box\tw@};
       \end{tikzpicture}%
     }
}

\def\md@putbox@second{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
       \md@tikz@settings%
        \setlength\mdfboxwidth{\wd\@tempboxa}%
        \setlength\mdfboxheight{\ht\@tempboxa}%
        \begin{tikzpicture}
                 \coordinate(O)at(0,0);
                 \pgfmathsetlengthmacro\x{\mdfboxwidth+\mdf@innerrightmargin@length%
                                          +\mdf@innerleftmargin@length+%
                                          2*\mdf@innerlinewidth@length+1*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\xp{\mdf@innerleftmargin@length+%
                                          1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\y{\mdfboxheight%
                                          +\mdf@innerbottommargin@length%
                                          +1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\yp{\mdf@innerbottommargin@length%
                                          +1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \coordinate(P)at(\x,\y);
                 \clip(-\mdf@outerlinewidth@length-0.5*\mdf@middlelinewidth@length,%
                       -\mdf@outerlinewidth@length-0.5*\mdf@middlelinewidth@length)%
                      rectangle(\x+\mdf@outerlinewidth@length+0.5*\mdf@middlelinewidth@length,\y);
                 \begin{scope}
                      \clip[preaction=mdfborderA]%
                      [postaction={mdfbackground,mdfborderI}]%
                      [mdfcorners](P-|O)--(O)--(O-|P)--(P);
                 \end{scope}
                 \path[mdfmiddle,mdfcorners](P-|O)--(O)--(O-|P)--(P);
                 \node[mdftext,anchor=south west] at (\xp,\yp){\box\@tempboxa};
       \end{tikzpicture}%
     }
}
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%%Allgemeine Einstellungen fuer pstricks
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\def\mdversion{v0.6a}
\def\mdframedIIIpackagename{md-frame-3}
\def\md@frameIIIdate@svn$#1: #2 #3 #4-#5-#6 #7 #8${#4/#5/#6\space }

\ProvidesFile{md-frame-3.mdf}[\md@frameIIIdate@svn$Id: md-frame-3.mdf 105 2010-12-22 16:50:44Z marco $ \mdversion: \mdframedIIIpackagename]

\def\md@ptlength@to@pscode#1{\pst@number{#1} \pst@number\psxunit div}
\let\ptTps\md@ptlength@to@pscode\relax


\def\md@putbox@single{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
        \setlength\mdfboxwidth{\wd\@tempboxa}%
        \setlength\mdfboxheight{\ht\@tempboxa+\dp\@tempboxa}%
        \setlength{\mdfboundingboxheight}{%
                     \mdfboxheight%
                    +\mdf@innertopmargin@length%
                    +\mdf@innerbottommargin@length%
%                    +\mdf@middlelinewidth@length%
%                    +\mdf@middlelinewidth@length%
                  }%
         \ifbool{mdf@topline}{\addtolength{\mdfboundingboxheight}{\mdf@middlelinewidth@length}}{}%
         \ifbool{mdf@bottomline}{\addtolength{\mdfboundingboxheight}{\mdf@middlelinewidth@length}}{}%
         \setlength{\mdfboundingboxwidth}{%
                     \mdfboxwidth%
                    +\mdf@innerleftmargin@length%
                    +\mdf@innerrightmargin@length%
%                    +\mdf@middlelinewidth@length%
%                    +\mdf@middlelinewidth@length%
                  }%
       \ifbool{mdf@leftline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
       \ifbool{mdf@rightline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
       \psset{linearc=\mdf@roundcorner@length,cornersize=absolute,}%
       \expandafter\psset\expandafter{\mdf@psset@local}%
        \psset{unit=1truecm}%
        \begin{pspicture}(0,0)(\mdfboundingboxwidth,\mdfboundingboxheight)
             \ifboolexpr{     bool {mdf@topline} and bool {mdf@bottomline}
                          and bool {mdf@leftline} and bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                      \psframe[linewidth=\mdf@middlelinewidth@length,
                               linecolor=\mdf@linecolor,
                                cornersize=absolute,
                                fillstyle=none,]%
                          (0,0)(\mdfboundingboxwidth,\mdfboundingboxheight)%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%
             \ifboolexpr{     bool {mdf@topline} and bool {mdf@bottomline}
                          and not (bool {mdf@leftline}) and bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! 0  %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! 0  %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       \rput(!\ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add  %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                      }{}%
              \ifboolexpr{     bool {mdf@topline} and bool {mdf@bottomline}
                          and bool {mdf@leftline} and not( bool {mdf@rightline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                     }{}% 
               \ifboolexpr{   not(  bool {mdf@topline}) and bool {mdf@bottomline}
                          and bool {mdf@leftline} and  bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%  
                      \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%     
                \ifboolexpr{  bool {mdf@topline} and not (bool {mdf@bottomline})
                          and bool {mdf@leftline} and  bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                           0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add  %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add  %Y-Koord
                       )%  
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                           0 %Y-Koord
                       )%
                      \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                     }{}% 
                 \ifboolexpr{ not( bool {mdf@topline}) and not (bool {mdf@bottomline})
                          and bool {mdf@leftline} and  bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                           0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}
                       )%
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%  
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                           0 %Y-Koord
                       )%
                      \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%    
             \ifboolexpr{     bool {mdf@topline} and bool {mdf@bottomline}
                          and not (bool {mdf@leftline}) and not(bool {mdf@rightline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! 0  %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! 0  %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       \rput(!\ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add  %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                      }{}%
              \ifboolexpr{ not( bool {mdf@topline}) and not (bool {mdf@bottomline})
                          and bool {mdf@leftline} and  not( bool {mdf@rightline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                           0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}
                       )%
                      \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%    
              \ifboolexpr{ not( bool {mdf@topline}) and not (bool {mdf@bottomline})
                          and not(bool {mdf@leftline}) and  bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (!0 0)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%  
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                           0 %Y-Koord
                       )%
                      \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                     }{}% 
             \ifboolexpr{    not( bool {mdf@topline}) and bool {mdf@bottomline}
                          and not (bool {mdf@leftline}) and not(bool {mdf@rightline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! 0  %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       \rput(!\ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add  %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                      }{}%
              \ifboolexpr{     bool {mdf@topline} and not (bool {mdf@bottomline})
                          and not (bool {mdf@leftline}) and not(bool {mdf@rightline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! 0  %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       \rput(!\ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add  %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                      }{}%  \psgrid
        \end{pspicture}%
     }%
}






\def\md@putbox@first{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
        \setlength\mdfboxwidth{\wd\tw@}%
        \setlength\mdfboxheight{\ht\tw@+\dp\tw@}%
        \setlength{\mdfboundingboxheight}{%
                    +\mdfboxheight%
                    +\mdf@innertopmargin@length%
                    +\mdf@splitbottomskip@length%
                  }%
         \ifbool{mdf@topline}{\addtolength{\mdfboundingboxheight}{\mdf@middlelinewidth@length}}{}%
         \setlength{\mdfboundingboxwidth}{%
                    +\mdf@innerleftmargin@length%
                    +\mdfboxwidth
                    +\mdf@innerrightmargin@length%
                  }%
         \ifbool{mdf@leftline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \ifbool{mdf@rightline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \psset{linearc=\mdf@roundcorner@length}%
         \expandafter\psset\expandafter{\mdf@psset@local}%
         \psset{unit=1truecm}%
         \ifdimgreater{\mdfboundingboxheight}{\vsize}
                {\begin{pspicture}(0,0)(\mdfboundingboxwidth,\vsize)}
                {\begin{pspicture}(0,0)(\mdfboundingboxwidth,\mdfboundingboxheight)}
              \ifboolexpr{     bool {mdf@topline} and bool {mdf@rightline}
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}%
              \ifboolexpr{    not( bool {mdf@topline}) and bool {mdf@rightline}
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}%       
               \ifboolexpr{    not( bool {mdf@topline}) and not(bool {mdf@rightline})
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}%  
               \ifboolexpr{    not( bool {mdf@topline}) and bool {mdf@rightline}
                          and not( bool {mdf@leftline} )
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       \rput(!\ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}%              
               \ifboolexpr{     bool {mdf@topline} and not(bool {mdf@rightline})
                          and not(bool {mdf@leftline} )
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! 0 %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}% 
                \ifboolexpr{    not(bool {mdf@topline}) and not(bool {mdf@rightline})
                          and not(bool {mdf@leftline} )
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}%  
           \end{pspicture}%
     }%
}



\def\md@putbox@middle{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
        \setlength\mdfboxwidth{\wd\tw@}%
        \setlength\mdfboxheight{\ht\tw@+\dp\tw@}%
        \setlength{\mdfboundingboxheight}{%
                    +\mdfboxheight%
                    +\mdf@splitbottomskip@length%
                  }%
         \setlength{\mdfboundingboxwidth}{%
                    +\mdf@innerleftmargin@length%
                    +\mdfboxwidth%
                    +\mdf@innerrightmargin@length%
                  }%
         \ifbool{mdf@leftline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \ifbool{mdf@rightline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \expandafter\psset\expandafter{\mdf@psset@local}%
         \psset{linearc=\mdf@roundcorner@length}%
         \psset{unit=1truecm}%
         \ifdimgreater{\mdfboundingboxheight}{\vsize}
                {\begin{pspicture}(0,0)(\mdfboundingboxwidth,\vsize)}
                {\begin{pspicture}(0,0)(\mdfboundingboxwidth,\mdfboundingboxheight)}
              \ifboolexpr{    bool {mdf@rightline} and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}  %Y-Koord
                       )%
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\tw@}
                     }{}%
               \ifboolexpr{    bool {mdf@rightline} and not(bool {mdf@leftline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\tw@}
                     }{}%  
               \ifboolexpr{   not( bool {mdf@rightline})  and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}  %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\tw@}
                     }{}%                    
                \ifboolexpr{(
                             not(bool {mdf@rightline}) and not(bool {mdf@leftline})
                             and bool {mdf@topline} and not( bool {mdf@bottomline})
                             )
                             or
                             (
                             not(bool {mdf@rightline}) and not(bool {mdf@leftline})
                             and not (bool {mdf@topline}) and not( bool {mdf@bottomline})
                             )
                             or
                             (
                             not(bool {mdf@rightline}) and not(bool {mdf@leftline})
                             and not (bool {mdf@topline}) and bool {mdf@bottomline}
                             )
                              or
                             (
                             not(bool {mdf@rightline}) and not(bool {mdf@leftline})
                             and bool {mdf@topline} and bool {mdf@bottomline}
                             )  
                       }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\tw@}
                     }{}%  
       \end{pspicture}%
     }%
}

\def\md@putbox@second{
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
        \setlength\mdfboxwidth{\wd\@tempboxa}%
        \setlength\mdfboxheight{\ht\@tempboxa+\dp\@tempboxa}%
        \setlength{\mdfboundingboxheight}{%
                    +\mdfboxheight%
                    +\mdf@innerbottommargin@length%
                  }%
         \ifbool{mdf@bottomline}{\addtolength{\mdfboundingboxheight}{\mdf@middlelinewidth@length}}{}%
         \setlength{\mdfboundingboxwidth}{%
                    +\mdf@innerleftmargin@length%
                    +\mdfboxwidth
                    +\mdf@innerrightmargin@length%
                  }%
         \ifbool{mdf@leftline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \ifbool{mdf@rightline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \expandafter\psset\expandafter{\mdf@psset@local}
         \psset{linearc=\mdf@roundcorner@length}%
         \psset{unit=1truecm}%
         \begin{pspicture}(0,0)(\mdfboundingboxwidth,\mdfboundingboxheight)
              \ifboolexpr{     bool {mdf@bottomline} and bool {mdf@rightline}
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%
               \ifboolexpr{   not( bool {mdf@bottomline}) and bool {mdf@rightline}
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%                    
               \ifboolexpr{   not( bool {mdf@bottomline}) and not(bool {mdf@rightline})
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%  
               \ifboolexpr{   not( bool {mdf@bottomline}) and bool {mdf@rightline}
                          and not(bool {mdf@leftline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%  
               \ifboolexpr{  bool {mdf@bottomline} and not(bool {mdf@rightline})
                          and not(bool {mdf@leftline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! 0 %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%  
                \ifboolexpr{  not(bool {mdf@bottomline}) and not(bool {mdf@rightline})
                          and not(bool {mdf@leftline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%  
       \end{pspicture}%
     }%
}

\endinput
%eof
%eof
%eof
%eof
%eof







main/utf8plain.def

%%
%% This is file `utf8.def',
%% generated with the docstrip utility.
%%
%% The original source files were:
%%
%% utf8ienc.dtx  (with options: `utf8')
%% 
%% This is a generated file.
%% 
%% Copyright 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
%% The LaTeX3 Project and any individual authors listed elsewhere
%% in this file.
%% 
%% This file was generated from file(s) of the LaTeX base system.
%% --------------------------------------------------------------
%% 
%% It may be distributed and/or modified under the
%% conditions of the LaTeX Project Public License, either version 1.3c
%% of this license or (at your option) any later version.
%% The latest version of this license is in
%%    http://www.latex-project.org/lppl.txt
%% and version 1.3c or later is part of all distributions of LaTeX
%% version 2005/12/01 or later.
%% 
%% This file has the LPPL maintenance status "maintained".
%% 
%% This file may only be distributed together with a copy of the LaTeX
%% base system. You may however distribute the LaTeX base system without
%% such generated files.
%% 
%% The list of all files belonging to the LaTeX base distribution is
%% given in the file `manifest.txt'. See also `legal.txt' for additional
%% information.
%% 
%% The list of derived (unpacked) files belonging to the distribution
%% and covered by LPPL is defined by the unpacking scripts (with
%% extension .ins) which are part of the distribution.
\ProvidesFile{utf8.def}
   [2008/04/05 v1.1m UTF-8 support for inputenc]
\makeatletter
\catcode`\ \saved@space@catcode
\def\UTFviii@two@octets#1#2{\expandafter
    \UTFviii@defined\csname u8:#1\string#2\endcsname}
\def\UTFviii@three@octets#1#2#3{\expandafter
    \UTFviii@defined\csname u8:#1\string#2\string#3\endcsname}
\def\UTFviii@four@octets#1#2#3#4{\expandafter
    \UTFviii@defined\csname u8:#1\string#2\string#3\string#4\endcsname}
\def\UTFviii@defined#1{%
  \ifx#1\relax
      \PackageError{inputenc}{Unicode\space char\space \string#1\space
                              not\space set\space up\space
                              for\space use\space with\space LaTeX}\@eha
  \else\expandafter
    #1%
  \fi
}
\begingroup
\catcode`\~13
\catcode`\"12
\def\UTFviii@loop{%
  \uccode`\~\count@
  \uppercase\expandafter{\UTFviii@tmp}%
  \advance\count@\@ne
  \ifnum\count@<\@tempcnta
  \expandafter\UTFviii@loop
  \fi}
    \count@"C2
    \@tempcnta"E0
    \def\UTFviii@tmp{\xdef~{\noexpand\UTFviii@two@octets\string~}}
\UTFviii@loop
    \count@"E0
    \@tempcnta"F0
    \def\UTFviii@tmp{\xdef~{\noexpand\UTFviii@three@octets\string~}}
\UTFviii@loop
    \count@"F0
    \@tempcnta"F4
    \def\UTFviii@tmp{\xdef~{\noexpand\UTFviii@four@octets\string~}}
\UTFviii@loop
\endgroup
\@inpenc@test
\ifx\@begindocumenthook\@undefined
  \makeatother
  \endinput \fi
\begingroup
\catcode`\"=12
\catcode`\<=12
\catcode`\.=12
\catcode`\,=12
\catcode`\;=12
\catcode`\!=12
\catcode`\~=13
\gdef\DeclareUnicodeCharacter#1#2{%
   \count@"#1\relax
   \wlog{ \space\space defining Unicode char U+#1 (decimal \the\count@)}%
   \begingroup
    \parse@XML@charref
    \def\UTFviii@two@octets##1##2{\csname u8:##1\string##2\endcsname}%
    \def\UTFviii@three@octets##1##2##3{\csname u8:##1%
                                     \string##2\string##3\endcsname}%
    \def\UTFviii@four@octets##1##2##3##4{\csname u8:##1%
                           \string##2\string##3\string##4\endcsname}%
    \expandafter\expandafter\expandafter
    \expandafter\expandafter\expandafter
    \expandafter
     \gdef\UTFviii@tmp{\IeC{#2}}%
   \endgroup
}
\gdef\parse@XML@charref{%
  \ifnum\count@<"A0\relax
     \PackageError{inputenc}{Cannot\space define\space Unicode\space
                             char\space value\space <\space 00A0}\@eha
  \else\ifnum\count@<"800\relax
     \parse@UTFviii@a,%
     \parse@UTFviii@b C\UTFviii@two@octets.,%
  \else\ifnum\count@<"10000\relax
     \parse@UTFviii@a;%
     \parse@UTFviii@a,%
     \parse@UTFviii@b E\UTFviii@three@octets.{,;}%
   \else
     \parse@UTFviii@a;%
     \parse@UTFviii@a,%
     \parse@UTFviii@a!%
     \parse@UTFviii@b F\UTFviii@four@octets.{!,;}%
    \fi
    \fi
  \fi
}
\gdef\parse@UTFviii@a#1{%
     \@tempcnta\count@
     \divide\count@ 64
     \@tempcntb\count@
     \multiply\count@ 64
     \advance\@tempcnta-\count@
     \advance\@tempcnta 128
     \uccode`#1\@tempcnta
     \count@\@tempcntb}
\gdef\parse@UTFviii@b#1#2#3#4{%
     \advance\count@ "#10\relax
     \uccode`#3\count@
     \uppercase{\gdef\UTFviii@tmp{#2#3#4}}}
\endgroup
\@onlypreamble\DeclareUnicodeCharacter
\@onlypreamble\parse@XML@charref
\@onlypreamble\parse@UTFviii@a
\@onlypreamble\parse@UTFviii@b
\begingroup
  \def\cdp@elt#1#2#3#4{%
    \wlog{Now handling font encoding #1 ...}%
    \lowercase{%
        \InputIfFileExists{utf8plain.dfu}}%
           {\wlog{... processing UTF-8 mapping file for font %
                     encoding #1}%
            \catcode`\ 9\relax}%
          {\wlog{... no UTF-8 mapping file for font encoding #1}}%
  }
  \cdp@list
\endgroup
\def\DeclareFontEncoding@#1#2#3{%
  \expandafter
  \ifx\csname T@#1\endcsname\relax
    \def\cdp@elt{\noexpand\cdp@elt}%
    \xdef\cdp@list{\cdp@list\cdp@elt{#1}%
                    {\default@family}{\default@series}%
                    {\default@shape}}%
    \expandafter\let\csname#1-cmd\endcsname\@changed@cmd
    \begingroup
      \wlog{Now handling font encoding #1 ...}%
      \lowercase{%
        \InputIfFileExists{utf8plainenc.dfu}}%
           {\wlog{... processing UTF-8 mapping file for font %
                      encoding #1}}%
           {\wlog{... no UTF-8 mapping file for font encoding #1}}%
    \endgroup
  \else
     \@font@info{Redeclaring font encoding #1}%
  \fi
  \global\@namedef{T@#1}{#2}%
  \global\@namedef{M@#1}{\default@M#3}%
  \xdef\LastDeclaredEncoding{#1}%
  }
\DeclareUnicodeCharacter{00A9}{\textcopyright}
\DeclareUnicodeCharacter{00AA}{\textordfeminine}
\DeclareUnicodeCharacter{00AE}{\textregistered}
\DeclareUnicodeCharacter{00BA}{\textordmasculine}
\DeclareUnicodeCharacter{02C6}{\textasciicircum}
\DeclareUnicodeCharacter{02DC}{\textasciitilde}
\DeclareUnicodeCharacter{200C}{\textcompwordmark}
\DeclareUnicodeCharacter{2026}{\textellipsis}
\DeclareUnicodeCharacter{2122}{\texttrademark}
\DeclareUnicodeCharacter{2423}{\textvisiblespace}

\endinput
%%
%% End of file `utf8.def'.







headers/babel.tex

\usepackage[english]{babel}
\newcommand{\mychapterbabel}{Chapter}
\newcommand{\mypagebabel}{on page}
\newcommand{\myfigurebabel}{Figure}
\newcommand{\mylangbabel}{english}







headers/commands.tex

% Syntax Highlightling

%\DefineShortVerb[commandchars=\\\{\}]{\|}
\DefineVerbatimEnvironment{Highlighting}{Verbatim}{commandchars=\\\{\}}
% Add ',fontsize=\small' for more characters per line
\newenvironment{Shaded}{\begin{scriptsize}}{\end{scriptsize}}
\newcommand{\KeywordTok}[1]{\textbf{{#1}}}
\newcommand{\DataTypeTok}[1]{\underline{{#1}}}
\newcommand{\DecValTok}[1]{{#1}}
\newcommand{\BaseNTok}[1]{{#1}}
\newcommand{\FloatTok}[1]{{#1}}
\newcommand{\CharTok}[1]{{#1}}
\newcommand{\StringTok}[1]{{#1}}
\newcommand{\CommentTok}[1]{\textit{{#1}}}
\newcommand{\OtherTok}[1]{{#1}}
\newcommand{\AlertTok}[1]{\textbf{{#1}}}
\newcommand{\FunctionTok}[1]{{#1}}
\newcommand{\RegionMarkerTok}[1]{{#1}}
\newcommand{\ErrorTok}[1]{\textbf{{#1}}}
\newcommand{\NormalTok}[1]{{#1}}
\newcommand{\myfigurewithoutcaption}[1]{{\bfseries \myfigurebabel{ }#1}}
\newcommand{\myfigurewithcaption}[2]{{\bfseries \myfigurebabel{ }#1{\quad}}#2}

% Definition der Fussnoten
% ------------------------
%\KOMAoptions{footnotes=multiple}


\DeclareTextSymbol{\textlongs}{TS1}{115} 

\deffootnote[2.2em]{2.2em}{0em}{\makebox[2.2em][l]{\thefootnotemark}}

\newcommand{\badchar}[1]
{\textbf{?}}


\newcommand{\myplainurl}[1]
{{\ttfamily  \url{#1}}}


\newcommand{\myfnhref}[2]
{{#2} \^{}{\{\ttfamily  \url{#1}\}} }

\newcommand{\mymchref}[2]
{}


\newcommand{\mytabhref}[2]
{{#2}\protect\footnote{\ttfamily \url{#1} }}
%{\textsc{#2}}


\newcommand{\myfnlref}[2]
{{#2} \^{}\{\mychapterbabel \ref{#1} \mypagebabel {$\text{}$} \pageref{#1}\}}

\newcommand{\myhref}[2]
{{#2}\protect\footnote{\ttfamily \url{#1} }} 

\newcommand{\mylref}[2]
{{#2}\protect\footnote{\mychapterbabel {$\text{}$} \ref{#1} \mypagebabel {$\text{}$} \pageref{#1}}}

\newcommand{\myfnsref}[2]
{\text{#2} \^{}\{\text{#1} \}}

\newcommand{\mysref}[2]
{\text{#2}\protect\footnote{#1}}

\newcommand{\TickYes}{\checkmark}


% Kompatibilität, damit myfootnote nichts ins Leere läuft
\newcommand{\myfootnote}[1]
%{\footnote{\quad{}#1}}
{\footnote{#1}}


% Auflistungen
% ------------
% Standardvorschlag für itemize
%\newenvironment{myitemize}{\begin{itemize}}{\end{itemize}}
%\newenvironment{myenumerate}{\begin{enumerate}}{\end{enumerate}}
\newenvironment{myquote}{\begin{itemize}[{}]}{\end{itemize}}
\newenvironment{myblockquote}{\begin{itemize}[{\quad}]}{\end{itemize}}

\newenvironment{mydescription}{

\begin{inparablank}}{\end{inparablank}} 
% Alternativen ohne Einrückung
\newenvironment{myitemize}{\begin{compactitem}[\textbullet]}{\end{compactitem}}
\newenvironment{myenumerate}{\begin{compactenum}}{\end{compactenum}}

% einige weitere Festlegungen
% ---------------------------
% \breakslash is used for URLs to allow linebreaking
\newcommand{\mybreakslash}{\discretionary{/}{}{/}}

\newlength{\mylength}
\newlength{\myhight}
\newlength{\myshadingheight}
\newcommand{\myoverline}[1]
{\settowidth{\mylength}{#1} \settoheight{\myhight}{#1}
\makebox[-3pt][l]{#1}
\rule[\myhight+1pt]{\mylength}{0.15mm}}

% Teile von Büchern
\newcommand{\mypart}[1]
%{\part{#1}}
{\addtocontents{toc}{\protect\vspace{7.5mm} \textbf{\Large {#1}}}}

% minitoc vorbereiten, aber standardmäßig unterdrücken
\newcommand{\myminitoc}{}

% Haupttitel
% ----------
%\newcommand{\mymaintitle}[1]
%{\definecolor{shadecolor}{gray}{0.9}\begin{shaded}
%\begin{center}
%\Huge \bfseries 
%#1 
%\end{center}
%\end{shaded}}

%\newcommand{\mysubtitle}[1]
%{\begin{center}
%\LARGE \bfseries 
%#1
%\end{center}}

\newcommand{\mysubtitle}[1]{\subtitle{#1}}
\newcommand{\mymaintitle}[1]{\title{#1}}
\newcommand{\myauthor}[1]{\author{#1}}


% Metadaten
% ---------
\newcommand{\fetchurlcaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Adresse der elektronischen Ressource zur Abholung (O)}.}{URL zur Abholung}}

\newcommand{\bookcaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Adresse der elektronischen Ressource (O)}.}{Buch (Hauptseite)}}

\newcommand{\functionalgroupcaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Angaben zum Inhalt: DDC-Sachgruppe der Deutschen Nationalbibliografie oder Warengruppen-Systematik des Deutschen Buchhandels (O)}.}{Sachgruppe(n)} }

\newcommand{\futhertopicscaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Angaben zum Inhalt: weitere Klassifikationen / Thesauri (F)}.}{Weitere Themen}}

\newcommand{\mainauthorscaption}[0]
{Hauptautor(en)}

\newcommand{\projecttexniciancaption}[0]
{Betreuer}

\newcommand{\organizationscaptions}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Beteiligte Organisationen (F)}.}{Organisation(en)}}

\newcommand{\datecaption}[0]
{Erscheinungsdatum}

\newcommand{\issuecaption}[0]
{Ausgabebezeichnung}

\newcommand{\standardcodecaption}[0]
{Standardnummer }

\newcommand{\maintitlecaption}[0]
{Haupttitel}

\newcommand{\publishercaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Verlag / Verlegende Stelle (O)}.}{Verlegende Stelle} }

\newcommand{\publishercitycaption}[0]
{Verlagsort}

\newcommand{\shelfcaption}[0]
{Wikibooks-Regal}

\newcommand{\sizecaption}[0]
{Umfang}


\newcommand{\Alpha}{\mathrm{A}}
\newcommand{\Beta}{\mathrm{B}}
\newcommand{\Epsilon}{\mathrm{E}}
\newcommand{\Zeta}{\mathrm{Z}}
\newcommand{\Eta}{\mathrm{H}}
\newcommand{\Iota}{\mathrm{I}}
\newcommand{\Kappa}{\mathrm{K}}
\newcommand{\Mu}{\mathrm{M}}
\newcommand{\Nu}{\mathrm{N}}
\newcommand{\Rho}{\mathrm{P}}
\newcommand{\Tau}{\mathrm{T}}
\newcommand{\Chi}{\mathrm{X}}

















headers/defaultcolors.tex

\definecolor{AliceBlue}{rgb}{0.941176470588,0.972549019608,1.0}
\definecolor{aliceblue}{rgb}{0.941176470588,0.972549019608,1.0}
\definecolor{AntiqueWhite}{rgb}{0.980392156863,0.921568627451,0.843137254902}
\definecolor{antiquewhite}{rgb}{0.980392156863,0.921568627451,0.843137254902}
\definecolor{Aqua}{rgb}{0.0,1.0,1.0}
\definecolor{aqua}{rgb}{0.0,1.0,1.0}
\definecolor{Aquamarine}{rgb}{0.498039215686,1.0,0.83137254902}
\definecolor{aquamarine}{rgb}{0.498039215686,1.0,0.83137254902}
\definecolor{Azure}{rgb}{0.941176470588,1.0,1.0}
\definecolor{azure}{rgb}{0.941176470588,1.0,1.0}
\definecolor{Beige}{rgb}{0.960784313725,0.960784313725,0.862745098039}
\definecolor{beige}{rgb}{0.960784313725,0.960784313725,0.862745098039}
\definecolor{Bisque}{rgb}{1.0,0.894117647059,0.76862745098}
\definecolor{bisque}{rgb}{1.0,0.894117647059,0.76862745098}
\definecolor{Black}{rgb}{0.0,0.0,0.0}
\definecolor{black}{rgb}{0.0,0.0,0.0}
\definecolor{BlanchedAlmond}{rgb}{1.0,0.921568627451,0.803921568627}
\definecolor{blanchedalmond}{rgb}{1.0,0.921568627451,0.803921568627}
\definecolor{Blue}{rgb}{0.0,0.0,1.0}
%\definecolor{blue}{rgb}{0.0,0.0,1.0}
\definecolor{BlueViolet}{rgb}{0.541176470588,0.16862745098,0.886274509804}
\definecolor{blueviolet}{rgb}{0.541176470588,0.16862745098,0.886274509804}
\definecolor{Brown}{rgb}{0.647058823529,0.164705882353,0.164705882353}
\definecolor{brown}{rgb}{0.647058823529,0.164705882353,0.164705882353}
\definecolor{BurlyWood}{rgb}{0.870588235294,0.721568627451,0.529411764706}
\definecolor{burlywood}{rgb}{0.870588235294,0.721568627451,0.529411764706}
\definecolor{CadetBlue}{rgb}{0.372549019608,0.619607843137,0.627450980392}
\definecolor{cadetblue}{rgb}{0.372549019608,0.619607843137,0.627450980392}
\definecolor{Chartreuse}{rgb}{0.498039215686,1.0,0.0}
\definecolor{chartreuse}{rgb}{0.498039215686,1.0,0.0}
\definecolor{Chocolate}{rgb}{0.823529411765,0.411764705882,0.117647058824}
\definecolor{chocolate}{rgb}{0.823529411765,0.411764705882,0.117647058824}
\definecolor{Coral}{rgb}{1.0,0.498039215686,0.313725490196}
\definecolor{coral}{rgb}{1.0,0.498039215686,0.313725490196}
\definecolor{CornflowerBlue}{rgb}{0.392156862745,0.58431372549,0.929411764706}
\definecolor{cornflowerblue}{rgb}{0.392156862745,0.58431372549,0.929411764706}
\definecolor{Cornsilk}{rgb}{1.0,0.972549019608,0.862745098039}
\definecolor{cornsilk}{rgb}{1.0,0.972549019608,0.862745098039}
\definecolor{Crimson}{rgb}{0.862745098039,0.078431372549,0.235294117647}
\definecolor{crimson}{rgb}{0.862745098039,0.078431372549,0.235294117647}
\definecolor{Cyan}{rgb}{0.0,1.0,1.0}
%\definecolor{cyan}{rgb}{0.0,1.0,1.0}
\definecolor{DarkBlue}{rgb}{0.0,0.0,0.545098039216}
\definecolor{darkblue}{rgb}{0.0,0.0,0.545098039216}
\definecolor{DarkCyan}{rgb}{0.0,0.545098039216,0.545098039216}
\definecolor{darkcyan}{rgb}{0.0,0.545098039216,0.545098039216}
\definecolor{DarkGoldenRod}{rgb}{0.721568627451,0.525490196078,0.043137254902}
\definecolor{darkgoldenrod}{rgb}{0.721568627451,0.525490196078,0.043137254902}
\definecolor{DarkGray}{rgb}{0.662745098039,0.662745098039,0.662745098039}
\definecolor{darkgray}{rgb}{0.662745098039,0.662745098039,0.662745098039}
\definecolor{DarkGreen}{rgb}{0.0,0.392156862745,0.0}
\definecolor{darkgreen}{rgb}{0.0,0.392156862745,0.0}
\definecolor{DarkKhaki}{rgb}{0.741176470588,0.717647058824,0.419607843137}
\definecolor{darkkhaki}{rgb}{0.741176470588,0.717647058824,0.419607843137}
\definecolor{DarkMagenta}{rgb}{0.545098039216,0.0,0.545098039216}
\definecolor{darkmagenta}{rgb}{0.545098039216,0.0,0.545098039216}
\definecolor{DarkOliveGreen}{rgb}{0.333333333333,0.419607843137,0.18431372549}
\definecolor{darkolivegreen}{rgb}{0.333333333333,0.419607843137,0.18431372549}
\definecolor{Darkorange}{rgb}{1.0,0.549019607843,0.0}
\definecolor{darkorange}{rgb}{1.0,0.549019607843,0.0}
\definecolor{DarkOrchid}{rgb}{0.6,0.196078431373,0.8}
\definecolor{darkorchid}{rgb}{0.6,0.196078431373,0.8}
\definecolor{DarkRed}{rgb}{0.545098039216,0.0,0.0}
\definecolor{darkred}{rgb}{0.545098039216,0.0,0.0}
\definecolor{DarkSalmon}{rgb}{0.913725490196,0.588235294118,0.478431372549}
\definecolor{darksalmon}{rgb}{0.913725490196,0.588235294118,0.478431372549}
\definecolor{DarkSeaGreen}{rgb}{0.560784313725,0.737254901961,0.560784313725}
\definecolor{darkseagreen}{rgb}{0.560784313725,0.737254901961,0.560784313725}
\definecolor{DarkSlateBlue}{rgb}{0.282352941176,0.239215686275,0.545098039216}
\definecolor{darkslateblue}{rgb}{0.282352941176,0.239215686275,0.545098039216}
\definecolor{DarkSlateGray}{rgb}{0.18431372549,0.309803921569,0.309803921569}
\definecolor{darkslategray}{rgb}{0.18431372549,0.309803921569,0.309803921569}
\definecolor{DarkTurquoise}{rgb}{0.0,0.807843137255,0.819607843137}
\definecolor{darkturquoise}{rgb}{0.0,0.807843137255,0.819607843137}
\definecolor{DarkViolet}{rgb}{0.580392156863,0.0,0.827450980392}
\definecolor{darkviolet}{rgb}{0.580392156863,0.0,0.827450980392}
\definecolor{DeepPink}{rgb}{1.0,0.078431372549,0.576470588235}
\definecolor{deeppink}{rgb}{1.0,0.078431372549,0.576470588235}
\definecolor{DeepSkyBlue}{rgb}{0.0,0.749019607843,1.0}
\definecolor{deepskyblue}{rgb}{0.0,0.749019607843,1.0}
\definecolor{DimGray}{rgb}{0.411764705882,0.411764705882,0.411764705882}
\definecolor{dimgray}{rgb}{0.411764705882,0.411764705882,0.411764705882}
\definecolor{DodgerBlue}{rgb}{0.117647058824,0.564705882353,1.0}
\definecolor{dodgerblue}{rgb}{0.117647058824,0.564705882353,1.0}
\definecolor{FireBrick}{rgb}{0.698039215686,0.133333333333,0.133333333333}
\definecolor{firebrick}{rgb}{0.698039215686,0.133333333333,0.133333333333}
\definecolor{FloralWhite}{rgb}{1.0,0.980392156863,0.941176470588}
\definecolor{floralwhite}{rgb}{1.0,0.980392156863,0.941176470588}
\definecolor{ForestGreen}{rgb}{0.133333333333,0.545098039216,0.133333333333}
\definecolor{forestgreen}{rgb}{0.133333333333,0.545098039216,0.133333333333}
\definecolor{Fuchsia}{rgb}{1.0,0.0,1.0}
\definecolor{fuchsia}{rgb}{1.0,0.0,1.0}
\definecolor{Gainsboro}{rgb}{0.862745098039,0.862745098039,0.862745098039}
\definecolor{gainsboro}{rgb}{0.862745098039,0.862745098039,0.862745098039}
\definecolor{GhostWhite}{rgb}{0.972549019608,0.972549019608,1.0}
\definecolor{ghostwhite}{rgb}{0.972549019608,0.972549019608,1.0}
\definecolor{Gold}{rgb}{1.0,0.843137254902,0.0}
\definecolor{gold}{rgb}{1.0,0.843137254902,0.0}
\definecolor{GoldenRod}{rgb}{0.854901960784,0.647058823529,0.125490196078}
\definecolor{goldenrod}{rgb}{0.854901960784,0.647058823529,0.125490196078}
\definecolor{Gray}{rgb}{0.501960784314,0.501960784314,0.501960784314}
\definecolor{gray}{rgb}{0.501960784314,0.501960784314,0.501960784314}
\definecolor{Green}{rgb}{0.0,0.501960784314,0.0}
%\definecolor{green}{rgb}{0.0,0.501960784314,0.0}
\definecolor{GreenYellow}{rgb}{0.678431372549,1.0,0.18431372549}
\definecolor{greenyellow}{rgb}{0.678431372549,1.0,0.18431372549}
\definecolor{HoneyDew}{rgb}{0.941176470588,1.0,0.941176470588}
\definecolor{honeydew}{rgb}{0.941176470588,1.0,0.941176470588}
\definecolor{HotPink}{rgb}{1.0,0.411764705882,0.705882352941}
\definecolor{hotpink}{rgb}{1.0,0.411764705882,0.705882352941}
\definecolor{IndianRed}{rgb}{0.803921568627,0.360784313725,0.360784313725}
\definecolor{indianred}{rgb}{0.803921568627,0.360784313725,0.360784313725}
\definecolor{Indigo}{rgb}{0.294117647059,0.0,0.509803921569}
\definecolor{indigo}{rgb}{0.294117647059,0.0,0.509803921569}
\definecolor{Ivory}{rgb}{1.0,1.0,0.941176470588}
\definecolor{ivory}{rgb}{1.0,1.0,0.941176470588}
\definecolor{Khaki}{rgb}{0.941176470588,0.901960784314,0.549019607843}
\definecolor{khaki}{rgb}{0.941176470588,0.901960784314,0.549019607843}
\definecolor{Lavender}{rgb}{0.901960784314,0.901960784314,0.980392156863}
\definecolor{lavender}{rgb}{0.901960784314,0.901960784314,0.980392156863}
\definecolor{LavenderBlush}{rgb}{1.0,0.941176470588,0.960784313725}
\definecolor{lavenderblush}{rgb}{1.0,0.941176470588,0.960784313725}
\definecolor{LawnGreen}{rgb}{0.486274509804,0.988235294118,0.0}
\definecolor{lawngreen}{rgb}{0.486274509804,0.988235294118,0.0}
\definecolor{LemonChiffon}{rgb}{1.0,0.980392156863,0.803921568627}
\definecolor{lemonchiffon}{rgb}{1.0,0.980392156863,0.803921568627}
\definecolor{LightBlue}{rgb}{0.678431372549,0.847058823529,0.901960784314}
\definecolor{lightblue}{rgb}{0.678431372549,0.847058823529,0.901960784314}
\definecolor{LightCoral}{rgb}{0.941176470588,0.501960784314,0.501960784314}
\definecolor{lightcoral}{rgb}{0.941176470588,0.501960784314,0.501960784314}
\definecolor{LightCyan}{rgb}{0.878431372549,1.0,1.0}
\definecolor{lightcyan}{rgb}{0.878431372549,1.0,1.0}
\definecolor{LightGoldenRodYellow}{rgb}{0.980392156863,0.980392156863,0.823529411765}
\definecolor{lightgoldenrodyellow}{rgb}{0.980392156863,0.980392156863,0.823529411765}
\definecolor{LightGrey}{rgb}{0.827450980392,0.827450980392,0.827450980392}
\definecolor{lightgrey}{rgb}{0.827450980392,0.827450980392,0.827450980392}
\definecolor{LightGreen}{rgb}{0.564705882353,0.933333333333,0.564705882353}
\definecolor{lightgreen}{rgb}{0.564705882353,0.933333333333,0.564705882353}
\definecolor{LightPink}{rgb}{1.0,0.713725490196,0.756862745098}
\definecolor{lightpink}{rgb}{1.0,0.713725490196,0.756862745098}
\definecolor{LightSalmon}{rgb}{1.0,0.627450980392,0.478431372549}
\definecolor{lightsalmon}{rgb}{1.0,0.627450980392,0.478431372549}
\definecolor{LightSeaGreen}{rgb}{0.125490196078,0.698039215686,0.666666666667}
\definecolor{lightseagreen}{rgb}{0.125490196078,0.698039215686,0.666666666667}
\definecolor{LightSkyBlue}{rgb}{0.529411764706,0.807843137255,0.980392156863}
\definecolor{lightskyblue}{rgb}{0.529411764706,0.807843137255,0.980392156863}
\definecolor{LightSlateGray}{rgb}{0.466666666667,0.533333333333,0.6}
\definecolor{lightslategray}{rgb}{0.466666666667,0.533333333333,0.6}
\definecolor{LightSteelBlue}{rgb}{0.690196078431,0.76862745098,0.870588235294}
\definecolor{lightsteelblue}{rgb}{0.690196078431,0.76862745098,0.870588235294}
\definecolor{LightYellow}{rgb}{1.0,1.0,0.878431372549}
\definecolor{lightyellow}{rgb}{1.0,1.0,0.878431372549}
\definecolor{Lime}{rgb}{0.0,1.0,0.0}
\definecolor{lime}{rgb}{0.0,1.0,0.0}
\definecolor{LimeGreen}{rgb}{0.196078431373,0.803921568627,0.196078431373}
\definecolor{limegreen}{rgb}{0.196078431373,0.803921568627,0.196078431373}
\definecolor{Linen}{rgb}{0.980392156863,0.941176470588,0.901960784314}
\definecolor{linen}{rgb}{0.980392156863,0.941176470588,0.901960784314}
\definecolor{Magenta}{rgb}{1.0,0.0,1.0}
%\definecolor{magenta}{rgb}{1.0,0.0,1.0}
\definecolor{Maroon}{rgb}{0.501960784314,0.0,0.0}
\definecolor{maroon}{rgb}{0.501960784314,0.0,0.0}
\definecolor{MediumAquaMarine}{rgb}{0.4,0.803921568627,0.666666666667}
\definecolor{mediumaquamarine}{rgb}{0.4,0.803921568627,0.666666666667}
\definecolor{MediumBlue}{rgb}{0.0,0.0,0.803921568627}
\definecolor{mediumblue}{rgb}{0.0,0.0,0.803921568627}
\definecolor{MediumOrchid}{rgb}{0.729411764706,0.333333333333,0.827450980392}
\definecolor{mediumorchid}{rgb}{0.729411764706,0.333333333333,0.827450980392}
\definecolor{MediumPurple}{rgb}{0.576470588235,0.439215686275,0.847058823529}
\definecolor{mediumpurple}{rgb}{0.576470588235,0.439215686275,0.847058823529}
\definecolor{MediumSeaGreen}{rgb}{0.235294117647,0.701960784314,0.443137254902}
\definecolor{mediumseagreen}{rgb}{0.235294117647,0.701960784314,0.443137254902}
\definecolor{MediumSlateBlue}{rgb}{0.482352941176,0.407843137255,0.933333333333}
\definecolor{mediumslateblue}{rgb}{0.482352941176,0.407843137255,0.933333333333}
\definecolor{MediumSpringGreen}{rgb}{0.0,0.980392156863,0.603921568627}
\definecolor{mediumspringgreen}{rgb}{0.0,0.980392156863,0.603921568627}
\definecolor{MediumTurquoise}{rgb}{0.282352941176,0.819607843137,0.8}
\definecolor{mediumturquoise}{rgb}{0.282352941176,0.819607843137,0.8}
\definecolor{MediumVioletRed}{rgb}{0.780392156863,0.0823529411765,0.521568627451}
\definecolor{mediumvioletred}{rgb}{0.780392156863,0.0823529411765,0.521568627451}
\definecolor{MidnightBlue}{rgb}{0.0980392156863,0.0980392156863,0.439215686275}
\definecolor{midnightblue}{rgb}{0.0980392156863,0.0980392156863,0.439215686275}
\definecolor{MintCream}{rgb}{0.960784313725,1.0,0.980392156863}
\definecolor{mintcream}{rgb}{0.960784313725,1.0,0.980392156863}
\definecolor{MistyRose}{rgb}{1.0,0.894117647059,0.882352941176}
\definecolor{mistyrose}{rgb}{1.0,0.894117647059,0.882352941176}
\definecolor{Moccasin}{rgb}{1.0,0.894117647059,0.709803921569}
\definecolor{moccasin}{rgb}{1.0,0.894117647059,0.709803921569}
\definecolor{NavajoWhite}{rgb}{1.0,0.870588235294,0.678431372549}
\definecolor{navajowhite}{rgb}{1.0,0.870588235294,0.678431372549}
\definecolor{Navy}{rgb}{0.0,0.0,0.501960784314}
\definecolor{navy}{rgb}{0.0,0.0,0.501960784314}
\definecolor{OldLace}{rgb}{0.992156862745,0.960784313725,0.901960784314}
\definecolor{oldlace}{rgb}{0.992156862745,0.960784313725,0.901960784314}
\definecolor{Olive}{rgb}{0.501960784314,0.501960784314,0.0}
\definecolor{olive}{rgb}{0.501960784314,0.501960784314,0.0}
\definecolor{OliveDrab}{rgb}{0.419607843137,0.556862745098,0.137254901961}
\definecolor{olivedrab}{rgb}{0.419607843137,0.556862745098,0.137254901961}
\definecolor{Orange}{rgb}{1.0,0.647058823529,0.0}
\definecolor{orange}{rgb}{1.0,0.647058823529,0.0}
\definecolor{OrangeRed}{rgb}{1.0,0.270588235294,0.0}
\definecolor{orangered}{rgb}{1.0,0.270588235294,0.0}
\definecolor{Orchid}{rgb}{0.854901960784,0.439215686275,0.839215686275}
\definecolor{orchid}{rgb}{0.854901960784,0.439215686275,0.839215686275}
\definecolor{PaleGoldenRod}{rgb}{0.933333333333,0.909803921569,0.666666666667}
\definecolor{palegoldenrod}{rgb}{0.933333333333,0.909803921569,0.666666666667}
\definecolor{PaleGreen}{rgb}{0.596078431373,0.98431372549,0.596078431373}
\definecolor{palegreen}{rgb}{0.596078431373,0.98431372549,0.596078431373}
\definecolor{PaleTurquoise}{rgb}{0.686274509804,0.933333333333,0.933333333333}
\definecolor{paleturquoise}{rgb}{0.686274509804,0.933333333333,0.933333333333}
\definecolor{PaleVioletRed}{rgb}{0.847058823529,0.439215686275,0.576470588235}
\definecolor{palevioletred}{rgb}{0.847058823529,0.439215686275,0.576470588235}
\definecolor{PapayaWhip}{rgb}{1.0,0.937254901961,0.835294117647}
\definecolor{papayawhip}{rgb}{1.0,0.937254901961,0.835294117647}
\definecolor{PeachPuff}{rgb}{1.0,0.854901960784,0.725490196078}
\definecolor{peachpuff}{rgb}{1.0,0.854901960784,0.725490196078}
\definecolor{Peru}{rgb}{0.803921568627,0.521568627451,0.247058823529}
\definecolor{peru}{rgb}{0.803921568627,0.521568627451,0.247058823529}
\definecolor{Pink}{rgb}{1.0,0.752941176471,0.796078431373}
\definecolor{pink}{rgb}{1.0,0.752941176471,0.796078431373}
\definecolor{Plum}{rgb}{0.866666666667,0.627450980392,0.866666666667}
\definecolor{plum}{rgb}{0.866666666667,0.627450980392,0.866666666667}
\definecolor{PowderBlue}{rgb}{0.690196078431,0.878431372549,0.901960784314}
\definecolor{powderblue}{rgb}{0.690196078431,0.878431372549,0.901960784314}
\definecolor{Purple}{rgb}{0.501960784314,0.0,0.501960784314}
\definecolor{purple}{rgb}{0.501960784314,0.0,0.501960784314}
\definecolor{Red}{rgb}{1.0,0.0,0.0}
%\definecolor{red}{rgb}{1.0,0.0,0.0}
\definecolor{RosyBrown}{rgb}{0.737254901961,0.560784313725,0.560784313725}
\definecolor{rosybrown}{rgb}{0.737254901961,0.560784313725,0.560784313725}
\definecolor{RoyalBlue}{rgb}{0.254901960784,0.411764705882,0.882352941176}
\definecolor{royalblue}{rgb}{0.254901960784,0.411764705882,0.882352941176}
\definecolor{SaddleBrown}{rgb}{0.545098039216,0.270588235294,0.0745098039216}
\definecolor{saddlebrown}{rgb}{0.545098039216,0.270588235294,0.0745098039216}
\definecolor{Salmon}{rgb}{0.980392156863,0.501960784314,0.447058823529}
\definecolor{salmon}{rgb}{0.980392156863,0.501960784314,0.447058823529}
\definecolor{SandyBrown}{rgb}{0.956862745098,0.643137254902,0.376470588235}
\definecolor{sandybrown}{rgb}{0.956862745098,0.643137254902,0.376470588235}
\definecolor{SeaGreen}{rgb}{0.180392156863,0.545098039216,0.341176470588}
\definecolor{seagreen}{rgb}{0.180392156863,0.545098039216,0.341176470588}
\definecolor{SeaShell}{rgb}{1.0,0.960784313725,0.933333333333}
\definecolor{seashell}{rgb}{1.0,0.960784313725,0.933333333333}
\definecolor{Sienna}{rgb}{0.627450980392,0.321568627451,0.176470588235}
\definecolor{sienna}{rgb}{0.627450980392,0.321568627451,0.176470588235}
\definecolor{Silver}{rgb}{0.752941176471,0.752941176471,0.752941176471}
\definecolor{silver}{rgb}{0.752941176471,0.752941176471,0.752941176471}
\definecolor{SkyBlue}{rgb}{0.529411764706,0.807843137255,0.921568627451}
\definecolor{skyblue}{rgb}{0.529411764706,0.807843137255,0.921568627451}
\definecolor{SlateBlue}{rgb}{0.41568627451,0.352941176471,0.803921568627}
\definecolor{slateblue}{rgb}{0.41568627451,0.352941176471,0.803921568627}
\definecolor{SlateGray}{rgb}{0.439215686275,0.501960784314,0.564705882353}
\definecolor{slategray}{rgb}{0.439215686275,0.501960784314,0.564705882353}
\definecolor{Snow}{rgb}{1.0,0.980392156863,0.980392156863}
\definecolor{snow}{rgb}{1.0,0.980392156863,0.980392156863}
\definecolor{SpringGreen}{rgb}{0.0,1.0,0.498039215686}
\definecolor{springgreen}{rgb}{0.0,1.0,0.498039215686}
\definecolor{SteelBlue}{rgb}{0.274509803922,0.509803921569,0.705882352941}
\definecolor{steelblue}{rgb}{0.274509803922,0.509803921569,0.705882352941}
\definecolor{Tan}{rgb}{0.823529411765,0.705882352941,0.549019607843}
\definecolor{tan}{rgb}{0.823529411765,0.705882352941,0.549019607843}
\definecolor{Teal}{rgb}{0.0,0.501960784314,0.501960784314}
\definecolor{teal}{rgb}{0.0,0.501960784314,0.501960784314}
\definecolor{Thistle}{rgb}{0.847058823529,0.749019607843,0.847058823529}
\definecolor{thistle}{rgb}{0.847058823529,0.749019607843,0.847058823529}
\definecolor{Tomato}{rgb}{1.0,0.388235294118,0.278431372549}
\definecolor{tomato}{rgb}{1.0,0.388235294118,0.278431372549}
\definecolor{Turquoise}{rgb}{0.250980392157,0.878431372549,0.81568627451}
\definecolor{turquoise}{rgb}{0.250980392157,0.878431372549,0.81568627451}
\definecolor{Violet}{rgb}{0.933333333333,0.509803921569,0.933333333333}
\definecolor{violet}{rgb}{0.933333333333,0.509803921569,0.933333333333}
\definecolor{Wheat}{rgb}{0.960784313725,0.870588235294,0.701960784314}
\definecolor{wheat}{rgb}{0.960784313725,0.870588235294,0.701960784314}
\definecolor{White}{rgb}{1.0,1.0,1.0}
%\definecolor{white}{rgb}{1.0,1.0,1.0}
\definecolor{WhiteSmoke}{rgb}{0.960784313725,0.960784313725,0.960784313725}
\definecolor{whitesmoke}{rgb}{0.960784313725,0.960784313725,0.960784313725}
\definecolor{Yellow}{rgb}{1.0,1.0,0.0}
%\definecolor{yellow}{rgb}{1.0,1.0,0.0}
\definecolor{YellowGreen}{rgb}{0.603921568627,0.803921568627,0.196078431373}
\definecolor{yellowgreen}{rgb}{0.603921568627,0.803921568627,0.196078431373}

\definecolor{shadecolor}{gray}{0.9}
\definecolor{mydarkgreen}{rgb}{0.0,0.5625,0.0} 
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\begin{small}
Auf den folgenden Seiten stehen für alle Bilder die Quellen, Autoren und Lizenzen. Das Verzeichnis wurde erstellt mit Hilfe der \myhref{http://de.wikipedia.org/wiki/MediaWiki}{Wikimedia-Software} und an Layout und Gliederung dieses Buches angepasst.

Zu den Lizenzen gibt es hier weitere Informationen:

\begin{itemize}
\item GNU Free Documentation License (GFDL). Text dieser Lizenz: \newline{}\url{http://www.gnu.org/licenses/old-licenses/gpl-1.0.txt}

\item GNU General Public License Version 2 (GPL). Text dieser Lizenz: \newline{}\url{http://www.gnu.org/licenses/gpl-2.0.txt} 

\item Creative Commons Attribution ShareAlike 1.0 License (cc-by-sa-1.0). Text dieser Lizenz: \newline{}\url{http://creativecommons.org/licenses/by-sa/1.0/} 

\item Creative Commons Attribution ShareAlike 2.0 License (cc-by-sa-2.0). Damit werden auch die Versionen f\"ur andere Sprachen bezeichnet. Text der englischen Version: \newline{}\url{http://creativecommons.org/licenses/by-sa/2.0/}

\item Creative Commons Attribution ShareAlike 2.5 License (cc-by-sa-2.5). Text dieser Lizenz:\newline{}\url{http://creativecommons.org/licenses/by-sa/2.5/}

\item Creative Commons Attribution ShareAlike 3.0 License (cc-by-sa-3.0). Text dieser Lizenz:\newline{}\url{http://creativecommons.org/licenses/by-sa/3.0/}

\item Creative Commons Attribution 2.0 License (cc-by-2.0). Damit werden auch die Versionen f\"ur andere Sprachen bezeichnet. Text der englischen Version:\newline{}\url{http://creativecommons.org/licenses/by/2.0/}

\item Creative Commons Attribution 2.5 License (cc-by-2.5). Text dieser Lizenz:\newline{}\url{http://creativecommons.org/licenses/by/2.5/deed.en}

\item Creative Commons Attribution 3.0 License (cc-by-3.0). Text dieser Lizenz:\newline{}\url{http://creativecommons.org/licenses/by/2.5/deed.en}

\item Public Domain (PD): This image is in the public domain. Dieses Bild ist gemeinfrei.

\item ATTR:  The copyright holder of this file allows anyone to use it for any purpose, provided that the copyright holder is properly attributed. Redistribution, derivative work, commercial use, and all other use is permitted. 

\item EURO: This is the common (reverse) face of a euro coin. The copyright on the design of the common face of the euro coins belongs to the European Commission. Authorised is reproduction in a format without relief (drawings, paintings, films) provided they are not detrimental to the image of the euro.
\end{itemize}

Den an weiteren Einzelheiten interessierten Leser verweisen wir auf die Onlineversion dieses Buches und die Beschreibungsseiten der Dateien.

\end{small}
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\chapter{Zu diesem Buch}
\section{Hinweise zu den Lizenzen}
\label{Lizenzhinweise}

Dieses Werk ist entstanden bei \myhref{http://de.wikibooks.org/wiki/Einf\%C3\%BChrung_in_SQL}{Wikibooks}, einer Online-Bibliothek im Internet mit Lehr-, Sach- und Fachbüchern. Jeder kann und darf diese Bücher frei nutzen und bearbeiten. Alle Inhalte stehen unter den Lizenzen „Creative Commons Attribution/Share-Alike“ (CC-BY-SA 3.0) und GNU-Lizenz für freie Dokumentation (GFDL). 

Das Konvertierungsprogramm \myhref{http://de.wikibooks.org/wiki/Benutzer:Dirk_Huenniger/wb2pdf}{wb2pdf} steht unter GNU General Public License (GPL).
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\myhref{http://en.wikipedia.org/wiki/C\%20\%28programming\%20language\%29}{C} is the most commonly used \myhref{http://en.wikipedia.org/wiki/programming\%20language}{programming language} for writing \myhref{http://en.wikipedia.org/wiki/operating\%20systems}{operating systems}. \myhref{http://en.wikipedia.org/wiki/Unix}{Unix} was the first operating system written in C. Later \myhref{http://en.wikipedia.org/wiki/Microsoft\%20Windows}{Microsoft Windows}, \myhref{http://en.wikipedia.org/wiki/Mac\%20OS\%20X}{Mac OS X}, and \myhref{http://en.wikipedia.org/wiki/Linux}{GNU/Linux} were all written in C.   Not only is C the language of operating systems, it is the precursor and inspiration for almost all of the most popular high-{}level languages available today. In fact, \myhref{http://en.wikipedia.org/wiki/Perl}{Perl}, \myhref{http://en.wikipedia.org/wiki/PHP}{PHP}, and \myhref{http://en.wikipedia.org/wiki/Python\%20\%28programming\%20language\%29}{Python} are all written in C.

By way of analogy, let\textquotesingle{}s say that you were going to be learning Spanish, Italian, French, or Portuguese. Do you think knowing Latin would be helpful? Just as Latin was the basis of all of those languages, knowing C will enable you to understand and appreciate an entire family of programming languages built upon the traditions of C. Knowledge of C enables freedom. 
\subsection{Why C, and not assembly language?}
\label{3}

While assembly language can provide speed and maximum control of the program, C provides portability.

Different processors are programmed using different Assembly languages and having to choose and learn only one of them is too arbitrary. In fact, one of the main strengths of C is that it combines  universality and portability across various computer architectures while retaining most of the control of the hardware provided by assembly language.

For example, C programs can be compiled and run on the HP 50g calculator (ARM processor), the TI-{}89 calculator (68000 processor), Palm OS Cobalt smartphones (ARM processor), the original iMac (PowerPC), the Arduino (Atmel AVR), and the Intel iMac (Intel Core 2 Duo).  Each of these devices has its own assembly language that is completely incompatible with the assembly language of any other.

\myhref{http://en.wikipedia.org/wiki/Assembly\%20language}{Assembly}, while extremely powerful, is simply too difficult to program large applications and hard to read or interpret in a logical way. C is a compiled language, which creates fast and efficient executable files. It is also a small \symbol{34}what you see is all you get\symbol{34} language: a C statement corresponds to at most a handful of assembly statements, everything else is provided by library functions.

So is it any wonder that C is such a popular language?

Like toppling dominoes, the next generation of programs follows the trend of its ancestors. Operating systems designed in C always have system libraries designed in C. Those system libraries are in turn used to create higher-{}level libraries (like \myhref{http://en.wikipedia.org/wiki/OpenGL}{OpenGL}, or \myhref{http://en.wikipedia.org/wiki/GTK}{GTK}), and the designers of those libraries often decide to use the language the system libraries used. Application developers use the higher-{}level libraries to design word processors, games, media players and the like. Many of them will choose to program in the language that the higher-{}level library uses. And the pattern continues on and on and on......
\subsection{Why C, and not another high-{}level language?}
\label{4}

The primary design of C is to produce portable code while maintaining performance and minimizing footprint, as is the case for operating systems or other programs where a \symbol{34}high-{}level\symbol{34} interface would affect performance.  It is a stable and mature language whose features are unlikely to disappear for a long time and has been ported to most, if not all, platforms.

For example, C programs can be compiled and run on the HP 50g calculator (ARM processor), the TI-{}89 calculator (68000 processor), Palm OS Cobalt smartphones (ARM processor), the original iMac (PowerPC), the Arduino (Atmel AVR), and the Intel iMac (Intel Core 2 Duo).  While nearly all popular programming languages will run on at least one of these devices, C may be the only programming language that runs on more than 3 of these devices.

One powerful reason is memory allocation.  Unlike most computer languages, C allows the programmer to write directly to memory. Key constructs in C such as structs, pointers and arrays are designed to structure, and manipulate memory in an efficient, machine-{}independent fashion. In particular, C gives control over the memory layout of data structures. Moreover dynamic memory allocation is under the control of the programmer, which inevitably means that memory deallocation is the burden of the programmer. Languages like \myhref{http://en.wikipedia.org/wiki/Java\%20\%28programming\%20language\%29}{Java} and Perl shield the programmer from having to worry about memory allocation and pointers.  This is usually a good thing, since dealing with memory allocation when building a high-{}level program is a highly error-{}prone process.  However, when dealing with low level code such as the part of the OS that controls a device, C provides a uniform, clean interface.  These capabilities just do not exist in other languages such as Java.

While Perl, PHP, Python and Ruby may be powerful and support many features not provided by default in C, they are not normally implemented in their own language.  Rather, most such languages initially relied on being written in C (or another high-{}performance programming language), and would require their implementation be ported to a new platform before they can be used.

As with all programming languages, whether you want to choose C over another high-{}level language is a matter of opinion and both technical and business requirements. 
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The field of computing as we know it today started in 1947 with three scientists at Bell Telephone Laboratories—\myhref{http://en.wikipedia.org/wiki/William\%20Shockley}{William Shockley}, \myhref{http://en.wikipedia.org/wiki/Walter\%20Brattain}{Walter Brattain}, and \myhref{http://en.wikipedia.org/wiki/John\%20Bardeen}{John Bardeen}—and their groundbreaking invention: the \myhref{http://en.wikipedia.org/wiki/transistor}{transistor}. In 1956, the first fully transistor-{}based computer, the \myhref{http://en.wikipedia.org/wiki/TX-0}{TX-{}0}, was completed at MIT. The first \myhref{http://en.wikipedia.org/wiki/integrated\%20circuit}{integrated circuit} was created in 1958 by \myhref{http://en.wikipedia.org/wiki/Jack\%20Kilby}{Jack Kilby} at Texas Instruments, but the first high-{}level programming language existed even before then.

\symbol{34}The \myhref{http://en.wikipedia.org/wiki/Fortran}{Fortran} project\symbol{34} was originally developed in 1954 by IBM. A shortening of \symbol{34}{\itshape The IBM Mathematical {\bfseries For}mula {\bfseries Tran}slating System}\symbol{34}, the project had the purpose of creating and fostering development of a procedural, imperative programming language that was especially suited to numeric computation and scientific computing. It was a breakthrough in terms of productivity and programming ease (compared to assembly language) and speed (Fortran programs ran nearly as fast as, and in some cases, just as fast as, programs written in assembly). Furthermore, Fortran was written at a high-{}enough level (and thus was machine independent enough) to become the first widely adopted programming language. The Algorithmic Language (\myhref{http://en.wikipedia.org/wiki/ALGOL\%2058}{Algol 58}) was derived from Fortran in 1958 and evolved into \myhref{http://en.wikipedia.org/wiki/ALGOL\%2060}{Algol 60} in 1960. The \myhref{http://en.wikipedia.org/wiki/Combined\%20Programming\%20Language}{Combined Programming Language (CPL)} was then created out of Algol 60 in 1963. In 1967, it evolved into \myhref{http://en.wikipedia.org/wiki/BCPL}{Basic CPL}, which was itself, the base for \myhref{http://en.wikipedia.org/wiki/B\%20\%28programming\%20language\%29}{B} in 1969. Finally, B was the root of C, created in 1971.

B was the first language in C\textquotesingle{}s direct lineage. B was created by \myhref{http://en.wikipedia.org/wiki/Ken\%20Thompson}{Ken Thompson} at Bell Labs and was an \myhref{http://en.wikipedia.org/wiki/interpreted\%20language}{interpreted language} used in early internal versions of the UNIX operating system. Thompson and \myhref{http://en.wikipedia.org/wiki/Dennis\%20Ritchie}{Dennis Ritchie}, also working at Bell Labs, improved B and called the result NB. Further extensions to NB created its logical successor, C, a \myhref{http://en.wikipedia.org/wiki/compiled\%20language}{compiled language}. Most of UNIX was rewritten in NB, and then C, which resulted in a more portable operating system.

The portability of UNIX was the main reason for the initial popularity of both UNIX and C. Rather than creating a new operating system for each new machine, system programmers could simply write the few system-{}dependent parts required for the machine, and then write a C compiler for the new system. Since most of the system utilities were thus written in C, it simply made sense to also write new utilities in C.

The American National Standards Institute began work on standardizing the C language in 1983, and completed the standard in 1989. The standard, ANSI X3.159-{}1989 \symbol{34}Programming Language C\symbol{34}, served as the basis for all implementations of C compilers.  The standards were later updated in 1990 and 1999, allowing for features that were either in common use, or were appearing in C++. 
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\section{Getting Started}
\label{9}
The goal of this book is to introduce you to the C programming language. Basic computer literacy is assumed, but no special knowledge is needed.

The minimum software requirements to program in C is a {\bfseries \myhref{http://en.wikipedia.org/wiki/text\%20editor}{text editor}}, as opposed to a \myhref{http://en.wikipedia.org/wiki/word\%20processor}{word processor}. There are many text editors (see \myhref{http://en.wikipedia.org/wiki/List\%20of\%20text\%20editors}{List of Text Editors}), the most popular being \myhref{http://en.wikipedia.org/wiki/vi}{vi}, its clones (such as \myhref{http://en.wikipedia.org/wiki/Vim\%20\%28text\%20editor\%29}{Vim}), and \myhref{http://en.wikipedia.org/wiki/Emacs}{Emacs}. A text editor with \myhref{http://en.wikipedia.org/wiki/syntax\%20highlighting}{syntax highlighting} is recommended, as it can make code easier to read at a glance.  Highlighting can also make it easy to spot syntax errors.  Most programmers\textquotesingle{} text editors on Windows and Unix systems can do this. 

If you choose to use a text editor, you will be required to have a {\bfseries C compiler}. A compiler is a program that converts C code into executable \myhref{http://en.wikipedia.org/wiki/machine\%20code}{machine code}.\myfootnote{Actually, GCC\textquotesingle{}s(GNU C Compiler) {\bfseries cc} (C Compiler) translates the input .c file to the target cpu\textquotesingle{}s assembly, output is written to an .s file. Then {\bfseries as} (assembler) generates a machine code file from the .s file. Pre-{}processing is done by another sub-{}program {\bfseries cpp } (C PreProcessor).}


{\bfseries Popular C compilers Include:}
\begin{landscape}
{\scriptsize{}
\begin{longtable}{>{\RaggedRight}p{0.13810\linewidth}>{\RaggedRight}p{0.13810\linewidth}>{\RaggedRight}p{0.13810\linewidth}>{\RaggedRight}p{0.13810\linewidth}>{\RaggedRight}p{0.13810\linewidth}>{\RaggedRight}p{0.13810\linewidth}} 
{\bfseries \hspace*{0pt}\ignorespaces{}}&{\bfseries \hspace*{0pt}\ignorespaces{}}&{\bfseries \hspace*{0pt}\ignorespaces{}Platform}&{\bfseries \hspace*{0pt}\ignorespaces{}License}&{\bfseries \hspace*{0pt}\ignorespaces{}Extra}&{\bfseries \hspace*{0pt}\ignorespaces{}}\endhead  
\hspace*{0pt}\ignorespaces{} \myhref{http://en.wikipedia.org/wiki/Ch\%20interpreter}{C/C++ interpreter Ch}&\hspace*{0pt}\ignorespaces{} \myhref{http://www.softintegration.com}{ softintegration}&\hspace*{0pt}\ignorespaces{} Windows, Linux, Mac OSX, FreeBSD, Solaris, AIX, QNX, HP-{}UX&\hspace*{0pt}\ignorespaces{} Ch Standard Edition is free for commercial use&\hspace*{0pt}\ignorespaces{} user friendly for the beginners\\ 
\hspace*{0pt}\ignorespaces{} \myhref{http://en.wikipedia.org/wiki/Openwatcom}{OpenWatcom}&\hspace*{0pt}\ignorespaces{} \myhref{http://openwatcom.org}{ openwatcom}&\hspace*{0pt}\ignorespaces{} DOS, Windows, Netware, OS/2&\hspace*{0pt}\ignorespaces{} Open source&\hspace*{0pt}\ignorespaces{}\\ 
\hspace*{0pt}\ignorespaces{}  Borland C Compiler&\hspace*{0pt}\ignorespaces{} \myhref{http://www.codegear.com/downloads/free/cppbuilder}{ cppbuilder}&\hspace*{0pt}\ignorespaces{} Windows&\hspace*{0pt}\ignorespaces{} Freeware&\hspace*{0pt}\ignorespaces{}\\ 
\hspace*{0pt}\ignorespaces{} \myhref{http://en.wikipedia.org/wiki/Microsoft\%20Visual\%20Studio\%20Express}{Microsoft Visual Studio Express}&\hspace*{0pt}\ignorespaces{} \myhref{http://www.msdn.microsoft.com/vstudio/express/beginner}{ vstudio}&\hspace*{0pt}\ignorespaces{} Windows&\hspace*{0pt}\ignorespaces{} Freeware&\hspace*{0pt}\ignorespaces{} light-{}weight, powerful, and student-{}friendly version of an industry standard compiler\\ 
\hspace*{0pt}\ignorespaces{} \myhref{http://en.wikipedia.org/wiki/Tiny\%20C\%20Compiler}{Tiny C Compiler (TCC)}&\hspace*{0pt}\ignorespaces{} \myhref{http://www.tinycc.org}{ tinycc}&\hspace*{0pt}\ignorespaces{} GNU/Linux, Windows&\hspace*{0pt}\ignorespaces{} \myhref{http://en.wikipedia.org/wiki/GNU\%20Lesser\%20General\%20Public\%20License}{LGPL}&\hspace*{0pt}\ignorespaces{} Small, fast, newcomer-{}friendly compiler.\\ 
\hspace*{0pt}\ignorespaces{} \myhref{http://en.wikipedia.org/wiki/GNU\%20Compiler\%20Collection}{GNU C Compiler}&\hspace*{0pt}\ignorespaces{} \myhref{http://gcc.gnu.org}{ gcc}&\hspace*{0pt}\ignorespaces{} \myhref{http://delorie.com/djgpp/}{ DOS}, \myhref{http://cygwin.com/}{ Cygwin (w32)}, \myhref{http://mingw.org/}{ MinGW (w32)}, \myhref{http://www.edm2.com/0101/emx.html}{ OS/2}, Mac OS X, Unix,&\hspace*{0pt}\ignorespaces{}\myhref{http://en.wikipedia.org/wiki/GNU\%20General\%20Public\%20License}{GPL}&\hspace*{0pt}\ignorespaces{} De facto standard. Ships with most Unix systems. 
\end{longtable}
}
\end{landscape}


Though not absolutely needed, many programmers prefer and recommend using an \myhref{http://en.wikipedia.org/wiki/Integrated\%20development\%20environment}{Integrated development environment} ({\bfseries IDE}) instead of a text editor and compiler. An IDE is a suite of programs that developers need, combined into one convenient package, usually with a graphical user interface. These programs include a compiler, linker, and text editor. They typically include a debugger, a tool that will preserve your C source code after compilation and enable you to do such things as step through it manually, or alter data as an aid to finding and correcting programming errors. 


{\bfseries Popular IDEs Include:}
\begin{landscape}

\begin{longtable}{>{\RaggedRight}p{0.13810\linewidth}>{\RaggedRight}p{0.13810\linewidth}>{\RaggedRight}p{0.13810\linewidth}>{\RaggedRight}p{0.13810\linewidth}>{\RaggedRight}p{0.13810\linewidth}>{\RaggedRight}p{0.13810\linewidth}} 
{\bfseries \hspace*{0pt}\ignorespaces{}}&{\bfseries \hspace*{0pt}\ignorespaces{}}&{\bfseries \hspace*{0pt}\ignorespaces{}Platform}&{\bfseries \hspace*{0pt}\ignorespaces{}License}&{\bfseries \hspace*{0pt}\ignorespaces{}Extra}&{\bfseries \hspace*{0pt}\ignorespaces{}}\endhead  
\hspace*{0pt}\ignorespaces{} CDT&\hspace*{0pt}\ignorespaces{} \myhref{http://eclipse.org/cdt}{ cdt}&\hspace*{0pt}\ignorespaces{} Windows, Mac OS X, Unix&\hspace*{0pt}\ignorespaces{} Open source&\hspace*{0pt}\ignorespaces{} A C/C++ plug-{}in for \myhref{http://en.wikipedia.org/wiki/Eclipse\%20\%28computing\%29}{Eclipse}, a popular open source IDE.\\ 
\hspace*{0pt}\ignorespaces{} \myhref{http://en.wikipedia.org/wiki/Anjuta}{Anjuta}&\hspace*{0pt}\ignorespaces{} \myhref{http://anjuta.org}{ Anjuta}&\hspace*{0pt}\ignorespaces{} Unix&\hspace*{0pt}\ignorespaces{} \myhref{http://en.wikipedia.org/wiki/GNU\%20General\%20Public\%20License}{GPL}&\hspace*{0pt}\ignorespaces{} A GTK+2 IDE for the \myhref{http://en.wikipedia.org/wiki/GNOME}{GNOME} desktop environment\\ 
\hspace*{0pt}\ignorespaces{} \myhref{http://en.wikipedia.org/wiki/Geany}{Geany}&\hspace*{0pt}\ignorespaces{} \myhref{http://www.geany.org/}{ geany}&\hspace*{0pt}\ignorespaces{} Cross-{}platform&\hspace*{0pt}\ignorespaces{} \myhref{http://en.wikipedia.org/wiki/GNU\%20General\%20Public\%20License}{GPL}&\hspace*{0pt}\ignorespaces{} A lightweight cross-{}platform GTK+ IDE based on Scintilla\\ 
\hspace*{0pt}\ignorespaces{} \myhref{http://en.wikipedia.org/wiki/LCC\%20\%28compiler\%29}{Little C Compiler (LCC)}&\hspace*{0pt}\ignorespaces{} \myhref{http://www.cs.virginia.edu/~lcc-win32}{ lcc}&\hspace*{0pt}\ignorespaces{} Windows&\hspace*{0pt}\ignorespaces{} Free for non-{}commercial use.&\hspace*{0pt}\ignorespaces{}\\ 
\hspace*{0pt}\ignorespaces{} \myhref{http://en.wikipedia.org/wiki/Xcode}{Xcode}&\hspace*{0pt}\ignorespaces{} \myhref{http://developer.apple.com/tools/xcode}{ xcode}&\hspace*{0pt}\ignorespaces{} Mac OS X&\hspace*{0pt}\ignorespaces{} Free&\hspace*{0pt}\ignorespaces{} Available as download when registered (paid) at \myhref{http://developer.apple.com/}{ Apple Developer Connection} or to those without Apple Developer Connection subscriptions at \myhref{http://itunes.apple.com/us/app/xcode/id448457090/}{ Mac App Store}.\\ 
\hspace*{0pt}\ignorespaces{} \myhref{http://en.wikipedia.org/wiki/Pelles\%20C}{Pelles C}&\hspace*{0pt}\ignorespaces{} \myhref{http://smorgasbordet.com/pellesc/}{ Pelles C}&\hspace*{0pt}\ignorespaces{} Windows, Pocket PC&\hspace*{0pt}\ignorespaces{} \symbol{34}free\symbol{34}&\hspace*{0pt}\ignorespaces{}\\ 
\hspace*{0pt}\ignorespaces{} \myhref{http://en.wikipedia.org/wiki/Dev\%20C\%2B\%2B\%20}{ Dev C++}&\hspace*{0pt}\ignorespaces{} \myhref{http://www.bloodshed.net/devcpp.html}{ Dev C++}&\hspace*{0pt}\ignorespaces{} Windows, Linux (alpha version only)&\hspace*{0pt}\ignorespaces{} \myhref{http://en.wikipedia.org/wiki/GNU\%20General\%20Public\%20License}{GPL}\\ 
\hspace*{0pt}\ignorespaces{} \myhref{http://en.wikipedia.org/wiki/Microsoft\%20Visual\%20Studio\%20Express}{Microsoft Visual Studio Express} &\hspace*{0pt}\ignorespaces{} \myhref{http://www.msdn.microsoft.com/vstudio/express/beginner}{ Visual Studio Express}&\hspace*{0pt}\ignorespaces{} Windows&\hspace*{0pt}\ignorespaces{} Free&\hspace*{0pt}\ignorespaces{} light weight, powerful, student friendly version of an industry standard compiler\\ 
\hspace*{0pt}\ignorespaces{} \myhref{http://en.wikipedia.org/wiki/Code\%3A\%3ABlocks}{Code::Blocks} &\hspace*{0pt}\ignorespaces{} \myhref{http://www.codeblocks.org/}{ Code::Blocks}&\hspace*{0pt}\ignorespaces{} Windows, Linux, Mac OS X&\hspace*{0pt}\ignorespaces{} \myhref{http://en.wikipedia.org/wiki/GNU\%20General\%20Public\%20License}{GPL} 3.0&\hspace*{0pt}\ignorespaces{} Built to meet users\textquotesingle{} most demanding needs. Very extensible and fully configurable. 
\end{longtable}

\end{landscape}

On {\bfseries GNU/LINUX}, GCC is almost always included automatically.

On {\bfseries Microsoft Windows}, Dev-{}C++ is recommended for beginners because it is easy to use, free, and simple to install. However, the official release of Dev-{}C++ hasn\textquotesingle{}t been updated since 22 February 2005.\myfootnote{\myplainurl{http://sourceforge.net/news/?group_id=10639}}  An unofficial version of Dev-{}C++ is being actively developed however.\myfootnote{\myplainurl{http://orwellengine.blogspot.com/}}  An alternate option, Microsoft Visual Studio Express, may also be helpful for beginners but requires setting up a compilation project before making an executable file.  

On {\bfseries Mac OS X}, the Xcode IDE provides the compilers needed to compile various source files. Installing Xcode installs both the command-{}line compilers as well as the graphical IDE.
\section{Footnotes}
\label{10}
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\LaTeXNullTemplate{}\subsection{Dev-{}C++}
\label{13}
\myhref{http://en.wikipedia.org/wiki/Dev-C\%20Plus\%20Plus}{Dev C++} is an Integrated Development Environment(IDE) for the C++ programming language, available from \myhref{http://www.bloodshed.net/}{ Bloodshed Software}. $\text{ }$\newline{}

C++ is a programming language which contains within itself, most of the C language, plus extensions. Most C++ compilers will compile C programs, sometimes with a few adjustments (like invoking them with a different name or command line switch). Therefore, you can use Dev C++ for C development.

However, Dev C++ is not the compiler. It is designed to use the \myhref{http://en.wikipedia.org/wiki/MinGW}{MinGW} or \myhref{http://en.wikipedia.org/wiki/Cygwin}{Cygwin} versions of \myhref{http://en.wikipedia.org/wiki/GCC}{GCC} -{} both of which can be obtained as part of the Dev C++ package, although they are completely different projects. $\text{ }$\newline{}

Dev C++ simply provides an editor, syntax highlighting, some facilities for the visualisation of code (like class and package browsing) and a graphical interface to the chosen compiler. Because Dev C++ analyses the error messages produced by the compiler and attempts to distinguish the line numbers from the errors themselves, the use of other compiler software is discouraged since the format of their error messages is likely to be different.

The latest version of Dev-{}C++ is a \myhref{http://en.wikipedia.org/wiki/beta\%20version}{beta} for version 5. However, it still has a significant number of bugs. All the features are there, and it is quite usable. It is considered one of the best free software C IDEs available for Windows.

A version of Dev C++ for Linux is in the pipeline. It is not quite usable yet, however. Linux users already have a wealth of IDEs available. (e.g. \myhref{http://en.wikipedia.org/wiki/KDevelop}{KDevelop} and \myhref{http://en.wikipedia.org/wiki/Anjuta}{Anjuta}.) Most of the graphical text editors, and other common editors such as {\itshape emacs} and {\itshape vi(m)}, support \myhref{http://en.wikipedia.org/wiki/syntax\%20highlighting}{syntax highlighting}.
\subsection{GCC}
\label{14}
The \myhref{http://en.wikipedia.org/wiki/GNU\%20Compiler\%20Collection}{GNU Compiler Collection} (GCC) is a \myhref{http://en.wikipedia.org/wiki/free\%20software}{free} set of compilers developed by the \myhref{http://en.wikipedia.org/wiki/Free\%20Software\%20Foundation}{Free Software Foundation}.

{\bfseries
\begin{mydescription}Steps for Obtaining the GCC Compiler if You\textquotesingle{}re on GNU/Linux
\end{mydescription}
}

On {\bfseries GNU/Linux,} Installing the GNU C Compiler can vary in method from \myhref{http://en.wikipedia.org/wiki/Linux\%20distribution}{distribution} to distribution.
\begin{myitemize}
\item{}  For \myhref{http://en.wikipedia.org/wiki/Redhat}{Redhat}, get a GCC \myhref{http://en.wikipedia.org/wiki/RPM\%20Package\%20Manager}{RPM}, e.g. using Rpmfind and then install (as root) using {\ttfamily rpm -{}ivh gcc-{}{\itshape version}-{}{\itshape release}.{\itshape arch}.rpm}
\item{}  For \myhref{http://en.wikipedia.org/wiki/Fedora\%20Core}{Fedora Core}, install the GCC compiler (as root) by using {\ttfamily \myhref{http://en.wikipedia.org/wiki/yum}{yum} install gcc}.
\item{}  For \myhref{http://en.wikipedia.org/wiki/Mandrake}{Mandrake}, install the GCC compiler (as root) by using {\ttfamily \myhref{http://en.wikipedia.org/wiki/urpmi}{urpmi} gcc}
\item{}  For \myhref{http://en.wikipedia.org/wiki/Debian}{Debian}, install the GCC compiler (as root) by using {\ttfamily \myhref{http://en.wikipedia.org/wiki/Advanced\%20Packaging\%20Tool}{apt-{}get} install gcc}.
\item{}  For \myhref{http://en.wikipedia.org/wiki/Ubuntu}{Ubuntu}, install the GCC compiler (along with other necessary tools) by using {\ttfamily sudo \myhref{http://en.wikipedia.org/wiki/Advanced\%20Packaging\%20Tool}{apt-{}get} install build-{}essential},  or by using Synaptic. You do not need Universe enabled.
\item{}  For \myhref{http://en.wikipedia.org/wiki/Slackware}{Slackware}, the package is available on their \myhref{http://www.slackware.com/pb/}{ website} -{} simply download, and type {\ttfamily installpkg gcc-{}xxxxx.tgz}
\item{}  For \myhref{http://en.wikipedia.org/wiki/Gentoo}{Gentoo}, you should already have GCC installed as it will have been used when you first installed.  To update it run (as root) {\ttfamily emerge -{}uav gcc}.
\item{}  For \myhref{http://en.wikipedia.org/wiki/Arch\%20Linux}{Arch Linux}, install the GCC compiler (as root) by using {\ttfamily pacman -{}S gcc}.
\item{}  If you cannot become root, get the GCC tarball from ftp://ftp.gnu.org/ and follow the instructions in it to compile and install in your home directory. Be warned though, you need a C compiler to do that -{} yes, GCC itself is written in C.
\item{}  You can use some commercial C compiler/IDE.
\end{myitemize}


{\bfseries
\begin{mydescription}Steps for Obtaining the GCC Compiler if You\textquotesingle{}re on BSD Family Systems
\end{mydescription}
}

\begin{myitemize}
\item{}  For \myhref{http://en.wikipedia.org/wiki/Mac\%20OS\%20X}{Mac OS X}, \myhref{http://en.wikipedia.org/wiki/FreeBSD}{FreeBSD}, \myhref{http://en.wikipedia.org/wiki/NetBSD}{NetBSD}, \myhref{http://en.wikipedia.org/wiki/OpenBSD}{OpenBSD}, \myhref{http://en.wikipedia.org/wiki/DragonFly\%20BSD}{DragonFly BSD}, \myhref{http://en.wikipedia.org/wiki/Darwin}{Darwin} the port of GNU gcc is available in the base system, or it could be obtained using the ports collection or \myhref{http://en.wikipedia.org/wiki/pkgsrc}{pkgsrc}.
\end{myitemize}


{\bfseries
\begin{mydescription}Steps for Obtaining the GCC Compiler if You\textquotesingle{}re on Windows
\end{mydescription}
}

There are two ways to use GCC on Windows: Cygwin and MinGW. Applications compiled with Cygwin will not run on any computer without Cygwin, so MinGW is recommended. MinGW is simpler to install, and takes less disk space.

To get MinGW, do this:
\begin{myenumerate}
\item{}  Go to \myhref{http://sourceforge.net/projects/mingw/}{http://sourceforge.net/projects/mingw/} download and save this to your hard drive.
\item{}  Once the download is finished, open it and follow the instructions. You can also choose to install additional compilers, or the tool Make, but these aren\textquotesingle{}t necessary.
\item{}  Now you need to set your PATH. Right-{}click on \symbol{34}My computer\symbol{34} and click \symbol{34}Properties\symbol{34}. Go to the \symbol{34}Advanced\symbol{34} tab and click on \symbol{34}Environment variables\symbol{34}. Go to the \symbol{34}System variables\symbol{34} section and scroll down until you see \symbol{34}Path\symbol{34}. Click on it, then click \symbol{34}edit\symbol{34}. Add \symbol{34};C:\textbackslash{}mingw\textbackslash{}bin\textbackslash{}\symbol{34} (without the quotes) to the end.
\item{}  To test if GCC works, open a command prompt and type \symbol{34}gcc\symbol{34}. You should get the message \symbol{34}gcc: no input files\symbol{34}. If you get this message, GCC is installed correctly.
\end{myenumerate}


To get Cygwin, do this:
\begin{myenumerate}
\item{}  Go to \myhref{http://www.cygwin.com}{http://www.cygwin.com} and click on the \symbol{34}Install Cygwin Now\symbol{34} button in the upper right corner of the page.
\item{}  Click \symbol{34}run\symbol{34} in the window that pops up, and click \symbol{34}next\symbol{34} several times, accepting all the default settings.
\item{}  Choose any of the Download sites (\symbol{34}ftp.easynet.be\symbol{34}, etc.) when that window comes up; press \symbol{34}next\symbol{34} and the Cygwin installer should start downloading.
\item{}  When the \symbol{34}Select Packages\symbol{34} window appears, scroll down to the heading \symbol{34}Devel\symbol{34} and click on the \symbol{34}+\symbol{34} by it. In the list of packages that now displays, scroll down and find the \symbol{34}gcc-{}core\symbol{34} package; this is the compiler.  Click once on the word \symbol{34}Skip\symbol{34}, and it should change to some number like \symbol{34}3.4\symbol{34} etc. (the version number), and an \symbol{34}X\symbol{34} will appear next to \symbol{34}gcc-{}core\symbol{34} and several other related packages that will now be downloaded.
\item{}  Click \symbol{34}next\symbol{34} and the compiler as well as the Cygwin tools should start downloading; this could take a while.  While you\textquotesingle{}re waiting for the installation to finish, download any text-{}editor designed for programming.  While Cygwin does include some, you may prefer doing a web search to find other alternatives.  While using a stock text editor is possible, it is not ideal. 
\item{}  Once the Cygwin downloads are finished and you have clicked \symbol{34}next\symbol{34}, etc. to finish the installation, double-{}click the Cygwin icon on your desktop to begin the Cygwin \symbol{34}command prompt\symbol{34}.  Your home directory will automatically be set up in the Cygwin folder, which now should be at \symbol{34}C:\textbackslash{}cygwin\symbol{34} (the Cygwin folder is in some ways like a small unix/linux computer on your Windows machine -{}-{} not technically of course, but it may be helpful to think of it that way).
\item{}  Type \symbol{34}gcc\symbol{34} at the Cygwin prompt and press \symbol{34}enter\symbol{34}; if \symbol{34}gcc: no input files\symbol{34} or something like it appears you have succeeded and now have the gcc compiler on your computer (and congratulations -{}-{} you have also just received your first error message!).
\end{myenumerate}


The current stable (usable) version of GCC is 5.1.6 published on 2009-{}10-{}02, which supports several platforms. In fact, GCC is not only a C compiler, but a family of compilers for several languages, such as C++, \myhref{http://en.wikibooks.org/wiki/Ada\%20Programming}{Ada}, \myhref{http://en.wikibooks.org/wiki/Java}{Java}, and \myhref{http://en.wikibooks.org/wiki/Fortran}{Fortran}.
\subsection{Embedded systems}
\label{15}
\begin{myitemize}
\item{}  Most CPUs are microcontrollers in embedded systems, often programmed in C, but most of the compilers mentioned above (except GCC) do not support such CPUs. For specialized compilers that do support embedded systems, see \myhref{http://en.wikibooks.org/wiki/Embedded\%20Systems\%2FC\%20Programming}{Embedded Systems/C Programming}.
\end{myitemize}
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As with nearly every other programming language learning book, we use the {\itshape \myhref{http://en.wikipedia.org/wiki/Hello\%20world\%20program}{Hello world}} program to introduce you to C.

\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main(}\DataTypeTok{void}\NormalTok{)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"Hello,\ensuremath{\text{ }}world!}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\end{Highlighting}
\end{Shaded}

This program prints \symbol{34}Hello, world!\symbol{34} and then exits.

Enter this code into your text editor or IDE, and save it as \symbol{34}hello.c\symbol{34}.

Then, presuming you are using GCC, type {\ttfamily gcc -{}o hello hello.c}. This tells gcc to compile your hello.c program into a form the machine can execute. The \textquotesingle{}-{}o hello\textquotesingle{} tells it to call the compiled program \textquotesingle{}hello\textquotesingle{}.

If you have entered this correctly, you should now see a file called hello. This file is the binary version of your program, and when run should display \symbol{34}Hello, world!\symbol{34}

Here is an example of how compiling and running looks when using a terminal on a unix system. {\ttfamily ls} is a common unix command that will list the files in the current directory, which in this case is the directory {\ttfamily progs} inside the home directory (represented with the special tilde, \~{}, symbol). After running the {\ttfamily gcc} command, {\ttfamily ls} will list a new file, {\ttfamily hello} in green. Green is the standard color coding of {\ttfamily ls} for executable files. 
\\

\TemplateSpaceIndent{$\text{ }${}\~{}/progs\${}$\text{ }${}ls$\text{ }$\newline{}
$\text{ }${}hello.c$\text{ }$\newline{}
$\text{ }${}\~{}/progs\${}$\text{ }${}gcc$\text{ }${}-{}o$\text{ }${}hello$\text{ }${}hello.c$\text{ }$\newline{}
$\text{ }${}\~{}/progs\${}$\text{ }${}ls$\text{ }$\newline{}
$\text{ }${}hello$\text{ }${}$\text{ }${}hello.c$\text{ }$\newline{}
$\text{ }${}\~{}/progs\${}$\text{ }${}./hello$\text{ }$\newline{}
$\text{ }${}Hello,$\text{ }${}world!$\text{ }$\newline{}
$\text{ }${}\~{}/progs\${}}

\subsection{Part-{}by-{}part explanation}
\label{18}

{\ttfamily \#include <{}stdio.h>{}} tells the C compiler to find the standard header called {\itshape \myhref{http://en.wikipedia.org/wiki/stdio.h}{<{}stdio.h>{}}} and add it to this program. In C, you often have to pull in extra optional components when you need them. {\itshape <{}stdio.h>{}} contains descriptions of standard input/output functions which you can use to send messages to a user, or to read input from a user.

{\ttfamily int main(void)} is something you\textquotesingle{}ll find in every C program. Every program has a {\itshape main} function. Generally, the main function is where a program begins.  However, one C program can be scattered across multiple files, so you won\textquotesingle{}t always find a main function in every file.
The {\itshape int} at the beginning means that main will return an integer to the operating system when it is finished.

{\ttfamily printf(\symbol{34}Hello, world!\textbackslash{}n\symbol{34});} is the statement that actually puts the message to the screen. {\itshape printf} is the formatted printing function that is declared in the file {\itshape stdio.h} -{} which is why you had to {\itshape \#include} that at the start of the program.
{\itshape \textbackslash{}n} is an escape sequence which adds a new line at the end of the printed text.

{\ttfamily return 0;} will return zero (which is the \myhref{http://en.wikipedia.org/wiki/Integer\%20\%28computer\%20science\%29}{integer} referred to on line 3) to the operating system. When a program runs successfully its return value is zero (GCC4 complains if it doesn\textquotesingle{}t when compiling). A non-{}zero value is returned to indicate a warning or error.

The empty line is there because it is (at least on UNIX) considered good practice to end a file with a new line. In gcc using the {\ttfamily -{}Wall -{}pedantic -{}ansi} options, if the file does not end with a new line this message is displayed: \symbol{34}warning: no newline at end of file\symbol{34}. (The newline isn\textquotesingle{}t shown on the example because MediaWiki automatically removes it)
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\section{Introductory Exercises}
\label{21}
\subsection{On GCC}
\label{22}
If you are using a Unix(-{}like) system, such as \myhref{http://en.wikipedia.org/wiki/GNU\%2FLinux}{GNU/Linux}, \myhref{http://en.wikipedia.org/wiki/Mac\%20OS\%20X}{Mac OS X}, or \myhref{http://en.wikipedia.org/wiki/Solaris\%20Operating\%20Environment}{Solaris}, it will probably have GCC installed. Type the hello world program into a file called first.c and then compile it with gcc. Just type:
\\

\TemplateSpaceIndent{$\text{ }${}gcc$\text{ }${}first.c}


Then run the program by typing:
\\

\TemplateSpaceIndent{$\text{ }${}./a.out}


or, If you are using Cygwin.
\\

\TemplateSpaceIndent{$\text{ }${}a.exe}



You should now see your very first C program



There are a lot of options you can use with the gcc compiler. For example, if you want the output to have a name other than a.out, you can use the -{}o option. The following shows a few examples:
{\bfseries
\begin{mydescription}{\ttfamily -{}c}
\end{mydescription}
}
\begin{myquote}\item{} indicates that the compiler is supposed to generate an {\itshape object file}, which can be later linked to other files to form a final program.
\end{myquote}
{\bfseries
\begin{mydescription}{\ttfamily -{}o}
\end{mydescription}
}
\begin{myquote}\item{} indicates that the next parameter is the name of the resulting program (or library).  If this option is not specified, the compiled program will, for historic reasons, end up in a file called \symbol{34}a.out\symbol{34} or \symbol{34}a.exe\symbol{34} (for cygwin users).
\end{myquote}
{\bfseries
\begin{mydescription}{\ttfamily -{}g3}
\end{mydescription}
}
\begin{myquote}\item{} indicates that {\itshape debugging information} should be added to the results of compilation.
\end{myquote}
{\bfseries
\begin{mydescription}{\ttfamily -{}O2 -{}ffast-{}math}
\end{mydescription}
}
\begin{myquote}\item{} indicates that the compilation should be optimized.
\end{myquote}
{\bfseries
\begin{mydescription}{\ttfamily -{}W -{}Wall -{}fno-{}common -{}Wcast-{}align -{}Wredundant-{}decls -{}Wbad-{}function-{}cast -{}Wwrite-{}strings -{}Waggregate-{}return -{}Wstrict-{}prototypes -{}Wmissing-{}prototypes}
\end{mydescription}
}
\begin{myquote}\item{} indicates that gcc should warn about many types of suspicious code that are likely to be incorrect.
\end{myquote}
{\bfseries
\begin{mydescription}{\ttfamily -{}E}
\end{mydescription}
}
\begin{myquote}\item{} indicates that gcc should only preprocess the code; this is useful when you are having trouble understanding what gcc is doing with \#include and \#define, among other things.
\end{myquote}



All the options are well documented in the \myhref{http://gcc.gnu.org/onlinedocs/gcc-4.3.0/gcc/Debugging-Options.html}{ manual page} for GCC.
\subsection{On IDEs}
\label{23}
If you are using a commercial IDE you may have to select console project, and to compile you just select build from the menu or the toolbar. The executable will appear inside the project folder, but you should have a menu button so you can just run the executable from the IDE.
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\section{Basic Concepts}
\label{27}

Before one gets too deep into learning C syntax and programming constructs, it is beneficial to learn the meaning of a few key terms that are central to a thorough understanding of C.
\section{Block Structure, Statements, Whitespace, and Scope}
\label{28}  

Now we {\bfseries discuss the basic structure of a C program}. If you\textquotesingle{}re familiar with \myhref{http://en.wikipedia.org/wiki/Pascal\%20\%28programming\%20language\%29}{PASCAL}, you may have heard it referred to as a {\bfseries block-{}structured} language. C does not have complete block structure (and you\textquotesingle{}ll find out why when you go over functions in detail) but it is still very important to understand what blocks are and how to use them. 

So what is in a {\bfseries block}?  Generally, a block consists of executable {\bfseries statements}, or the text the compiler will attempt to turn into executable instructions, and the whitespace that surrounds them. 

In C, blocks begin with an opening brace {\ttfamily \symbol{34}\{\symbol{34}} and end with a closing brace {\ttfamily \symbol{34}\}\symbol{34}}. Blocks can contain other blocks which can contain their own blocks, and so on. Statements always end with a semicolon (;) character. Since C is a free-{}format language, several statements can share a single line in the source file.  There are several kinds of statements, including assignment, conditional and flow-{}control.  A substantial portion of this book deals with statement construction.

{\bfseries Whitespace} refers to the tab, space and newline/EOL (End Of Line) characters that separate the text characters that make up source code lines.  Like many things in life, it\textquotesingle{}s hard to appreciate whitespace until it\textquotesingle{}s gone. To a C compiler, the source code 
\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}printf(\symbol{34}Hello$\text{ }${}world\symbol{34});$\text{ }${}return$\text{ }${}0;}


is the same as
\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}printf(\symbol{34}Hello$\text{ }${}world\symbol{34});$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}return$\text{ }${}0;}


which is the same as 
\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}printf$\text{ }${}($\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}\symbol{34}Hello$\text{ }${}world\symbol{34})$\text{ }${};$\text{ }${}<{}br>{}<{}br>{}<{}br>{}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}return$\text{ }${}0;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}}


The compiler simply skips over whitespace.  However, it is common practice to use spaces (and tabs) to organize source code for human readability.  You can use blocks without a conditional, loop, or other statement to organize your code.

In C, most of the time we do not want other functions or other programmer\textquotesingle{}s \myhref{http://en.wikipedia.org/wiki/Subroutine}{routines} accessing data that we are currently manipulating. This is why it is important to understand the concept of scope. 

{\bfseries Scope} describes the level at which a piece of data or a function is visible. There are two kinds of scope in C, {\bfseries local} and {\bfseries global}. When we speak of something being {\bfseries global}, we speak of something that can be seen or manipulated from anywhere in the program. When we speak of something being {\bfseries local}, we speak of something that can be seen or manipulated only within the block it was declared.

\section{Basics of Using Functions}
\label{29}

{\bfseries Functions} are a big part of programming. A function is a special kind of block that performs a well-{}defined task. If a function is well-{}designed, it can enable a programmer to perform a task without knowing anything about how the function works. The act of requesting a function to perform its task is called a {\bfseries function call}. Many functions require a caller to hand it certain pieces of data needed to perform its task; these are called {\bfseries arguments}. Many functions also return a value to the caller when they\textquotesingle{}re finished; this is called a {\bfseries return value} (the return value in the above program is {\bfseries 0}).

The things you need to know before calling a function are:
\begin{myitemize}
\item{}  What the function does
\item{}  The data type (discussed later) of the arguments and what they mean
\item{}  The data type of the return value and what it means
\end{myitemize}


All code other than global data definitions and declarations needs to be a part of a function.

Every executable program needs to have one, and only one, {\bfseries main} function, which is where the program begins executing.

We will discuss functions in more detail in a later chapter, \mylref{157}{C Programming/Procedures and functions}.
\section{The Standard Library}
\label{30}

In 1983, when C was in the process of becoming standardized, the \myhref{http://en.wikipedia.org/wiki/American\%20National\%20Standards\%20Institute}{American National Standards Institute} (ANSI) formed a committee to establish a standard specification of C known as \symbol{34}ANSI C\symbol{34}. That standard specification created a basic set of functions common to each implementation of C, which is referred to as the \myhref{http://en.wikipedia.org/wiki/C\%20standard\%20library}{Standard Library}. The Standard Library provides functions for tasks such as input/output, string manipulation, mathematics, files, and memory allocation. The Standard Library does not provide functions that are dependent on specific hardware or operating systems, like graphics, sound, or networking. In the \symbol{34}Hello, World\symbol{34}, program, a Standard Library function is used {\ttfamily printf} which outputs lines of text to the \myhref{http://en.wikipedia.org/wiki/standard\%20output}{standard output} stream.
\section{Comments and Coding Style}
\label{31}

{\bfseries Comments} are text inserted into the source code of a program that serve no purpose other than documenting the code. So, it is not necessary to use comments in your program, but it will help you figure out things while you are scanning through a huge program source code that you/someone else had written earlier.

{\bfseries \uline{Types of comments}}
C has two types of comments : 1. {\bfseries Multi-{}line comment} : A comment may begin with /* and end with */. This type of comment may span part of a line or may span many lines. 2. {\bfseries Single line comment} : For a one line comment statement, you can use the token \symbol{34}//\symbol{34} at the beginning of the statement. The compiler ignores all text from a \symbol{34}//\symbol{34} until the end of a line.

Good commenting is considered essential to software development, not just because others may need to read your code, but because {\bfseries you} may need to revise your code after writing it and will want to quickly understand how it works. In general, it is a good idea to comment anything that is not immediately obvious to a competent programmer (such as the purpose of a function, variable or code). However, you should avoid overdoing comments, since over-{}commenting may actually make your code more difficult to read and waste space.

Good coding style habits are important to adopt for the simple reason that code should be intuitive and readable, which is, after all, the purpose of a high-{}level programming language like C. In general, provide ample white space, indent so that the opening brace of a block and the closing brace of a block are vertically aligned, and provide evocative names for your functions and variables. Throughout this text we will be providing more style and coding style tips for you. Do try and follow these tips: they will make your code easier for you and others to read and understand.
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Having covered the basic concepts of C programming, we can now briefly discuss the process of {\itshape compilation}.

Like any programming language, C by itself is completely incomprehensible to a \myhref{http://en.wikipedia.org/wiki/microprocessor}{microprocessor}. Its purpose is to provide an intuitive way for humans to provide instructions that can be easily converted into machine code that {\itshape is} comprehensible to a microprocessor. The {\bfseries {\itshape compiler}}{\itshape } is what takes this code, and translates it into the machine code. 

To those new to programming, this seems fairly simple. A naive compiler might read in every source file, translate everything into machine code, and write out an executable. This could work, but has two serious problems. First, for a large project, the computer may not have enough memory to read all of the source code at once. Second, if you make a change to a single source file, you would rather not have to recompile the {\itshape entire} application. 

To deal with these problems, compilers break their job down into steps; for each source file (each {\ttfamily .c} file), the compiler reads the file, reads the files it references with {\ttfamily \#include}, and translates it to machine code. The result of this is an \symbol{34}object file\symbol{34} ({\ttfamily .o}). Once every object file is made, a \symbol{34}linker\symbol{34} collects all of the object files and writes the actual program. This way, if you change one source file, only that file needs to be recompiled and then the application needs to be re-{}linked. 

Without going into the painful details, it can be beneficial to have a superficial understanding of the compilation process. In brief, here it is: 
\section{Preprocessor}
\label{34}
The preprocessor provides the ability for the inclusion of header files, macro expansions, conditional compilation, and line control.
Many times you will need to give special instructions to your compiler. This is done by inserting preprocessor \myhref{http://en.wikipedia.org/wiki/Preprocessor\%20directives}{directives} into your code. When you begin compiling your code, a special program called the preprocessor scans the source code and performs simple substitution of tokenized strings for others according to predefined rules. The preprocessor is not a part of the C language.

In C language, all preprocessor directives begin with the pound character (\#). You can see one preprocessor directive in the \myhref{http://en.wikibooks.org/wiki/Hello\%20world\%20program}{Hello world program} introduced in \mylref{17}{A taste of C}:

Example: 


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<stdio.h>\ensuremath{\text{ }}}\newline
\end{Highlighting}
\end{Shaded}


This directive causes the header to be included into your program. Other directives such as {\ttfamily \#pragma} control compiler settings and macros. The result of the preprocessing stage is a text string. You can think of the preprocessor as a non-{}interactive text editor that prepares your code for the compilation step.
The language of preprocessor directives is agnostic to the grammar of C, so the C preprocessor can also be used independently to process other kinds of text files.
\section{Syntax Checking}
\label{35}
This step ensures that the code is valid and will sequence into an executable program. Under most compilers, you may get messages or warnings indicating potential issues with your program (such as a statement always being true or false, etc.) 

When an error is detected in the program, the compiler will normally report the file name and line that is preventing compilation.
\section{Object Code}
\label{36}
The compiler produces a machine code equivalent of the source code that can then be linked into the final program. The code itself can\textquotesingle{}t be executed yet, as it has to complete the linking stage. 

It\textquotesingle{}s important to note after discussing the basics that compilation is a \symbol{34}one way street\symbol{34}. That is, compiling a C source file into machine code is easy, but \symbol{34}decompiling\symbol{34} (turning machine code into the C source that creates it) is not. Decompilers for C do exist, but they rarely create useful code.
\section{Linking}
\label{37}
Linking combines the separate object codes into one complete program by integrating libraries and the code and producing either an \myhref{http://en.wikipedia.org/wiki/Executable}{executable program} or a \myhref{http://en.wikipedia.org/wiki/Library\%20\%28computing\%29}{library}. Linking is performed by a linker, which is often part of a compiler.

Common errors during this stage are either missing functions, or duplicate functions.
\section{Automation}
\label{38}
For large C projects, many programmers choose to automate compilation, both in order to reduce user interaction requirements and to speed up the process by only recompiling modified files.

Most integrated development environments have some kind of project management, which makes such automation very easy. On UNIX-{}like systems, \myhref{http://en.wikibooks.org/wiki/make}{make} and Makefiles are often used to accomplish the same.

\myhref{http://de.wikibooks.org/wiki/C-Programmierung\%3A\%20Kompilierung}{de:C-{}Programmierung: Kompilierung}
\myhref{http://es.wikibooks.org/wiki/Programaci\%F3n_en_C\%2FCompilar_un_programa}{es:Programación_en_C/Compilar_un_programa}
\myhref{http://et.wikibooks.org/wiki/Programmeerimiskeel\%20C\%2FKompileerimine}{et:Programmeerimiskeel C/Kompileerimine}
\myhref{http://fr.wikibooks.org/wiki/Programmation\%20C-C\%252B\%252B\%2FModularit\%E9\%20et\%20compilation}{fr:Programmation C-{}C\%2B\%2B/Modularité et compilation}
\myhref{http://it.wikibooks.org/wiki/C\%2FCompilatore\%20e\%20precompilatore\%2FCompilatore}{it:C/Compilatore e precompilatore/Compilatore}
\myhref{http://pt.wikibooks.org/wiki/Programar\%20em\%20C\%2FUtilizando\%20um\%20compilador}{pt:Programar em C/Utilizando um compilador}
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\LaTeXNullTemplate{}
\section{C Structure and Style}
\label{41}
This is a basic introduction to good code style in the C Programming Language. It is designed to provide information on how to effectively use indentation, comments, and other elements that will make your C code more readable. It is not a tutorial on actually programming in C.

As a beginning programmer, the point of creating structure in the programs\textquotesingle{} code might not be clear, as the compiler doesn\textquotesingle{}t care about the difference. However, as programs become complex, chances are that writing the program has become a joint effort. (Or others might want to see how it was accomplished.) Therefore, the code is no longer designed purely for a compiler to read.

In the following sections, we will attempt to explain good programming practices that will in turn make your programs clearer and more effective.
\section{Introduction}
\label{42}
In C, programs are composed of statements. These statements are terminated with a semi-{}colon, and are collected in sections known as functions.  By convention, a statement should be kept on its own line, as shown in the example below: 


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main(}\DataTypeTok{void}\NormalTok{)}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}	\NormalTok{printf(}\StringTok{"Hello,\ensuremath{\text{ }}World!}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}	\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


The following block of code is essentially the same: while it contains exactly the same code, and will compile and execute with the same result, the removal of spacing causes an essential difference making it harder to read:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main(}\DataTypeTok{void}\NormalTok{)\ensuremath{\text{ }}\{printf(}\StringTok{"Hello,\ensuremath{\text{ }}World!}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;\}}\newline
\end{Highlighting}
\end{Shaded}


The simple use of indents and line breaks can greatly improve the readability of the code; without making any impact whatsoever on how the code performs. By having readable code, it is much easier to see where functions and procedures end, and which lines are part of which loops and procedures.

This book is going to focus on the above piece of code, and how to improve it.  Please note that during the course of the tutorial, there will be many (apparently) redundant pieces of code added.  These are only added to provide examples of techniques that we will be explaining, without breaking the overall flow of code that the program achieves.
\section{Line Breaks and Indentation}
\label{43}
The addition of white space inside your code is arguably the most important part of good code structure.  Effective use of white space can create a visual scale of how your code flows, which can be very important when returning to your code when you want to maintain it.
\subsection{Line Breaks}
\label{44}
\begin{TemplateInfo}{\danger}{Warning}Note that we have used line numbers here; they are not a part of the actual code.  They are only there for reference in this book.\end{TemplateInfo}
With minimal line breaks, code is barely readable by humans, and may be hard to debug or understand:


\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main(}\DataTypeTok{void}\NormalTok{)\{\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i=}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}printf(}\StringTok{"Hello,\ensuremath{\text{ }}World!"}\NormalTok{);\ensuremath{\text{ }}}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(i=}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}i<}\DecValTok{1}\NormalTok{;\ensuremath{\text{ }}i++)\{}\newline
\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);\ensuremath{\text{ }}}\KeywordTok{break}\NormalTok{;\ensuremath{\text{ }}\}\ensuremath{\text{ }}}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}\}}\newline
\end{Highlighting}
\end{Shaded}


Rather than putting everything on one line, it is much more readable to break up long lines so that each statement and declaration goes on its own line.  After inserting line breaks, the code will look like this: 


\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main(}\DataTypeTok{void}\NormalTok{)}\newline
\NormalTok{\{}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i=}\DecValTok{0}\NormalTok{;}\newline
\NormalTok{printf(}\StringTok{"Hello,\ensuremath{\text{ }}World!"}\NormalTok{);\ensuremath{\text{ }}}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(i=}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}i<}\DecValTok{1}\NormalTok{;\ensuremath{\text{ }}i++)}\newline
\NormalTok{\{\ensuremath{\text{ }}}\newline
\NormalTok{printf(}\StringTok{"}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);\ensuremath{\text{ }}}\KeywordTok{break}\NormalTok{;}\newline
\NormalTok{\}}\newline
\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\subsection{Blank Lines}
\label{45}

Blank lines should be used to offset the main components of your code.  Use them 
\begin{myitemize}
\item{} After precompiler declarations.
\item{} After new variables are declared.
\end{myitemize}


Based on these two rules, there should now be two line breaks added.
\begin{myitemize}
\item{} After line 1, because line 1 has a preprocessor directive
\item{} After line 5, because line 5 contains a variable declaration
\end{myitemize}

This will make the code much more readable than it was before:

The following lines of code have line breaks between functions, but without indentation.


\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main(}\DataTypeTok{void}\NormalTok{)}\newline
\NormalTok{\{}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i=}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\NormalTok{printf(}\StringTok{"Hello,\ensuremath{\text{ }}World!"}\NormalTok{);}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(i=}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}i<}\DecValTok{1}\NormalTok{;\ensuremath{\text{ }}i++)}\newline
\NormalTok{\{}\newline
\NormalTok{printf(}\StringTok{"}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\KeywordTok{break}\NormalTok{;}\newline
\NormalTok{\}}\newline
\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\end{Highlighting}
\end{Shaded}


But this still isn\textquotesingle{}t as readable as it can be.
\subsection{Indentation}
\label{46}

\LaTeXSideNoteTemplate{{\small Many text editors automatically indent appropriately when you hit the enter/return key.}}
Although adding simple line breaks between key blocks of code can make code  easier to read, it provides no information about the block structure of the program.  Using the tab key can be very helpful now: indentation visually separates paths of execution by moving their starting points to a new column in the line.  This simple practice will make it much easier to read and understand code.  Indentation follows a fairly simple rule:

\begin{myitemize}
\item{} All code inside a new block should be indented by one tab\myfootnote{}
\end{myitemize}
\myfootnote{

Several programmers recommend \symbol{34}use spaces for indentation. Do not use tabs in your code. You should set your editor to emit spaces when you hit the tab key.\symbol{34} \myplainurl{http://google-styleguide.googlecode.com/svn/trunk/cppguide.xml} \myplainurl{http://www.jwz.org/doc/tabs-vs-spaces.html}  

Other programmers disagree. \myplainurl{http://diagrammes-modernes.blogspot.com/2006/04/tab-versus-spaces.html} \myplainurl{http://www.derkarl.org/why_to_tabs.html}

Regardless of whether you prefer spaces or tabs, make sure you keep it consistent with projects you are working on, because mixing tabs and spaces can cause code to become unreadable.
} more than the code in the previous path.

Based on the code from the previous section, there are two blocks requiring indentation:

\begin{myitemize}
\item{} Lines 5 to 13
\item{} Lines 10 and 11
\end{myitemize}



\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main(}\DataTypeTok{void}\NormalTok{)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i=}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"Hello,\ensuremath{\text{ }}World!"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(i=}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}i<}\DecValTok{1}\NormalTok{;\ensuremath{\text{ }}i++)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{break}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\end{Highlighting}
\end{Shaded}


It is now fairly obvious as to which parts of the program fit inside which blocks.  You can tell which parts of the program the coder has intended to loop, and which ones he has not.  Although it might not be immediately noticeable, once many nested loops and paths get added to the structure of the program, the use of indentation can be very important.  This indentation makes the structure of your program clear. 

Indentation was originally one tab character, or the equivalent of 8 spaces.  Research since the original indent size has shown that indents between 2 to 4 characters are easier to read\myfootnote{\myplainurl{http://www.oualline.com/vim-cook.html\#drawing}}, resulting in such tab sizes being used as default in modern IDEs. However, an indent of 8 characters may still be in use for some systems\myfootnote{{$\text{[}$}\myplainurl{http://lxr.linux.no/\#linux+v2.6.31/Documentation/CodingStyle} Linux Kernel coding standard}.
\section{Comments}
\label{47}

Comments in code can be useful for a variety of purposes.  They provide the easiest way to set off specific parts of code (and their purpose); as well as providing a visual \symbol{34}split\symbol{34} between various parts of your code.  Having good comments throughout your code will make it much easier to remember what specific parts of your code do.

Comments in modern flavors of C (and many other languages) can come in two forms:


\begin{Shaded}
\begin{Highlighting}[]\newline
\CommentTok{//Single\ensuremath{\text{ }}Line\ensuremath{\text{ }}Comments\ensuremath{\text{ }}\ensuremath{\text{ }}(added\ensuremath{\text{ }}by\ensuremath{\text{ }}C99\ensuremath{\text{ }}standard,\ensuremath{\text{ }}famously\ensuremath{\text{ }}known\ensuremath{\text{ }}as\ensuremath{\text{ }}c++\ensuremath{\text{ }}style\ensuremath{\text{ }}of}\newline
\ensuremath{\text{ }}\NormalTok{comments)}\newline
\end{Highlighting}
\end{Shaded}

and

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{/*Multi-Line}\newline
\CommentTok{Comments*/}\ensuremath{\text{ }}\NormalTok{(only\ensuremath{\text{ }}form\ensuremath{\text{ }}of\ensuremath{\text{ }}comments\ensuremath{\text{ }}supported\ensuremath{\text{ }}by\ensuremath{\text{ }}C89\ensuremath{\text{ }}standard)}\newline
\end{Highlighting}
\end{Shaded}


Note that Single line comments are a fairly recent addition to C, so some compilers may not support them.  A recent version of \myhref{http://en.wikipedia.org/wiki/GNU\%20Compiler\%20Collection}{GCC} will have no problems supporting them.

This section is going to focus on the various uses of each form of commentary.
\subsection{Single-{}line Comments}
\label{48}

Single-{}line comments are most useful for simple \textquotesingle{}side\textquotesingle{} notes that explain what certain parts of the code do.  The best places to put these comments are next to variable declarations, and next to pieces of code that may need explanation.

Based on our previous program, there are two good places to place comments
\begin{myitemize}
\item{} Line 5, to explain what \textquotesingle{}int i\textquotesingle{} is going to do
\item{} Line 11, to explain why there is a \textquotesingle{}break\textquotesingle{} keyword.
\end{myitemize}


This will make our program look something like


\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main(}\DataTypeTok{void}\NormalTok{)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i=}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{//\ensuremath{\text{ }}loop\ensuremath{\text{ }}variable.}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"Hello,\ensuremath{\text{ }}World!"}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(i=}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}i<}\DecValTok{1}\NormalTok{;\ensuremath{\text{ }}i++)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{break}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{//Exits\ensuremath{\text{ }}\textquotesingle{}for\textquotesingle{}\ensuremath{\text{ }}loop.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\subsection{Multi-{}line Comments}
\label{49}

\LaTeXSideNoteTemplate{{\small Single-{}line comments are a new feature, so many C programmers only use multi-{}line comments.}}
Multi-{}line comments are most useful for long explanations of code.  They can be used as copyright/licensing notices, and they can also be used to explain the purpose of a block of code.  This can be useful for two reasons: They make your functions easier to understand, and they make it easier to spot errors in code.  If you know what a block is {\itshape supposed} to do, then it is much easier to find the piece of code that is responsible if an error occurs.

As an example, suppose we had a program that was designed to print \symbol{34}Hello, World! \symbol{34} a certain number of lines, a specified number of times.  There would be many for loops in this program.  For this example, we shall call the number of lines {\itshape i}, and the number of strings per line as {\itshape j}.

A good example of a multi-{}line comment that describes \textquotesingle{}for\textquotesingle{} loop {\itshape i{\bfseries s purpose would be:}}

\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}For\ensuremath{\text{ }}Loop\ensuremath{\text{ }}(int\ensuremath{\text{ }}i)}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Loops\ensuremath{\text{ }}the\ensuremath{\text{ }}following\ensuremath{\text{ }}procedure\ensuremath{\text{ }}i\ensuremath{\text{ }}times\ensuremath{\text{ }}(for\ensuremath{\text{ }}number\ensuremath{\text{ }}of\ensuremath{\text{ }}lines).\ensuremath{\text{ }}\ensuremath{\text{ }}Performs\ensuremath{\text{ }}\textquotesingle{}for\textquotesingle{}}\newline
\CommentTok{\ensuremath{\text{ }}loop\ensuremath{\text{ }}j\ensuremath{\text{ }}on\ensuremath{\text{ }}each\ensuremath{\text{ }}loop,}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}and\ensuremath{\text{ }}prints\ensuremath{\text{ }}a\ensuremath{\text{ }}new\ensuremath{\text{ }}line\ensuremath{\text{ }}at\ensuremath{\text{ }}end\ensuremath{\text{ }}of\ensuremath{\text{ }}each\ensuremath{\text{ }}loop.}\newline
\CommentTok{\ensuremath{\text{ }}*/}\newline
\end{Highlighting}
\end{Shaded}


This provides a good explanation of what {\itshape i{\bfseries s purpose is, whilst not going into detail of what }}{\bfseries j{\itshape  does.  By going into detail over what the specific path does (and not ones inside it), it will be easier to troubleshoot the path.}}

Similarly, you should always include a multi-{}line comment before each function, to explain the role, preconditions and postconditions of each function.    Always leave the technical details to the individual blocks inside your program -{} this makes it easier to troubleshoot.

A function descriptor should look something like:

\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}Function\ensuremath{\text{ }}:\ensuremath{\text{ }}int\ensuremath{\text{ }}hworld\ensuremath{\text{ }}(int\ensuremath{\text{ }}i,int\ensuremath{\text{ }}j)}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Input\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}int\ensuremath{\text{ }}i\ensuremath{\text{ }}(Number\ensuremath{\text{ }}of\ensuremath{\text{ }}lines),\ensuremath{\text{ }}int\ensuremath{\text{ }}j\ensuremath{\text{ }}(Number\ensuremath{\text{ }}of\ensuremath{\text{ }}instances\ensuremath{\text{ }}per\ensuremath{\text{ }}line)}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Output\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}0\ensuremath{\text{ }}(on\ensuremath{\text{ }}success)}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Procedure:\ensuremath{\text{ }}Prints\ensuremath{\text{ }}"Hello,\ensuremath{\text{ }}World!"\ensuremath{\text{ }}j\ensuremath{\text{ }}times,\ensuremath{\text{ }}and\ensuremath{\text{ }}a\ensuremath{\text{ }}new\ensuremath{\text{ }}line\ensuremath{\text{ }}to\ensuremath{\text{ }}standard\ensuremath{\text{ }}output}\newline
\CommentTok{\ensuremath{\text{ }}over\ensuremath{\text{ }}i\ensuremath{\text{ }}lines.}\newline
\CommentTok{\ensuremath{\text{ }}*/}\newline
\end{Highlighting}
\end{Shaded}

This system allows for an at-{}a-{}glance explanation of what the function should do.  You can then go into detail over how each aspect of the program is achieved later on in the program.

Finally, if you like to have aesthetically-{}pleasing source code, the multi-{}line comment system allows for the easy addition comment  boxes.  These make the comments stand out much more than they would without otherwise.  They look like this.

\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\CommentTok{/***************************************}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}*\ensuremath{\text{ }}\ensuremath{\text{ }}This\ensuremath{\text{ }}is\ensuremath{\text{ }}a\ensuremath{\text{ }}multi\ensuremath{\text{ }}line\ensuremath{\text{ }}comment}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}*\ensuremath{\text{ }}\ensuremath{\text{ }}That\ensuremath{\text{ }}is\ensuremath{\text{ }}nearly\ensuremath{\text{ }}surrounded\ensuremath{\text{ }}by\ensuremath{\text{ }}a}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}*\ensuremath{\text{ }}\ensuremath{\text{ }}Cool,\ensuremath{\text{ }}starry\ensuremath{\text{ }}border!}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}***************************************/}\newline
\end{Highlighting}
\end{Shaded}


Applied to our original program, we can now include a much more descriptive and readable source code:


\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main(}\DataTypeTok{void}\NormalTok{)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/***}\newline
\CommentTok{*********************************************************************************}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*\ensuremath{\text{ }}Function:\ensuremath{\text{ }}int\ensuremath{\text{ }}main(void)}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*\ensuremath{\text{ }}Input\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}none}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*\ensuremath{\text{ }}Output\ensuremath{\text{ }}\ensuremath{\text{ }}:\ensuremath{\text{ }}Returns\ensuremath{\text{ }}0\ensuremath{\text{ }}on\ensuremath{\text{ }}success}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*\ensuremath{\text{ }}Procedure:\ensuremath{\text{ }}Prints\ensuremath{\text{ }}"Hello,\ensuremath{\text{ }}World!"\ensuremath{\text{ }}and\ensuremath{\text{ }}a\ensuremath{\text{ }}new\ensuremath{\text{ }}line\ensuremath{\text{ }}to\ensuremath{\text{ }}standard\ensuremath{\text{ }}output\ensuremath{\text{ }}then}\newline
\CommentTok{\ensuremath{\text{ }}exits.}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}****}\newline
\CommentTok{********************************************************************************/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i=}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{//Temporary\ensuremath{\text{ }}variable\ensuremath{\text{ }}used\ensuremath{\text{ }}for\ensuremath{\text{ }}\textquotesingle{}for\textquotesingle{}\ensuremath{\text{ }}loop.}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"Hello,\ensuremath{\text{ }}World!"}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}FOR\ensuremath{\text{ }}LOOP\ensuremath{\text{ }}(int\ensuremath{\text{ }}i)}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Prints\ensuremath{\text{ }}a\ensuremath{\text{ }}new\ensuremath{\text{ }}line\ensuremath{\text{ }}to\ensuremath{\text{ }}standard\ensuremath{\text{ }}output,\ensuremath{\text{ }}and\ensuremath{\text{ }}exits\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(i=}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}i<}\DecValTok{1}\NormalTok{;\ensuremath{\text{ }}i++)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{break}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{//Exits\ensuremath{\text{ }}\textquotesingle{}for\textquotesingle{}\ensuremath{\text{ }}loop.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


This will allow any outside users of the program an easy way to comprehend what the code functions are, and how it operates.  It also inhibits uncertainty with other like-{}named functions.

A few programmers add a column of stars on the right side of a block comment:

\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\CommentTok{/***************************************}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}*\ensuremath{\text{ }}\ensuremath{\text{ }}This\ensuremath{\text{ }}is\ensuremath{\text{ }}a\ensuremath{\text{ }}multi\ensuremath{\text{ }}line\ensuremath{\text{ }}comment\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}*\ensuremath{\text{ }}\ensuremath{\text{ }}that\ensuremath{\text{ }}is\ensuremath{\text{ }}completely\ensuremath{\text{ }}surrounded\ensuremath{\text{ }}by\ensuremath{\text{ }}a\ensuremath{\text{ }}*}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}*\ensuremath{\text{ }}\ensuremath{\text{ }}cool,\ensuremath{\text{ }}starry\ensuremath{\text{ }}border!\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}***************************************/}\newline
\end{Highlighting}
\end{Shaded}

But most programmers don\textquotesingle{}t put any stars on the right side of a block comment.
They feel that aligning the right side is a waste of time.

Comments written in source files can be used for documenting source code automatically by using popular tools like Doxygen\myfootnote{\myfnhref{http://www.macadamian.com/index.php?option=com_content\&task=view\&id=34\&Itemid=37}{ \symbol{34}Coding Conventions for C++ and Java\symbol{34}} \symbol{34}all the block comments illustrated in this document have no pretty stars on the right side of the block comment. This deliberate choice was made because aligning those pretty stars is a large waste of time and discourages the maintenance of in-{}line comments.\symbol{34},}\myfootnote{\myfnhref{http://en.wikibooks.org/wiki/wiki\%3ABigBlocksOfAsterisks}{wiki:BigBlocksOfAsterisks},\myfnhref{http://books.google.com/books?id=i4zCzpkrt4sC\&pg=PA82\&lpg=PA82\&dq=programming+comment+block+waste+time+lining+up\&source=bl\&ots=TUpTMIHBnh\&sig=NeZm23WPmvnw2aKMnIRUeQoHmJg\&hl=en\&ei=pri3SevGIYGyNMn9jd4K\&sa=X\&oi=book_result\&resnum=8\&ct=result}{ \symbol{34}Code craft\symbol{34}} by Pete Goodliffe page 82,\myfnhref{http://www.falvotech.com/content/publications/conventions/c/}{ Falvotech \symbol{34}C Programming Style Guide\symbol{34}},
\myfnhref{http://directory.fedoraproject.org/wiki/Coding_Style}{ Fedora Directory Server Coding Style}}
\section{Links}
\label{50}
\LaTeXNullTemplate{}
\begin{myitemize}
\item{} \myhref{http://www.cs.wisc.edu/~ghost/doc/AFPL/6.01/C-style.htm}{ Aladdin\textquotesingle{}s C coding guidelines} -{} A more definitive C coding guideline.
\item{} \myhref{http://www.mycplus.com/c.asp?ID=12}{ C/C++ Programming Styles} GNU Coding styles \& Linux Kernel Coding style
\item{} \myhref{http://www.studiesinn.com/learn/Programming-Languages/C-Language.html}{ C Programming Tutorial} C Programming Tutorial
\end{myitemize}


\myhref{http://et.wikibooks.org/wiki/Programmeerimiskeel\%20C\%2FStiil}{et:Programmeerimiskeel C/Stiil}
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C does not provide direct support for error handling (also known as exception handling).  By convention, the programmer is expected to prevent errors from occurring in the first place, and test return values from functions.  For example, -{}1 and NULL are used in several functions such as socket() (Unix socket programming) or malloc() respectively to indicate problems that the programmer should be aware about.  In a worst case scenario where there is an unavoidable error and no way to recover from it, a C programmer usually tries to log the error and \symbol{34}gracefully\symbol{34} terminate the program. 

There is an external variable called \symbol{34}errno\symbol{34}, accessible by the programs after including <{}errno.h>{} -{} that file comes from the definition of the possible errors that can occur in some Operating Systems (e.g. Linux -{} in this case, the definition is in include/asm-{}generic/errno.h) when programs ask for resources. Such variable indexes error descriptions accessible by the function \textquotesingle{}strerror( errno )\textquotesingle{}. 

The following code tests the return value from the library function malloc to see if dynamic memory allocation completed properly:

\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<stdio.h>\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}fprintf\ensuremath{\text{ }}*/}\newline
\OtherTok{#include\ensuremath{\text{ }}<errno.h>\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}errno\ensuremath{\text{ }}*/}\newline
\OtherTok{#include\ensuremath{\text{ }}<stdlib.h>\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}malloc,\ensuremath{\text{ }}free,\ensuremath{\text{ }}exit\ensuremath{\text{ }}*/}\newline
\OtherTok{#include\ensuremath{\text{ }}<string.h>\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}strerror\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{extern}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{errno;}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main(\ensuremath{\text{ }}}\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}pointer\ensuremath{\text{ }}to\ensuremath{\text{ }}char,\ensuremath{\text{ }}requesting\ensuremath{\text{ }}dynamic\ensuremath{\text{ }}allocation\ensuremath{\text{ }}of\ensuremath{\text{ }}2,000,000,000}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*\ensuremath{\text{ }}storage\ensuremath{\text{ }}elements\ensuremath{\text{ }}(declared\ensuremath{\text{ }}as\ensuremath{\text{ }}an\ensuremath{\text{ }}integer\ensuremath{\text{ }}constant\ensuremath{\text{ }}of\ensuremath{\text{ }}type}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*\ensuremath{\text{ }}unsigned\ensuremath{\text{ }}long\ensuremath{\text{ }}int).\ensuremath{\text{ }}(If\ensuremath{\text{ }}your\ensuremath{\text{ }}system\ensuremath{\text{ }}has\ensuremath{\text{ }}less\ensuremath{\text{ }}than\ensuremath{\text{ }}2GB\ensuremath{\text{ }}of\ensuremath{\text{ }}memory}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*\ensuremath{\text{ }}available,\ensuremath{\text{ }}then\ensuremath{\text{ }}this\ensuremath{\text{ }}call\ensuremath{\text{ }}to\ensuremath{\text{ }}malloc\ensuremath{\text{ }}will\ensuremath{\text{ }}fail)}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*ptr\ensuremath{\text{ }}=\ensuremath{\text{ }}malloc(\ensuremath{\text{ }}2000000000UL\ensuremath{\text{ }});}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(\ensuremath{\text{ }}ptr\ensuremath{\text{ }}==\ensuremath{\text{ }}NULL\ensuremath{\text{ }})\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{puts(}\StringTok{"malloc\ensuremath{\text{ }}failed"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{puts(strerror(errno));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}the\ensuremath{\text{ }}rest\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}code\ensuremath{\text{ }}hereafter\ensuremath{\text{ }}can\ensuremath{\text{ }}assume\ensuremath{\text{ }}that\ensuremath{\text{ }}2,000,000,000}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*\ensuremath{\text{ }}chars\ensuremath{\text{ }}were\ensuremath{\text{ }}successfully\ensuremath{\text{ }}allocated...\ensuremath{\text{ }}}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{free(\ensuremath{\text{ }}ptr\ensuremath{\text{ }});}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{exit(EXIT_SUCCESS);\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}exiting\ensuremath{\text{ }}program\ensuremath{\text{ }}*/}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


The code snippet above shows the use of the return value of the library function malloc to check for errors.  Many library functions have return values that flag errors, and thus should be checked by the astute programmer.  In the snippet above, a NULL pointer returned from malloc signals an error in allocation, so the program exits.  In more complicated implementations, the program might try to handle the error and try to recover from the failed memory allocation.
\section{Preventing divide by zero errors}
\label{53}

A common pitfall made by C programmers is not checking if a divisor is zero before a division command. The following code will produce a runtime error and in most cases, exit.


\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{dividend\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{50}\NormalTok{;}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{divisor\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{quotient;}\newline
\ensuremath{\text{ }}\newline
\NormalTok{quotient\ensuremath{\text{ }}=\ensuremath{\text{ }}(dividend/divisor);\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}This\ensuremath{\text{ }}will\ensuremath{\text{ }}produce\ensuremath{\text{ }}a\ensuremath{\text{ }}runtime\ensuremath{\text{ }}error!\ensuremath{\text{ }}*/}\newline
\end{Highlighting}
\end{Shaded}


For reasons beyond the scope of this document, you must check or make sure that a divisor is never zero. Alternatively, for *nix processes, you can stop the OS from terminating your process by blocking the SIGFPE signal. 

The code below fixes this by checking if the divisor is zero before dividing.


\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<stdio.h>\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}for\ensuremath{\text{ }}fprintf\ensuremath{\text{ }}and\ensuremath{\text{ }}stderr\ensuremath{\text{ }}*/}\newline
\OtherTok{#include\ensuremath{\text{ }}<stdlib.h>\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}for\ensuremath{\text{ }}exit\ensuremath{\text{ }}*/}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main(\ensuremath{\text{ }}}\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{dividend\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{50}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{divisor\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{quotient;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(divisor\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}Example\ensuremath{\text{ }}handling\ensuremath{\text{ }}of\ensuremath{\text{ }}this\ensuremath{\text{ }}error.\ensuremath{\text{ }}Writing\ensuremath{\text{ }}a\ensuremath{\text{ }}message\ensuremath{\text{ }}to\ensuremath{\text{ }}stderr,\ensuremath{\text{ }}and}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*\ensuremath{\text{ }}exiting\ensuremath{\text{ }}with\ensuremath{\text{ }}failure.}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{fprintf(stderr,\ensuremath{\text{ }}}\StringTok{"Division\ensuremath{\text{ }}by\ensuremath{\text{ }}zero!\ensuremath{\text{ }}Aborting...}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{exit(EXIT_FAILURE);\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}indicate\ensuremath{\text{ }}failure.*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{quotient\ensuremath{\text{ }}=\ensuremath{\text{ }}dividend\ensuremath{\text{ }}/\ensuremath{\text{ }}divisor;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{exit(EXIT_SUCCESS);\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}indicate\ensuremath{\text{ }}success.*/}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\section{Signals}
\label{54}

In some cases, the environment may respond to a programming error in C by raising a signal. Signals are events raised by the host environment or operating system to indicate that a specific error or critical event has occurred (e.g. a division by zero, interrupt, and so on.) However, these signals are not meant to be used as a means of error catching; they usually indicate a critical event that will interfere with normal program flow.  

To handle signals, a program needs to use the {\ttfamily signal.h} header file.  A signal handler will need to be defined, and  the signal() function is then called to allow the given signal to be handled.  Some signals that are raised to an exception within your code (e.g. a division by zero) are unlikely to allow your program to recover.  These signal handlers will be required to instead ensure that some resources are properly cleaned up before the program terminates.
\section{setjmp}
\label{55}
The \myhref{http://en.wikibooks.org/wiki/C\%20Programming\%2FCoroutines\%23setjmp}{setjmp} function can be used to emulate the exception handling feature of other programming languages.  The first call to setjmp provides a reference point to returning to a given function, and is valid as long as the function containing setjmp() doesn\textquotesingle{}t return or exit.  A call to longjmp causes the execution to return to the point of the associated setjmp call.


\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\OtherTok{#include\ensuremath{\text{ }}<setjmp.h>}\newline
\ensuremath{\text{ }}\newline
\NormalTok{jmp_buf\ensuremath{\text{ }}test1;}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{tryjump()}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{longjmp(test1,\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{);}\newline
\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main\ensuremath{\text{ }}(}\DataTypeTok{void}\NormalTok{)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(setjmp(test1)==}\DecValTok{0}\NormalTok{)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf\ensuremath{\text{ }}(}\StringTok{"setjmp()\ensuremath{\text{ }}returned\ensuremath{\text{ }}0."}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{tryjump();}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}\ensuremath{\text{ }}}\KeywordTok{else}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf\ensuremath{\text{ }}(}\StringTok{"setjmp\ensuremath{\text{ }}returned\ensuremath{\text{ }}from\ensuremath{\text{ }}a\ensuremath{\text{ }}longjmp\ensuremath{\text{ }}function\ensuremath{\text{ }}call."}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


The values of non-{}volatile variables may be corrupted when setjmp returns from a longjmp call. 

While setjmp() and longjmp() may be used for error handling, it is generally preferred to use the return value of a function to indicate an error, if possible.  
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Like most programming languages, C is able to use and process named variables and their contents. {\bfseries Variables} are simply names used to refer to some location in memory – a location that holds a value with which we are working. 

It may help to think of variables as a placeholder for a value. You can think of a variable as being equivalent to its assigned value. So, if you have a variable {\itshape i} that is {\bfseries initialized} (set equal) to 4, then it follows that {\itshape i+1} will equal {\itshape 5}.

Since C is a relatively low-{}level programming language, before a C program can utilize memory to store a variable it must claim the memory needed to store the values for a variable. This is done by {\bfseries declaring} variables. Declaring variables is the way in which a C program shows the number of variables it needs, what they are going to be named, and how much memory they will need.

Within the C programming language, when managing and working with variables, it is important to know the {\itshape type} of variables and the {\itshape size} of these types. Since C is a fairly low-{}level programming language, these aspects of its working can be hardware specific – that is, how the language is made to work on one type of machine can be different from how it is made to work on another.

All variables in C are {\bfseries typed}. That is, every variable declared must be assigned as a certain type of variable.
\section{Declaring, Initializing, and Assigning Variables}
\label{58}
Here is an example of declaring an integer, which we\textquotesingle{}ve called {\ttfamily some_number}. (Note the semicolon at the end of the line; that is how your compiler separates one program {\itshape statement} from another.)


\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{some_number;}\newline
\end{Highlighting}
\end{Shaded}


This statement means we\textquotesingle{}re declaring some space for a variable called some_number, which will be used to store {\ttfamily int}eger data. Note that we must specify the type of data that a variable will store. There are specific keywords to do this – we\textquotesingle{}ll look at them in the next section.

Multiple variables can be declared with one statement, like this:

\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{anumber,\ensuremath{\text{ }}anothernumber,\ensuremath{\text{ }}yetanothernumber;}\newline
\end{Highlighting}
\end{Shaded}

We can also declare {\itshape and} assign some content to a variable at the same time.

\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{some_number=}\DecValTok{3}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}

This is called {\itshape initialization}.

In early versions of C, variables must be declared at the beginning of a block. In C99 it is allowed to mix declarations and statements arbitrarily – but doing so is not usual, because it is rarely necessary, some compilers still don’t support C99 (portability), and it may, because it is uncommon yet, irritate fellow programmers (maintainability).

After declaring variables, you can assign a value to a variable later on using a statement like this:

\begin{Shaded}
\begin{Highlighting}[]

\NormalTok{some_number=}\DecValTok{3}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}

You can also assign a variable the value of another variable, like so:

\begin{Shaded}
\begin{Highlighting}[]\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\NormalTok{anumber\ensuremath{\text{ }}=\ensuremath{\text{ }}anothernumber;}\newline
\end{Highlighting}
\end{Shaded}

Or assign multiple variables the same value with one statement:

\begin{Shaded}
\begin{Highlighting}[]

\NormalTok{anumber\ensuremath{\text{ }}=\ensuremath{\text{ }}anothernumber\ensuremath{\text{ }}=\ensuremath{\text{ }}yetanothernumber\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}

This is because the assignment {\ttfamily x = y} returns the value of the assignment. {\ttfamily x = y = z } is really shorthand for {\ttfamily x = (y = z)}.
\subsection{Naming Variables}
\label{59}
Variable names in C are made up of letters (upper and lower case) and digits. The underscore character (\symbol{34}_\symbol{34}) is also permitted. Names must not begin with a digit. Unlike some languages (such as \myhref{http://en.wikipedia.org/wiki/Perl}{Perl} and some \myhref{http://en.wikipedia.org/wiki/BASIC\%20programming\%20language}{BASIC} dialects), C does not use any special prefix characters on variable names.

Some examples of valid (but not very descriptive) C variable names:

\begin{Shaded}
\begin{Highlighting}[]

\NormalTok{foo}\newline
\NormalTok{Bar}\newline
\NormalTok{BAZ}\newline
\NormalTok{foo_bar}\newline
\NormalTok{_foo42}\newline
\NormalTok{_}\newline
\NormalTok{QuUx}\newline
\end{Highlighting}
\end{Shaded}

Some examples of invalid C variable names:

\begin{Shaded}
\begin{Highlighting}[]

\NormalTok{2foo\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}(must\ensuremath{\text{ }}not\ensuremath{\text{ }}begin\ensuremath{\text{ }}with\ensuremath{\text{ }}a\ensuremath{\text{ }}digit)}\newline
\NormalTok{my\ensuremath{\text{ }}foo\ensuremath{\text{ }}\ensuremath{\text{ }}(spaces\ensuremath{\text{ }}not\ensuremath{\text{ }}allowed\ensuremath{\text{ }}in\ensuremath{\text{ }}names)}\newline
\NormalTok{$foo\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}($\ensuremath{\text{ }}not\ensuremath{\text{ }}allowed\ensuremath{\text{ }}--\ensuremath{\text{ }}only\ensuremath{\text{ }}letters,\ensuremath{\text{ }}digits,\ensuremath{\text{ }}and\ensuremath{\text{ }}_)}\newline
\KeywordTok{while}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{(language\ensuremath{\text{ }}keywords\ensuremath{\text{ }}cannot\ensuremath{\text{ }}be\ensuremath{\text{ }}used\ensuremath{\text{ }}as\ensuremath{\text{ }}names)}\newline
\end{Highlighting}
\end{Shaded}

As the last example suggests, certain words are reserved as keywords in the language, and these cannot be used as variable names.

In addition there are certain sets of names that, while not language keywords, are reserved for one reason or another. For example, a C compiler might use certain names \symbol{34}behind the scenes\symbol{34}, and this might cause problems for a program that attempts to use them. Also, some names are reserved for possible future use in the C standard library. The rules for determining exactly what names are reserved (and in what contexts they are reserved) are too complicated to describe here, and as a beginner you don\textquotesingle{}t need to worry about them much anyway. For now, just avoid using names that begin with an underscore character.

The naming rules for C variables also apply to naming other language constructs such as function names, struct tags, and macros, all of which will be covered later.
\section{Literals}
\label{60}

Anytime within a program in which you specify a value explicitly instead of referring to a variable or some other form of data, that value is referred to as a {\bfseries literal}. In the initialization example above, 3 is a literal. Literals can either take a form defined by their type (more on that soon), or one can use hexadecimal (hex) notation to directly insert data into a variable regardless of its type.\LaTeXNullTemplate{} Hex numbers are always preceded with {\itshape 0x}. For now, though, you probably shouldn\textquotesingle{}t be too concerned with hex.
\section{The Four Basic Data Types}
\label{61}

In Standard C there are four basic data types. They are {\ttfamily {\bfseries int}}, {\ttfamily {\bfseries char}}, {\ttfamily {\bfseries float}}, and {\ttfamily {\bfseries double}}.

We will briefly describe them here, then go into more detail in \myhref{http://en.wikibooks.org/wiki/C\%20Programming\%2FTypes}{C Programming/Types}.
\subsection{The {\ttfamily int} type}
\label{62}
The {\ttfamily int} type stores integers in the form of \symbol{34}whole numbers\symbol{34}. An integer is typically the size of one machine word, which on most modern home PCs is 32 bits (4 octets). Examples of literals are whole numbers (integers) such as 1,2,3, 10, 100... When {\ttfamily int} is 32 bits (4 octets), it can store any whole number (integer) between -{}2147483648 and 2147483647. A 32 bit word (number) has the possibility of representing any one number out of 4294967296 possibilities (2 to the power of 32).



If you want to declare a new int variable, use the {\ttfamily int} keyword. For example:


\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{numberOfStudents,\ensuremath{\text{ }}i,\ensuremath{\text{ }}j=}\DecValTok{5}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


In this declaration we declare 3 variables, numberOfStudents, i and j, j here is assigned the literal 5.
\subsection{The {\ttfamily char} type}
\label{63}
The {\ttfamily char} type is capable of holding any member of the execution character set. It stores the same kind of data as an {\ttfamily int} (i.e. integers), but typically has a size of one byte. The size of a byte is specified by the macro {\ttfamily CHAR_BIT} which specifies the number of bits in a char (byte). In standard C it never can be less than 8 bits. A variable of type {\ttfamily char} is most often used to store character data, hence its name. Most implementations use the \myhref{http://en.wikipedia.org/wiki/ASCII}{ASCII} character set as the execution character set, but it\textquotesingle{}s best not to know or care about that unless the actual values are important.

Examples of character literals are \textquotesingle{}a\textquotesingle{}, \textquotesingle{}b\textquotesingle{}, \textquotesingle{}1\textquotesingle{}, etc., as well as some special characters such as \textquotesingle{}{\ttfamily \textbackslash{}0}\textquotesingle{} (the null character) and \textquotesingle{}{\ttfamily \textbackslash{}n}\textquotesingle{} (newline, recall \symbol{34}Hello, World\symbol{34}). Note that the {\ttfamily char} value must be enclosed within single quotations.

When we initialize a character variable, we can do it two ways. One is preferred, the other way is {\bfseries {\itshape bad}}{\itshape } programming practice.

The first way is to write

\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{letter1\ensuremath{\text{ }}=\ensuremath{\text{ }}\textquotesingle{}a\textquotesingle{};}\newline
\end{Highlighting}
\end{Shaded}


This is {\itshape good} programming practice in that it allows a person reading your code to understand that letter1 is being initialized with the letter \textquotesingle{}a\textquotesingle{} to start off with.

The second way, which should {\itshape not} be used when you are coding letter characters, is to write

\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{letter2\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{97}\NormalTok{;\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}in\ensuremath{\text{ }}ASCII,\ensuremath{\text{ }}97\ensuremath{\text{ }}=\ensuremath{\text{ }}\textquotesingle{}a\textquotesingle{}\ensuremath{\text{ }}*/}\newline
\end{Highlighting}
\end{Shaded}


This is considered by some to be extremely {\bfseries {\itshape bad}}{\itshape } practice, if we are using it to store a character, not a small number, in that if someone reads your code, most readers are forced to look up what character corresponds with the number 97 in the encoding scheme. In the end, {\ttfamily letter1} and {\ttfamily letter2} store both the same thing – the letter \textquotesingle{}a\textquotesingle{}, but the first method is clearer, easier to debug, and much more straightforward. 

One important thing to mention is that characters for numerals are represented differently from their corresponding number, i.e. \textquotesingle{}1\textquotesingle{} is not equal to 1. In short, any single entry that is enclosed within \textquotesingle{}single quotes\textquotesingle{}.

There is one more kind of literal that needs to be explained in connection with chars: the {\bfseries string literal}. A string is a series of characters, usually intended to be displayed. They are surrounded by double quotations (\symbol{34} \symbol{34}, not \textquotesingle{} \textquotesingle{}). An example of a string literal is the \symbol{34}Hello, World!\textbackslash{}n\symbol{34} in the \symbol{34}Hello, World\symbol{34} example.
\subsection{The {\ttfamily float} type}
\label{64} 
{\ttfamily float} is short for {\bfseries floating point}. It stores real numbers also, but is only one machine word in size. Therefore, it is used when less precision than a double provides is required. {\ttfamily float} literals must be suffixed with F or f, otherwise they will be interpreted as doubles. Examples are: 3.1415926f, 4.0f, 6.022e+23f. float variables can be declared using the {\ttfamily float} keyword.
\subsection{The {\ttfamily double} type}
\label{65}
The {\ttfamily double} and {\ttfamily float} types are very similar. The {\ttfamily float} type allows you to store single-{}precision floating point numbers, while the {\ttfamily double} keyword allows you to store double-{}precision floating point numbers – real numbers, in other words, both integer and non-{}integer values. Its size is typically two machine words, or 8 bytes on most machines. Examples of {\ttfamily double} literals are 3.1415926535897932, 4.0, 6.022e+23 (\myhref{http://en.wikipedia.org/wiki/Scientific\%20notation}{scientific notation}). If you use 4 instead of 4.0, the 4 will be interpreted as an {\ttfamily int}.

The distinction between floats and doubles was made because of the differing sizes of the two types. When C was first used, space was at a minimum and so the judicious use of a float instead of a double saved some memory. Nowadays, with memory more freely available, you do not really need to conserve memory like this – it may be better to use doubles consistently. Indeed, some C implementations use doubles instead of floats when you declare a float variable.

If you want to use a double variable, use the {\ttfamily double} keyword.
\section{{\ttfamily sizeof}}
\label{66}
If you have any doubts as to the amount of memory actually used by any variable (and this goes for types we\textquotesingle{}ll discuss later, also), you can use the {\ttfamily {\bfseries sizeof}} operator to find out for sure. (For completeness, it is important to mention that {\ttfamily sizeof} is a \myhref{http://en.wikipedia.org/wiki/Unary\%20operation}{unary operator}, not a function.) Its syntax is:


\begin{Shaded}
\begin{Highlighting}[]

\KeywordTok{sizeof}\ensuremath{\text{ }}\NormalTok{object}\newline
\KeywordTok{sizeof}\NormalTok{(type)}\newline
\end{Highlighting}
\end{Shaded}


The two expressions above return the size of the object and type specified, in bytes. The return type is {\ttfamily size_t} (defined in the header {\ttfamily {\mbox{$<$}}stddef.h{\mbox{$>$}}}) which is an unsigned value. Here\textquotesingle{}s an example usage:


\begin{Shaded}
\begin{Highlighting}[]

\NormalTok{size_t\ensuremath{\text{ }}size;}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i;}\newline
\NormalTok{size\ensuremath{\text{ }}=\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(i);}\newline
\end{Highlighting}
\end{Shaded}


{\ttfamily size} will be set to 4, assuming {\ttfamily CHAR_BIT} is defined as 8, and an integer is 32 bits wide. The value of {\ttfamily sizeof}\textquotesingle{}s result is the number of bytes.

Note that when {\ttfamily sizeof} is applied to a {\ttfamily char}, the result is 1; that is:


\begin{Shaded}
\begin{Highlighting}[]

\KeywordTok{sizeof}\NormalTok{(}\DataTypeTok{char}\NormalTok{)}\newline
\end{Highlighting}
\end{Shaded}


always returns 1.
\section{Data type modifiers}
\label{67}

One can alter the data storage of any data type by preceding it with certain modifiers.

{\ttfamily {\bfseries long}} and {\ttfamily {\bfseries short}} are modifiers that make it possible for a data type to use either more or less memory. The {\ttfamily int} keyword need not follow the {\ttfamily short} and {\ttfamily long} keywords. This is most commonly the case. A {\ttfamily short} can be used where the values fall within a lesser range than that of an {\ttfamily int}, typically -{}32768 to 32767.  A {\ttfamily long} can be used to contain an extended range of values. It is not guaranteed that a {\ttfamily short} uses less memory than an {\ttfamily int}, nor is it guaranteed that a {\ttfamily long} takes up more memory than an {\ttfamily int}. It is only guaranteed that sizeof(short) <{}= sizeof(int) <{}= sizeof(long).  Typically a {\ttfamily short} is 2 bytes, an {\ttfamily int} is 4 bytes, and a {\ttfamily long} either 4 or 8 bytes. Modern C compilers also provide {\ttfamily long long} which is typically an 8 byte integer.   

In all of the types described above, one bit is used to indicate the sign (positive or negative) of a value. If you decide that a variable will never hold a negative value, you may use the {\ttfamily {\bfseries unsigned}} modifier to use that one bit for storing other data, effectively doubling the range of values while mandating that those values be positive. The {\ttfamily unsigned} specifier also may be used without a trailing {\ttfamily int}, in which case the size defaults to that of an {\ttfamily int}. There is also a {\ttfamily {\bfseries signed}} modifier which is the opposite, but it is not necessary, except for certain uses of {\ttfamily char}, and seldom used since all types (except {\ttfamily char}) are signed by default.

To use a modifier, just declare a variable with the data type and relevant modifiers:

\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{short}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{usi;\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}fully\ensuremath{\text{ }}qualified\ensuremath{\text{ }}--\ensuremath{\text{ }}unsigned\ensuremath{\text{ }}short\ensuremath{\text{ }}int\ensuremath{\text{ }}*/}\newline
\DataTypeTok{short}\ensuremath{\text{ }}\NormalTok{si;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}short\ensuremath{\text{ }}int\ensuremath{\text{ }}*/}\newline
\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{long}\ensuremath{\text{ }}\NormalTok{uli;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}unsigned\ensuremath{\text{ }}long\ensuremath{\text{ }}int\ensuremath{\text{ }}*/}\newline
\end{Highlighting}
\end{Shaded}

\section{{\ttfamily const} qualifier}
\label{68}

When the {\ttfamily {\bfseries const}} qualifier is used, the declared variable must be initialized at declaration. It is then not allowed to be changed.

While the idea of a variable that never changes may not seem useful, there are good reasons to use {\ttfamily const}. For one thing, many compilers can perform some small optimizations on data when it knows that data will never change. For example, if you need the value of {\mbox{$\pi$}} in your calculations, you can declare a const variable of {\ttfamily pi}, so a program or another function written by someone else cannot change the value of {\ttfamily pi}.

Note that a Standard conforming compiler must issue a warning if an attempt is made to change a {\ttfamily const} variable -{} but after doing so the compiler is free to ignore the {\ttfamily const} qualifier.
\section{Magic numbers}
\label{69}
When you write C programs, you may be tempted to write code that will depend on certain numbers. For example, you may be writing a program for a grocery store. This complex program has thousands upon thousands of lines of code. The programmer decides to represent the cost of a can of corn, currently 99 cents, as a literal throughout the code. Now, assume the cost of a can of corn changes to 89 cents. The programmer must now go in and manually change each entry of 99 cents to 89. While this is not that big of a problem, considering the \symbol{34}global find-{}replace\symbol{34} function of many text editors, consider another problem: the cost of a can of green beans is also initially 99 cents. To reliably change the price, you have to look at every occurrence of the number 99.

C possesses certain functionality to avoid this. This functionality is approximately equivalent, though one method can be useful in one circumstance, over another.
\subsection{Using the {\ttfamily const} keyword}
\label{70}
The {\ttfamily const} keyword helps eradicate {\bfseries magic numbers}. By declaring a variable {\ttfamily const corn} at the beginning of a block, a programmer can simply change that const and not have to worry about setting the value elsewhere.

There is also another method for avoiding magic numbers. It is much more flexible than {\ttfamily const}, and also much more problematic in many ways. It also involves the preprocessor, as opposed to the compiler. Behold...
\subsection{{\ttfamily \#define}}
\label{71}
When you write programs, you can create what is known as a {\itshape macro}, so when the computer is reading your code, it will replace all instances of a word with the specified expression.

Here\textquotesingle{}s an example. If you write

\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#define\ensuremath{\text{ }}PRICE_OF_CORN\ensuremath{\text{ }}0.99}\newline
\end{Highlighting}
\end{Shaded}

when you want to, for example, print the price of corn, you use the word {\ttfamily PRICE_OF_CORN} instead of the number 0.99 – the preprocessor will replace all instances of {\ttfamily PRICE_OF_CORN} with 0.99, which the compiler will interpret as the literal {\ttfamily double} 0.99. The preprocessor performs substitution, that is, {\ttfamily PRICE_OF_CORN} is replaced by 0.99 so this means there is no need for a semicolon.

It is important to note that {\ttfamily \#define} has basically the same functionality as the \symbol{34}find-{}and-{}replace\symbol{34} function in a lot of text editors/word processors. 

For some purposes, {\ttfamily \#define} can be harmfully used, and it is usually preferable to use {\ttfamily const} if {\ttfamily \#define} is unnecessary. It is possible, for instance, to {\ttfamily \#define}, say, a macro {\ttfamily DOG} as the number 3, but if you try to print the macro, thinking that {\ttfamily DOG} represents a string that you can show on the screen, the program will have an error. {\ttfamily \#define} also has no regard for type. It disregards the structure of your program, replacing the text {\itshape everywhere} (in effect, disregarding scope), which could be advantageous in some circumstances, but can be the source of problematic bugs.

You will see further instances of the {\ttfamily \#define} directive later in the text. It is good convention to write {\ttfamily \#define}d words in all capitals, so a programmer will know that this is not a variable that you have declared but a {\ttfamily \#define}d macro.
If we put semicolon after preprocessor statement then it is perfectly valid no compile time error. i.e \#include<{}stdio.h>{}; is valid

\section{Scope}
\label{72}

In the Basic Concepts section, the concept of scope was introduced. It is important to revisit the distinction between local types and global types, and how to declare variables of each. To declare a local variable, you place the declaration at the beginning (i.e. before any non-{}declarative statements) of the block to which the variable is intended to be local. To declare a global variable, declare the variable outside of any block. If a variable is global, it can be read, and written, from anywhere in your program.

Global variables are not considered good programming practice, and should be avoided whenever possible. They inhibit code readability, create naming conflicts, waste memory, and can create difficult-{}to-{}trace bugs. Excessive usage of globals is usually a sign of laziness and/or poor design. However, if there is a situation where local variables may create more obtuse and unreadable code, there\textquotesingle{}s no shame in using globals.
\section{Other Modifiers}
\label{73}

Included here, for completeness, are more of the modifiers that standard C provides. For the beginning programmer, {\itshape static} and {\itshape extern} may be useful. {\itshape volatile} is more of interest to advanced programmers. {\itshape register} and {\itshape auto} are largely deprecated and are generally not of interest to either beginning or advanced programmers.
\subsection{static}
\label{74}
{\ttfamily {\bfseries static}} is sometimes a useful keyword. 
It is a common misbelief that the only purpose is to make a variable stay in memory.$\text{ }$\newline{}

When you declare a function or global variable as {\itshape static} it will become internal. You cannot access the function or variable through the extern (see below) keyword from other files in your project.$\text{ }$\newline{}

When you declare a local variable as {\itshape static}, it is created just like any other variable. However, when the variable goes out of scope (i.e. the block it was local to is finished) the variable stays in memory, retaining its value. The variable stays in memory until the program ends. While this behaviour resembles that of global variables, static variables still obey scope rules and therefore cannot be accessed outside of their scope.$\text{ }$\newline{}

Variables declared static are initialized to zero (or for pointers, NULL) by default. 

You can use static in (at least) two different ways.  Consider this code, and imagine it is in a file called jfile.c:


\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{static}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{j\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{up(}\DataTypeTok{void}\NormalTok{)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}k\ensuremath{\text{ }}is\ensuremath{\text{ }}set\ensuremath{\text{ }}to\ensuremath{\text{ }}0\ensuremath{\text{ }}when\ensuremath{\text{ }}the\ensuremath{\text{ }}program\ensuremath{\text{ }}starts.\ensuremath{\text{ }}The\ensuremath{\text{ }}line\ensuremath{\text{ }}is\ensuremath{\text{ }}then\ensuremath{\text{ }}"ignored"}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*\ensuremath{\text{ }}for\ensuremath{\text{ }}the\ensuremath{\text{ }}rest\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}program\ensuremath{\text{ }}(i.e.\ensuremath{\text{ }}k\ensuremath{\text{ }}is\ensuremath{\text{ }}not\ensuremath{\text{ }}set\ensuremath{\text{ }}to\ensuremath{\text{ }}0\ensuremath{\text{ }}every\ensuremath{\text{ }}time\ensuremath{\text{ }}up()}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*\ensuremath{\text{ }}is\ensuremath{\text{ }}called)}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{static}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{k\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{j++;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{k++;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"up()\ensuremath{\text{ }}called.\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}k=\ensuremath{\text{ }}\%2d,\ensuremath{\text{ }}j=\ensuremath{\text{ }}\%2d}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{,\ensuremath{\text{ }}k\ensuremath{\text{ }},\ensuremath{\text{ }}j);}\newline
\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{down(}\DataTypeTok{void}\NormalTok{)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{static}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{k\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{j--;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{k--;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"down()\ensuremath{\text{ }}called.\ensuremath{\text{ }}k=\ensuremath{\text{ }}\%2d,\ensuremath{\text{ }}j=\ensuremath{\text{ }}\%2d}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{,\ensuremath{\text{ }}k\ensuremath{\text{ }},\ensuremath{\text{ }}j);}\newline
\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main(}\DataTypeTok{void}\NormalTok{)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}call\ensuremath{\text{ }}the\ensuremath{\text{ }}up\ensuremath{\text{ }}function\ensuremath{\text{ }}3\ensuremath{\text{ }}times,\ensuremath{\text{ }}then\ensuremath{\text{ }}the\ensuremath{\text{ }}down\ensuremath{\text{ }}function\ensuremath{\text{ }}2\ensuremath{\text{ }}times\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(i=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}i\ensuremath{\text{ }}<\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{;\ensuremath{\text{ }}i++)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{up();}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(i=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}i\ensuremath{\text{ }}<\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{;\ensuremath{\text{ }}i++)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{down();}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


The j var is accessible by both up and down and retains its value.  The k vars also retain their value, but they are two different variables, one in each of their scopes. Static vars are a good way to implement encapsulation, a term from the object-{}oriented way of thinking that effectively means not allowing changes to be made to a variable except through function calls.

Running the program above will produce the following output:

\begin{Shaded}
\begin{Highlighting}[]

\NormalTok{up()\ensuremath{\text{ }}called.\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}k=\ensuremath{\text{ }}\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}j=\ensuremath{\text{ }}\ensuremath{\text{ }}}\DecValTok{1}\newline
\NormalTok{up()\ensuremath{\text{ }}called.\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}k=\ensuremath{\text{ }}\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}j=\ensuremath{\text{ }}\ensuremath{\text{ }}}\DecValTok{2}\newline
\NormalTok{up()\ensuremath{\text{ }}called.\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}k=\ensuremath{\text{ }}\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{,\ensuremath{\text{ }}j=\ensuremath{\text{ }}\ensuremath{\text{ }}}\DecValTok{3}\newline
\NormalTok{down()\ensuremath{\text{ }}called.\ensuremath{\text{ }}k=\ensuremath{\text{ }}-}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}j=\ensuremath{\text{ }}\ensuremath{\text{ }}}\DecValTok{2}\newline
\NormalTok{down()\ensuremath{\text{ }}called.\ensuremath{\text{ }}k=\ensuremath{\text{ }}-}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}j=\ensuremath{\text{ }}\ensuremath{\text{ }}}\DecValTok{1}\newline
\end{Highlighting}
\end{Shaded}


{\bfseries Features of {\ttfamily static} variables :}\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}1.$\text{ }${}Keyword$\text{ }${}used$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}$\text{ }${}{\bfseries static}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}2.$\text{ }${}Storage$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}$\text{ }${}Memory$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}3.$\text{ }${}Default$\text{ }${}value$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}$\text{ }${}Zero$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}4.$\text{ }${}Scope$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}$\text{ }${}Local$\text{ }${}to$\text{ }${}the$\text{ }${}block$\text{ }${}in$\text{ }${}which$\text{ }${}it$\text{ }${}is$\text{ }${}declared$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}5.$\text{ }${}Lifetime$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}$\text{ }${}Value$\text{ }${}persists$\text{ }${}between$\text{ }${}different$\text{ }${}function$\text{ }${}calls$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}6.$\text{ }${}Keyword$\text{ }${}optionality$\text{ }${}-{}$\text{ }${}Mandatory$\text{ }${}to$\text{ }${}use$\text{ }${}the$\text{ }${}keyword}

\subsection{extern}
\label{75}
{\ttfamily {\bfseries extern}} is used when a file needs to access a variable in another file that it may not have {\ttfamily \#include}d directly. Therefore, {\itshape extern} does not actually carve out space for a new variable, it just provides the compiler with sufficient information to access the remote variable.

{\bfseries Features of {\ttfamily external} variable :}\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}1.$\text{ }${}Keyword$\text{ }${}used$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}$\text{ }${}{\bfseries extern}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}2.$\text{ }${}Storage$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}$\text{ }${}Memory$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}3.$\text{ }${}Default$\text{ }${}value$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}$\text{ }${}Zero$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}4.$\text{ }${}Scope$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}$\text{ }${}Global$\text{ }${}(all$\text{ }${}over$\text{ }${}the$\text{ }${}program)$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}5.$\text{ }${}Lifetime$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}$\text{ }${}Value$\text{ }${}persists$\text{ }${}till$\text{ }${}the$\text{ }${}program\textquotesingle{}s$\text{ }${}execution$\text{ }${}comes$\text{ }$\newline{}
$\text{ }${}to$\text{ }${}an$\text{ }${}end$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}6.$\text{ }${}Keyword$\text{ }${}optionality$\text{ }${}-{}$\text{ }${}Optional$\text{ }${}if$\text{ }${}declared$\text{ }${}outside$\text{ }${}all$\text{ }${}the$\text{ }${}functions}

\subsection{volatile}
\label{76}
{\bfseries {\ttfamily volatile}} is a special type modifier which informs the compiler that the value of the variable may be changed by external entities other than the program itself. This is necessary for certain programs compiled with optimizations – if a variable were not defined {\ttfamily volatile} then the compiler may assume that certain operations involving the variable are safe to optimize away when in fact they aren\textquotesingle{}t. {\itshape volatile} is particularly relevant when working with embedded systems (where a program may not have complete control of a variable) and multi-{}threaded applications.
\subsection{auto}
\label{77}
{\ttfamily {\bfseries auto}} is a modifier which specifies an \symbol{34}automatic\symbol{34} variable that is automatically created when in scope and destroyed when out of scope. If you think this sounds like pretty much what you\textquotesingle{}ve been doing all along when you declare a variable, you\textquotesingle{}re right: all declared items within a block are implicitly \symbol{34}automatic\symbol{34}. For this reason, the {\itshape auto} keyword is more like the answer to a trivia question than a useful modifier, and there are lots of very competent programmers that are unaware of its existence.

{\bfseries Features of {\ttfamily automatic} variables :}\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}1.$\text{ }${}Keyword$\text{ }${}used$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}$\text{ }${}{\bfseries auto}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}2.$\text{ }${}Storage$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}$\text{ }${}Memory$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}3.$\text{ }${}Default$\text{ }${}value$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}$\text{ }${}Garbage$\text{ }${}value$\text{ }${}(random$\text{ }${}value)$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}4.$\text{ }${}Scope$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}$\text{ }${}Local$\text{ }${}to$\text{ }${}the$\text{ }${}block$\text{ }${}in$\text{ }${}which$\text{ }${}it$\text{ }${}is$\text{ }${}defined$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}5.$\text{ }${}Lifetime$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}$\text{ }${}Value$\text{ }${}persists$\text{ }${}till$\text{ }${}the$\text{ }${}control$\text{ }${}remains$\text{ }${}within$\text{ }${}the$\text{ }$\newline{}
$\text{ }${}block$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}6.$\text{ }${}Keyword$\text{ }${}optionality$\text{ }${}-{}$\text{ }${}Optional}

\subsection{register}
\label{78}
{\bfseries {\ttfamily register}} is a hint to the compiler to attempt to optimize the storage of the given variable by storing it in a register of the computer\textquotesingle{}s CPU when the program is run. Most optimizing compilers do this anyway, so use of this keyword is often unnecessary. In fact, ANSI C states that a compiler can ignore this keyword if it so desires – and many do. Microsoft Visual C++ is an example of an implementation that completely ignores the {\itshape register} keyword.

{\bfseries Features of {\ttfamily register} variables :}\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}1.$\text{ }${}Keyword$\text{ }${}used$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}$\text{ }${}{\bfseries register}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}2.$\text{ }${}Storage$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}$\text{ }${}CPU$\text{ }${}registers$\text{ }${}(values$\text{ }${}can$\text{ }${}be$\text{ }${}retrieved$\text{ }${}faster$\text{ }${}than$\text{ }$\newline{}
$\text{ }${}from$\text{ }${}memory)$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}3.$\text{ }${}Default$\text{ }${}value$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}$\text{ }${}Garbage$\text{ }${}value$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}4.$\text{ }${}Scope$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}$\text{ }${}Local$\text{ }${}to$\text{ }${}the$\text{ }${}block$\text{ }${}in$\text{ }${}which$\text{ }${}it$\text{ }${}is$\text{ }${}defined$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}5.$\text{ }${}Lifetime$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}$\text{ }${}Value$\text{ }${}persists$\text{ }${}till$\text{ }${}the$\text{ }${}control$\text{ }${}remains$\text{ }${}within$\text{ }${}the$\text{ }$\newline{}
$\text{ }${}block$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}6.$\text{ }${}Keyword$\text{ }${}optionality$\text{ }${}-{}$\text{ }${}Mandatory$\text{ }${}to$\text{ }${}use$\text{ }${}the$\text{ }${}keyword}

\subsection{Concepts}
\label{79}
\begin{myitemize}
\item{}  \myhref{http://en.wikibooks.org/wiki/Computer\%20Programming\%2FVariables}{Variables}
\item{}  \myhref{http://en.wikibooks.org/wiki/Computer\%20Programming\%2FTypes}{Types}
\item{}  \myhref{http://en.wikibooks.org/wiki/Data\%20Structures}{Data Structures}
\item{}  \myhref{http://en.wikibooks.org/wiki/Data\%20Structures\%2FArrays}{Arrays}
\end{myitemize}

\subsection{In this section}
\label{80}
\begin{myitemize}
\item{} \mylref{57}{C variables}
\begin{myitemize}
\item{} \myhref{http://en.wikibooks.org/wiki/C\%20Programming\%2FTypes}{C types}
\item{} \mylref{257}{C arrays}
\end{myitemize}

\end{myitemize}


\myhref{http://et.wikibooks.org/wiki/Programmeerimiskeel\%20C\%2FMuutujad}{et:Programmeerimiskeel C/Muutujad}
\myhref{http://it.wikibooks.org/wiki/C\%2FVariabili\%2C\%20operatori\%20e\%20costanti\%2FVariabili}{it:C/Variabili, operatori e costanti/Variabili}
\myhref{http://pl.wikibooks.org/wiki/C\%2FZmienne}{pl:C/Zmienne}
\myhref{http://fi.wikibooks.org/wiki/C\%2FMuuttujat}{fi:C/Muuttujat}
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\label{82}
\LaTeXNullTemplate{}

When you take time to consider it, a computer would be pretty useless without some way to talk to the people who use it.  Just like we need information in order to accomplish tasks, so do computers.  And just as we supply information to others so that {\itshape they} can do tasks, so do computers.

These supplies and returns of information to a computer are called {\bfseries input} and {\bfseries output}.  \textquotesingle{}Input\textquotesingle{} is information supplied to a computer or program.  \textquotesingle{}Output\textquotesingle{} is information provided by a computer or program.  Frequently, computer programmers will lump the discussion in the more general term {\itshape input/output} or simply, {\bfseries I/O}.

In C, there are many different ways for a program to communicate with the user.  Amazingly, the most simple methods usually taught to beginning programmers may also be the most powerful. In the \myhref{http://en.wikibooks.org/wiki/Programming\%3AC\%23A\%20taste\%20of\%20C}{\symbol{34}Hello, World\symbol{34} example} at the beginning of this text, we were introduced to a Standard Library file stdio.h, and one of its functions, printf(). Here we discuss more of the functions that stdio.h gives us.

\section{Output using printf()}
\label{83}

Recall from the beginning of this text the demonstration program duplicated below:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main(}\DataTypeTok{void}\NormalTok{)}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"Hello,\ensuremath{\text{ }}world!}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


If you compile and run this program, you will see the sentence below show up on your screen:



\begin{longtable}{>{\RaggedRight}p{0.97143\linewidth}} 
\cellcolor{lightgrey}\hspace*{0pt}\ignorespaces{}
   {\bfseries Hello, world!} 
\end{longtable}


This amazing accomplishment was achieved by using the {\itshape function} {\ttfamily printf()}. A function is like a \symbol{34}black box\symbol{34} that does something for you without exposing the internals inside. We can write functions ourselves in C, but we will cover that later.

You have seen that to use {\ttfamily printf()} one puts text, surrounded by quotes, in between the parentheses. We call the text surrounded by quotes a {\itshape literal string} (or just a {\itshape string}), and we call that string an {\itshape argument} to printf.

As a note of explanation, it is sometimes convenient to include the open and closing parentheses after a function name to remind us that it is, indeed, a function. However usually when the name of the function we are talking about is understood, it is not necessary.

As you can see in the example above, using {\ttfamily printf()} can be as simple as typing in some text, surrounded by double quotes (note that these are double quotes and not two single quotes). So, for example, you can print any string by placing it as an argument to the {\ttfamily printf()} function:



\begin{longtable}{>{\RaggedRight}p{0.97143\linewidth}} 
\cellcolor{lightgrey}\hspace*{0pt}\ignorespaces{}
   printf(\symbol{34}This sentence will print out exactly as you see it...\symbol{34}); 
\end{longtable}


And once it is contained in a proper {\ttfamily main()} function, it will show:



\begin{longtable}{>{\RaggedRight}p{0.97143\linewidth}} 
\cellcolor{lightgrey}\hspace*{0pt}\ignorespaces{}
   {\bfseries This sentence will print out exactly as you see it...} 
\end{longtable}

\subsection{Printing numbers and escape sequences}
\label{84}\subsubsection{Placeholder codes}
\label{85}
The {\ttfamily printf} function is a powerful function, and is probably the most-{}used function in C programs. 

For example, let us look at a problem. Say we don\textquotesingle{}t know what 19 + 31 is. Let\textquotesingle{}s use C to get the answer.

We start writing
\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }${}//$\text{ }${}this$\text{ }${}is$\text{ }${}important,$\text{ }${}since$\text{ }${}printf$\text{ }${}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}//$\text{ }${}can\textquotesingle{}t$\text{ }${}be$\text{ }${}used$\text{ }${}without$\text{ }${}this$\text{ }${}line}

\\

\TemplateSpaceIndent{$\text{ }${}int$\text{ }${}main(void)$\text{ }$\newline{}
$\text{ }${}\{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}printf(\symbol{34}19+31$\text{ }${}is\symbol{34});}



but here we are stuck! {\ttfamily printf} only prints strings! Thankfully, printf has methods for printing numbers. What we do is put a {\itshape placeholder} format code in the string. We write:
\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}printf(\symbol{34}19+31$\text{ }${}is$\text{ }${}{\bfseries \%d}\symbol{34},$\text{ }${}19+31);}


The placeholder \%d literally \symbol{34}holds the place\symbol{34} for the actual number that is the result of adding 19 to 31. 

These placeholders are called {\bfseries format specifiers}. Many other format specifiers work with {\ttfamily printf}. If we have a floating-{}point number, we can use {\ttfamily \%f} to print out a floating-{}point number, decimal point and all. Other format specifiers are:

\begin{myitemize}
\item{} \%d  -{} int      (same as \%i)
\item{} \%ld -{} long int (same as \%li)
\item{} \%f  -{} float
\item{} \%lf -{} double
\item{} \%c  -{} char
\item{} \%s  -{} string
\item{} \%x  -{} hexadecimal
\end{myitemize}

\subsubsection{Tabs and newlines}
\label{86}
What if, we want to achieve some output that will look like:\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}{\bfseries 1905 }$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}{\bfseries 312 +}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}{\bfseries -{}-{}-{}-{}-{}}}


{\ttfamily printf} will not put line breaks in at the end of each statement: we must do this ourselves. But how?

What we can do is use the newline {\itshape escape character}. An escape character is a special character that we can write but will do something special onscreen, such as make a beep, write a tab, and so on. To write a newline we write {\ttfamily \textbackslash{}n}. All escape characters start with a backslash.

So to achieve the output above, we write\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}printf(\symbol{34}$\text{ }${}1905\textbackslash{}n312$\text{ }${}+\textbackslash{}n-{}-{}-{}-{}-{}\textbackslash{}n\symbol{34});}


or to be a bit more clear, we can break this long printf statement over several lines. So our program will be 

\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main(}\DataTypeTok{void}\NormalTok{)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"\ensuremath{\text{ }}1905}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"312\ensuremath{\text{ }}+}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"-----}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"\%d"}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{1905+312}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

There are other escape characters we can use. Another common one is to use {\ttfamily \textbackslash{}t} to write a tab. You can use {\ttfamily \textbackslash{}a} to ring the computer\textquotesingle{}s bell, but you should not use this very much in your programs, as excessive use of sound is not very friendly to the user.
\section{Other output methods}
\label{87}\subsection{puts()}
\label{88}

The puts() function is a very simple way to send a string to the screen when you have no placeholders to be concerned about.  It works very much like the printf() function we saw in the \symbol{34}Hello, World!\symbol{34} example:
\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}puts(\symbol{34}Print$\text{ }${}this$\text{ }${}string.\symbol{34});}


will print to the screen:
\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}Print$\text{ }${}this$\text{ }${}string.}


followed by the newline character (as discussed above).  (The {\ttfamily puts} function appends a newline character to its output.)
\section{fputs()}
\label{89}

The {\ttfamily fputs} function is similar:
\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}fputs(\symbol{34}Print$\text{ }${}this$\text{ }${}string$\text{ }${}via$\text{ }${}fputs\symbol{34},$\text{ }${}stdout);}


will print to the stdout file (usually the screen):
\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}Print$\text{ }${}this$\text{ }${}string$\text{ }${}via$\text{ }${}fputs}


without a newline tacked on to the end.

Since puts() and fputs() does not allow the placeholders and the associated formatting that printf() allows, for most programmers learning printf() is sufficient for their needs.
\section{Input using scanf()}
\label{90}

The scanf() function is the input method equivalent to the printf() output function -{} simple yet powerful.  In its simplest invocation, the scanf {\itshape format string} holds a single {\itshape placeholder} representing the type of value that will be entered by the user.  These placeholders are exactly the same as the printf() function -{} \%d for ints, \%f for floats, and \%lf for doubles.

There is, however, one variation to scanf() as compared to printf().  The scanf() function requires the memory address of the variable to which you want to save the input value.  While {\itshape pointers} are possible here, this is a concept that won\textquotesingle{}t be approached until later in the text.  Instead, the simple technique is to use the {\itshape address-{}of} operator, {\bfseries \&}. For now it may be best to consider this \symbol{34}magic\symbol{34} before we discuss pointers.  

A typical application might be like this:

\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}"stdio.h"}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main(}\DataTypeTok{void}\NormalTok{)\ensuremath{\text{ }}}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{a;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"Please\ensuremath{\text{ }}input\ensuremath{\text{ }}an\ensuremath{\text{ }}integer\ensuremath{\text{ }}value:\ensuremath{\text{ }}"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{scanf(}\StringTok{"\%d"}\NormalTok{,\ensuremath{\text{ }}&a);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"You\ensuremath{\text{ }}entered:\ensuremath{\text{ }}\%d}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{,\ensuremath{\text{ }}a);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

If you were to describe the effect of the scanf() function call above, it might read as: \symbol{34}Read in an integer from the user and store it at the address of variable {\itshape a} \symbol{34}.

If you are trying to input a {\itshape string} using {\itshape scanf}, you should {\bfseries not} include the \& operator. The code below will not compile.\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}scanf(\symbol{34}\%s\symbol{34},$\text{ }${}\&a);}


The correct usage would be:\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}scanf(\symbol{34}\%s\symbol{34},$\text{ }${}a);}


This is because, whenever you use a format specifier for a string (\%s), the variable that you use to store the value will be an array and, the array names (in this case -{} a) themselves point out to their base address and hence, the {\bfseries address of} operator is not required.

(Although, this is vulnerable to \myhref{http://en.wikipedia.org/wiki/Buffer\%20overflow}{Buffer overflow}. fgets() is preferred to scanf()).

{\bfseries Note on inputs}:  When data is typed at a keyboard, the information does not go straight to the program that is running.  It is first stored in what is known as a {\bfseries buffer} -{} a small amount of memory reserved for the input source.  Sometimes there will be data left in the buffer when the program wants to read from the input source, and the scanf() function will read this data instead of waiting for the user to type something. Some may suggest you use the function fflush(stdin), which may work as desired on some computers, but isn\textquotesingle{}t considered good practice, as you will see later. Doing this has the downfall that if you take your code to a different computer with a different compiler, your code may not work properly.
\section{Links}
\label{91}
Back to contents: \myhref{http://en.wikibooks.org/wiki/C\%20Programming\%23Beginning\%20C}{Beginning C}
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\myhref{http://et.wikibooks.org/wiki/Programmeerimiskeel\%20C\%2FIO}{et:Programmeerimiskeel C/IO}
\myhref{http://pl.wikibooks.org/wiki/C\%2FPodstawowe\%20procedury\%20wej\%01\%5Bcia\%20i\%20wyj\%01\%5Bcia}{pl:C/Podstawowe procedury wejścia i wyjścia}
\myhref{http://pt.wikibooks.org/wiki/Programar\%20em\%20C\%2FEntrada\%20e\%20sa\%EDda\%20simples}{pt:Programar em C/Entrada e saída simples}
\myhref{http://en.wikibooks.org/wiki/Category\%3AC\%20Programming}{\LaTeXNullTemplate{}} \chapter{Simple math}

\myminitoc
\label{92}





\label{93}
\LaTeXNullTemplate{}
\section{Operators and Assignments}
\label{94}

C has a wide range of operators that make simple math easy to handle. The list of operators grouped into precedence levels is as follows:
\subsection{Primary expressions}
\label{95}

An identifier is a primary expression, provided that it has been declared as designating an object (in which case it is an lvalue {$\text{[}$}a value that can be used as the left side of an assignment expression{$\text{]}$}) or a function (in which case it is a function designator).

A constant is a primary expression. Its type depends on its form and value.

A string literal is a primary expression.

A parenthesized expression is a primary expression. Its type and value are those of the unparenthesized expression.
\subsection{Postfix operators}
\label{96}

First, a primary expression is also a postfix expression. The following expressions are also postfix expressions:

A postfix expression followed by a left square bracket ({\ttfamily {$\text{[}$}}), an expression, and a right square bracket ({\ttfamily {$\text{]}$}}) constitutes an invocation of the array subscript operator. One of the expressions shall have type \symbol{34}pointer to object {\itshape type}\symbol{34} and the other shall have an integer type; the result type is {\itshape type}. Successive array subscript operators designate an element of a multidimensional array.

A postfix expression followed by parentheses or an optional parenthesized argument list indicates an invocation of the function call operator.

A postfix expression followed by a dot ({\ttfamily .}) followed by an identifier selects a member from a structure or union; a postfix expression followed by an arrow ({\ttfamily -{}{\mbox{$>$}}}) followed by an identifier selects a member from a structure or union who is pointed to by the pointer on the left-{}hand side of the expression.

A postfix expression followed by the increment or decrement operators ({\ttfamily ++} or {\ttfamily -{}-{}}) indicates that the variable is to be incremented or decremented as a side effect. The value of the expression is the value of the postfix expression {\itshape before} the increment or decrement.
\subsection{Unary expressions}
\label{97}

First, a unary expression is a postfix expression. The following expressions are all postfix expressions:

The increment or decrement operators followed by a unary expression is a unary expression. The value of the expression is the value of the unary expression {\itshape after} the increment or decrement.

The following operators followed by a cast expression are unary expressions:
\\
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The keyword {\ttfamily sizeof} followed by a unary expression is a unary expression. The value is the size of the type of the expression in bytes. The expression is not evaluated.

The keyword {\ttfamily sizeof} followed by a parenthesized type name is a unary expression. The value is the size of the type in bytes.
\subsection{Cast operators}
\label{98}

A cast expression is a unary expression.

A parenthesized type name followed by a cast expression is a cast expression. The parenthesized type name has the effect of forcing the cast expression into the type specified by the type name in parentheses. For arithmetic types, this either does not change the value of the expression, or truncates the value of the expression if the expression is an integer and the new type is smaller than the previous type.

An example of casting a float as an int:


\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{float}\ensuremath{\text{ }}\NormalTok{pi\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{3.141592}\NormalTok{;}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{truncated_pi\ensuremath{\text{ }}=\ensuremath{\text{ }}(}\DataTypeTok{int}\NormalTok{)pi;\ensuremath{\text{ }}}\CommentTok{//\ensuremath{\text{ }}truncated_pi\ensuremath{\text{ }}==\ensuremath{\text{ }}3}\newline
\end{Highlighting}
\end{Shaded}


An example of casting a char as an int:


\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{my_char\ensuremath{\text{ }}=\ensuremath{\text{ }}\textquotesingle{}A\textquotesingle{};}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{my_int\ensuremath{\text{ }}=\ensuremath{\text{ }}(}\DataTypeTok{int}\NormalTok{)my_char;\ensuremath{\text{ }}}\CommentTok{//\ensuremath{\text{ }}my_int\ensuremath{\text{ }}==\ensuremath{\text{ }}65,\ensuremath{\text{ }}which\ensuremath{\text{ }}is\ensuremath{\text{ }}the\ensuremath{\text{ }}ASCII\ensuremath{\text{ }}value\ensuremath{\text{ }}of\ensuremath{\text{ }}\textquotesingle{}A\textquotesingle{}}\newline
\end{Highlighting}
\end{Shaded}

\subsection{Multiplicative and additive operators}
\label{99}

In C, simple math is very easy to handle. The following operators exist: + (addition), -{} (subtraction), * (multiplication), / (division), and \% (modulus); You likely know all of them from your math classes -{} except, perhaps, modulus. It returns the {\bfseries remainder} of a division (e.g. 5 \% 2 = 1). 

Care must be taken with the modulus, because it\textquotesingle{}s not the equivalent of the mathematical modulus: (-{}5) \% 2 is not 1, but -{}1. Division of integers will return an integer, and the division of a negative integer by a positive integer will round towards zero instead of rounding down (e.g. (-{}5) / 3 = -{}1 instead of -{}2).

There is no inline operator to do the power (e.g. 5 \^{} 2 is {\bfseries not} 25, and 5 ** 2 is an error), but there is a
\mylref{124}{power function}.

The mathematical order of operations does apply. For example (2 + 3) * 2 = 10 while 2 + 3 * 2 = 8. Multiplicative operators have precedence over additive operators.
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will display the following:

\TemplatePreformat{$\text{ }$\newline{}
i:$\text{ }${}0$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}j:$\text{ }${}1$\text{ }$\newline{}
i:$\text{ }${}1$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}j:$\text{ }${}2$\text{ }$\newline{}
i:$\text{ }${}2$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}j:$\text{ }${}3$\text{ }$\newline{}
i:$\text{ }${}3$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}j:$\text{ }${}4$\text{ }$\newline{}
i:$\text{ }${}4$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}j:$\text{ }${}5$\text{ }$\newline{}
At$\text{ }${}the$\text{ }${}end$\text{ }${}they$\text{ }${}have$\text{ }${}both$\text{ }${}equal$\text{ }${}values:$\text{ }$\newline{}
i:$\text{ }${}5$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}j:$\text{ }${}5$\text{ }$\newline{}
}
\subsection{shift and rotate}
\label{100}

Shift functions are often used in low-{}level I/O hardware interfacing.
Shift and rotate functions are heavily used in cryptography and software floating point emulation.
Other than that, shifts can be used in place of division or multiplication by a power of two.
Many processors have dedicated function blocks to make these operations fast -{}-{} see \myhref{http://en.wikibooks.org/wiki/Microprocessor\%20Design\%2FShift\%20and\%20Rotate\%20Blocks}{Microprocessor Design/Shift and Rotate Blocks}.
On processors which have such blocks, most C compilers compile shift and rotate operators to a single assembly-{}language instruction -{}-{} see \myhref{http://en.wikibooks.org/wiki/X86\%20Assembly\%2FShift\%20and\%20Rotate}{X86 Assembly/Shift and Rotate}.
\subsubsection{shift left}
\label{101}

The {\ttfamily {\mbox{$<$}}{\mbox{$<$}}} operator shifts the binary representation to the left, dropping the most significant bits and appending it with zero bits.
The result is equivalent to multiplying the integer by a power of two.
\subsubsection{unsigned shift right}
\label{102}

The unsigned shift right operator, also sometimes called the logical right shift operator.
It shifts the binary representation to the right, dropping the least significant bits and prepending it with zeros.
The {\ttfamily {\mbox{$>$}}{\mbox{$>$}}} operator is equivalent to division by a power of two for unsigned integers.
\subsubsection{signed shift right}
\label{103}

The signed shift right operator, also sometimes called the arithmetic right shift operator.
It shifts the binary representation to the right, dropping the least significant bit, but prepending it with copies of the original sign bit.
The {\ttfamily {\mbox{$>$}}{\mbox{$>$}}} operator is not equivalent to division for signed integers.

In C, the behavior of the {\ttfamily {\mbox{$>$}}{\mbox{$>$}}} operator depends on the data type it acts on.
Therefore, a signed and an unsigned right shift looks exactly the same, but produces a different result in some cases.
\subsubsection{rotate right}
\label{104}

Contrary to popular belief, it is possible to write C code that compiles down to the \symbol{34}rotate\symbol{34} assembly language instruction (on CPUs that have such an instruction).

Most compilers recognize this idiom:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{x;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{y;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}...\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{y\ensuremath{\text{ }}=\ensuremath{\text{ }}(x\ensuremath{\text{ }}>>\ensuremath{\text{ }}shift)\ensuremath{\text{ }}\textbar{}\ensuremath{\text{ }}(x\ensuremath{\text{ }}<<\ensuremath{\text{ }}(}\DecValTok{32}\ensuremath{\text{ }}\NormalTok{-\ensuremath{\text{ }}shift));}\newline
\end{Highlighting}
\end{Shaded}


and compile it to a single 32 bit rotate instruction.
\myfootnote{
\myfnhref{http://gcc.gnu.org/ml/gcc-patches/2007-11/msg01112.html}{ GCC: \symbol{34}Optimize common rotate constructs\symbol{34}}
}
\myfootnote{
\myfnhref{http://www.mail-archive.com/llvm-commits@cs.uiuc.edu/msg17216.html}{ \symbol{34}Cleanups in ROTL/ROTR DAG combiner code\symbol{34}} mentions that this code supports the \symbol{34}rotate\symbol{34} instruction in the CellSPU
}

On some systems, this may be \symbol{34}\#define\symbol{34}ed as a macro or defined as an inline function called something like \symbol{34}rightrotate32\symbol{34} or \symbol{34}rotr32\symbol{34} or \symbol{34}ror32\symbol{34} in a standard header file like \symbol{34}bitops.h\symbol{34}.
\myfootnote{
\myfnhref{http://kerneltrap.org/mailarchive/linux-kernel/2008/4/15/1440064}{ \symbol{34}replace private copy of bit rotation routines\symbol{34}} -{}-{} recommends includeing \symbol{34}bitops.h\symbol{34} and using its rol32 and ror32 rather than copy-{}and-{}paste into a new program.
}
\subsubsection{rotate left}
\label{105}

Most compilers recognize this idiom:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{x;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{y;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}...\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{y\ensuremath{\text{ }}=\ensuremath{\text{ }}(x\ensuremath{\text{ }}<<\ensuremath{\text{ }}shift)\ensuremath{\text{ }}\textbar{}\ensuremath{\text{ }}(x\ensuremath{\text{ }}>>\ensuremath{\text{ }}(}\DecValTok{32}\ensuremath{\text{ }}\NormalTok{-\ensuremath{\text{ }}shift));}\newline
\end{Highlighting}
\end{Shaded}


and compile it to a single 32 bit rotate instruction.

On some systems, this may be \symbol{34}\#define\symbol{34}ed as a macro or defined as an inline function called something like \symbol{34}leftrotate32\symbol{34} or \symbol{34}rotl32\symbol{34} in a header file like \symbol{34}bitops.h\symbol{34}.
\subsection{Relational and equality operators}
\label{106}

The relational binary operators {\ttfamily {\mbox{$<$}}} (less than), {\ttfamily {\mbox{$>$}}} (greater than), {\ttfamily {\mbox{$<$}}=} (less than or equal), and {\ttfamily {\mbox{$>$}}=} (greater than or equal) operators return a value of 1 if the result of the operation is true, 0 if false.

The equality binary operators {\ttfamily ==} (equals) and {\ttfamily !=} (not equals) operators are similar to the relational operators except that their precedence is lower.
\subsection{Bitwise operators}
\label{107}

The bitwise operators are {\ttfamily \&} (and), {\ttfamily \^{}} (exclusive or) and {\ttfamily |} (inclusive or). The {\ttfamily \&} operator has higher precedence than {\ttfamily \^{}}, which has higher precedence than {\ttfamily |}.
\subsection{Logical operators}
\label{108}

The logical operators are {\ttfamily \&\&} (and), and {\ttfamily ||} (or). Both of these operators produce 1 if the relationship is true and 0 for false. Both of these operators short-{}circuit; if the result of the expression can be determined from the first operand, the second is ignored.
\subsection{Conditional operators}
\label{109}

The ternary {\ttfamily ?:} operator is the conditional operator. The expression {\ttfamily (x ? y : z)} has the value of {\ttfamily y} if {\ttfamily x} is nonzero, {\ttfamily z} otherwise.
\subsection{Assignment operators}
\label{110}

The assignment operators are {\ttfamily =}, {\ttfamily *=}, {\ttfamily /=}, {\ttfamily \%=}, {\ttfamily +=}, {\ttfamily -{}=}, {\ttfamily {\mbox{$<$}}{\mbox{$<$}}=}, {\ttfamily {\mbox{$>$}}{\mbox{$>$}}=}, {\ttfamily \&=}, {\ttfamily \^{}=}, and {\ttfamily |=} . The {\ttfamily =} operator stores the value of the right operand into the location determined by the left operand, which must be an \myhref{http://en.wikibooks.org/wiki/lvalue}{lvalue}

For the others, {\ttfamily x op= y} is shorthand for {\ttfamily x = x op (y)} . Hence, the following expressions are  the same :\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}1.$\text{ }${}x$\text{ }${}+=$\text{ }${}y$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}x$\text{ }${}=$\text{ }${}x+y$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}2.$\text{ }${}x$\text{ }${}-{}=$\text{ }${}y$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}x$\text{ }${}=$\text{ }${}x-{}y$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}3.$\text{ }${}x$\text{ }${}*=$\text{ }${}y$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}x$\text{ }${}=$\text{ }${}x*y$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}4.$\text{ }${}x$\text{ }${}/=$\text{ }${}y$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}x$\text{ }${}=$\text{ }${}x/y$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}5.$\text{ }${}x$\text{ }${}\%=$\text{ }${}y$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}x$\text{ }${}=$\text{ }${}x\%y}

\subsection{Comma operator}
\label{111}

The operator with the least precedence is the comma operator. The value of the expression {\ttfamily x, y} is the value of {\ttfamily y}, but {\ttfamily x} is evaluated.
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\label{113}
\LaTeXNullTemplate{}
\myhref{http://en.wikipedia.org/wiki/math.h}{w:math.h}

The {\ttfamily <{}math.h>{}} header contains prototypes for several functions that deal with mathematics. In the 1990 version of the ISO standard, only the {\ttfamily double} versions of the functions were specified; the 1999 version added the {\ttfamily float} and {\ttfamily long double} versions. To use these math functions, you must link your program with the math library. For some compilers (including GCC), you must specify the additional parameter {\ttfamily -{}lm}.

The functions can be grouped into the following categories:
\section{Trigonometric functions}
\label{114}
\subsection{The {\ttfamily acos} and {\ttfamily asin} functions}
\label{115}

The {\ttfamily acos} functions return the arccosine of their arguments in radians, and the {\ttfamily asin} functions return the arcsine of their arguments in radians.  All functions expect the argument in the range {$\text{[}$}-{}1,+1{$\text{]}$}. The arccosine returns a value in the range {$\text{[}$}0,π{$\text{]}$}; the arcsine returns a value in the range {$\text{[}$}-{}π/2,+π/2{$\text{]}$}.


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<math.h>}\newline
\ensuremath{\text{ }}\DataTypeTok{float}\ensuremath{\text{ }}\NormalTok{asinf(}\DataTypeTok{float}\ensuremath{\text{ }}\NormalTok{x);\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}C99\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{float}\ensuremath{\text{ }}\NormalTok{acosf(}\DataTypeTok{float}\ensuremath{\text{ }}\NormalTok{x);\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}C99\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{double}\ensuremath{\text{ }}\NormalTok{asin(}\DataTypeTok{double}\ensuremath{\text{ }}\NormalTok{x);}\newline
\ensuremath{\text{ }}\DataTypeTok{double}\ensuremath{\text{ }}\NormalTok{acos(}\DataTypeTok{double}\ensuremath{\text{ }}\NormalTok{x);}\newline
\ensuremath{\text{ }}\DataTypeTok{long}\ensuremath{\text{ }}\DataTypeTok{double}\ensuremath{\text{ }}\NormalTok{asinl(}\DataTypeTok{long}\ensuremath{\text{ }}\DataTypeTok{double}\ensuremath{\text{ }}\NormalTok{x);\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}C99\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{long}\ensuremath{\text{ }}\DataTypeTok{double}\ensuremath{\text{ }}\NormalTok{acosl(}\DataTypeTok{long}\ensuremath{\text{ }}\DataTypeTok{double}\ensuremath{\text{ }}\NormalTok{x);\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}C99\ensuremath{\text{ }}*/}\newline
\end{Highlighting}
\end{Shaded}

\subsection{The {\ttfamily atan} and {\ttfamily atan2} functions}
\label{116}

The {\ttfamily atan} functions return the arctangent of their arguments in radians, and the {\ttfamily atan2} function return the arctangent of {\ttfamily y/x} in radians. The {\ttfamily atan} functions return a value in the range {$\text{[}$}-{}π/2,+π/2{$\text{]}$} (the reason why ±π/2 are included in the range is because the floating-{}point value may represent infinity, and atan(±∞) = ±π/2); the {\ttfamily atan2} functions return a value in the range {$\text{[}$}-{}π/2,+π/2{$\text{]}$}. For {\ttfamily atan2}, a domain error may occur if both arguments are zero.
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\subsection{The {\ttfamily cos}, {\ttfamily sin}, and {\ttfamily tan} functions}
\label{117}

The {\ttfamily cos}, {\ttfamily sin}, and {\ttfamily tan} functions return the cosine, sine, and tangent of the argument, expressed in radians.
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\section{Hyperbolic functions}
\label{118}

The {\ttfamily cosh}, {\ttfamily sinh} and {\ttfamily tanh} functions compute the hyperbolic cosine, the hyperbolic sine, and the hyperbolic tangent of the argument respectively. For the hyperbolic sine and cosine functions, a range error occurs if the magnitude of the argument is too large.

The {\ttfamily acosh} functions compute the inverse hyperbolic cosine of the argument. A domain error occurs for arguments less than 1.

The {\ttfamily asinh} functions compute the inverse hyperbolic sine of the argument.

The {\ttfamily atanh} functions compute the inverse hyperbolic tangent of the argument. A domain error occurs if the argument is not in the interval {$\text{[}$}-{}1, +1{$\text{]}$}. A range error may occur if the argument equals -{}1 or +1.
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\section{Exponential and logarithmic functions}
\label{119}
\subsection{The {\ttfamily exp}, {\ttfamily exp2}, and {\ttfamily expm1} functions}
\label{120}

The {\ttfamily exp} functions compute the base-{}{\itshape e} exponential function of {\ttfamily x} ({\itshape e}\textsuperscript{x}). A range error occurs if the magnitude of {\ttfamily x} is too large.

The {\ttfamily exp2} functions compute the base-{}2 exponential function of {\ttfamily x} (2\textsuperscript{x}). A range error occurs if the magnitude of {\ttfamily x} is too large.

The {\ttfamily expm1} functions compute the base-{}{\itshape e} exponential function of the argument, minus 1. A range error occurs in the magnitude of {\ttfamily x} is too large.
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\subsection{The {\ttfamily frexp}, {\ttfamily ldexp}, {\ttfamily modf}, {\ttfamily scalbn}, and {\ttfamily scalbln} functions}
\label{121}

These functions are heavily used in software floating-{}point emulators, but are otherwise rarely directly called.

Inside the computer, each floating point number is represented by two parts:
\begin{myitemize}
\item{}  The significand is either in the range {$\text{[}$}1/2, 1), or it equals zero.
\item{}  The exponent is an integer.
\end{myitemize}

The value of a floating point number {$v$} is
{$v = significand * 2^{exponent}$}.

The {\ttfamily frexp} functions break the argument floating point number {\ttfamily value} into those two parts, the exponent and significand.
After breaking it apart, it stores the exponent in the {\ttfamily int} object pointed to by {\ttfamily ex}, and returns the significand.
In other words, the value returned is a copy of the given floating point number but with an exponent replaced by 0.
If {\ttfamily value} is zero, both parts of the result are zero.

The {\ttfamily ldexp} functions multiply a floating-{}point number by a integral power of 2 and return the result.
In other words, it returns copy of the given floating point number with the exponent increased by ex.
A range error may occur.

The {\ttfamily modf} functions break the argument {\ttfamily value} into integer and fraction parts, each of which has the same sign as the argument. They store the integer part in the object pointed to by {\ttfamily *iptr} and return the fraction part.
The {\ttfamily *iptr} is a floating-{}point type, rather than an \symbol{34}int\symbol{34} type, because it might be used to store an integer like 1 000 000 000 000 000 000 000 which is too big to fit in an int.

The {\ttfamily scalbn} and {\ttfamily scalbln} compute {\ttfamily x} × {\ttfamily FLT_RADIX\textsuperscript{n}}. {\ttfamily FLT_RADIX} is the base of the floating-{}point system; if it is 2, the functions are equivalent to {\ttfamily ldexp}.
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Most C floating point libraries also implement the IEEE754-{}recommended nextafter(), nextUp( ), and nextDown( ) functions.
\myhref{http://www.opengroup.org/onlinepubs/009695399/functions/nextafter.html}{http://www.opengroup.org/onlinepubs/009695399/functions/nextafter.html}
\subsection{The {\ttfamily log}, {\ttfamily log2}, {\ttfamily log1p}, and {\ttfamily log10} functions}
\label{122}

The {\ttfamily log} functions compute the base-{}{\itshape e} natural ({\bfseries not} common) logarithm of the argument and return the result. A domain error occurs if the argument is negative. A range error may occur if the argument is zero.

The {\ttfamily log1p} functions compute the base-{}{\itshape e} natural ({\bfseries not} common) logarithm of one plus the argument and return the result. A domain error occurs if the argument is less than -{}1. A range error may occur if the argument is -{}1.

The {\ttfamily log10} functions compute the common (base-{}10) logarithm of the argument and return the result. A domain error occurs if the argument is negative. A range error may occur if the argument is zero.

The {\ttfamily log2} functions compute the base-{}2 logarithm of the argument and return the result. A domain error occurs if the argument is negative. A range error may occur if the argument is zero.
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\subsection{The {\ttfamily ilogb} and {\ttfamily logb} functions}
\label{123}

The {\ttfamily ilogb} functions extract the exponent of {\ttfamily x} as a signed int value. If {\ttfamily x} is zero, they return the value {\ttfamily FP_ILOGB0}; if {\ttfamily x} is infinite, they return the value {\ttfamily INT_MAX}; if {\ttfamily x} is not-{}a-{}number they return the value {\ttfamily FP_ILOGBNAN}; otherwise, they are equivalent to calling the corresponding {\ttfamily logb} function and casting the returned value to type {\ttfamily int}. A range error may occur if {\ttfamily x} is zero. {\ttfamily FP_ILOGB0} and {\ttfamily FP_ILOGBNAN} are macros defined in {\ttfamily math.h}; {\ttfamily INT_MAX} is a macro defined in {\ttfamily limits.h}.

The {\ttfamily logb} functions extract the exponent of {\ttfamily x} as a signed integer value in floating-{}point format. If {\ttfamily x} is subnormal, it is treated as if it were normalized; thus, for positive finite {\ttfamily x}, 1 ≤ {\ttfamily x} × {\ttfamily FLT_RADIX\textsuperscript{-{}logb(x)}} {\mbox{$<$}} {\ttfamily FLT_RADIX} . {\ttfamily FLT_RADIX} is the radix for floating-{}point numbers, defined in the {\ttfamily float.h} header.
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\section{Power functions}
\label{124}
\subsection{The {\ttfamily pow} functions}
\label{125}

The {\ttfamily pow} functions compute {\ttfamily x} raised to the power {\ttfamily y} and return the result. A domain error occurs if {\ttfamily x} is negative and {\ttfamily y} is not an integral value. A domain error occurs if the result cannot be represented when {\ttfamily x} is zero and {\ttfamily y} is less than or equal to zero. A range error may occur.
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\subsection{The {\ttfamily sqrt} functions}
\label{126}

The {\ttfamily sqrt} functions compute the positive square root of {\ttfamily x} and return the result. A domain error occurs if the argument is negative.
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\end{Highlighting}
\end{Shaded}

\subsection{The {\ttfamily cbrt} functions}
\label{127}

The {\ttfamily cbrt} functions compute the cube root of {\ttfamily x} and return the result.
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\ensuremath{\text{ }}\DataTypeTok{long}\ensuremath{\text{ }}\DataTypeTok{double}\ensuremath{\text{ }}\NormalTok{cbrtl(}\DataTypeTok{long}\ensuremath{\text{ }}\DataTypeTok{double}\ensuremath{\text{ }}\NormalTok{x);\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}C99\ensuremath{\text{ }}*/}\newline
\end{Highlighting}
\end{Shaded}

\subsection{The {\ttfamily hypot} functions}
\label{128}

The {\ttfamily hypot} functions compute the square root of the sums of the squares of {\ttfamily x} and {\ttfamily y}, without overflow or underflow, and return the result.
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\section{Nearest integer, absolute value, and remainder functions}
\label{129}
\subsection{The {\ttfamily ceil} and {\ttfamily floor} functions}
\label{130}

The {\ttfamily ceil} functions compute the smallest integral value not less than {\ttfamily x} and return the result; the {\ttfamily floor} functions compute the largest integral value not greater than {\ttfamily x} and return the result.
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\end{Shaded}

\subsection{The {\ttfamily fabs} functions}
\label{131}

The {\ttfamily fabs} functions compute the absolute value of a floating-{}point number {\ttfamily x} and return the result.
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\end{Highlighting}
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\subsection{The {\ttfamily fmod} functions}
\label{132}

The {\ttfamily fmod} functions compute the floating-{}point remainder of {\ttfamily x/y} and return the value {\ttfamily x} -{} {\itshape i} * {\ttfamily y}, for some integer {\itshape i} such that, if {\ttfamily y} is nonzero, the result has the same sign as {\ttfamily x} and magnitude less than the magnitude of {\ttfamily y}. If {\ttfamily y} is zero, whether a domain error occurs or the {\ttfamily fmod} functions return zero is implementation-{}defined.
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\end{Highlighting}
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\subsection{The {\ttfamily nearbyint}, {\ttfamily rint}, {\ttfamily lrint}, and {\ttfamily llrint} functions}
\label{133}

The {\ttfamily nearbyint} functions round their argument to an integer value in floating-{}point format, using the current rounding direction and without raising the \symbol{34}inexact\symbol{34} floating-{}point exception.

The {\ttfamily rint} functions are similar to the {\ttfamily nearbyint} functions except that they can raise the \symbol{34}inexact\symbol{34} floating-{}point exception if the result differs in value from the argument.

The {\ttfamily lrint} and {\ttfamily llrint} functions round their arguments to the nearest integer value according to the current rounding direction. If the result is outside the range of values of the return type, the numeric result is undefined and a range error may occur if the magnitude of the argument is too large.
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\subsection{The {\ttfamily round}, {\ttfamily lround}, and {\ttfamily llround} functions}
\label{134}

The {\ttfamily round} functions round the argument to the nearest integer value in floating-{}point format, rounding halfway cases away from zero, regardless of the current rounding direction.

The {\ttfamily lround} and {\ttfamily llround} functions round the argument to the nearest integer value, rounding halfway cases away from zero, regardless of the current rounding direction. If the result is outside the range of values of the return type, the numeric result is undefined and a range error may occur if the magnitude of the argument is too large.
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\end{Shaded}

\subsection{The {\ttfamily trunc} functions}
\label{135}

The {\ttfamily trunc} functions round their argument to the integer value in floating-{}point format that is nearest but no larger in magnitude than the argument.
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\subsection{The {\ttfamily remainder} functions}
\label{136}

The {\ttfamily remainder} functions compute the remainder {\ttfamily x} REM {\ttfamily y} as defined by IEC 60559. The definition reads, \symbol{34}When {\itshape y} ≠ 0, the remainder {\itshape r} = {\itshape x} REM {\itshape y} is defined regardless of the rounding mode by the mathematical reduction {\itshape r} = {\itshape x} -{} {\itshape ny}, where {\itshape n} is the integer nearest the exact value of {\itshape x}/{\itshape y}; whenever |{\itshape n} -{} {\itshape x}/{\itshape y}| = ½, then {\itshape n} is even. Thus, the remainder is always exact. If {\itshape r} = 0, its sign shall be that of {\itshape x}.\symbol{34} This definition is applicable for all implementations.
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\end{Shaded}

\subsection{The {\ttfamily remquo} functions}
\label{137}

The {\ttfamily remquo} functions return the same remainder as the {\ttfamily remainder} functions. In the object pointed to by {\ttfamily quo}, they store a value whose sign is the sign of {\ttfamily x}/{\ttfamily y} and whose magnitude is congruent modulo 2\textsuperscript{n} to the magnitude of the integral quotient of {\ttfamily x}/{\ttfamily y}, where {\itshape n} is an implementation-{}defined integer greater than or equal to 3.
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\section{Error and gamma functions}
\label{138}

The {\ttfamily erf} functions compute the error function of the argument (2/(π\textsuperscript{½}) ∫\textsubscript{0}\textsuperscript{x} {\itshape e}\textsuperscript{-{}t}2 dt); the {\ttfamily erfc} functions compute the complimentary error function of the argument (that is, 1 -{} erf x). For the {\ttfamily erfc} functions, a range error may occur if the argument is too large.

The {\ttfamily lgamma} functions compute the natural logarithm of the absolute value of the gamma of the argument (that is, log\textsubscript{{\itshape e}}|Γ(x)|). A range error may occur if the argument is a negative integer or zero.

The {\ttfamily tgamma} functions compute the gamma of the argument (that is, Γ(x)). A domain error occurs if the argument is a negative integer or if the result cannot be represented when the argument is zero. A range error may occur.
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\ensuremath{\text{ }}\DataTypeTok{long}\ensuremath{\text{ }}\DataTypeTok{double}\ensuremath{\text{ }}\NormalTok{erfcl(}\DataTypeTok{long}\ensuremath{\text{ }}\DataTypeTok{double}\ensuremath{\text{ }}\NormalTok{x);\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}C99\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{float}\ensuremath{\text{ }}\NormalTok{lgammaf(}\DataTypeTok{float}\ensuremath{\text{ }}\NormalTok{x);\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}C99\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{double}\ensuremath{\text{ }}\NormalTok{lgamma(}\DataTypeTok{double}\ensuremath{\text{ }}\NormalTok{x);\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}C99\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{long}\ensuremath{\text{ }}\DataTypeTok{double}\ensuremath{\text{ }}\NormalTok{lgammal(}\DataTypeTok{long}\ensuremath{\text{ }}\DataTypeTok{double}\ensuremath{\text{ }}\NormalTok{x);\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}C99\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{float}\ensuremath{\text{ }}\NormalTok{tgammaf(}\DataTypeTok{float}\ensuremath{\text{ }}\NormalTok{x);\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}C99\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{double}\ensuremath{\text{ }}\NormalTok{tgamma(}\DataTypeTok{double}\ensuremath{\text{ }}\NormalTok{x);\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}C99\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{long}\ensuremath{\text{ }}\DataTypeTok{double}\ensuremath{\text{ }}\NormalTok{tgammal(}\DataTypeTok{long}\ensuremath{\text{ }}\DataTypeTok{double}\ensuremath{\text{ }}\NormalTok{x);\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}C99\ensuremath{\text{ }}*/}\newline
\end{Highlighting}
\end{Shaded}

\section{Further reading}
\label{139}
\myhref{http://en.wikipedia.org/wiki/circular\%20shift}{w:circular shift}
\LaTeXNullTemplate{}
\newline{}
\LaTeXNullTemplate{}

\myhref{http://pl.wikibooks.org/wiki/C\%2FZaawansowane\%20operacje\%20matematyczne}{pl:C/Zaawansowane operacje matematyczne} \chapter{Control}

\myminitoc
\label{140}





\label{141}
\LaTeXNullTemplate{}

Very few programs follow exactly one control path and have each instruction stated explicitly. In order to program effectively, it is necessary to understand how one can alter the steps taken by a program due to user input or other conditions, how some steps can be executed many times with few lines of code, and how programs can appear to demonstrate a rudimentary grasp of logic. C constructs known as conditionals and loops grant this power.

From this point forward, it is necessary to understand what is usually meant by the word {\itshape block}. A block is a group of code statements that are associated and intended to be executed as a unit. In C, the beginning of a block of code is denoted with \{ (left curly), and the end of a block is denoted with \}. It is not necessary to place a semicolon after the end of a block. Blocks can be empty, as in \{\}. Blocks can also be nested; i.e. there can be blocks of code within larger blocks.
\section{Conditionals}
\label{142}

There is likely no meaningful program written in which a computer does not demonstrate basic decision-{}making skills. It can actually be argued that there is no meaningful human activity in which some sort of decision-{}making, instinctual or otherwise, does not take place. For example, when driving a car and approaching a traffic light, one does not think, \symbol{34}I will continue driving through the intersection.\symbol{34} Rather, one thinks, \symbol{34}I will stop if the light is red, go if the light is green, and if yellow go only if I am traveling at a certain speed a certain distance from the intersection.\symbol{34} These kinds of processes can be simulated in C using conditionals.

A conditional is a statement that instructs the computer to execute a certain block of code or alter certain data only if a specific condition has been met. The most common conditional is the If-{}Else statement, with conditional expressions and Switch-{}Case statements typically used as more shorthanded methods.

Before one can understand conditional statements, it is first necessary to understand how C expresses logical relations. C treats logic as being arithmetic. The value 0 (zero) represents false, and {\bfseries {\itshape all other values}}{\itshape } represent true. If you chose some particular value to represent true and then compare values against it, sooner or later your code will fail when your assumed value (often 1) turns out to be incorrect. Code written by people uncomfortable with the C language can often be identified by the usage of \#define to make a \symbol{34}TRUE\symbol{34} value.
\myfootnote{
\myfnhref{http://www.c-faq.com/bool/bool2.html}{ C FAQ}
}

Because logic is arithmetic in C, arithmetic operators and logical operators are one and the same. Nevertheless, there are a number of operators that are typically associated with logic:
\subsection{Relational and Equivalence Expressions:}
\label{143}{\bfseries
\begin{mydescription} a <{} b
\end{mydescription}
}
\begin{myquote}\item{} 1 if {\bfseries a} is less than {\bfseries b}, 0 otherwise.
\end{myquote}
{\bfseries
\begin{mydescription} a >{} b
\end{mydescription}
}
\begin{myquote}\item{} 1 if {\bfseries a} is greater than {\bfseries b}, 0 otherwise.
\end{myquote}
{\bfseries
\begin{mydescription} a <{}= b
\end{mydescription}
}
\begin{myquote}\item{} 1 if {\bfseries a} is less than or equal to {\bfseries b}, 0 otherwise.
\end{myquote}
{\bfseries
\begin{mydescription} a >{}= b
\end{mydescription}
}
\begin{myquote}\item{} 1 if {\bfseries a} is greater than or equal to {\bfseries b}, 0 otherwise.
\end{myquote}
{\bfseries
\begin{mydescription} a == b
\end{mydescription}
}
\begin{myquote}\item{} 1 if {\bfseries a} is equal to {\bfseries b}, 0 otherwise.
\end{myquote}
{\bfseries
\begin{mydescription} a != b
\end{mydescription}
}
\begin{myquote}\item{} 1 if {\bfseries a} is not equal to {\bfseries b}, 0 otherwise
\end{myquote}


New programmers should take special note of the fact that the \symbol{34}equal to\symbol{34} operator is ==, not =. This is the cause of numerous coding mistakes and is often a difficult-{}to-{}find bug, as the expression {\ttfamily (a = b)} sets {\ttfamily a} equal to {\ttfamily b} and subsequently evaluates to {\ttfamily b}; but the expression {\ttfamily (a == b)}, which is usually intended, checks if {\ttfamily a} is equal to {\ttfamily b}. It needs to be pointed out that, if you confuse = with ==, your mistake will often not be brought to your attention by the compiler. A statement such as {\ttfamily  if ( c = 20) \{\}} is considered perfectly valid by the language, but will always assign 20 to {\ttfamily c} and evaluate as true. A simple technique to avoid this kind of bug (in many, not all cases) is to put the constant first. This will cause the compiler to issue an error, if == got misspelled with =.

Note that C does not have a dedicated boolean type as many other languages do. 0 means false and anything else true. So the following are equivalent:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(foo())\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{//do\ensuremath{\text{ }}something}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


and


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(foo()\ensuremath{\text{ }}!=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{//do\ensuremath{\text{ }}something}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


Often {\ttfamily \#define TRUE 1} and {\ttfamily \#define FALSE 0} are used to work around the lack of a boolean type. This is bad practice, since it makes assumptions that do not hold. It is a better idea to indicate what you are actually expecting as a result from a function call, as there are many different ways of indicating error conditions, depending on the situation.


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(strstr(}\StringTok{"foo"}\NormalTok{,\ensuremath{\text{ }}bar)\ensuremath{\text{ }}>=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{//bar\ensuremath{\text{ }}contains\ensuremath{\text{ }}"foo"}\newline
\ensuremath{\text{ }}\NormalTok{\}\ensuremath{\text{ }}}\newline
\end{Highlighting}
\end{Shaded}


Here, {\ttfamily strstr} returns the index where the substring foo is found and -{}1 if it was not found. Note that this would fail with the {\ttfamily TRUE} definition mentioned in the previous paragraph. It would also not produce the expected results if we omitted the {\ttfamily  >{}= 0}.

One other thing to note is that the relational expressions do not evaluate as they would in mathematical texts. That is, an expression {\ttfamily myMin <{} value <{} myMax } does not evaluate as you probably think it might. Mathematically, this would test whether or not {\itshape value} is between {\itshape myMin} and {\itshape myMax}. But in C, what happens is that {\itshape value} is first compared with {\itshape myMin}. This produces either a 0 or a 1. It is this value that is compared against myMax.  Example:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{value\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{20}\NormalTok{;}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}...\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(\ensuremath{\text{ }}}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{<\ensuremath{\text{ }}value\ensuremath{\text{ }}<\ensuremath{\text{ }}}\DecValTok{10}\NormalTok{)\ensuremath{\text{ }}\{\ensuremath{\text{ }}}\CommentTok{//\ensuremath{\text{ }}don\textquotesingle{}t\ensuremath{\text{ }}do\ensuremath{\text{ }}this!\ensuremath{\text{ }}it\ensuremath{\text{ }}always\ensuremath{\text{ }}evaluates\ensuremath{\text{ }}to\ensuremath{\text{ }}"true"!}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}do\ensuremath{\text{ }}some\ensuremath{\text{ }}stuff\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


Because {\itshape value} is greater than 0, the first comparison produces a value of 1. Now 1 is compared to be less than 10, which is true, so the statements in the if are executed. This probably is not what the programmer expected.  The appropriate code would be


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{value\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{20}\NormalTok{;}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}...\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(\ensuremath{\text{ }}}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{<\ensuremath{\text{ }}value\ensuremath{\text{ }}&&\ensuremath{\text{ }}value\ensuremath{\text{ }}<\ensuremath{\text{ }}}\DecValTok{10}\NormalTok{)\ensuremath{\text{ }}\{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{//\ensuremath{\text{ }}the\ensuremath{\text{ }}&&\ensuremath{\text{ }}means\ensuremath{\text{ }}"and"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}do\ensuremath{\text{ }}some\ensuremath{\text{ }}stuff\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\subsection{Logical Expressions}
\label{144}{\bfseries
\begin{mydescription} a || b
\end{mydescription}
}
\begin{myquote}\item{} when EITHER {\bfseries a} or {\bfseries b} is true (or both), the result is 1, otherwise the result is 0.
\end{myquote}
{\bfseries
\begin{mydescription} a \&\& b
\end{mydescription}
}
\begin{myquote}\item{} when BOTH {\bfseries a} and {\bfseries b} are true, the result is 1, otherwise the result is 0.
\end{myquote}
{\bfseries
\begin{mydescription} !a
\end{mydescription}
}
\begin{myquote}\item{} when {\bfseries a} is true, the result is 0, when {\bfseries a} is 0, the result is 1.
\end{myquote}


Here\textquotesingle{}s an example of a larger logical expression. In the statement:\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}e$\text{ }${}=$\text{ }${}((a$\text{ }${}\&\&$\text{ }${}b)$\text{ }${}||$\text{ }${}(c$\text{ }${}>{}$\text{ }${}d));}

e is set equal to 1 if a and b are non-{}zero, or if c is greater than d. In all other cases, e is set to 0.

C uses short circuit evaluation of logical expressions. That is to say, once it is
able to determine the truth of a logical expression, it does no further evaluation. This is often useful as in the following:
\\

\TemplateSpaceIndent{$\text{ }${}int$\text{ }${}myArray{$\text{[}$}12{$\text{]}$};$\text{ }$\newline{}
$\text{ }${}....$\text{ }$\newline{}
$\text{ }${}if$\text{ }${}($\text{ }${}i$\text{ }${}<{}$\text{ }${}12$\text{ }${}\&\&$\text{ }${}myArray{$\text{[}$}i{$\text{]}$}$\text{ }${}>{}$\text{ }${}3)$\text{ }${}\{$\text{ }${}$\text{ }$\newline{}
$\text{ }${}....}


In the snippet of code, the comparison of i with 12 is done first.  If it evaluates to 0 (false), {\bfseries i} would be out of bounds as an index to {\bfseries myArray}.  In this case, the program never attempts to access {\bfseries myArray{$\text{[}$}i{$\text{]}$}} since the truth of the expression is known to be false. Hence we need not worry here about trying to access an out-{}of-{}bounds array element if it is already known that i is greater than or equal to zero.
A similar thing happens with expressions involving the or || operator.
\\

\TemplateSpaceIndent{$\text{ }${}while($\text{ }${}doThis()$\text{ }${}||$\text{ }${}doThat())$\text{ }${}...}


doThat() is never called if doThis() returns a non-{}zero (true) value.
\subsection{Bitwise Boolean Expressions}
\label{145}

The bitwise operators work bit by bit on the operands. The operands must be of integral type (one of the types used for integers). The six bitwise operators are \& (AND), | (OR), \^{} (exclusive OR, commonly called XOR), \~{} (NOT, which changes 1 to 0 and 0 to 1), <{}<{} (shift left), and >{}>{} (shift right). The negation operator is a unary operator which precedes the operand. The others are binary operators which lie between the two operands. The precedence of these operators is lower than that of the relational and equivalence operators; it is often required to parenthesize expressions involving bitwise operators.

For this section, recall that a number starting with {\bfseries 0x} is hexadecimal, or hex for short. Unlike the normal decimal system using powers of 10 and digits 0123456789, hex uses powers of 16 and digits 0123456789abcdef. Hexadecimal is commonly used in C programs because a programmer can quickly convert it to or from binary (powers of 2 and digits 01). C does not directly support binary notation, which would be really verbose anyway.
{\bfseries
\begin{mydescription} a \& b 
\end{mydescription}
}
\begin{myquote}\item{}  bitwise boolean and of {\bfseries a} and {\bfseries b}
\end{myquote}

\begin{myquote}
\item{}  0xc \& 0xa produces the value 0x8 (in binary, 1100 \& 1010 produces 1000)
\end{myquote}

{\bfseries
\begin{mydescription} a | b 
\end{mydescription}
}
\begin{myquote}\item{}  bitwise boolean or of {\bfseries a} and {\bfseries b}
\end{myquote}

\begin{myquote}
\item{}  0xc | 0xa produces the value 0xe (in binary, 1100 | 1010 produces 1110)
\end{myquote}

{\bfseries
\begin{mydescription} a \^{} b 
\end{mydescription}
}
\begin{myquote}\item{}  bitwise xor of {\bfseries a} and {\bfseries b}
\end{myquote}

\begin{myquote}
\item{}  0xc \^{} 0xa produces the value 0x6 (in binary, 1100 \^{} 1010 produces 0110)
\end{myquote}

{\bfseries
\begin{mydescription} \~{}a    
\end{mydescription}
}
\begin{myquote}\item{}  bitwise complement of {\bfseries a}.
\end{myquote}

\begin{myquote}
\item{}  \~{}0xc produces the value -{}1-{}0xc (in binary, \~{}1100 produces ...11110011 where \symbol{34}...\symbol{34} may be many more 1 bits)
\end{myquote}

{\bfseries
\begin{mydescription} a <{}<{} b 
\end{mydescription}
}
\begin{myquote}\item{}  shift {\bfseries a} left by {\bfseries b} (multiply a by {$2^b$})
\end{myquote}

\begin{myquote}
\item{}  0xc <{}<{} 1 produces the value 0x18 (in binary, 1100 <{}<{} 1 produces the value 11000)
\end{myquote}

{\bfseries
\begin{mydescription} a >{}>{} b 
\end{mydescription}
}
\begin{myquote}\item{}  shift {\bfseries a} right by {\bfseries b} (divide a by {$2^b$})
\end{myquote}

\begin{myquote}
\item{}  0xc >{}>{} 1 produces the value 0x6 (in binary, 1100 >{}>{} 1 produces the value 110)
\end{myquote}

\subsection{The If-{}Else statement}
\label{146}

If-{}Else provides a way to instruct the computer to execute a block of code only if certain conditions have been met. The syntax of an If-{}Else construct is:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(}\CommentTok{/*\ensuremath{\text{ }}condition\ensuremath{\text{ }}goes\ensuremath{\text{ }}here\ensuremath{\text{ }}*/}\NormalTok{)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}if\ensuremath{\text{ }}the\ensuremath{\text{ }}condition\ensuremath{\text{ }}is\ensuremath{\text{ }}non-zero\ensuremath{\text{ }}(true),\ensuremath{\text{ }}this\ensuremath{\text{ }}code\ensuremath{\text{ }}will\ensuremath{\text{ }}execute\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}\ensuremath{\text{ }}}\KeywordTok{else}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}if\ensuremath{\text{ }}the\ensuremath{\text{ }}condition\ensuremath{\text{ }}is\ensuremath{\text{ }}0\ensuremath{\text{ }}(false),\ensuremath{\text{ }}this\ensuremath{\text{ }}code\ensuremath{\text{ }}will\ensuremath{\text{ }}execute\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


The first block of code executes if the condition in parentheses directly after the {\itshape if} evaluates to non-{}zero (true); otherwise, the second block executes.

The {\itshape else} and following block of code are completely optional. If there is no need to execute code if a condition is not true, leave it out.

Also, keep in mind that an {\itshape if} can directly follow an {\itshape else} statement. While this can occasionally be useful, chaining more than two or three if-{}elses in this fashion is considered bad programming practice. We can get around this with the Switch-{}Case construct described later.

Two other general syntax notes need to be made that you will also see in other control constructs: First, note that there is no semicolon after {\itshape if} or {\itshape else}. There could be, but the block (code enclosed in \{ and \}) takes the place of that. Second, if you only intend to execute one statement as a result of an {\itshape if} or {\itshape else}, curly braces are not needed. However, many programmers believe that inserting curly braces anyway in this case is good coding practice.

The following code sets a variable c equal to the greater of two variables a and b, or 0 if a and b are equal.


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\NormalTok{(a\ensuremath{\text{ }}>\ensuremath{\text{ }}b)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}=\ensuremath{\text{ }}a;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}\ensuremath{\text{ }}}\KeywordTok{else}\ensuremath{\text{ }}\KeywordTok{if}\NormalTok{(b\ensuremath{\text{ }}>\ensuremath{\text{ }}a)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}=\ensuremath{\text{ }}b;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}\ensuremath{\text{ }}}\KeywordTok{else}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}
   

Consider this question: why can\textquotesingle{}t you just forget about {\itshape else} and write the code like:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\KeywordTok{if}\NormalTok{(a\ensuremath{\text{ }}>\ensuremath{\text{ }}b)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}=\ensuremath{\text{ }}a;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\KeywordTok{if}\NormalTok{(a\ensuremath{\text{ }}<\ensuremath{\text{ }}b)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}=\ensuremath{\text{ }}b;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\KeywordTok{if}\NormalTok{(a\ensuremath{\text{ }}==\ensuremath{\text{ }}b)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


There are several answers to this. Most importantly, if your conditionals are not mutually exclusive, {\itshape two} cases could execute instead of only one. If the code was different and the value of a or b changes somehow (e.g.: you reset the lesser of a and b to 0 after the comparison) during one of the blocks? You could end up with multiple {\itshape if} statements being invoked, which is not your intent. Also, evaluating {\itshape if} conditionals takes processor time. If you use {\itshape else} to handle these situations, in the case above assuming (a >{} b) is non-{}zero (true), the program is spared the expense of evaluating additional {\itshape if} statements.  The bottom line is that it is usually best to insert an {\itshape else} clause for all cases in which a conditional will not evaluate to non-{}zero (true).
\subsubsection{The conditional expression}
\label{147}

A conditional expression is a way to set values conditionally in a more shorthand fashion than If-{}Else. The syntax is:
\\

\TemplateSpaceIndent{$\text{ }${}(/*$\text{ }${}logical$\text{ }${}expression$\text{ }${}goes$\text{ }${}here$\text{ }${}*/)$\text{ }${}?$\text{ }${}(/*$\text{ }${}if$\text{ }${}non-{}zero$\text{ }${}(true)$\text{ }${}*/)$\text{ }${}:$\text{ }${}(/*$\text{ }${}if$\text{ }${}0$\text{ }$\newline{}
$\text{ }${}(false)$\text{ }${}*/)}


The logical expression is evaluated. If it is non-{}zero (true), the overall conditional expression evaluates to the expression placed between the ? and :, otherwise, it evaluates to the expression after the :. Therefore, the above example (changing its function slightly such that c is set to b when a and b are equal) becomes:
\\

\TemplateSpaceIndent{$\text{ }${}c$\text{ }${}=$\text{ }${}(a$\text{ }${}>{}$\text{ }${}b)$\text{ }${}?$\text{ }${}a$\text{ }${}:$\text{ }${}b;}


Conditional expressions can sometimes clarify the intent of the code. Nesting the conditional operator should usually be avoided.  It\textquotesingle{}s best to use conditional expressions only when the expressions for a and b are simple. Also, contrary to a common beginner belief, conditional expressions do not make for faster code. As tempting as it is to assume that fewer lines of code result in faster execution times, there is no such correlation.
\subsection{The Switch-{}Case statement}
\label{148}

Say you write a program where the user inputs a number 1-{}5 (corresponding to student grades, A(represented as 1)-{}D(4) and F(5)), stores it in a variable {\bfseries grade} and the program responds by printing to the screen the associated letter grade. If you implemented this using If-{}Else, your code would look something like this:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\KeywordTok{if}\NormalTok{(grade\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"A}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\NormalTok{\}\ensuremath{\text{ }}}\KeywordTok{else}\ensuremath{\text{ }}\KeywordTok{if}\NormalTok{(grade\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"B}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\NormalTok{\}\ensuremath{\text{ }}}\KeywordTok{else}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}etc.\ensuremath{\text{ }}etc.\ensuremath{\text{ }}*/}\newline
\end{Highlighting}
\end{Shaded}


Having a long chain of if-{}else-{}if-{}else-{}if-{}else can be a pain, both for the programmer and anyone reading the code. Fortunately, there\textquotesingle{}s a solution: the Switch-{}Case construct, of which the basic syntax is:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\KeywordTok{switch}\NormalTok{(}\CommentTok{/*\ensuremath{\text{ }}integer\ensuremath{\text{ }}or\ensuremath{\text{ }}enum\ensuremath{\text{ }}goes\ensuremath{\text{ }}here\ensuremath{\text{ }}*/}\NormalTok{)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{case}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}potential\ensuremath{\text{ }}value\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}aforementioned\ensuremath{\text{ }}int\ensuremath{\text{ }}or\ensuremath{\text{ }}enum\ensuremath{\text{ }}*/}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}code\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{case}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}a\ensuremath{\text{ }}different\ensuremath{\text{ }}potential\ensuremath{\text{ }}value\ensuremath{\text{ }}*/}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}different\ensuremath{\text{ }}code\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}insert\ensuremath{\text{ }}additional\ensuremath{\text{ }}cases\ensuremath{\text{ }}as\ensuremath{\text{ }}needed\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{default}\NormalTok{:\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}more\ensuremath{\text{ }}code\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


The Switch-{}Case construct takes a variable, usually an int or an enum, placed after {\itshape switch}, and compares it to the value following the {\itshape case} keyword. If the variable is equal to the value specified after {\itshape case}, the construct \symbol{34}activates\symbol{34}, or begins executing the code after the case statement. Once the construct has \symbol{34}activated\symbol{34}, there will be no further evaluation of {\itshape case}s. 

Switch-{}Case is syntactically \symbol{34}weird\symbol{34} in that no braces are required for code associated with a {\itshape case}.

{\bfseries {\itshape Very important}}{\itshape }:
Typically, the last statement for each case is a break statement. This causes program execution to jump to the statement following the closing bracket of the switch statement, which is what one would normally want to happen.  However if the break statement is omitted, program execution continues with the first line of the next case, if any.  This is called a {\itshape fall-{}through}.  When a programmer desires this action, a comment should be placed at the end of the block of statements indicating the desire to fall through. Otherwise another programmer maintaining the code could consider the omission of the \textquotesingle{}break\textquotesingle{} to be an error, and inadvertently \textquotesingle{}correct\textquotesingle{} the problem.  Here\textquotesingle{}s an example:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\KeywordTok{switch}\ensuremath{\text{ }}\NormalTok{(\ensuremath{\text{ }}someVariable\ensuremath{\text{ }})\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\KeywordTok{case}\ensuremath{\text{ }}\DecValTok{1}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"This\ensuremath{\text{ }}code\ensuremath{\text{ }}handles\ensuremath{\text{ }}case\ensuremath{\text{ }}1}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{break}\NormalTok{;}\newline
\ensuremath{\text{ }}\KeywordTok{case}\ensuremath{\text{ }}\DecValTok{2}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"This\ensuremath{\text{ }}prints\ensuremath{\text{ }}when\ensuremath{\text{ }}someVariable\ensuremath{\text{ }}is\ensuremath{\text{ }}2,\ensuremath{\text{ }}along\ensuremath{\text{ }}with...}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}FALL\ensuremath{\text{ }}THROUGH\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\KeywordTok{case}\ensuremath{\text{ }}\DecValTok{3}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"This\ensuremath{\text{ }}prints\ensuremath{\text{ }}when\ensuremath{\text{ }}someVariable\ensuremath{\text{ }}is\ensuremath{\text{ }}either\ensuremath{\text{ }}2\ensuremath{\text{ }}or\ensuremath{\text{ }}3.}\CharTok{\textbackslash{}n}\StringTok{"}\ensuremath{\text{ }}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{break}\NormalTok{;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


If a {\itshape default} case is specified, the associated statements are executed if none of the other cases match. A {\itshape default} case is optional.  Here\textquotesingle{}s a switch statement that corresponds to the sequence of if -{} else if statements above.

Back to our example above. Here\textquotesingle{}s what it would look like as Switch-{}Case:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\KeywordTok{switch}\ensuremath{\text{ }}\NormalTok{(grade)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\KeywordTok{case}\ensuremath{\text{ }}\DecValTok{1}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"A}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{break}\NormalTok{;}\newline
\ensuremath{\text{ }}\KeywordTok{case}\ensuremath{\text{ }}\DecValTok{2}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"B}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{break}\NormalTok{;}\newline
\ensuremath{\text{ }}\KeywordTok{case}\ensuremath{\text{ }}\DecValTok{3}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"C}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{break}\NormalTok{;}\newline
\ensuremath{\text{ }}\KeywordTok{case}\ensuremath{\text{ }}\DecValTok{4}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"D}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{break}\NormalTok{;}\newline
\ensuremath{\text{ }}\KeywordTok{default}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"F}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{break}\NormalTok{;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


A set of statements to execute can be grouped with more than one value of the variable
as in the following example. (the fall-{}through comment is not necessary here because the intended behavior is obvious)


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\KeywordTok{switch}\ensuremath{\text{ }}\NormalTok{(something)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\KeywordTok{case}\ensuremath{\text{ }}\DecValTok{2}\NormalTok{:}\newline
\ensuremath{\text{ }}\KeywordTok{case}\ensuremath{\text{ }}\DecValTok{3}\NormalTok{:}\newline
\ensuremath{\text{ }}\KeywordTok{case}\ensuremath{\text{ }}\DecValTok{4}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}some\ensuremath{\text{ }}statements\ensuremath{\text{ }}to\ensuremath{\text{ }}execute\ensuremath{\text{ }}for\ensuremath{\text{ }}2,\ensuremath{\text{ }}3\ensuremath{\text{ }}or\ensuremath{\text{ }}4\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{break}\NormalTok{;}\newline
\ensuremath{\text{ }}\KeywordTok{case}\ensuremath{\text{ }}\DecValTok{1}\NormalTok{:}\newline
\ensuremath{\text{ }}\KeywordTok{default}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}some\ensuremath{\text{ }}statements\ensuremath{\text{ }}to\ensuremath{\text{ }}execute\ensuremath{\text{ }}for\ensuremath{\text{ }}1\ensuremath{\text{ }}or\ensuremath{\text{ }}other\ensuremath{\text{ }}than\ensuremath{\text{ }}2,3,and\ensuremath{\text{ }}4\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{break}\NormalTok{;}\newline
\ensuremath{\text{ }}\NormalTok{\}\ensuremath{\text{ }}}\newline
\end{Highlighting}
\end{Shaded}


Switch-{}Case constructs are particularly useful when used in conjunction with user defined {\itshape enum} data types. Some compilers are capable of warning about an unhandled enum value, which may be helpful for avoiding bugs.
\section{Loops}
\label{149}

Often in computer programming, it is necessary to perform a certain action a certain number of times or until a certain condition is met. It is impractical and tedious to simply type a certain statement or group of statements a large number of times, not to mention that this approach is too inflexible and unintuitive to be counted on to stop when a certain event has happened. As a real-{}world analogy, someone asks a dishwasher at a restaurant what he did all night. He will respond, \symbol{34}I washed dishes all night long.\symbol{34} He is not likely to respond, \symbol{34}I washed a dish, then washed a dish, then washed a dish, then...\symbol{34}. The constructs that enable computers to perform certain repetitive tasks are called loops.
\subsection{While loops}
\label{150}

A while loop is the most basic type of loop.  It will run as long as the condition is non-{}zero (true). For example, if you try the following, the program will appear to lock up and you will have to manually close the program down. A situation where the conditions for exiting the loop will never become true is called an infinite loop. 


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{a=}\DecValTok{1}\NormalTok{;}\newline
\ensuremath{\text{ }}\KeywordTok{while}\NormalTok{(}\DecValTok{42}\NormalTok{)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{a\ensuremath{\text{ }}=\ensuremath{\text{ }}a*}\DecValTok{2}\NormalTok{;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


Here is another example of a while loop. It prints out all the powers of two less
than 100.


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{a=}\DecValTok{1}\NormalTok{;}\newline
\ensuremath{\text{ }}\KeywordTok{while}\NormalTok{(a<}\DecValTok{100}\NormalTok{)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"a\ensuremath{\text{ }}is\ensuremath{\text{ }}\%d\ensuremath{\text{ }}}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{,a);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{a\ensuremath{\text{ }}=\ensuremath{\text{ }}a*}\DecValTok{2}\NormalTok{;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


The flow of all loops can also be controlled by {\bfseries break} and {\bfseries continue} statements.  A break statement will immediately exit the enclosing loop.  A continue statement will skip the remainder of the block and start at the controlling conditional statement again.  For example:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{a=}\DecValTok{1}\NormalTok{;}\newline
\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{(}\DecValTok{42}\NormalTok{)\ensuremath{\text{ }}\{\ensuremath{\text{ }}}\CommentTok{//\ensuremath{\text{ }}loops\ensuremath{\text{ }}until\ensuremath{\text{ }}the\ensuremath{\text{ }}break\ensuremath{\text{ }}statement\ensuremath{\text{ }}in\ensuremath{\text{ }}the\ensuremath{\text{ }}loop\ensuremath{\text{ }}is\ensuremath{\text{ }}executed}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"a\ensuremath{\text{ }}is\ensuremath{\text{ }}\%d\ensuremath{\text{ }}"}\NormalTok{,a);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{a\ensuremath{\text{ }}=\ensuremath{\text{ }}a*}\DecValTok{2}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\NormalTok{(a>}\DecValTok{100}\NormalTok{)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{break}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}\ensuremath{\text{ }}}\KeywordTok{else}\ensuremath{\text{ }}\KeywordTok{if}\NormalTok{(a==}\DecValTok{64}\NormalTok{)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{continue}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{//\ensuremath{\text{ }}Immediately\ensuremath{\text{ }}restarts\ensuremath{\text{ }}at\ensuremath{\text{ }}while,\ensuremath{\text{ }}skips\ensuremath{\text{ }}next\ensuremath{\text{ }}step}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"a\ensuremath{\text{ }}is\ensuremath{\text{ }}not\ensuremath{\text{ }}64}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


In this example, the computer prints the value of a as usual, and prints a notice that a is not 64 (unless it was skipped by the continue statement).

Similar to If above, braces for the block of code associated with a While loop can be omitted if the code consists of only one statement, for example:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{a=}\DecValTok{1}\NormalTok{;}\newline
\ensuremath{\text{ }}\KeywordTok{while}\NormalTok{(a\ensuremath{\text{ }}<\ensuremath{\text{ }}}\DecValTok{100}\NormalTok{)\ensuremath{\text{ }}a\ensuremath{\text{ }}=\ensuremath{\text{ }}a*}\DecValTok{2}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


This will merely increase a until a is not less than 100.

When the computer reaches the end of the while loop, it always goes back to the while statement at the top of the loop, where it re-{}evaluates the controlling condition.
If that condition is \symbol{34}true\symbol{34} at that instant -{}-{} even if it was temporarily 0 for a few statements inside the loop -{}-{} then the computer begins executing the statements inside the loop again; otherwise the computer exits the loop.
The computer does not \symbol{34}continuously check\symbol{34} the controlling condition of a while loop during the execution of that loop.
It only \symbol{34}peeks\symbol{34} at the controlling condition each time it reaches the {\ttfamily while} at the top of the loop.

It is very important to note, once the controlling condition of a While loop becomes 0 (false), the loop will not terminate until the block of code is finished and it is time to reevaluate the conditional. If you need to terminate a While loop immediately upon reaching a certain condition, consider using {\bfseries break}.

A common idiom is to write:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{;}\newline
\ensuremath{\text{ }}\KeywordTok{while}\NormalTok{(i--)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"java\ensuremath{\text{ }}and\ensuremath{\text{ }}c#\ensuremath{\text{ }}can\textquotesingle{}t\ensuremath{\text{ }}do\ensuremath{\text{ }}this}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


This executes the code in the while loop 5 times, with i having values that range from 4 down to 0 (inside the loop). Conveniently, these are the values needed to access every item of an array containing 5 elements.
\subsection{For loops}
\label{151}

For loops generally look something like this:
\\

\TemplateSpaceIndent{$\text{ }${}for({\itshape initialization};$\text{ }${}{\itshape test};$\text{ }${}{\itshape increment})$\text{ }${}\{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}/*$\text{ }${}code$\text{ }${}*/$\text{ }$\newline{}
$\text{ }${}\}}


The {\itshape initialization} statement is executed exactly once -{} before the first evaluation of the {\itshape test} condition.  Typically, it is used to assign an initial value to some variable, although this is not strictly necessary. The {\itshape initialization} statement can also be used to declare and initialize variables used in the loop.

The {\itshape test} expression is evaluated each time before the code in the {\itshape for} loop executes. If this expression evaluates as 0 (false) when it is checked (i.e. if the expression is not true), the loop is not (re)entered and execution continues normally at the code immediately following the FOR-{}loop.  If the expression is non-{}zero (true), the code within the braces of the loop is executed. 

After each iteration of the loop, the {\itshape increment} statement is executed. This often is used to increment the loop index for the loop, the variable initialized in the initialization expression and tested in the test expression.  Following this statement execution, control returns to the top of the loop, where the {\itshape test} action occurs. If a {\itshape continue} statement is executed within the {\itshape for} loop, the increment statement would be the next one executed. 

Each of these parts of the for statement is optional and may be omitted.  Because of the free-{}form nature of the for statement, some fairly fancy things can be done with it. Often a for loop is used to loop through items in an array, processing each item at a time. 


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{myArray[}\DecValTok{12}\NormalTok{];}\newline
\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{ix;}\newline
\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(ix\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}ix<}\DecValTok{12}\NormalTok{;\ensuremath{\text{ }}ix++)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{myArray[ix]\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{5}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}ix\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


The above for loop initializes each of the 12 elements of myArray.
The loop index can start from any value. In the following case it starts from 1.


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\KeywordTok{for}\NormalTok{(ix\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;\ensuremath{\text{ }}ix\ensuremath{\text{ }}<=\ensuremath{\text{ }}}\DecValTok{10}\NormalTok{;\ensuremath{\text{ }}ix++)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"\%d\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}ix);}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


which will print\\

\TemplateSpaceIndent{$\text{ }${}{\bfseries 1 2 3 4 5 6 7 8 9 10 }}


You will most often use loop indexes that start from 0, since arrays are indexed at zero, but you will sometimes use other values to initialize a loop index as well.

The {\itshape increment} action can do other things, such as {\itshape decrement}.  So this kind of loop is common:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(i\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{;\ensuremath{\text{ }}i\ensuremath{\text{ }}>\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}i--)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"\%d\ensuremath{\text{ }}"}\NormalTok{,i);}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


which yields\\

\TemplateSpaceIndent{$\text{ }${}{\bfseries 5 4 3 2 1 }}


Here\textquotesingle{}s an example where the test condition is simply a variable. If the variable
has a value of 0 or NULL, the loop exits, otherwise the statements in the body of
the loop are executed.


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(t\ensuremath{\text{ }}=\ensuremath{\text{ }}list_head;\ensuremath{\text{ }}t;\ensuremath{\text{ }}t\ensuremath{\text{ }}=\ensuremath{\text{ }}NextItem(t)\ensuremath{\text{ }})\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*body\ensuremath{\text{ }}of\ensuremath{\text{ }}loop\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


A WHILE loop can be used to do the same thing as a FOR loop, however a FOR loop is a more condensed way to perform a set number of repetitions since all of the necessary information is in a one line statement.

A FOR loop can also be given no conditions, for example:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\KeywordTok{for}\NormalTok{(;;)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}block\ensuremath{\text{ }}of\ensuremath{\text{ }}statements\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


This is called an infinite loop since it will loop forever unless there is a break statement within the statements of the for loop. The empty test condition effectively evaluates as true.

It is also common to use the comma operator in for loops to execute multiple statements. 


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i,\ensuremath{\text{ }}j,\ensuremath{\text{ }}n\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{10}\NormalTok{;}\newline
\ensuremath{\text{ }}\KeywordTok{for}\NormalTok{(i\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}j\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}i\ensuremath{\text{ }}<=\ensuremath{\text{ }}n;\ensuremath{\text{ }}i++,j+=}\DecValTok{2}\NormalTok{)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"i\ensuremath{\text{ }}=\ensuremath{\text{ }}\%d\ensuremath{\text{ }},\ensuremath{\text{ }}j\ensuremath{\text{ }}=\ensuremath{\text{ }}\%d\ensuremath{\text{ }}}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{,i,j);}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\subsection{Do-{}While loops}
\label{152}

A DO-{}WHILE loop is a post-{}check while loop, which means that it checks the condition after each run.  As a result, even if the condition is zero (false), it will run at least once.  It follows the form of:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\KeywordTok{do}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}do\ensuremath{\text{ }}stuff\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{\}\ensuremath{\text{ }}}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{(condition);}\newline
\end{Highlighting}
\end{Shaded}


Note the terminating semicolon.  This is required for correct syntax.  Since this is also a type of while loop,  {\bfseries break} and {\bfseries continue} statements within the loop function accordingly. A {\bfseries continue} statement causes a jump to the test of the condition and a {\itshape break} statement exits the loop.

It is worth noting that Do-{}While and While are functionally almost identical, with one important difference: Do-{}While loops are always guaranteed to execute at least once, but While loops will not execute at all if their condition is 0 (false) on the first evaluation.
\section{One last thing: goto}
\label{153}

{\bfseries goto} is a very simple and traditional control mechanism. It is a statement used to immediately and unconditionally jump to another line of code. To use goto, you must place a label at a point in your program. A label consists of a name followed by a colon (:) on a line by itself. Then, you can type \symbol{34}goto {\itshape label};\symbol{34} at the desired point in your program. The code will then continue executing beginning with {\itshape label}. This looks like:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{MyLabel:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}some\ensuremath{\text{ }}code\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{goto}\ensuremath{\text{ }}\NormalTok{MyLabel;}\newline
\end{Highlighting}
\end{Shaded}


The ability to transfer the flow of control enabled by gotos is so powerful that, in addition to the simple if, all other control constructs can be written using gotos instead. Here, we can let \symbol{34}S\symbol{34} and \symbol{34}T\symbol{34} be any arbitrary statements:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(\textquotesingle{}\textquotesingle{}cond\textquotesingle{}\textquotesingle{})\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{S;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}\ensuremath{\text{ }}}\KeywordTok{else}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{T;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}...\ensuremath{\text{ }}*/}\newline
\end{Highlighting}
\end{Shaded}


The same statement could be accomplished using two gotos and two labels:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(\textquotesingle{}\textquotesingle{}cond\textquotesingle{}\textquotesingle{})\ensuremath{\text{ }}}\KeywordTok{goto}\ensuremath{\text{ }}\NormalTok{Label1;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{T;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{goto}\ensuremath{\text{ }}\NormalTok{Label2;}\newline
\ensuremath{\text{ }}\NormalTok{Label1:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{S;}\newline
\ensuremath{\text{ }}\NormalTok{Label2:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}...\ensuremath{\text{ }}*/}\newline
\end{Highlighting}
\end{Shaded}


Here, the first goto is conditional on the value of \symbol{34}cond\symbol{34}. The second goto is unconditional. We can perform the same translation on a loop:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{(\textquotesingle{}\textquotesingle{}cond1\textquotesingle{}\textquotesingle{})\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{S;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(\textquotesingle{}\textquotesingle{}cond2\textquotesingle{}\textquotesingle{})\ensuremath{\text{ }}}\KeywordTok{break}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{T;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}...\ensuremath{\text{ }}*/}\newline
\end{Highlighting}
\end{Shaded}


Which can be written as:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\NormalTok{Start:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(!\textquotesingle{}\textquotesingle{}cond1\textquotesingle{}\textquotesingle{})\ensuremath{\text{ }}}\KeywordTok{goto}\ensuremath{\text{ }}\NormalTok{End;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{S;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(\textquotesingle{}\textquotesingle{}cond2\textquotesingle{}\textquotesingle{})\ensuremath{\text{ }}}\KeywordTok{goto}\ensuremath{\text{ }}\NormalTok{End;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{T;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{goto}\ensuremath{\text{ }}\NormalTok{Start;}\newline
\ensuremath{\text{ }}\NormalTok{End:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}...\ensuremath{\text{ }}*/}\newline
\end{Highlighting}
\end{Shaded}


As these cases demonstrate, often the structure of what your program is doing can usually be expressed without using gotos. Undisciplined use of gotos can create unreadable, unmaintainable code when more idiomatic alternatives (such as if-{}elses, or for loops) can better express your structure. Theoretically, the goto construct does not ever {\itshape have} to be used, but there are cases when it can increase readability, avoid code duplication, or make control variables unnecessary. You should consider first mastering the idiomatic solutions, and use goto only when necessary.  Keep in mind that many, if not most, C style guidelines {\itshape strictly forbid} use of {\bfseries goto}, with the  only common exceptions being the following examples.

One use of goto is to break out of a deeply nested loop. Since {\bfseries break} will not work (it can only escape one loop), {\bfseries goto} can be used to jump completely outside the loop. Breaking outside of deeply nested loops without the use of the goto is always possible, but often involves the creation and testing of extra variables that may make the resulting code far less readable than it would be with {\bfseries goto}. The use of {\bfseries goto} makes it easy to undo actions in an orderly fashion, typically to avoid failing to free memory that had been allocated.

Another accepted use is the creation of a state machine. This is a fairly advanced topic though, and not commonly needed.
\section{Examples}
\label{154}

\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\newline
\OtherTok{#include\ensuremath{\text{ }}<errno.h>}\newline
\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\OtherTok{#include\ensuremath{\text{ }}<stdlib.h>}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main(}\DataTypeTok{void}\NormalTok{)}\newline
\NormalTok{\{}\newline
	\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{years;}\newline
\ensuremath{\text{ }}\newline
	\NormalTok{printf(}\StringTok{"Enter\ensuremath{\text{ }}your\ensuremath{\text{ }}age\ensuremath{\text{ }}in\ensuremath{\text{ }}years\ensuremath{\text{ }}:\ensuremath{\text{ }}"}\NormalTok{);}\newline
	\NormalTok{fflush(stdout);}\newline
	\NormalTok{errno\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
	\KeywordTok{if}\NormalTok{(scanf(}\StringTok{"\%d"}\NormalTok{,\ensuremath{\text{ }}&years)\ensuremath{\text{ }}!=\ensuremath{\text{ }}}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{\textbar{}\textbar{}\ensuremath{\text{ }}errno)}\newline
		\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{EXIT_FAILURE;}\newline
	\NormalTok{printf(}\StringTok{"Your\ensuremath{\text{ }}age\ensuremath{\text{ }}in\ensuremath{\text{ }}days\ensuremath{\text{ }}is\ensuremath{\text{ }}\%d}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{,\ensuremath{\text{ }}years\ensuremath{\text{ }}*\ensuremath{\text{ }}}\DecValTok{365}\NormalTok{);}\newline
	\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\end{Highlighting}
\end{Shaded}

\section{Further reading}
\label{155}

\LaTeXNullTemplate{}

\myhref{http://de.wikibooks.org/wiki/C-Programmierung\%3A\%20Kontrollstrukturen}{de:C-{}Programmierung: Kontrollstrukturen}
\myhref{http://et.wikibooks.org/wiki/Programmeerimiskeel\%20C\%2FKeelestruktuurid}{et:Programmeerimiskeel C/Keelestruktuurid}
\myhref{http://pl.wikibooks.org/wiki/C\%2FInstrukcje\%20steruj\%01\%05ce}{pl:C/Instrukcje sterujące}
\myhref{http://pt.wikibooks.org/wiki/Programar\%20em\%20C\%2FControle\%20de\%20fluxo}{pt:Programar em C/Controle de fluxo}
\myhref{http://fi.wikibooks.org/wiki/C\%2FOhjausrakenteet}{fi:C/Ohjausrakenteet}
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\label{157}
\LaTeXNullTemplate{}

In C programming, all executable code resides within a {\bfseries function}.  A function is a named block of code that performs a task and then returns control to a caller. Note that other programming languages may distinguish between a \symbol{34}function\symbol{34}, \symbol{34}subroutine\symbol{34}, \symbol{34}subprogram\symbol{34}, \symbol{34}procedure\symbol{34}, or \symbol{34}method\symbol{34} -{}-{} in C, these are all functions.

A function is often executed (called) several times, from several different places, during a single execution of the program.
After finishing a subroutine, the program will branch back (return) to the point after the call.

Functions are a powerful programming tool.

As a basic example, suppose you are writing code to print out the first 5 squares of numbers, do some intermediate processing, then print the first 5 squares again. We could write it like this:


\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main(}\DataTypeTok{void}\NormalTok{)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\NormalTok{(i=}\DecValTok{1}\NormalTok{;\ensuremath{\text{ }}i\ensuremath{\text{ }}<=\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{;\ensuremath{\text{ }}i++)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"\%d\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}i*i);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\NormalTok{(i=}\DecValTok{1}\NormalTok{;\ensuremath{\text{ }}i\ensuremath{\text{ }}<=\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{;\ensuremath{\text{ }}i++)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"\%d\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}i*i);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


We have to write the same loop twice. We may want to somehow put this code in a separate place and simply jump to this code when we want to use it.  This would look like:


\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{Print_Squares(}\DataTypeTok{void}\NormalTok{)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\NormalTok{(i=}\DecValTok{1}\NormalTok{;\ensuremath{\text{ }}i\ensuremath{\text{ }}<=}\DecValTok{5}\NormalTok{;\ensuremath{\text{ }}i++)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"\%d\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}i*i);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main(}\DataTypeTok{void}\NormalTok{)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Print_Squares();}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Print_Squares();}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


This is precisely what functions are for.
\section{More on functions}
\label{158}
A function is like a black box. It takes in input, does something with it, then spits out an answer.

Note that a function may not take any inputs at all, or it may not return anything at all. In the above example, if we were to make a function of that loop, we may not need any inputs, and we aren\textquotesingle{}t returning anything at all (Text output doesn\textquotesingle{}t count -{} when we speak of {\itshape returning} we mean to say meaningful data that the program can use).

We have some terminology to refer to functions:
\begin{myitemize}
\item{}  A function, call it {\itshape f}, that uses another function {\itshape g}, is said to {\itshape call} {\itshape g}. For example, {\itshape f} calls {\itshape g} to print the squares of ten numbers.
\item{}  A function\textquotesingle{}s inputs are known as its {\itshape arguments}
\item{}  A function {\itshape g} that gives some kind of answer back to {\itshape f} is said to {\itshape return} that answer.  For example, {\itshape g} returns the sum of its arguments.
\end{myitemize}

\section{Writing functions in C}
\label{159}
It\textquotesingle{}s always good to learn by example. Let\textquotesingle{}s write a function that will return the square of a number.


\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{square(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{x)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{square_of_x;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{square_of_x\ensuremath{\text{ }}=\ensuremath{\text{ }}x\ensuremath{\text{ }}*\ensuremath{\text{ }}x;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{square_of_x;}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


To understand how to write such a function like this, it may help to look at what this function does as a whole. It takes in an {\ttfamily int}, x, and squares it, storing it in the variable square_of_x. Now this value is returned. 

The first int at the beginning of the function declaration is the type of data that the function returns. In this case when we square an integer we get an integer, and we are returning this integer, and  so we write {\ttfamily int} as the return type.

Next is the name of the function. It is good practice to use meaningful and descriptive names for functions you may write. It may help to name the function after what it is written to do. In this case we name the function \symbol{34}square\symbol{34}, because that\textquotesingle{}s what it does -{} it squares a number.

Next is the function\textquotesingle{}s first and only argument, an {\ttfamily int}, which will be referred to in the function as x. This is the function\textquotesingle{}s {\itshape input}. 

In between the braces is the actual guts of the function. It declares an integer variable called square_of_x that will be used to hold the value of the square of x. Note that the variable square_of_x can {\bfseries only} be used within this function, and not outside. We\textquotesingle{}ll learn more about this sort of thing later, and we will see that this property is very useful. 

We then assign x multiplied by x, or x squared, to the variable square_of_x, which is what this function is all about.  Following this is a {\ttfamily return} statement. We want to return the value of the square of x, so we must say that this function returns the contents of the variable square_of_x.

Our brace to close, and we have finished the declaration.

Written in a more concise manner, this code performs exactly the same function as the above:


\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{square(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{x)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{x\ensuremath{\text{ }}*\ensuremath{\text{ }}x;}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


Note this should look familiar -{} you have been writing functions already, in fact -{} main is a function that is always written.
\subsection{In general}
\label{160}
In general, if we want to declare a function, we write\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}{\itshape type}$\text{ }${}{\itshape name}({\itshape type1}$\text{ }${}{\itshape arg1},$\text{ }${}{\itshape type2}$\text{ }${}{\itshape arg2},$\text{ }${}...)$\text{ }$\newline{}
$\text{ }${}$\text{ }${}\{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}/*$\text{ }${}{\itshape code}$\text{ }${}*/$\text{ }$\newline{}
$\text{ }${}$\text{ }${}\}$\text{ }${}}


We\textquotesingle{}ve previously said that a function can take no arguments, or can return nothing, or both. What do we write if we want the function to return nothing? We use C\textquotesingle{}s {\ttfamily void} keyword. {\ttfamily void} basically means \symbol{34}nothing\symbol{34} -{} so if we want to write a function that returns nothing, for example, we write


\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{sayhello(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{number_of_times)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\NormalTok{(i=}\DecValTok{1}\NormalTok{;\ensuremath{\text{ }}i\ensuremath{\text{ }}<=\ensuremath{\text{ }}number_of_times;\ensuremath{\text{ }}i++)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"Hello!}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


Notice that there is no {\ttfamily return} statement in the function above. Since there\textquotesingle{}s none, we write {\ttfamily void} as the return type.

What about a function that takes no arguments? If we want to do this, we can write for example


\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{float}\ensuremath{\text{ }}\NormalTok{calculate_number(}\DataTypeTok{void}\NormalTok{)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{float}\ensuremath{\text{ }}\NormalTok{to_return=}\DecValTok{1}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\NormalTok{(i=}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}i\ensuremath{\text{ }}<\ensuremath{\text{ }}}\DecValTok{100}\NormalTok{;\ensuremath{\text{ }}i++)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{to_return\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{to_return\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{/to_return;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{to_return;}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


Notice this function doesn\textquotesingle{}t take any inputs, but merely returns a number calculated by this function.

Naturally, you can combine both void return and void in arguments together to get a valid function, also.
\subsection{Recursion}
\label{161}

Here\textquotesingle{}s a simple function that does an infinite loop. It prints a line and calls itself, which again prints a line and calls itself again, and this continues until the stack overflows and the program crashes. A function calling itself is called recursion, and normally you will have a conditional that would stop the recursion after a small, finite number of steps.


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{//\ensuremath{\text{ }}don\textquotesingle{}t\ensuremath{\text{ }}run\ensuremath{\text{ }}this!}\newline
\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{infinite_recursion()}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"Infinite\ensuremath{\text{ }}loop!}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{infinite_recursion();}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


A simple check can be done like this. Note that ++depth is used so the increment will take place before the value is passed into the function. Alternatively you can increment on a separate line before the recursion call. If you say print_me(3,0); the function will print the line Recursion 3 times.


\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{print_me(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{j,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{depth)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\NormalTok{(depth\ensuremath{\text{ }}<\ensuremath{\text{ }}j)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"Recursion!\ensuremath{\text{ }}depth\ensuremath{\text{ }}=\ensuremath{\text{ }}\%d\ensuremath{\text{ }}j\ensuremath{\text{ }}=\ensuremath{\text{ }}\%d}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{,depth,j);\ensuremath{\text{ }}}\CommentTok{//j\ensuremath{\text{ }}keeps\ensuremath{\text{ }}its\ensuremath{\text{ }}value}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{print_me(j,\ensuremath{\text{ }}++depth);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


Recursion is most often used for jobs such as directory tree scans, seeking for the end of a linked list, parsing a tree structure in a database and factorising numbers (and finding primes) among other things.
\subsection{Static Functions}
\label{162}

If a function is to be called only from within the file in which it is declared, it 
is appropriate to declare it as a static function.  When a function is declared static, the compiler will now compile to an object file in a way that prevents the function from being called from code in other files.   Example:


\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{static}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{compare(\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{a,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{b\ensuremath{\text{ }})}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{(a}\DecValTok{+4}\ensuremath{\text{ }}\NormalTok{<\ensuremath{\text{ }}b)?\ensuremath{\text{ }}a\ensuremath{\text{ }}:\ensuremath{\text{ }}b;}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\section{Using C functions}
\label{163}
We can now {\itshape write} functions, but how do we use them? When we write main, we place the function outside the braces that encompass main.

When we want to use that function, say, using our {\ttfamily calculate_number} function above, we can write something like


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\DataTypeTok{float}\ensuremath{\text{ }}\NormalTok{f;}\newline
\ensuremath{\text{ }}\NormalTok{f\ensuremath{\text{ }}=\ensuremath{\text{ }}calculate_number();}\newline
\end{Highlighting}
\end{Shaded}


If a function takes in arguments, we can write something like


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{square_of_10;}\newline
\ensuremath{\text{ }}\NormalTok{square_of_10\ensuremath{\text{ }}=\ensuremath{\text{ }}square(}\DecValTok{10}\NormalTok{);}\newline
\end{Highlighting}
\end{Shaded}


If a function doesn\textquotesingle{}t return anything, we can just say


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\NormalTok{say_hello();}\newline
\end{Highlighting}
\end{Shaded}

since we don\textquotesingle{}t need a variable to catch its return value.
\section{Functions from the C Standard Library}
\label{164} 
While the C language doesn\textquotesingle{}t itself contain functions, it is usually linked with the C Standard Library.  To use this library, you need to add an \#include directive at the top of the C file, which may be one of the following:


\begin{longtable}{>{\RaggedRight}p{0.17143\linewidth}>{\RaggedRight}p{0.17143\linewidth}>{\RaggedRight}p{0.17143\linewidth}>{\RaggedRight}p{0.17143\linewidth}>{\RaggedRight}p{0.17143\linewidth}} 
\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Assert.h}{<{}assert.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Ctype.h}{<{}ctype.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Errno.h}{<{}errno.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Float.h}{<{}float.h>{}}}
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Limits.h}{<{}limits.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Locale.h}{<{}locale.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Math.h}{<{}math.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Setjmp.h}{<{}setjmp.h>{}}}
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Signal.h}{<{}signal.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Stdarg.h}{<{}stdarg.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Stddef.h}{<{}stddef.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Stdio.h}{<{}stdio.h>{}}}
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Stdlib.h}{<{}stdlib.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/String.h}{<{}string.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Time.h}{<{}time.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Complex.h}{<{}complex.h>{}}}
\end{myitemize}
&\hspace*{0pt}\ignorespaces{} 
\end{longtable}


The functions available are:

\begin{longtable}{|>{\RaggedRight}p{0.22143\linewidth}|>{\RaggedRight}p{0.22143\linewidth}|>{\RaggedRight}p{0.22143\linewidth}|>{\RaggedRight}p{0.22143\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} {\ttfamily <{}assert.h>{}}}&{\bfseries \hspace*{0pt}\ignorespaces{} {\ttfamily <{}limits.h>{}}}&{\bfseries \hspace*{0pt}\ignorespaces{} {\ttfamily <{}signal.h>{}}}&{\bfseries \hspace*{0pt}\ignorespaces{} {\ttfamily <{}stdlib.h>{}}}\endhead  \hline 
\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  assert(int)
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  (constants only)
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  int raise(int sig). This 
\item{}  void* signal(int sig, void (*func)(int))
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  atof(char*), atoi(char*), atol(char*)
\item{}  strtod(char * str, char ** endptr ), strtol(char *str, char **endptr), strtoul(char *str, char **endptr)
\item{}  rand(), srand()
\item{}  malloc(size_t), calloc (size_t elements, size_t elementSize), realloc(void*, int)
\item{}  free (void*)
\item{}  exit(int), abort()
\item{}  atexit(void (*func)())
\item{}  getenv
\item{}  system
\item{} qsort(void *, size_t number, size_t size, int (*sortfunc)(void*, void*))
\item{}  abs, labs
\item{}  div, ldiv
\end{myitemize}
\\ \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} {\ttfamily <{}ctype.h>{}}}&{\bfseries \hspace*{0pt}\ignorespaces{} {\ttfamily <{}locale.h>{}}}&{\bfseries \hspace*{0pt}\ignorespaces{} {\ttfamily <{}stdarg.h>{}}}&{\bfseries \hspace*{0pt}\ignorespaces{} {\ttfamily <{}string.h>{}}}\\ \hline 
\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  isalnum, isalpha, isblank
\item{}  iscntrl, isdigit, isgraph
\item{}  islower, isprint, ispunct
\item{}  isspace, isupper, isxdigit
\item{}  tolower, toupper
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{} struct lconv* localeconv(void);
\item{} char* setlocale(int, const char*);
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{} va_start (va_list, ap)
\item{} va_arg (ap, (type))
\item{} va_end (ap)
\item{} va_copy (va_list, va_list)
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  memcpy, memmove
\item{}  memchr, memcmp, memset
\item{}  strcat, strncat, strchr, strrchr
\item{}  strcmp, strncmp, strccoll
\item{}  strcpy, strncpy
\item{}  strerror
\item{}  strlen
\item{}  strspn, strcspn
\item{}  strpbrk
\item{}  strstr
\item{}  strtok
\item{}  strxfrm
\end{myitemize}
\\ \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} errno.h}&{\bfseries \hspace*{0pt}\ignorespaces{}math.h}&{\bfseries \hspace*{0pt}\ignorespaces{} stddef.h}&{\bfseries \hspace*{0pt}\ignorespaces{}time.h}\\ \hline 
\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  (errno)
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  sin, cos, tan
\item{}  asin, acos, atan, atan2
\item{}  sinh, cosh, tanh
\item{}  ceil
\item{}  exp
\item{}  fabs
\item{}  floor
\item{}  fmod
\item{}  frexp
\item{}  ldexp
\item{}  log, log10
\item{}  modf
\item{}  pow
\item{}  sqrt
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  offsetof macro
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  asctime (struct tm* tmptr)
\item{}  clock_t clock()
\item{} char* ctime(const time_t* timer)
\item{} double difftime(time_t timer2, time_t timer1)
\item{} struct tm* gmtime(const time_t* timer)
\item{} struct tm* gmtime_r(const time_t* timer, struct tm* result)
\item{} struct tm* localtime(const time_t* timer)
\item{} time_t mktime(struct tm* ptm)
\item{} time_t time(time_t* timer)
\item{} char * strptime(const char* buf, const char* format, struct tm* tptr)
\item{} time_t timegm(struct tm *brokentime)
\end{myitemize}
\\ \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} float.h}&{\bfseries \hspace*{0pt}\ignorespaces{} setjmp.h}&\multicolumn{2}{|>{\RaggedRight}p{0.45628\linewidth}|}{{\bfseries \hspace*{0pt}\ignorespaces{} stdio.h}}\\ \hline 
\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  (constants
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{} int setjmp(jmp_buf env) 	
\item{} void longjmp(jmp_buf env, int value)
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{} fclose
\item{} fopen, freopen
\item{} remove
\item{} rename
\item{} rewind
\item{} tmpfile
\item{} clearerr
\item{} feof, ferror 
\item{} fflush
\item{}  fgetpos, fsetpos
\item{} fgetc, fputc
\item{} fgets, fputs
\item{} ftell, fseek
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  fread, fwrite
\item{} getc, putc
\item{} getchar, putchar, fputchar
\item{} gets, puts
\item{} printf, vprintf
\item{} fprintf, vfprintf
\item{} sprintf, snprintf, vsprintf, vsnprintf
\item{} perror
\item{} scanf, vscanf
\item{} fscanf, vfscanf
\item{} sscanf, vsscanf
\item{} setbuf, setvbuf
\item{} tmpnam
\item{} ungetc
\end{myitemize}
\\ \hline 
\end{longtable}


\begin{myitemize}
\item{}  \myhref{http://en.wikibooks.org/wiki/\%2Fprintf\%2F}{/printf/}
\item{}  \myhref{http://www.utas.edu.au/infosys/info/documentation/C/CStdLib.html\#ctype.h}{ full list}
\end{myitemize}

\section{Variable-{}length argument lists}
\label{165}
Functions with variable-{}length argument lists are functions that can take a varying number of arguments. An example in the C standard library is the {\ttfamily printf} function, which can take any number of arguments depending on how the programmer wants to use it.

C programmers rarely find the need to write new functions with variable-{}length arguments.
If they want to pass a bunch of things to a function, they typically define a structure to hold all those things -{}-{} perhaps a linked list, or an array -{}-{} and call that function with the data in the arguments.

However, you may occasionally find the need to write a new function that supports a variable-{}length argument list.
To create a function that can accept a variable-{}length argument list, you must first include the standard library header {\ttfamily stdarg.h}. Next, declare the function as you would normally. Next, add as the last argument an ellipsis (\symbol{34}...\symbol{34}). This indicates to the compiler that a variable list of arguments is to follow. For example, the following function declaration is for a function that returns the average of a list of numbers:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{float}\ensuremath{\text{ }}\NormalTok{average\ensuremath{\text{ }}(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{n_args,\ensuremath{\text{ }}...);}\newline
\end{Highlighting}
\end{Shaded}


Note that because of the way variable-{}length arguments work, we must somehow, in the arguments, specify the number of elements in the variable-{}length part of the arguments. In the {\ttfamily average} function here, it\textquotesingle{}s done through an argument called {\ttfamily n_args.} In the {\ttfamily printf} function, it\textquotesingle{}s done with the format codes that you specify in that first string in the arguments you provide.

Now that the function has been declared as using variable-{}length arguments, we must next write the code that does the actual work in the function.
To access the numbers stored in the variable-{}length argument list for our {\ttfamily average} function, we must first declare a variable for the list itself:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{va_list\ensuremath{\text{ }}myList;}\newline
\end{Highlighting}
\end{Shaded}


The {\ttfamily va_list} type is a type declared in the {\ttfamily stdarg.h} header that basically allows you to keep track of your list. To start actually using {\ttfamily myList}, however, we must first assign it a value. After all, simply declaring it by itself wouldn\textquotesingle{}t do anything. To do this, we must call {\ttfamily va_start}, which is actually a macro defined in {\ttfamily stdarg.h.} In the arguments to {\ttfamily va_start}, you must provide the {\ttfamily va_list} variable you plan on using, as well as the name of the last variable appearing before the ellipsis in your function declaration:


\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<stdarg.h>}\newline
\DataTypeTok{float}\ensuremath{\text{ }}\NormalTok{average\ensuremath{\text{ }}(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{n_args,\ensuremath{\text{ }}...)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{va_list\ensuremath{\text{ }}myList;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{va_start\ensuremath{\text{ }}(myList,\ensuremath{\text{ }}n_args);}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


Now that {\ttfamily myList} has been prepped for usage, we can finally start accessing the variables stored in it. To do so, use the {\ttfamily va_arg} macro, which pops off the next argument on the list. In the arguments to {\ttfamily va_arg}, provide the {\ttfamily va_list} variable you\textquotesingle{}re using, as well as the primitive data type (e.g. {\ttfamily int}, {\ttfamily char}) that the variable you\textquotesingle{}re accessing should be:


\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<stdarg.h>}\newline
\DataTypeTok{float}\ensuremath{\text{ }}\NormalTok{average\ensuremath{\text{ }}(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{n_args,\ensuremath{\text{ }}...)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{va_list\ensuremath{\text{ }}myList;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{va_start\ensuremath{\text{ }}(myList,\ensuremath{\text{ }}n_args);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{myNumber\ensuremath{\text{ }}=\ensuremath{\text{ }}va_arg\ensuremath{\text{ }}(myList,\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{);}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


By popping {\ttfamily n_args} integers off of the variable-{}length argument list, we can manage to find the average of the numbers:


\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<stdarg.h>}\newline
\DataTypeTok{float}\ensuremath{\text{ }}\NormalTok{average\ensuremath{\text{ }}(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{n_args,\ensuremath{\text{ }}...)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{va_list\ensuremath{\text{ }}myList;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{va_start\ensuremath{\text{ }}(myList,\ensuremath{\text{ }}n_args);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{numbersAdded\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{sum\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{(numbersAdded\ensuremath{\text{ }}<\ensuremath{\text{ }}n_args)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{number\ensuremath{\text{ }}=\ensuremath{\text{ }}va_arg\ensuremath{\text{ }}(myList,\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{);\ensuremath{\text{ }}}\CommentTok{//\ensuremath{\text{ }}Get\ensuremath{\text{ }}next\ensuremath{\text{ }}number\ensuremath{\text{ }}from\ensuremath{\text{ }}list}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{sum\ensuremath{\text{ }}+=\ensuremath{\text{ }}number;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{numbersAdded\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{float}\ensuremath{\text{ }}\NormalTok{avg\ensuremath{\text{ }}=\ensuremath{\text{ }}(}\DataTypeTok{float}\NormalTok{)(sum)\ensuremath{\text{ }}/\ensuremath{\text{ }}(}\DataTypeTok{float}\NormalTok{)(numbersAdded);\ensuremath{\text{ }}}\CommentTok{//\ensuremath{\text{ }}Find\ensuremath{\text{ }}the\ensuremath{\text{ }}average}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{avg;}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


By calling {\ttfamily average (2, 10, 20)}, we get the average of {\ttfamily 10} and {\ttfamily 20}, which is {\ttfamily 15.}

\LaTeXNullTemplate{}

\myhref{http://it.wikibooks.org/wiki/C\%2FBlocchi\%20e\%20funzioni\%2FFunzioni}{it:C/Blocchi e funzioni/Funzioni}
\myhref{http://pl.wikibooks.org/wiki/C\%2FFunkcje}{pl:C/Funkcje} \chapter{Preprocessor}

\myminitoc
\label{166}





\label{167}
\LaTeXNullTemplate{}

Preprocessors are a way of making text processing with your C program before they are actually compiled. Before the actual compilation of every C program it is passed through a Preprocessor. The Preprocessor looks through the program trying to find out specific instructions called Preprocessor directives that it can understand. All Preprocessor directives begin with the \# (hash) symbol.

The \myhref{http://en.wikipedia.org/wiki/Preprocessor}{preprocessor} is a part of the compiler which performs preliminary operations (conditionally compiling code, including  files etc...) to your code before the compiler sees it.  These transformations are lexical, meaning that the output of the preprocessor is still text. 


\begin{longtable}{>{\RaggedRight}p{0.97143\linewidth}} 
\hspace*{0pt}\ignorespaces{}
NOTE: Technically the output of the preprocessing phase for C consists of a sequence of tokens, rather than source text, but it is simple to output source text which is equivalent to the given token sequence, and that is commonly supported by compilers via a {\ttfamily -{}E} or {\ttfamily /E} option -{}-{} although command line options to C compilers aren\textquotesingle{}t completely standard, many follow similar rules. 
\end{longtable}

\section{Directives}
\label{168}
Directives are special instructions directed to the preprocessor (preprocessor directive) or to the \myhref{http://en.wikipedia.org/wiki/compiler}{compiler} (compiler directive) on how it should process part or all of your source code or set some flags on the final object and are used to make writing source code easier (more portable for instance) and to make the source code more understandable. Directives are handled by the preprocessor, which is either a separate program invoked by the compiler or part of the compiler itself.
\subsection{\#include}
\label{169}
C has some features as part of the language and some others as part of a {\bfseries standard library}, which is a repository of code that is available alongside every standard-{}conformant C compiler. When the C compiler compiles your program it usually also links it with the standard C library. For example, on encountering a {\ttfamily \#include <{}stdio.h>{}} directive, it replaces the directive with the contents of the {\ttfamily stdio.h} header file.

When you use features from the library, C requires you to {\itshape declare} what you would be using. The first line in the program is a {\bfseries preprocessing directive} which should look like this:
\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}}


The above line causes the C declarations which are in the {\ttfamily stdio.h} \myhref{http://en.wikipedia.org/wiki/Header\%20file}{header} to be included for use in your program. Usually this is implemented by just inserting into your program the contents of a {\bfseries header file} called {\ttfamily stdio.h}, located in a system-{}dependent location. The location of such files may be described in your compiler\textquotesingle{}s documentation. A list of standard C header files is listed below in the Headers table.

The {\ttfamily stdio.h} header contains various declarations for input/output (I/O) using an abstraction of I/O mechanisms called {\bfseries streams}. For example there is an output stream object called {\ttfamily stdout} which is used to output text to the standard output, which usually displays the text on the computer screen.

If using angle brackets like the example above, the preprocessor is instructed to search for the include file along the development environment path for the standard includes.
\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}\symbol{34}other.h\symbol{34}}


If you use  quotation marks ({\ttfamily \symbol{34} \symbol{34}}), the preprocessor is expected to search in some additional, usually user-{}defined, locations for the header file, and to fall back to the standard include paths only if it is not found in those additional locations.  It is common for this form to include searching in the same directory as the file containing the {\ttfamily \#include} directive.


\begin{longtable}{>{\RaggedRight}p{0.97143\linewidth}} 
\hspace*{0pt}\ignorespaces{}
NOTE: You should check the documentation of the development environment you are using for any vendor specific implementations of the {\ttfamily \#include} directive. 
\end{longtable}

\subsubsection{Headers}
\label{170}

{\bfseries The C90 standard headers list:}


\begin{longtable}{>{\RaggedRight}p{0.30476\linewidth}>{\RaggedRight}p{0.30476\linewidth}>{\RaggedRight}p{0.30476\linewidth}} 

\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Assert.h}{<{}assert.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Ctype.h}{<{}ctype.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Errno.h}{<{}errno.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Float.h}{<{}float.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Limits.h}{<{}limits.h>{}}}
\end{myitemize}

&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Locale.h}{<{}locale.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Math.h}{<{}math.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Setjmp.h}{<{}setjmp.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Signal.h}{<{}signal.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Stdarg.h}{<{}stdarg.h>{}}}
\end{myitemize}

&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Stddef.h}{<{}stddef.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Stdio.h}{<{}stdio.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Stdlib.h}{<{}stdlib.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/String.h}{<{}string.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Time.h}{<{}time.h>{}}}
\end{myitemize}


 
\end{longtable}


{\bfseries Headers added since C90:}


\begin{longtable}{>{\RaggedRight}p{0.30476\linewidth}>{\RaggedRight}p{0.30476\linewidth}>{\RaggedRight}p{0.30476\linewidth}} 

\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Complex.h}{<{}complex.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Fenv.h}{<{}fenv.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Inttypes.h}{<{}inttypes.h>{}}}
\end{myitemize}

&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Iso646.h}{<{}iso646.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Stdbool.h}{<{}stdbool.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Stdint.h}{<{}stdint.h>{}}}
\end{myitemize}

&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Tgmath.h}{<{}tgmath.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Wchar.h}{<{}wchar.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Wctype.h}{<{}wctype.h>{}}}
\end{myitemize}


 
\end{longtable}

\subsection{\#pragma}
\label{171}
The {\bfseries pragma} (pragmatic information) directive is part of the standard, but the meaning of any pragma depends on the software implementation of the standard that is used. The \#pragma directive provides a way to request special behavior from the compiler. This directive is most useful for programs that are unusually large or that need to take advantage of the capabilities of a particular compiler. 

Pragmas are used within the source program.
\\

\TemplateSpaceIndent{$\text{ }${}\#pragma$\text{ }${}token(s)}


\begin{myenumerate}
\item{} pragma is usually followed by a single token, which represents a command for the compiler to obey. You should check the software implementation of the C standard you intend on using for a list of the supported tokens. Not surprisingly, the set of commands that can apear in \#pragma directives is different for each compiler; you\textquotesingle{}ll have to consult the documentation for your compiler to see which commands it allows and what those commands do. 
\end{myenumerate}


For instance one of the most implemented preprocessor directives, {\ttfamily \#pragma once} when placed at the beginning of a header file, indicates that the file where it resides will be skipped if included several times by the preprocessor.


\begin{longtable}{>{\RaggedRight}p{0.97143\linewidth}} 
\hspace*{0pt}\ignorespaces{}
NOTE: Other methods exist to do this action that is commonly referred as using {\bfseries include guards}. 
\end{longtable}

$\text{ }$\newline{}

\subsection{{\ttfamily \#define}}
\label{172}


\begin{longtable}{>{\RaggedRight}p{0.97143\linewidth}} 
\hspace*{0pt}\ignorespaces{}
WARNING: Preprocessor macros, although tempting, can produce quite unexpected results if not done right. Always keep in mind that macros are textual substitutions done to your source code before anything is compiled. The compiler does not know anything about the macros and never gets to see them. This can produce obscure errors, amongst other negative effects. Prefer to use language features, if there are equivalent (In example use {\ttfamily const int} or {\ttfamily enum} instead of {\ttfamily \#define}d constants).

That said, there are cases, where macros are very useful (see the {\ttfamily debug} macro below for an example).     
\end{longtable}


The {\ttfamily \#define} directive is used to define values or macros that are used by the preprocessor to manipulate the program source code before it is compiled.  Because preprocessor definitions are substituted before the compiler acts on the source code, any errors that are introduced by {\ttfamily \#define} are difficult to trace.  

By convention, values defined using {\ttfamily \#define} are named in uppercase.  Although doing so is not a requirement, it is considered very bad practice to do otherwise.  This allows the values to be easily identified when reading the source code.

Today, {\ttfamily \#define} is primarily used to handle compiler and platform differences. E.g., a define might hold a constant which is the appropriate error code for a system call.  The use of {\ttfamily \#define} should thus be limited unless absolutely necessary; {\ttfamily typedef} statements and constant variables can often perform the same functions more safely.  

Another feature of the {\ttfamily \#define} command is that it can take arguments, making it rather useful as a pseudo-{}function creator. Consider the following code: 
\\

\TemplateSpaceIndent{$\text{ }${}\#define$\text{ }${}ABSOLUTE_VALUE($\text{ }${}x$\text{ }${})$\text{ }${}($\text{ }${}((x)$\text{ }${}<{}$\text{ }${}0)$\text{ }${}?$\text{ }${}-{}(x)$\text{ }${}:$\text{ }${}(x)$\text{ }${})$\text{ }$\newline{}
$\text{ }${}...$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}x$\text{ }${}=$\text{ }${}-{}1;$\text{ }$\newline{}
$\text{ }${}while($\text{ }${}ABSOLUTE_VALUE($\text{ }${}x$\text{ }${})$\text{ }${})$\text{ }${}\{$\text{ }$\newline{}
$\text{ }${}...$\text{ }$\newline{}
$\text{ }${}\}}

		
It\textquotesingle{}s generally a good idea to use extra parentheses when using complex macros. Notice that in the above example, the variable \symbol{34}x\symbol{34} is always within its own set of parentheses. This way, it will be evaluated in whole, before being compared to 0 or multiplied by -{}1. Also, the entire macro is surrounded by parentheses, to prevent it from being contaminated by other code. If you\textquotesingle{}re not careful, you run the risk of having the compiler misinterpret your code.

Because of side-{}effects it is considered a very bad idea to use macro functions as described above.
\\

\TemplateSpaceIndent{$\text{ }${}int$\text{ }${}x$\text{ }${}=$\text{ }${}-{}10;$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}y$\text{ }${}=$\text{ }${}ABSOLUTE_VALUE($\text{ }${}x++$\text{ }${});}


If ABSOLUTE_VALUE() were a real function \textquotesingle{}x\textquotesingle{} would now have the value of \textquotesingle{}-{}9\textquotesingle{}, but because it was an argument in a macro it was expanded twice and thus has a value of -{}8.


\begin{longtable}{>{\RaggedRight}p{0.97143\linewidth}} 
\hspace*{0pt}\ignorespaces{}
Example:

To illustrate the dangers of macros, consider this naive macro
 \#define MAX(a,b) a>{}b?a:b
and the code
 i = MAX(2,3)+5;
 j = MAX(3,2)+5;
Take a look at this and consider what the value after execution might be.  The statements are turned into 
 int i = 2>{}3?2:3+5;
 int j = 3>{}2?3:2+5;
Thus, after execution {\ttfamily i=8} and {\ttfamily j=3} instead of the expected result of {\ttfamily i=j=8}! This is why you were cautioned to use an extra set of parenthesis above, but even with these, the road is fraught with dangers. The alert reader might quickly realize that if {\ttfamily a} or {\ttfamily b} contains expressions, the definition must parenthesize every use of {\ttfamily a,b} in the macro definition, like this:
 \#define MAX(a,b) ((a)>{}(b)?(a):(b))
This works, provided {\ttfamily a,b} have no side effects. Indeed, 
 i = 2;
 j = 3;
 k = MAX(i++, j++);
would result in {\ttfamily k=4}, {\ttfamily i=3} and {\ttfamily j=5}. This would be highly surprising to anyone expecting {\ttfamily MAX()} to behave like a function.

So what is the correct solution? The solution is not to use macro at all. A global, inline function, like this

 inline int max(int a, int b) \{ 
   return a>{}b?a:b 
 \}

has none of the pitfalls above, but will not work with all types.


\begin{tabular}{>{\RaggedRight}p{0.97143\linewidth}} 
\hspace*{0pt}\ignorespaces{}
NOTE: The explicit {\ttfamily inline} declaration is not really necessary unless the definition is in a header file, since your compiler can inline functions for you (with gcc this can be done with {\ttfamily -{}finline-{}functions} or {\ttfamily -{}O3}). The compiler is often better than the programmer at predicting which functions are worth inlining. Also, function calls are not really expensive (they used to be). 

The compiler is actually free to ignore the {\ttfamily inline} keyword. It is only a hint (except that {\ttfamily inline} is necessary in order to allow a function to be defined in a header file without generating an error message due to the function being defined in more than one translation unit). 
\end{tabular}
 
\end{longtable}



({\bfseries \#, \#\#})

The {\bfseries \#} and {\bfseries \#\#} operators are used with the {\ttfamily \#define} macro. Using \# causes the first argument after the {\bfseries \#} to be returned as a string in quotes. For example, the command 
\\

\TemplateSpaceIndent{$\text{ }${}\#define$\text{ }${}as_string($\text{ }${}s$\text{ }${})$\text{ }${}\#$\text{ }${}s}

		
will make the compiler turn this command 
\\

\TemplateSpaceIndent{$\text{ }${}puts($\text{ }${}as_string($\text{ }${}Hello$\text{ }${}World!$\text{ }${})$\text{ }${})$\text{ }${};}

		
into 
\\

\TemplateSpaceIndent{$\text{ }${}puts($\text{ }${}\symbol{34}Hello$\text{ }${}World!\symbol{34}$\text{ }${});}

		
Using {\bfseries \#\#} concatenates what\textquotesingle{}s before the {\bfseries \#\#} with what\textquotesingle{}s after it. For example, the command 
\\

\TemplateSpaceIndent{$\text{ }${}\#define$\text{ }${}concatenate($\text{ }${}x,$\text{ }${}y$\text{ }${})$\text{ }${}x$\text{ }${}\#\#$\text{ }${}y$\text{ }$\newline{}
$\text{ }${}...$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}xy$\text{ }${}=$\text{ }${}10;$\text{ }$\newline{}
$\text{ }${}...}

	
will make the compiler turn 
\\

\TemplateSpaceIndent{$\text{ }${}printf($\text{ }${}\symbol{34}\%d\symbol{34},$\text{ }${}concatenate($\text{ }${}x,$\text{ }${}y$\text{ }${}));}

		
into 
\\

\TemplateSpaceIndent{$\text{ }${}printf($\text{ }${}\symbol{34}\%d\symbol{34},$\text{ }${}xy);}

		
which will, of course, display {\ttfamily 10} to standard output.

It is possible to concatenate a macro argument with a constant prefix or suffix to obtain a valid identifier as in
\\

\TemplateSpaceIndent{$\text{ }${}\#define$\text{ }${}make_function($\text{ }${}name$\text{ }${})$\text{ }${}int$\text{ }${}my_$\text{ }${}\#\#$\text{ }${}name$\text{ }${}(int$\text{ }${}foo)$\text{ }${}\{\}$\text{ }$\newline{}
$\text{ }${}make_function($\text{ }${}bar$\text{ }${})}


which will define a function called {\ttfamily my_bar()}. But it isn\textquotesingle{}t possible to integrate a macro argument into a constant string using the concatenation operator. In order to obtain such an effect, one can use the ANSI C property that two or more consecutive string constants are considered equivalent to a single string constant when encountered. Using this property, one can write
\\

\TemplateSpaceIndent{$\text{ }${}\#define$\text{ }${}eat($\text{ }${}what$\text{ }${})$\text{ }${}puts($\text{ }${}\symbol{34}I\textquotesingle{}m$\text{ }${}eating$\text{ }${}\symbol{34}$\text{ }${}\#what$\text{ }${}\symbol{34}$\text{ }${}today.\symbol{34}$\text{ }${})$\text{ }$\newline{}
$\text{ }${}eat($\text{ }${}fruit$\text{ }${})}


which the macro-{}processor will turn into
\\

\TemplateSpaceIndent{$\text{ }${}puts($\text{ }${}\symbol{34}I\textquotesingle{}m$\text{ }${}eating$\text{ }${}\symbol{34}$\text{ }${}\symbol{34}fruit\symbol{34}$\text{ }${}\symbol{34}$\text{ }${}today.\symbol{34}$\text{ }${})}


which in turn will be interpreted by the C parser as a single string constant.

The following trick can be used to turn a numeric constants into string literals
\\

\TemplateSpaceIndent{$\text{ }${}\#define$\text{ }${}num2str(x)$\text{ }${}str(x)$\text{ }$\newline{}
$\text{ }${}\#define$\text{ }${}str(x)$\text{ }${}\#x$\text{ }$\newline{}
$\text{ }${}\#define$\text{ }${}CONST$\text{ }${}23$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
$\text{ }${}puts(num2str(CONST));}


This is a bit tricky, since it is expanded in 2 steps. First {\ttfamily num2str(CONST)} is replaced with {\ttfamily str(23)}, which in turn is replaced with {\ttfamily \symbol{34}23\symbol{34}}. This can be useful in the following example:
\\

\TemplateSpaceIndent{$\text{ }${}\#ifdef$\text{ }${}DEBUG$\text{ }$\newline{}
$\text{ }${}\#define$\text{ }${}debug(msg)$\text{ }${}fputs(__FILE__$\text{ }${}\symbol{34}:\symbol{34}$\text{ }${}num2str(__LINE__)$\text{ }${}\symbol{34}$\text{ }${}-{}$\text{ }${}\symbol{34}$\text{ }${}msg,$\text{ }${}stderr)$\text{ }$\newline{}
$\text{ }${}\#else$\text{ }$\newline{}
$\text{ }${}\#define$\text{ }${}debug(msg)$\text{ }$\newline{}
$\text{ }${}\#endif}


This will give you a nice debug message including the file and the line where the message was issued. If DEBUG is not defined however the debugging message will completely vanish from your code. Be careful not to use this sort of construct with anything that has side effects, since this can lead to bugs, that appear and disappear depending on the compilation parameters.
\subsection{macros}
\label{173}

Macros aren\textquotesingle{}t type-{}checked and so they do not evaluate arguments. Also, they do not obey scope properly, but simply take the string passed to them and replace each occurrence of the macro argument in the text of the macro with the actual string for that parameter (the code is literally copied into the location it was called from).

An example on how to use a macro:
\TemplatePreformat{$\text{ }$\newline{}
$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
$\text{ }${}\#define$\text{ }${}SLICES$\text{ }${}8$\text{ }$\newline{}
$\text{ }${}\#define$\text{ }${}ADD(x)$\text{ }${}($\text{ }${}(x)$\text{ }${}/$\text{ }${}SLICES$\text{ }${})$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}main()$\text{ }${}$\text{ }$\newline{}
$\text{ }${}\{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}int$\text{ }${}a$\text{ }${}=$\text{ }${}0,$\text{ }${}b$\text{ }${}=$\text{ }${}10,$\text{ }${}c$\text{ }${}=$\text{ }${}6;$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}a$\text{ }${}=$\text{ }${}ADD(b$\text{ }${}+$\text{ }${}c);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}printf(\symbol{34}\%d\textbackslash{}n\symbol{34},$\text{ }${}a);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}return$\text{ }${}0;$\text{ }$\newline{}
$\text{ }${}\}$\text{ }$\newline{}
}
-{}-{} the result of \symbol{34}a\symbol{34} should be \symbol{34}2\symbol{34} (b + c = 16 -{}>{} passed to ADD -{}>{} 16 / SLICES -{}>{} result is \symbol{34}2\symbol{34})


\begin{longtable}{>{\RaggedRight}p{0.97143\linewidth}} 
\hspace*{0pt}\ignorespaces{}
NOTE:\newline{}

It is usually bad practice to define macros in headers.

A macro should be defined only when it is not possible to achieve the same result with a 
function or some other mechanism. Some compilers are able to optimize code to where calls to small functions are replaced with inline code, negating any possible speed advantage.
Using typedefs, enums, and {\ttfamily inline} (in C99) is often a better option. 
\end{longtable}

\subsection{\#error}
\label{174}
The {\bfseries \#error} directive halts compilation.   When one is encountered the standard specifies that the compiler should emit a diagnostic containing the remaining tokens in the directive.  This is mostly used for debugging purposes.
\\

\TemplateSpaceIndent{$\text{ }${}\#error$\text{ }${}message}

\subsection{\#undef}
\label{175}
The {\bfseries \#undef} directive undefines a macro.  The identifier need not have been previously defined.
\subsection{\#if,\#else,\#elif,\#endif (conditionals)}
\label{176}
The {\bfseries \#if} command checks whether a controlling conditional expression evaluates to zero or nonzero, and excludes or includes a block of code respectively. For example:

\TemplatePreformat{$\text{ }$\newline{}
$\text{ }${}\#if$\text{ }${}1$\text{ }$\newline{}
$\text{ }${}/*$\text{ }${}This$\text{ }${}block$\text{ }${}will$\text{ }${}be$\text{ }${}included$\text{ }${}*/$\text{ }$\newline{}
$\text{ }${}\#endif$\text{ }$\newline{}
$\text{ }${}\#if$\text{ }${}0$\text{ }$\newline{}
$\text{ }${}/*$\text{ }${}This$\text{ }${}block$\text{ }${}will$\text{ }${}not$\text{ }${}be$\text{ }${}included$\text{ }${}*/$\text{ }$\newline{}
$\text{ }${}\#endif$\text{ }$\newline{}
}

The conditional expression could contain any C operator except for the assignment operators, the increment and decrement operators, the address-{}of operator, and the sizeof operator.

One unique operator used in preprocessing and nowhere else is the {\bfseries defined} operator. It returns 1 if the macro name, optionally enclosed in parentheses, is currently defined; 0 if not.

The {\bfseries \#endif} command ends a block started by {\ttfamily \#if}, {\ttfamily \#ifdef}, or {\ttfamily \#ifndef}.

The {\bfseries \#elif} command is similar to {\ttfamily \#if}, except that it is used to extract one from a series of blocks of code. E.g.:

\TemplatePreformat{$\text{ }$\newline{}
$\text{ }${}\#if$\text{ }${}/*$\text{ }${}some$\text{ }${}expression$\text{ }${}*/$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }$\newline{}
$\text{ }${}\#elif$\text{ }${}/*$\text{ }${}another$\text{ }${}expression$\text{ }${}*/$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }$\newline{}
$\text{ }${}/*$\text{ }${}imagine$\text{ }${}many$\text{ }${}more$\text{ }${}\#elifs$\text{ }${}here$\text{ }${}...$\text{ }${}*/$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }$\newline{}
$\text{ }${}\#else$\text{ }$\newline{}
$\text{ }${}/*$\text{ }${}The$\text{ }${}optional$\text{ }${}\#else$\text{ }${}block$\text{ }${}is$\text{ }${}selected$\text{ }${}if$\text{ }${}none$\text{ }${}of$\text{ }${}the$\text{ }${}previous$\text{ }${}\#if$\text{ }${}or$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}\#elif$\text{ }${}blocks$\text{ }${}are$\text{ }${}selected$\text{ }${}*/$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}:$\text{ }$\newline{}
$\text{ }${}\#endif$\text{ }${}/*$\text{ }${}The$\text{ }${}end$\text{ }${}of$\text{ }${}the$\text{ }${}\#if$\text{ }${}block$\text{ }${}*/$\text{ }$\newline{}
}
\subsection{\#ifdef,\#ifndef}
\label{177}

The {\bfseries \#ifdef} command is similar to {\ttfamily \#if}, except that the code block following it is selected if a macro name is defined. In this respect,
\\

\TemplateSpaceIndent{$\text{ }${}\#ifdef$\text{ }${}NAME}


is equivalent to
\\

\TemplateSpaceIndent{$\text{ }${}\#if$\text{ }${}defined$\text{ }${}NAME}




The {\bfseries \#ifndef} command is similar to {\bfseries \#ifdef}, except that the test is reversed:
\\

\TemplateSpaceIndent{$\text{ }${}\#ifndef$\text{ }${}NAME}


is equivalent to
\\

\TemplateSpaceIndent{$\text{ }${}\#if$\text{ }${}!defined$\text{ }${}NAME}

\section{Useful Preprocessor Macros for Debugging}
\label{178}
ANSI C defines some useful preprocessor macros and variables,\myfootnote{
\myfnhref{http://docs.hp.com/en/B3901-90003/ch07s04.html}{ HP C Compiler Reference Manual}
}\myfootnote{
\myfnhref{http://www.cppreference.com/wiki/preprocessor/preprocessor_vars}{ C++ reference: Predefined preprocessor variables}
}
also called \symbol{34}magic constants\symbol{34}, include:

__FILE__   =>{} The name of the current file, as a string literal$\text{ }$\newline{}

__LINE__   =>{} Current line of the source file, as a numeric literal$\text{ }$\newline{}

__DATE__   =>{} Current system date, as a string$\text{ }$\newline{}

__TIME__   =>{} Current system time, as a string$\text{ }$\newline{}

__TIMESTAMP__ =>{} Date and time (non-{}standard)$\text{ }$\newline{}

__cplusplus =>{} undefined when your C code is being compiled by a C compiler; 199711L when your C code is being compiled by a C++ compiler compliant with 1998 C++ standard.$\text{ }$\newline{}

__func__ =>{} Current function name of the source file, as a string (part of C99)$\text{ }$\newline{}

__PRETTY_FUNCTION__ =>{} \symbol{34}decorated\symbol{34} Current function name of the source file, as a string (in GCC; non-{}standard)$\text{ }$\newline{}

\subsubsection{Compile-{}time assertions}
\label{179}

Some people\myfootnote{
\myfnhref{http://www.jaggersoft.com/pubs/CVu11_3.html}{ \symbol{34}Compile Time Assertions in C\symbol{34}} by Jon Jagger 1999
}
define a preprocessor macro to allow compile-{}time assertions, something like:

\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#define\ensuremath{\text{ }}COMPILE_TIME_ASSERT(pred)\ensuremath{\text{ }}switch(0)\{case\ensuremath{\text{ }}0:case\ensuremath{\text{ }}pred:;\}}\newline
\ensuremath{\text{ }}\newline
\NormalTok{COMPILE_TIME_ASSERT(\ensuremath{\text{ }}BOOLEAN\ensuremath{\text{ }}CONDITION\ensuremath{\text{ }});}\newline
\end{Highlighting}
\end{Shaded}


The {\ttfamily static_assert.hpp} \myhref{http://en.wikibooks.org/wiki/C\%2B\%2B\%20Programming\%2FLibraries\%2FBoost\%20}{ Boost library} defines a similar macro.
Some compilers define a {\ttfamily static_assert} keyword used in the same way.\myfootnote{
\myfnhref{http://en.wikipedia.org/wiki/\%20C\%2B\%2B0x\%23Static\%20assertions}{Wikipedia: C++0x\#Static assertions}
}

Such compile-{}time assertions can help you debug faster than using only run-{}time assert() statements,
because the compile-{}time assertions are all tested at compile time,
while it is possible that a test run of a program may fail to exercise some run-{}time assert() statements.
\subsubsection{X-{}Macros}
\label{180}
One little-{}known usage pattern of the C preprocessor is known as \symbol{34}X-{}Macros\symbol{34}.\myfootnote{Wirzenius, Lars. \myfnhref{http://liw.iki.fi/liw/texts/cpp-trick.html}{ C Preprocessor Trick For Implementing Similar Data Types} Retrieved January 9, 2011.}\myfootnote{.  The New C: X Macros
 \myhref{ http://www.ddj.com/cpp/184401387
 }{ The New C: X Macros
 }. \textit{{} Dr. Dobb\textquotesingle{}s Journal
 },  May
  2001
 

}\myfootnote{. . \textit{{}}, 
}
An X-{}Macro is a \myhref{http://en.wikibooks.org/wiki/header\%20file}{header file}.  Commonly these use the extension \symbol{34}.def\symbol{34} instead of the traditional \symbol{34}.h\symbol{34}. This file contains a list of similar macro calls, which can be referred to as \symbol{34}component macros\symbol{34}.  The include file is then referenced repeatedly in the following pattern.  Here, the include file is \symbol{34}xmacro.def\symbol{34} and it contains a list of component macros of the style \symbol{34}foo(x, y, z)\symbol{34}.


\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#define\ensuremath{\text{ }}foo(x,\ensuremath{\text{ }}y,\ensuremath{\text{ }}z)\ensuremath{\text{ }}doSomethingWith(x,\ensuremath{\text{ }}y,\ensuremath{\text{ }}z);}\newline
\OtherTok{#include\ensuremath{\text{ }}"xmacro.def"}\newline
\OtherTok{#undef\ensuremath{\text{ }}foo}\newline
\ensuremath{\text{ }}\newline
\OtherTok{#define\ensuremath{\text{ }}foo(x,\ensuremath{\text{ }}y,\ensuremath{\text{ }}z)\ensuremath{\text{ }}doSomethingElseWith(x,\ensuremath{\text{ }}y,\ensuremath{\text{ }}z);}\newline
\OtherTok{#include\ensuremath{\text{ }}"xmacro.def"}\newline
\OtherTok{#undef\ensuremath{\text{ }}foo}\newline
\ensuremath{\text{ }}\newline
\NormalTok{(etc...)}\newline
\end{Highlighting}
\end{Shaded}


The most common usage of X-{}Macros is to establish a list of C objects and then automatically generate code for each of them. Some implementations also perform any {\ttfamily \#undef}s they need inside the X-{}Macro, as opposed to expecting the caller to undefine them.

Common sets of objects are a set of global configuration settings, a set of members of a \myhref{http://en.wikibooks.org/wiki/struct\%20\%28C\%20programming\%20language\%29}{struct}, a list of possible \myhref{http://en.wikibooks.org/wiki/XML}{XML} tags for converting an XML file to a quickly-{}traversable tree, or the body of an \myhref{http://en.wikibooks.org/wiki/enumerated\%20type}{enum} declaration; other lists are possible.

Once the X-{}Macro has been processed to create the list of objects, the component macros can be redefined to generate, for instance, \myhref{http://en.wikibooks.org/wiki/mutator\%20method}{accessor and/or mutator} functions.  Structure \myhref{http://en.wikibooks.org/wiki/serialization}{serializing and deserializing} are also commonly done.

Here is an example of an X-{}Macro that establishes a struct and automatically creates serialize/deserialize functions. For simplicity, this example doesn\textquotesingle{}t account for endianness or buffer overflows.

File {\bfseries star.def}:

\begin{Shaded}
\begin{Highlighting}[]

\NormalTok{EXPAND_EXPAND_STAR_MEMBER(x,\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{)}\newline
\NormalTok{EXPAND_EXPAND_STAR_MEMBER(y,\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{)}\newline
\NormalTok{EXPAND_EXPAND_STAR_MEMBER(z,\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{)}\newline
\NormalTok{EXPAND_EXPAND_STAR_MEMBER(radius,\ensuremath{\text{ }}}\DataTypeTok{double}\NormalTok{)}\newline
\OtherTok{#undef\ensuremath{\text{ }}EXPAND_EXPAND_STAR_MEMBER}\newline
\end{Highlighting}
\end{Shaded}


File {\bfseries star_table.c}:

\begin{Shaded}
\begin{Highlighting}[]

\KeywordTok{typedef}\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#define\ensuremath{\text{ }}EXPAND_EXPAND_STAR_MEMBER(member,\ensuremath{\text{ }}type)\ensuremath{\text{ }}type\ensuremath{\text{ }}member;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}"star.def"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}\ensuremath{\text{ }}starStruct;}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{serialize_star(}\DataTypeTok{const}\ensuremath{\text{ }}\NormalTok{starStruct\ensuremath{\text{ }}*}\DataTypeTok{const}\ensuremath{\text{ }}\NormalTok{star,\ensuremath{\text{ }}}\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*buffer)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#define\ensuremath{\text{ }}EXPAND_EXPAND_STAR_MEMBER(member,\ensuremath{\text{ }}type)\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{memcpy(buffer,\ensuremath{\text{ }}&(star->member),\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(star->member));\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{buffer\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(star->member);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}"star.def"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{deserialize_star(starStruct\ensuremath{\text{ }}*}\DataTypeTok{const}\ensuremath{\text{ }}\NormalTok{star,\ensuremath{\text{ }}}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*buffer)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#define\ensuremath{\text{ }}EXPAND_EXPAND_STAR_MEMBER(member,\ensuremath{\text{ }}type)\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{memcpy(&(star->member),\ensuremath{\text{ }}buffer,\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(star->member));\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{buffer\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(star->member);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}"star.def"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


Handlers for individual data types may be created and accessed using token concatenation (\symbol{34}{\ttfamily \#\#}\symbol{34}) and quoting (\symbol{34}{\ttfamily \#}\symbol{34}) operators.
For example, the following might be added to the above code:


\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#define\ensuremath{\text{ }}print_int(val)\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}printf("\%d",\ensuremath{\text{ }}val)}\newline
\OtherTok{#define\ensuremath{\text{ }}print_double(val)\ensuremath{\text{ }}printf("\%g",\ensuremath{\text{ }}val)}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{print_star(}\DataTypeTok{const}\ensuremath{\text{ }}\NormalTok{starStruct\ensuremath{\text{ }}*}\DataTypeTok{const}\ensuremath{\text{ }}\NormalTok{star)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}print_##type\ensuremath{\text{ }}will\ensuremath{\text{ }}be\ensuremath{\text{ }}replaced\ensuremath{\text{ }}with\ensuremath{\text{ }}print_int\ensuremath{\text{ }}or\ensuremath{\text{ }}print_double\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#define\ensuremath{\text{ }}EXPAND_EXPAND_STAR_MEMBER(member,\ensuremath{\text{ }}type)\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"\%s:\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}#member);\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{print_##type(star->member);\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}"star.def"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


Note that in this example you can also avoid the creation of separate handler functions for each datatype in this example by defining the print format for each supported type, with the additional benefit of reducing the expansion code produced by this header file:


\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#define\ensuremath{\text{ }}FORMAT_(type)\ensuremath{\text{ }}FORMAT_##type}\newline
\OtherTok{#define\ensuremath{\text{ }}FORMAT_int\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}"\%d"}\newline
\OtherTok{#define\ensuremath{\text{ }}FORMAT_double\ensuremath{\text{ }}"\%g"}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{print_star(}\DataTypeTok{const}\ensuremath{\text{ }}\NormalTok{starStruct\ensuremath{\text{ }}*}\DataTypeTok{const}\ensuremath{\text{ }}\NormalTok{star)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}FORMAT_(type)\ensuremath{\text{ }}will\ensuremath{\text{ }}be\ensuremath{\text{ }}replaced\ensuremath{\text{ }}with\ensuremath{\text{ }}FORMAT_int\ensuremath{\text{ }}or\ensuremath{\text{ }}FORMAT_double\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#define\ensuremath{\text{ }}EXPAND_EXPAND_STAR_MEMBER(member,\ensuremath{\text{ }}type)\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"\%s:\ensuremath{\text{ }}"}\ensuremath{\text{ }}\NormalTok{FORMAT_(type)\ensuremath{\text{ }}}\StringTok{"}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{,\ensuremath{\text{ }}#member,\ensuremath{\text{ }}star->member);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}"star.def"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


The creation of a separate header file can be avoided by creating a single macro containing what would be the contents of the file.  For instance, the above file \symbol{34}star.def\symbol{34} could be replaced with this macro at the beginning of:

File {\bfseries star_table.c}:

\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#define\ensuremath{\text{ }}EXPAND_STAR\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{EXPAND_STAR_MEMBER(x,\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{)\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{EXPAND_STAR_MEMBER(y,\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{)\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{EXPAND_STAR_MEMBER(z,\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{)\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{EXPAND_STAR_MEMBER(radius,\ensuremath{\text{ }}}\DataTypeTok{double}\NormalTok{)}\newline
\end{Highlighting}
\end{Shaded}


and then all calls to {\ttfamily \#include \symbol{34}star.def\symbol{34}} could be replaced with a simple {\ttfamily EXPAND_STAR} statement.  The rest of the above file would become:


\begin{Shaded}
\begin{Highlighting}[]

\KeywordTok{typedef}\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#define\ensuremath{\text{ }}EXPAND_STAR_MEMBER(member,\ensuremath{\text{ }}type)\ensuremath{\text{ }}type\ensuremath{\text{ }}member;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{EXPAND_STAR}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#undef\ensuremath{\text{ }}\ensuremath{\text{ }}EXPAND_STAR_MEMBER}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}\ensuremath{\text{ }}starStruct;}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{serialize_star(}\DataTypeTok{const}\ensuremath{\text{ }}\NormalTok{starStruct\ensuremath{\text{ }}*}\DataTypeTok{const}\ensuremath{\text{ }}\NormalTok{star,\ensuremath{\text{ }}}\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*buffer)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#define\ensuremath{\text{ }}EXPAND_STAR_MEMBER(member,\ensuremath{\text{ }}type)\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{memcpy(buffer,\ensuremath{\text{ }}&(star->member),\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(star->member));\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{buffer\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(star->member);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{EXPAND_STAR}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#undef\ensuremath{\text{ }}\ensuremath{\text{ }}EXPAND_STAR_MEMBER}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{deserialize_star(starStruct\ensuremath{\text{ }}*}\DataTypeTok{const}\ensuremath{\text{ }}\NormalTok{star,\ensuremath{\text{ }}}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*buffer)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#define\ensuremath{\text{ }}EXPAND_STAR_MEMBER(member,\ensuremath{\text{ }}type)\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{memcpy(&(star->member),\ensuremath{\text{ }}buffer,\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(star->member));\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{buffer\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(star->member);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{EXPAND_STAR}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#undef\ensuremath{\text{ }}\ensuremath{\text{ }}EXPAND_STAR_MEMBER}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


and the print handler could be added as well as:


\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#define\ensuremath{\text{ }}print_int(val)\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}printf("\%d",\ensuremath{\text{ }}val)}\newline
\OtherTok{#define\ensuremath{\text{ }}print_double(val)\ensuremath{\text{ }}printf("\%g",\ensuremath{\text{ }}val)}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{print_star(}\DataTypeTok{const}\ensuremath{\text{ }}\NormalTok{starStruct\ensuremath{\text{ }}*}\DataTypeTok{const}\ensuremath{\text{ }}\NormalTok{star)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}print_##type\ensuremath{\text{ }}will\ensuremath{\text{ }}be\ensuremath{\text{ }}replaced\ensuremath{\text{ }}with\ensuremath{\text{ }}print_int\ensuremath{\text{ }}or\ensuremath{\text{ }}print_double\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#define\ensuremath{\text{ }}EXPAND_STAR_MEMBER(member,\ensuremath{\text{ }}type)\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"\%s:\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}#member);\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{print_##type(star->member);\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{EXPAND_STAR}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#undef\ensuremath{\text{ }}EXPAND_STAR_MEMBER}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


or as:


\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#define\ensuremath{\text{ }}FORMAT_(type)\ensuremath{\text{ }}FORMAT_##type}\newline
\OtherTok{#define\ensuremath{\text{ }}FORMAT_int\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}"\%d"}\newline
\OtherTok{#define\ensuremath{\text{ }}FORMAT_double\ensuremath{\text{ }}"\%g"}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{print_star(}\DataTypeTok{const}\ensuremath{\text{ }}\NormalTok{starStruct\ensuremath{\text{ }}*}\DataTypeTok{const}\ensuremath{\text{ }}\NormalTok{star)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}FORMAT_(type)\ensuremath{\text{ }}will\ensuremath{\text{ }}be\ensuremath{\text{ }}replaced\ensuremath{\text{ }}with\ensuremath{\text{ }}FORMAT_int\ensuremath{\text{ }}or\ensuremath{\text{ }}FORMAT_double\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#define\ensuremath{\text{ }}EXPAND_STAR_MEMBER(member,\ensuremath{\text{ }}type)\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"\%s:\ensuremath{\text{ }}"}\ensuremath{\text{ }}\NormalTok{FORMAT_(type)\ensuremath{\text{ }}}\StringTok{"}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{,\ensuremath{\text{ }}#member,\ensuremath{\text{ }}star->member);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{EXPAND_STAR}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#undef\ensuremath{\text{ }}EXPAND_STAR_MEMBER}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


A variant which avoids needing to know the members of any expanded sub-{}macros is to accept the operators as an argument to the list macro:

File {\bfseries star_table.c}:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{/*}\newline
\CommentTok{\ensuremath{\text{ }}Generic}\newline
\CommentTok{\ensuremath{\text{ }}*/}\newline
\OtherTok{#define\ensuremath{\text{ }}STRUCT_MEMBER(member,\ensuremath{\text{ }}type,\ensuremath{\text{ }}dummy)\ensuremath{\text{ }}type\ensuremath{\text{ }}member;}\newline
\ensuremath{\text{ }}\newline
\OtherTok{#define\ensuremath{\text{ }}SERIALIZE_MEMBER(member,\ensuremath{\text{ }}type,\ensuremath{\text{ }}obj,\ensuremath{\text{ }}buffer)\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{memcpy(buffer,\ensuremath{\text{ }}&(obj->member),\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(obj->member));\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{buffer\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(obj->member);}\newline
\ensuremath{\text{ }}\newline
\OtherTok{#define\ensuremath{\text{ }}DESERIALIZE_MEMBER(member,\ensuremath{\text{ }}type,\ensuremath{\text{ }}obj,\ensuremath{\text{ }}buffer)\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{memcpy(&(obj->member),\ensuremath{\text{ }}buffer,\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(obj->member));\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{buffer\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(obj->member);}\newline
\ensuremath{\text{ }}\newline
\OtherTok{#define\ensuremath{\text{ }}FORMAT_(type)\ensuremath{\text{ }}FORMAT_##type}\newline
\OtherTok{#define\ensuremath{\text{ }}FORMAT_int\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}"\%d"}\newline
\OtherTok{#define\ensuremath{\text{ }}FORMAT_double\ensuremath{\text{ }}"\%g"}\newline
\ensuremath{\text{ }}\newline
\CommentTok{/*\ensuremath{\text{ }}FORMAT_(type)\ensuremath{\text{ }}will\ensuremath{\text{ }}be\ensuremath{\text{ }}replaced\ensuremath{\text{ }}with\ensuremath{\text{ }}FORMAT_int\ensuremath{\text{ }}or\ensuremath{\text{ }}FORMAT_double\ensuremath{\text{ }}*/}\newline
\OtherTok{#define\ensuremath{\text{ }}PRINT_MEMBER(member,\ensuremath{\text{ }}type,\ensuremath{\text{ }}obj)\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"\%s:\ensuremath{\text{ }}"}\ensuremath{\text{ }}\NormalTok{FORMAT_(type)\ensuremath{\text{ }}}\StringTok{"}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{,\ensuremath{\text{ }}#member,\ensuremath{\text{ }}obj->member);}\newline
\ensuremath{\text{ }}\newline
\CommentTok{/*}\newline
\CommentTok{\ensuremath{\text{ }}starStruct}\newline
\CommentTok{\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\newline
\OtherTok{#define\ensuremath{\text{ }}EXPAND_STAR(_,\ensuremath{\text{ }}...)\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{_(x,\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{,\ensuremath{\text{ }}__VA_ARGS__)\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{_(y,\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{,\ensuremath{\text{ }}__VA_ARGS__)\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{_(z,\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{,\ensuremath{\text{ }}__VA_ARGS__)\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{_(radius,\ensuremath{\text{ }}}\DataTypeTok{double}\NormalTok{,\ensuremath{\text{ }}__VA_ARGS__)}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{typedef}\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{EXPAND_STAR(STRUCT_MEMBER,\ensuremath{\text{ }})}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}\ensuremath{\text{ }}starStruct;}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{serialize_star(}\DataTypeTok{const}\ensuremath{\text{ }}\NormalTok{starStruct\ensuremath{\text{ }}*}\DataTypeTok{const}\ensuremath{\text{ }}\NormalTok{star,\ensuremath{\text{ }}}\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*buffer)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{EXPAND_STAR(SERIALIZE_MEMBER,\ensuremath{\text{ }}star,\ensuremath{\text{ }}buffer)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{deserialize_star(starStruct\ensuremath{\text{ }}*}\DataTypeTok{const}\ensuremath{\text{ }}\NormalTok{star,\ensuremath{\text{ }}}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*buffer)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{EXPAND_STAR(DESERIALIZE_MEMBER,\ensuremath{\text{ }}star,\ensuremath{\text{ }}buffer)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{print_star(}\DataTypeTok{const}\ensuremath{\text{ }}\NormalTok{starStruct\ensuremath{\text{ }}*}\DataTypeTok{const}\ensuremath{\text{ }}\NormalTok{star)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{EXPAND_STAR(PRINT_MEMBER,\ensuremath{\text{ }}star)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


This approach can be dangerous in that the entire macro set is always interpreted as if it was on a single source line, which could encounter compiler limits with complex component macros and/or long member lists.

This technique was reported by Lars Wirzenius\myfootnote{Wirzenius, Lars. \myfnhref{http://liw.iki.fi/liw/texts/cpp-trick.html}{ C Preprocessor Trick For Implementing Similar Data Types} Retrieved January 9, 2011.} in a web page dated January 17, 2000, in which he gives credit to Kenneth Oksanen for \symbol{34}refining and developing\symbol{34} the technique prior to 1997.  The other references describe it as a method from at least a decade before the turn of the century.

\myhref{http://en.wikipedia.org/wiki/C\%20preprocessor}{w:C preprocessor}
\LaTeXNullTemplate{}

\myhref{http://de.wikibooks.org/wiki/C-Programmierung\%3A\%20Pr\%E4prozessor}{de:C-{}Programmierung: Präprozessor}
\myhref{http://fr.wikibooks.org/wiki/Programmation\%20C\%2FPr\%E9processeur}{fr:Programmation C/Préprocesseur}
\myhref{http://it.wikibooks.org/wiki/C\%2FCompilatore\%20e\%20precompilatore\%2FDirettive}{it:C/Compilatore e precompilatore/Direttive}
\myhref{http://pl.wikibooks.org/wiki/C\%2FPreprocesor}{pl:C/Preprocesor}
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A {\itshape library} in C is a group of functions and declarations, exposed for use by other programs. The library therefore consists of an {\itshape interface} expressed in a {\ttfamily .h} file (named the \symbol{34}header\symbol{34}) and an {\itshape implementation} expressed in a {\ttfamily .c} file. This {\ttfamily .c} file might be precompiled or otherwise inaccessible, or it might be available to the programmer. (Note: Libraries may call functions in other libraries such as the Standard C or math libraries to do various tasks.)

The format of a library varies with the operating system and compiler one is using. For example, in the Unix and Linux operating systems, a library consists of one or more {\itshape object files}, which consist of object code that is usually the output of a compiler (if the source language is C or something similar) or an assembler (if the source language is assembly language). These object files are then turned into a library in the form of an archive by the {\itshape ar} archiver (a program that takes files and stores them in a bigger file without regard to compression). The filename for the library usually starts with \symbol{34}lib\symbol{34} and ends with \symbol{34}.a\symbol{34}; e.g. the {\itshape libc.a} file contains the Standard C library and the \symbol{34}libm.a\symbol{34} the mathematics routines, which the linker would then link in. Other operating systems such as Microsoft Windows use a \symbol{34}.lib\symbol{34} extension for libraries and an \symbol{34}.obj\symbol{34} extension for object files. 

We\textquotesingle{}re going to use as an example a function to \myhref{http://en.wikipedia.org/wiki/Parsing}{parse} arguments from the command line. Arguments on the command line could be by themselves:
\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}i}


have an optional argument that is \myhref{http://en.wikipedia.org/wiki/Concatenate}{ concatenated} to the letter:
\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}ioptarg}


or have the argument in a separate argv-{}element:
\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}-{}i$\text{ }${}optarg}


In order to parse all these types of arguments, we have written the following \symbol{34}getopt.c\symbol{34} file:


\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<stdio.h>\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}for\ensuremath{\text{ }}fprintf()\ensuremath{\text{ }}and\ensuremath{\text{ }}EOF\ensuremath{\text{ }}*/}\newline
\OtherTok{#include\ensuremath{\text{ }}<string.h>\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}for\ensuremath{\text{ }}strchr()\ensuremath{\text{ }}*/}\newline
\OtherTok{#include\ensuremath{\text{ }}"getopt.h"\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}consistency\ensuremath{\text{ }}check\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\newline
\CommentTok{/*\ensuremath{\text{ }}variables\ensuremath{\text{ }}*/}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{opterr\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}getopt\ensuremath{\text{ }}prints\ensuremath{\text{ }}errors\ensuremath{\text{ }}if\ensuremath{\text{ }}this\ensuremath{\text{ }}is\ensuremath{\text{ }}on\ensuremath{\text{ }}*/}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{optind\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}token\ensuremath{\text{ }}pointer\ensuremath{\text{ }}*/}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{optopt;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}option\ensuremath{\text{ }}character\ensuremath{\text{ }}passed\ensuremath{\text{ }}back\ensuremath{\text{ }}to\ensuremath{\text{ }}user\ensuremath{\text{ }}*/}\newline
\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*optarg;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}flag\ensuremath{\text{ }}argument\ensuremath{\text{ }}(or\ensuremath{\text{ }}value)\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\newline
\CommentTok{/*\ensuremath{\text{ }}function\ensuremath{\text{ }}*/}\newline
\CommentTok{/*\ensuremath{\text{ }}return\ensuremath{\text{ }}option\ensuremath{\text{ }}character,\ensuremath{\text{ }}EOF\ensuremath{\text{ }}if\ensuremath{\text{ }}no\ensuremath{\text{ }}more\ensuremath{\text{ }}or\ensuremath{\text{ }}?\ensuremath{\text{ }}if\ensuremath{\text{ }}problem.}\newline
\CommentTok{	The\ensuremath{\text{ }}arguments\ensuremath{\text{ }}to\ensuremath{\text{ }}the\ensuremath{\text{ }}function:}\newline
\CommentTok{	argc,\ensuremath{\text{ }}argv\ensuremath{\text{ }}-\ensuremath{\text{ }}the\ensuremath{\text{ }}arguments\ensuremath{\text{ }}to\ensuremath{\text{ }}the\ensuremath{\text{ }}main()\ensuremath{\text{ }}function.\ensuremath{\text{ }}An\ensuremath{\text{ }}argument\ensuremath{\text{ }}of\ensuremath{\text{ }}"--"}\newline
\CommentTok{	stops\ensuremath{\text{ }}the\ensuremath{\text{ }}processing.}\newline
\CommentTok{	opts\ensuremath{\text{ }}-\ensuremath{\text{ }}a\ensuremath{\text{ }}string\ensuremath{\text{ }}containing\ensuremath{\text{ }}the\ensuremath{\text{ }}valid\ensuremath{\text{ }}option\ensuremath{\text{ }}characters.}\newline
\CommentTok{	an\ensuremath{\text{ }}option\ensuremath{\text{ }}character\ensuremath{\text{ }}followed\ensuremath{\text{ }}by\ensuremath{\text{ }}a\ensuremath{\text{ }}colon\ensuremath{\text{ }}(:)\ensuremath{\text{ }}indicates\ensuremath{\text{ }}that}\newline
\CommentTok{	the\ensuremath{\text{ }}option\ensuremath{\text{ }}has\ensuremath{\text{ }}a\ensuremath{\text{ }}required\ensuremath{\text{ }}argument.}\newline
\CommentTok{*/}\newline
\DataTypeTok{int}\newline
\NormalTok{getopt\ensuremath{\text{ }}(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{argc,\ensuremath{\text{ }}}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{**argv,\ensuremath{\text{ }}}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*opts)}\newline
\NormalTok{\{}\newline
	\DataTypeTok{static}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{sp\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}character\ensuremath{\text{ }}index\ensuremath{\text{ }}into\ensuremath{\text{ }}current\ensuremath{\text{ }}token\ensuremath{\text{ }}*/}\newline
	\DataTypeTok{register}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*cp;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}pointer\ensuremath{\text{ }}into\ensuremath{\text{ }}current\ensuremath{\text{ }}token\ensuremath{\text{ }}*/}\newline
	\newline
	\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(sp\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{)}\newline
	\NormalTok{\{}\newline
		\CommentTok{/*\ensuremath{\text{ }}check\ensuremath{\text{ }}for\ensuremath{\text{ }}more\ensuremath{\text{ }}flag-like\ensuremath{\text{ }}tokens\ensuremath{\text{ }}*/}\newline
		\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(optind\ensuremath{\text{ }}>=\ensuremath{\text{ }}argc\ensuremath{\text{ }}\textbar{}\textbar{}\ensuremath{\text{ }}argv[optind][}\DecValTok{0}\NormalTok{]\ensuremath{\text{ }}!=\ensuremath{\text{ }}\textquotesingle{}-\textquotesingle{}\ensuremath{\text{ }}\textbar{}\textbar{}\ensuremath{\text{ }}argv[optind][}\DecValTok{1}\NormalTok{]\ensuremath{\text{ }}==\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{})}\newline
			\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{EOF;}\newline
		\KeywordTok{else}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(strcmp\ensuremath{\text{ }}(argv[optind],\ensuremath{\text{ }}}\StringTok{"--"}\NormalTok{)\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{)}\newline
		\NormalTok{\{}\newline
			\NormalTok{optind++;}\newline
			\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{EOF;}\newline
		\NormalTok{\}}\newline
	\NormalTok{\}}\newline
	\newline
	\NormalTok{optopt\ensuremath{\text{ }}=\ensuremath{\text{ }}argv[optind][sp];}\newline
	\newline
	\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(optopt\ensuremath{\text{ }}==\ensuremath{\text{ }}\textquotesingle{}:\textquotesingle{}\ensuremath{\text{ }}\textbar{}\textbar{}\ensuremath{\text{ }}(cp\ensuremath{\text{ }}=\ensuremath{\text{ }}strchr\ensuremath{\text{ }}(opts,\ensuremath{\text{ }}optopt))\ensuremath{\text{ }}==\ensuremath{\text{ }}NULL)}\newline
	\NormalTok{\{}\newline
		\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(opterr)}\newline
			\NormalTok{fprintf\ensuremath{\text{ }}(stderr,\ensuremath{\text{ }}}\StringTok{"\%s:\ensuremath{\text{ }}invalid\ensuremath{\text{ }}option\ensuremath{\text{ }}--\ensuremath{\text{ }}\textquotesingle{}\%c\textquotesingle{}}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{,\ensuremath{\text{ }}argv[}\DecValTok{0}\NormalTok{],\ensuremath{\text{ }}optopt);}\newline
		\newline
		\CommentTok{/*\ensuremath{\text{ }}if\ensuremath{\text{ }}no\ensuremath{\text{ }}characters\ensuremath{\text{ }}left\ensuremath{\text{ }}in\ensuremath{\text{ }}this\ensuremath{\text{ }}token,\ensuremath{\text{ }}move\ensuremath{\text{ }}to\ensuremath{\text{ }}next\ensuremath{\text{ }}token\ensuremath{\text{ }}*/}\newline
		\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(argv[optind][++sp]\ensuremath{\text{ }}==\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{})}\newline
		\NormalTok{\{}\newline
			\NormalTok{optind++;}\newline
			\NormalTok{sp\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;}\newline
		\NormalTok{\}}\newline
		\newline
		\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{\textquotesingle{}?\textquotesingle{};}\newline
	\NormalTok{\}}\newline
	\newline
	\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(*++cp\ensuremath{\text{ }}==\ensuremath{\text{ }}\textquotesingle{}:\textquotesingle{})}\newline
	\NormalTok{\{}\newline
		\CommentTok{/*\ensuremath{\text{ }}if\ensuremath{\text{ }}a\ensuremath{\text{ }}value\ensuremath{\text{ }}is\ensuremath{\text{ }}expected,\ensuremath{\text{ }}get\ensuremath{\text{ }}it\ensuremath{\text{ }}*/}\newline
		\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(argv[optind][sp\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{]\ensuremath{\text{ }}!=\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{})}\newline
			\CommentTok{/*\ensuremath{\text{ }}flag\ensuremath{\text{ }}value\ensuremath{\text{ }}is\ensuremath{\text{ }}rest\ensuremath{\text{ }}of\ensuremath{\text{ }}current\ensuremath{\text{ }}token\ensuremath{\text{ }}*/}\newline
			\NormalTok{optarg\ensuremath{\text{ }}=\ensuremath{\text{ }}argv[optind++]\ensuremath{\text{ }}+\ensuremath{\text{ }}(sp\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{);}\newline
		\KeywordTok{else}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(++optind\ensuremath{\text{ }}>=\ensuremath{\text{ }}argc)}\newline
		\NormalTok{\{}\newline
			\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(opterr)}\newline
				\NormalTok{fprintf\ensuremath{\text{ }}(stderr,\ensuremath{\text{ }}}\StringTok{"\%s:\ensuremath{\text{ }}option\ensuremath{\text{ }}requires\ensuremath{\text{ }}an\ensuremath{\text{ }}argument\ensuremath{\text{ }}--\ensuremath{\text{ }}\textquotesingle{}\%c\textquotesingle{}}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{,}\newline
							\NormalTok{argv[}\DecValTok{0}\NormalTok{],\ensuremath{\text{ }}optopt);}\newline
			\NormalTok{sp\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;}\newline
			\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{\textquotesingle{}?\textquotesingle{};}\newline
		\NormalTok{\}}\newline
		\KeywordTok{else}\newline
		\CommentTok{/*\ensuremath{\text{ }}flag\ensuremath{\text{ }}value\ensuremath{\text{ }}is\ensuremath{\text{ }}next\ensuremath{\text{ }}token\ensuremath{\text{ }}*/}\newline
		\NormalTok{optarg\ensuremath{\text{ }}=\ensuremath{\text{ }}argv[optind++];}\newline
		\NormalTok{sp\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;}\newline
	\NormalTok{\}}\newline
	\KeywordTok{else}\newline
	\NormalTok{\{}\newline
		\CommentTok{/*\ensuremath{\text{ }}set\ensuremath{\text{ }}up\ensuremath{\text{ }}to\ensuremath{\text{ }}look\ensuremath{\text{ }}at\ensuremath{\text{ }}next\ensuremath{\text{ }}char\ensuremath{\text{ }}in\ensuremath{\text{ }}token,\ensuremath{\text{ }}next\ensuremath{\text{ }}time\ensuremath{\text{ }}*/}\newline
		\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(argv[optind][++sp]\ensuremath{\text{ }}==\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{})}\newline
		\NormalTok{\{}\newline
			\CommentTok{/*\ensuremath{\text{ }}no\ensuremath{\text{ }}more\ensuremath{\text{ }}in\ensuremath{\text{ }}current\ensuremath{\text{ }}token,\ensuremath{\text{ }}so\ensuremath{\text{ }}setup\ensuremath{\text{ }}next\ensuremath{\text{ }}token\ensuremath{\text{ }}*/}\newline
			\NormalTok{sp\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;}\newline
			\NormalTok{optind++;}\newline
		\NormalTok{\}}\newline
		\NormalTok{optarg\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
	\NormalTok{\}}\newline
	\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{optopt;}\newline
\NormalTok{\}\ensuremath{\text{ }}}\newline
\CommentTok{/*\ensuremath{\text{ }}END\ensuremath{\text{ }}OF\ensuremath{\text{ }}FILE\ensuremath{\text{ }}*/}\newline
\end{Highlighting}
\end{Shaded}


The interface would be the following \symbol{34}getopt.h\symbol{34} file:


\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#ifndef\ensuremath{\text{ }}GETOPT_H}\newline
	\OtherTok{#define\ensuremath{\text{ }}GETOPT_H}\newline
\ensuremath{\text{ }}\newline
	\CommentTok{/*\ensuremath{\text{ }}exported\ensuremath{\text{ }}variables\ensuremath{\text{ }}*/}\newline
	\KeywordTok{extern}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{opterr,\ensuremath{\text{ }}optind,\ensuremath{\text{ }}optopt;}\newline
	\KeywordTok{extern}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*optarg;}\newline
\ensuremath{\text{ }}\newline
	\CommentTok{/*\ensuremath{\text{ }}exported\ensuremath{\text{ }}function\ensuremath{\text{ }}*/}\newline
	\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{getopt(}\DataTypeTok{int}\NormalTok{,\ensuremath{\text{ }}}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{**,\ensuremath{\text{ }}}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*);}\newline
\OtherTok{#endif}\newline
\ensuremath{\text{ }}\newline
\CommentTok{/*\ensuremath{\text{ }}END\ensuremath{\text{ }}OF\ensuremath{\text{ }}FILE\ensuremath{\text{ }}*/}\newline
\end{Highlighting}
\end{Shaded}


At a minimum, a programmer has the interface file to figure out how to use a library, although, in general, the library programmer also wrote documentation on how to use the library. In the above case, the documentation should say that the provided arguments {\ttfamily **argv} and {\ttfamily *opts} both shouldn\textquotesingle{}t be null pointers (or why would you be using the {\ttfamily getopt} function anyway?). Specifically, it typically states what each parameter is for and what return values can be expected in which conditions. Programmers that use a library, are normally not interested in the implementation of the library -{}-{} unless the implementation has a bug, in which case he would want to complain somehow.

Both the implementation of the getopts library, and programs that use the library should state {\ttfamily \#include \symbol{34}getopt.h\symbol{34}}, in order to refer to the corresponding interface. Now the library is \symbol{34}linked\symbol{34} to the program -{}-{} the one that contains the main() function. The program may refer to dozens of interfaces.

In some cases, just placing {\ttfamily \#include \symbol{34}getopt.h\symbol{34}} may appear correct but will still fail to link properly. This indicates that the library is not installed correctly, or there may be some additional configuration required. You will have to check either the compiler\textquotesingle{}s documentation or library\textquotesingle{}s documentation on how to resolve this issue. 
\section{Further reading}
\label{183}

\begin{myitemize}
\item{}  \myhref{http://c-faq.com/cpp/hfiles.html}{ C FAQ: \symbol{34}I\textquotesingle{}m wondering what to put in .c files and what to put in .h files. (What does \symbol{34}.h\symbol{34} mean, anyway?)\symbol{34}}
\item{}  \myhref{http://www.piclist.com/techref/postbot.asp?by=time\&id=piclist\textbackslash{}2007\textbackslash{}10\textbackslash{}25\textbackslash{}073430a\&tgt=post}{ PIClist thread: \symbol{34}Global variables in projects with many C files.\symbol{34}}
\end{myitemize}
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\label{185}
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The {\bfseries C standard library} is a standardized collection of header files and library routines used to implement common operations, such as input/output and character string handling. Unlike other languages (such as COBOL, Fortran, and PL/I) C does not include builtin keywords for these tasks, so nearly all C programs rely on the standard library to function.
\section{History}
\label{186}
The C programming language previously did not provide any elementary functionalities, such as I/O operations. Over time, user communities of C shared ideas and implementations to provide that functionality. These ideas became common, and were eventually incorporated into the definition of the standardized C programming language. These are now called the {\bfseries C standard libraries}.

Both Unix and C were created at AT\&T\textquotesingle{}s Bell Laboratories in the late 1960s and early 1970s. During the 1970s the C programming language became increasingly popular, with many universities and organizations beginning to create their own variations of the language for their own projects. By the start of the 1980s compatibility problems between the various C implementations became apparent. In 1983 the American National Standards Institute (ANSI) formed a committee to establish a standard specification of C known as \symbol{34}ANSI C\symbol{34}. This work culminated in the creation of the so-{}called {\bfseries C89} standard in 1989. Part of the resulting standard was a set of software libraries called the {\bfseries ANSI C standard library}.

Later revisions of the C standard have added several new required header files to the library. Support for these new extensions varies between implementations.

The headers {\bfseries <{}iso646.h>{}}, {\bfseries <{}wchar.h>{}}, and {\bfseries <{}wctype.h>{}} were added with Normative Addendum 1 (hereafter abbreviated as {\bfseries NA1}), an addition to the C Standard ratified in 1995.

The headers {\bfseries <{}complex.h>{}}, {\bfseries <{}fenv.h>{}}, {\bfseries <{}inttypes.h>{}}, {\bfseries <{}stdbool.h>{}}, {\bfseries <{}stdint.h>{}}, and {\bfseries <{}tgmath.h>{}} were added with {\bfseries C99}, a revision to the C Standard published in 1999.

\LaTeXNOTETemplate{The \myhref{http://en.wikibooks.org/wiki/C\%2B\%2B}{C++} programming language includes the functionality of the ANSI C 89 standard library, but has made several modifications, such as placing all identifiers into the {\ttfamily std} namespace and changing the names of the header files from {\ttfamily <{}xxx.h>{}} to {\ttfamily <{}cxxx>{}} (however, the C-{}style names are still available, although deprecated).}{}
\section{Design}
\label{187}
The declaration of each function is kept in a header file, while the actual implementation of functions are separated into a library file. The naming and scope of headers have become common but the organization of libraries still remains diverse. The standard library is usually shipped along with a compiler. Since C compilers often provide extra functionalities that are not specified in ANSI C, a standard library with a particular compiler is mostly incompatible with standard libraries of other compilers.


Much of the C standard library has been shown to have been well-{}designed.  A few parts, with the benefit of hindsight, are regarded as mistakes.  The string input functions {\ttfamily gets()} (and the use of {\ttfamily scanf()} to read string input) are the source of many buffer overflows, and most programming guides recommend avoiding this usage.  Another oddity is {\ttfamily strtok()}, a function that is designed as a primitive \myhref{http://en.wikipedia.org/wiki/lexical\%20analysis}{lexical analyser} but is highly \symbol{34}fragile\symbol{34} and difficult to use.
\section{ANSI Standard}
\label{188}
The ANSI C standard library consists of 24 C header files which can be included into a programmer\textquotesingle{}s project with a single directive. Each header file contains one or more function declarations, data type definitions and macros. The contents of these header files follows.

In comparison to some other languages (for example Java) the standard library is minuscule.  The library provides a basic set of mathematical functions, string manipulation, type conversions, and file and console-{}based I/O.  It does not include a standard set of \symbol{34}container types\symbol{34} like the C++ Standard Template Library, let alone the complete graphical user interface (GUI) toolkits, networking tools, and profusion of other functionality that Java provides as standard.  The main advantage of the small standard library is that providing a working ANSI C environment is much easier than it is with other languages, and consequently porting C to a new platform is relatively easy.  

Many other libraries have been developed to supply equivalent functionality to that provided by other languages in their standard library.  For instance, the GNOME desktop environment project has developed the GTK+ graphics toolkit and GLib, a library of container data structures, and there are many other well-{}known examples.  The variety of libraries available has meant that some superior toolkits have proven themselves through history.  The considerable downside is that they often do not work particularly well together, programmers are often familiar with different sets of libraries, and a different set of them may be available on any particular platform.
\subsection{ANSI C library header files}
\label{189}


\begin{longtable}{|>{\RaggedRight}p{0.47143\linewidth}|>{\RaggedRight}p{0.47143\linewidth}|} \hline 
\hspace*{0pt}\ignorespaces{}{\bfseries  \myhref{http://en.wikipedia.org/wiki/Assert.h}{<{}assert.h>{}}} &\hspace*{0pt}\ignorespaces{} Contains the assert macro, used to assist with detecting logical errors and other types of bug in debugging versions of a program.\\ \hline 
\hspace*{0pt}\ignorespaces{}{\bfseries  \myhref{http://en.wikipedia.org/wiki/Complex.h}{<{}complex.h>{}}} &\hspace*{0pt}\ignorespaces{} A set of functions for manipulating complex numbers. (New with {\bfseries C99})\\ \hline 
\hspace*{0pt}\ignorespaces{}{\bfseries  \myhref{http://en.wikipedia.org/wiki/Ctype.h}{<{}ctype.h>{}}} &\hspace*{0pt}\ignorespaces{} This header file contains functions used to classify characters by their types or to convert between upper and lower case in a way that is independent of the used character set (typically ASCII or one of its extensions, although implementations utilizing EBCDIC are also known).\\ \hline 
\hspace*{0pt}\ignorespaces{}{\bfseries  \myhref{http://en.wikipedia.org/wiki/Errno.h}{<{}errno.h>{}}} &\hspace*{0pt}\ignorespaces{} For testing error codes reported by library functions.\\ \hline 
\hspace*{0pt}\ignorespaces{}{\bfseries  \myhref{http://en.wikipedia.org/wiki/Fenv.h}{<{}fenv.h>{}}} &\hspace*{0pt}\ignorespaces{} For controlling floating-{}point environment. (New with {\bfseries C99})\\ \hline 
\hspace*{0pt}\ignorespaces{}{\bfseries  \myhref{http://en.wikipedia.org/wiki/Float.h}{<{}float.h>{}}} &\hspace*{0pt}\ignorespaces{} Contains defined constants specifying the implementation-{}specific properties of the floating-{}point library, such as the minimum difference between two different floating-{}point numbers (_EPSILON), the maximum number of digits of accuracy (_DIG) and the range of numbers which can be represented (_MIN, _MAX).\\ \hline 
\hspace*{0pt}\ignorespaces{}{\bfseries  \myhref{http://en.wikipedia.org/wiki/Inttypes.h}{<{}inttypes.h>{}}} &\hspace*{0pt}\ignorespaces{} For precise conversion between integer types. (New with {\bfseries C99})\\ \hline 
\hspace*{0pt}\ignorespaces{}{\bfseries  \myhref{http://en.wikipedia.org/wiki/Iso646.h}{<{}iso646.h>{}}} &\hspace*{0pt}\ignorespaces{} For programming in ISO 646 variant character sets. (New with {\bfseries NA1})\\ \hline 
\hspace*{0pt}\ignorespaces{}{\bfseries  \myhref{http://en.wikipedia.org/wiki/Limits.h}{<{}limits.h>{}}} &\hspace*{0pt}\ignorespaces{} Contains defined constants specifying the implementation-{}specific properties of the integer types, such as the range of numbers which can be represented (_MIN, _MAX).\\ \hline 
\hspace*{0pt}\ignorespaces{}{\bfseries  \myhref{http://en.wikipedia.org/wiki/Locale.h}{<{}locale.h>{}}} &\hspace*{0pt}\ignorespaces{} For setlocale() and related constants. This is used to choose an appropriate locale.\\ \hline 
\hspace*{0pt}\ignorespaces{}{\bfseries  \myhref{http://en.wikipedia.org/wiki/Math.h}{<{}math.h>{}}} &\hspace*{0pt}\ignorespaces{} For computing common mathematical functions
-{}-{} see \mylref{113}{../Further math/} or \myhref{http://en.wikibooks.org/wiki/C\%2B\%2B\%20Programming\%2FCode\%2FStandard\%20C\%20Library\%2FMath}{C++ Programming/Code/Standard C Library/Math} for details.\\ \hline 
\hspace*{0pt}\ignorespaces{}{\bfseries  \myhref{http://en.wikipedia.org/wiki/Setjmp.h}{<{}setjmp.h>{}}} &\hspace*{0pt}\ignorespaces{}setjmp and longjmp, which are used for non-{}local exits\\ \hline 
\hspace*{0pt}\ignorespaces{}{\bfseries  \myhref{http://en.wikipedia.org/wiki/Signal.h}{<{}signal.h>{}}} &\hspace*{0pt}\ignorespaces{} For controlling various exceptional conditions\\ \hline 
\hspace*{0pt}\ignorespaces{}{\bfseries  \myhref{http://en.wikipedia.org/wiki/Stdarg.h}{<{}stdarg.h>{}}} &\hspace*{0pt}\ignorespaces{} For accessing a varying number of arguments passed to functions.\\ \hline 
\hspace*{0pt}\ignorespaces{}{\bfseries  \myhref{http://en.wikipedia.org/wiki/Stdbool.h}{<{}stdbool.h>{}}} &\hspace*{0pt}\ignorespaces{} For a boolean data type. (New with {\bfseries C99})\\ \hline 
\hspace*{0pt}\ignorespaces{}{\bfseries  \myhref{http://en.wikipedia.org/wiki/Stdint.h}{<{}stdint.h>{}}} &\hspace*{0pt}\ignorespaces{} For defining various integer types. (New with {\bfseries C99})\\ \hline 
\hspace*{0pt}\ignorespaces{}{\bfseries  \myhref{http://en.wikipedia.org/wiki/Stddef.h}{<{}stddef.h>{}}} &\hspace*{0pt}\ignorespaces{} For defining several useful types and macros.\\ \hline 
\hspace*{0pt}\ignorespaces{}{\bfseries  \myhref{http://en.wikipedia.org/wiki/Stdio.h}{<{}stdio.h>{}}} &\hspace*{0pt}\ignorespaces{} Provides the core input and output capabilities of the C language. This file includes the venerable {\ttfamily printf} function.\\ \hline 
\hspace*{0pt}\ignorespaces{}{\bfseries  \myhref{http://en.wikipedia.org/wiki/Stdlib.h}{<{}stdlib.h>{}}} &\hspace*{0pt}\ignorespaces{} For performing a variety of operations, including conversion, pseudo-{}random numbers, memory allocation, process control, environment, signalling, searching, and sorting.\\ \hline 
\hspace*{0pt}\ignorespaces{}{\bfseries  \myhref{http://en.wikipedia.org/wiki/String.h}{<{}string.h>{}}} &\hspace*{0pt}\ignorespaces{} For manipulating several kinds of strings.\\ \hline 
\hspace*{0pt}\ignorespaces{}{\bfseries  \myhref{http://en.wikipedia.org/wiki/Tgmath.h}{<{}tgmath.h>{}}} &\hspace*{0pt}\ignorespaces{} For type-{}generic mathematical functions. (New with {\bfseries C99})\\ \hline 
\hspace*{0pt}\ignorespaces{}{\bfseries  \myhref{http://en.wikipedia.org/wiki/Time.h}{<{}time.h>{}}} &\hspace*{0pt}\ignorespaces{} For converting between various time and date formats.\\ \hline 
\hspace*{0pt}\ignorespaces{}{\bfseries  \myhref{http://en.wikipedia.org/wiki/Wchar.h}{<{}wchar.h>{}}} &\hspace*{0pt}\ignorespaces{} For manipulating wide streams and several kinds of strings using wide characters -{} key to supporting a range of languages. (New with {\bfseries NA1})\\ \hline 
\hspace*{0pt}\ignorespaces{}{\bfseries  \myhref{http://en.wikipedia.org/wiki/Wctype.h}{<{}wctype.h>{}}} &\hspace*{0pt}\ignorespaces{} For classifying wide characters. (New with {\bfseries NA1})\\ \hline 
\end{longtable}

\section{Common support libraries}
\label{190}

While not standardized, C programs may depend on a runtime library of routines which contain code the compiler uses at runtime. The code that initializes the process for the operating system, for example, before calling {\ttfamily main()}, is implemented in the C Run-{}Time Library for a given vendor\textquotesingle{}s compiler. The Run-{}Time Library code might help with other language feature implementations, like handling uncaught exceptions or implementing floating point code.

The C standard library only documents that the specific routines mentioned in this article are available, and how they behave. Because the compiler implementation might depend on these additional implementation-{}level functions to be available, it is likely the vendor-{}specific routines are packaged with the C Standard Library in the same module, because they\textquotesingle{}re both likely to be needed by any program built with their toolset.

Though often confused with the C Standard Library because of this packaging, the C Runtime Library is not a standardized part of the language and is vendor-{}specific.
\section{Compiler built-{}in functions}
\label{191}

Some compilers (for example, \myhref{http://en.wikipedia.org/wiki/GCC}{GCC}) provide built-{}in versions of many of the functions in the C standard library; that is, the implementations of the functions are written into the compiled object file, and the program calls the built-{}in versions instead of the functions in the C library shared object file.  This reduces function call overhead, especially if function calls are replaced with inline variants, and allows other forms of optimization (as the compiler knows the control-{}flow characteristics of the built-{}in variants), but may cause confusion when debugging (for example, the built-{}in versions cannot be replaced with instrumented variants).
\section{POSIX standard library}
\label{192}
POSIX, (along with the Single Unix Specification), specifies a number of routines that should be available over and above those in the C standard library proper; these are often implemented alongside the C standard library functionality, with varying degrees of closeness. For example, glibc implements functions such as fork within libc.so, but before NPTL was merged into glibc it constituted a separate library with its own linker flag. Often, this POSIX-{}specified functionality will be regarded as part of the library; the C library proper may be identified as the ANSI or ISO C library.
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\section{Introduction}
\label{195}
The {\ttfamily stdio.h} header declares a broad assortment of functions that perform input and output to files and devices such as the console. It was one of the earliest headers to appear in the C library. It declares more functions than any other standard header and also requires more explanation because of the complex machinery that underlies the functions.

The device-{}independent model of input and output has seen dramatic improvement over the years and has received little recognition for its success. FORTRAN II was touted as a machine-{}independent language in the 1960s, yet it was essentially impossible to move a FORTRAN program between architectures without some change. In FORTRAN II, you named the device you were talking to right in the FORTRAN statement in the middle of your FORTRAN code. So, you said {\ttfamily READ INPUT TAPE 5} on a tape-{}oriented IBM 7090 but {\ttfamily READ CARD} to read a card image on other machines. FORTRAN IV had more generic {\ttfamily READ} and {\ttfamily WRITE} statements, specifying a {\itshape logical unit number} (LUN) instead of the device name. The era of device-{}independent I/O had dawned.

Peripheral devices such as printers still had fairly strong notions about what they were asked to do. And then, {\itshape peripheral interchange} utilities were invented to handle bizarre devices. When cathode-{}ray tubes came onto the scene, each manufacturer of consoles solved problems such as console cursor movement in an independent manner, causing further headaches.

It was into this atmosphere that Unix was born. Ken Thompson and Dennis Ritchie, the developers of Unix, deserve credit for packing any number of bright ideas into the operating system. Their approach to device independence was one of the brightest.

The ANSI C {\ttfamily <{}stdio.h>{}} library is based on the original Unix file I/O primitives but casts a wider net to accommodate the least-{}common denominator across varied systems.
\section{Streams}
\label{196}
Input and output, whether to or from physical devices such as terminals and tape drives, or whether to or from files supported on structured storage devices, are mapped into logical data streams, whose properties are more uniform than their various inputs and outputs.  Two forms of mapping are supported: text streams and binary streams.

A text stream consists of one or more lines. A line in a text stream consists of zero or more characters plus a terminating new-{}line character. (The only exception is that in some implementations the last line of a file does not require a terminating new-{}line character.) Unix adopted a standard internal format for all text streams. Each line of text is terminated by a new-{}line character. That\textquotesingle{}s what any program expects when it reads text, and that\textquotesingle{}s what any program produces when it writes text. (This is the most basic convention, and if it doesn\textquotesingle{}t meet the needs of a text-{}oriented peripheral attached to a Unix machine, then the fix-{}up occurs out at the edges of the system. Nothing in between needs to change.) The string of characters that go into, or come out of a text stream may have to be modified to conform to specific conventions. This results in a possible difference between the data that go into a text stream and the data that come out. For instance, in some implementations when a space-{}character precedes a new-{}line character in the input, the space character gets removed out of the output. In general, when the data only consist of printable characters and the control characters horizontal tab and new-{}line, the input and output of a text stream are equal.

Compared to a text stream, a binary stream is pretty straight forward. A binary stream is an ordered sequence of characters that can transparently record internal data. Data written to a binary stream shall always equal the data that gets read out under the same implementation. Binary streams, however, may have an implementation-{}defined number of null characters appended to the end of the stream. There are no further conventions which need to be considered.

Nothing in Unix prevents the program from writing arbitrary 8-{}bit binary codes to any open file, or reading them back unchanged from an adequate repository. Thus, Unix obliterated the long-{}standing distinction between text streams and binary streams.
\section{Standard Streams}
\label{197}
When a C program starts its execution the program automatically opens three standard streams named
{\ttfamily stdin}, {\ttfamily stdout}, and {\ttfamily stderr}. These are attached for every C program.

The first standard stream is used for input buffering and the other two are used for output. These streams are sequences of bytes.

Consider the following program:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}A\ensuremath{\text{ }}example\ensuremath{\text{ }}program.\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main()}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{var;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{scanf\ensuremath{\text{ }}(}\StringTok{"\%d"}\NormalTok{,\ensuremath{\text{ }}&var);\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}use\ensuremath{\text{ }}stdin\ensuremath{\text{ }}for\ensuremath{\text{ }}scanning\ensuremath{\text{ }}an\ensuremath{\text{ }}integer\ensuremath{\text{ }}from\ensuremath{\text{ }}keyboard.\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf\ensuremath{\text{ }}(}\StringTok{"\%d"}\NormalTok{,\ensuremath{\text{ }}var);\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}use\ensuremath{\text{ }}stdout\ensuremath{\text{ }}for\ensuremath{\text{ }}printing\ensuremath{\text{ }}a\ensuremath{\text{ }}character.\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}end\ensuremath{\text{ }}program.\ensuremath{\text{ }}*/}\newline
\end{Highlighting}
\end{Shaded}


By default {\ttfamily stdin} points to the keyboard and {\ttfamily stdout} and {\ttfamily stderr} point to the screen. It is possible under Unix and may be possible under other operating systems to redirect input from or output to a file or both.
\section{{\ttfamily FILE} pointers}
\label{198}
The {\ttfamily <{}stdio.h>{}} header contains a definition for a type {\ttfamily FILE} (usually via a {\ttfamily typedef}) which is capable of processing all the information needed to exercise control over a stream, including its file position indicator, a pointer to the associated buffer (if any), an error indicator that records whether a read/write error has occurred, and an end-{}of-{}file indicator that records whether the end of the file has been reached.

It is considered bad manners to access the contents of {\ttfamily FILE} directly unless the programmer is writing an implementation of {\ttfamily <{}stdio.h>{}} and its contents. Better access to the contents of {\ttfamily FILE} is provided via the functions in {\ttfamily <{}stdio.h>{}}. It can be said that the {\ttfamily FILE} type is an early example of \myhref{http://en.wikipedia.org/wiki/Object-oriented\%20programming}{object-{}oriented programming}.
\section{Opening and Closing Files}
\label{199}
To open and close files, the {\ttfamily <{}stdio.h>{}} library has three functions: {\ttfamily fopen}, {\ttfamily freopen}, and {\ttfamily fclose}.\subsection{Opening Files}
\label{200}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}FILE$\text{ }${}*fopen(const$\text{ }${}char$\text{ }${}*filename,$\text{ }${}const$\text{ }${}char$\text{ }${}*mode);$\text{ }$\newline{}
$\text{ }${}FILE$\text{ }${}*freopen(const$\text{ }${}char$\text{ }${}*filename,$\text{ }${}const$\text{ }${}char$\text{ }${}*mode,$\text{ }${}FILE$\text{ }${}*stream);}


{\ttfamily fopen} and {\ttfamily freopen} opens the file whose name is in the string pointed to by {\ttfamily filename} and associates a stream with it. Both return a pointer to the object controlling the stream, or if the open operation fails a null pointer. The error and end-{}of-{}file indicators are cleared, and if the open operation fails error is set. {\ttfamily freopen} differs from {\ttfamily fopen} in that the file pointed to by {\ttfamily stream} is closed first when already open and any close errors are ignored.

{\ttfamily mode} for both functions points to a string consisting of one of the following sequences:
\\

\TemplateSpaceIndent{$\text{ }${}r$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}open$\text{ }${}a$\text{ }${}text$\text{ }${}file$\text{ }${}for$\text{ }${}reading$\text{ }$\newline{}
$\text{ }${}w$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}truncate$\text{ }${}to$\text{ }${}zero$\text{ }${}length$\text{ }${}or$\text{ }${}create$\text{ }${}a$\text{ }${}text$\text{ }${}file$\text{ }${}for$\text{ }${}writing$\text{ }$\newline{}
$\text{ }${}a$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}append;$\text{ }${}open$\text{ }${}or$\text{ }${}create$\text{ }${}text$\text{ }${}file$\text{ }${}for$\text{ }${}writing$\text{ }${}at$\text{ }${}end-{}of-{}file$\text{ }$\newline{}
$\text{ }${}rb$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}open$\text{ }${}binary$\text{ }${}file$\text{ }${}for$\text{ }${}reading$\text{ }$\newline{}
$\text{ }${}wb$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}truncate$\text{ }${}to$\text{ }${}zero$\text{ }${}length$\text{ }${}or$\text{ }${}create$\text{ }${}a$\text{ }${}binary$\text{ }${}file$\text{ }${}for$\text{ }${}writing$\text{ }$\newline{}
$\text{ }${}ab$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}append;$\text{ }${}open$\text{ }${}or$\text{ }${}create$\text{ }${}binary$\text{ }${}file$\text{ }${}for$\text{ }${}writing$\text{ }${}at$\text{ }${}end-{}of-{}file$\text{ }$\newline{}
$\text{ }${}r+$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}open$\text{ }${}text$\text{ }${}file$\text{ }${}for$\text{ }${}update$\text{ }${}(reading$\text{ }${}and$\text{ }${}writing)$\text{ }$\newline{}
$\text{ }${}w+$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}truncate$\text{ }${}to$\text{ }${}zero$\text{ }${}length$\text{ }${}or$\text{ }${}create$\text{ }${}a$\text{ }${}text$\text{ }${}file$\text{ }${}for$\text{ }${}update$\text{ }$\newline{}
$\text{ }${}a+$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}append;$\text{ }${}open$\text{ }${}or$\text{ }${}create$\text{ }${}text$\text{ }${}file$\text{ }${}for$\text{ }${}update$\text{ }$\newline{}
$\text{ }${}r+b$\text{ }${}or$\text{ }${}rb+$\text{ }${}$\text{ }${}open$\text{ }${}binary$\text{ }${}file$\text{ }${}for$\text{ }${}update$\text{ }${}(reading$\text{ }${}and$\text{ }${}writing)$\text{ }$\newline{}
$\text{ }${}w+b$\text{ }${}or$\text{ }${}wb+$\text{ }${}$\text{ }${}truncate$\text{ }${}to$\text{ }${}zero$\text{ }${}length$\text{ }${}or$\text{ }${}create$\text{ }${}a$\text{ }${}binary$\text{ }${}file$\text{ }${}for$\text{ }${}update$\text{ }$\newline{}
$\text{ }${}a+b$\text{ }${}or$\text{ }${}ab+$\text{ }${}$\text{ }${}append;$\text{ }${}open$\text{ }${}or$\text{ }${}create$\text{ }${}binary$\text{ }${}file$\text{ }${}for$\text{ }${}update}


Opening a file with read mode (\textquotesingle{}{\ttfamily r}\textquotesingle{} as the first character in the {\ttfamily mode} argument) fails if the file does not exist or cannot be read.

Opening a file with append mode (\textquotesingle{}{\ttfamily a}\textquotesingle{} as the first character in the {\ttfamily mode} argument) causes all subsequent writes to the file to be forced to the then-{}current end-{}of-{}file, regardless of intervening calls to the {\ttfamily fseek} function.  In some implementations, opening a binary file with append mode (\textquotesingle{}{\ttfamily b}\textquotesingle{} as the second or third character in the above list of {\ttfamily mode} arguments) may initially position the file position indicator for the stream beyond the last data written, because of null character padding.

When a file is opened with update mode (\textquotesingle{}{\ttfamily +}\textquotesingle{} as the second or third character in the above list of {\ttfamily mode} argument values), both input and output may be performed on the associated stream. However, output may not be directly followed by input without an intervening call to the {\ttfamily fflush} function or to a file positioning function ({\ttfamily fseek}, {\ttfamily fsetpos}, or {\ttfamily rewind}), and input may not be directly followed by output without an intervening call to a file positioning function, unless the input operation encounters end-{}of-{}file. Opening (or creating) a text file with update mode may instead open (or create) a binary stream in some implementations.

When opened, a stream is fully buffered if and only if it can be determined not to refer to an interactive device.
\subsection{Closing Files}
\label{201}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}fclose(FILE$\text{ }${}*stream);}


The {\ttfamily fclose} function causes the stream pointed to by {\ttfamily stream} to be flushed and the associated file to be closed.  Any unwritten buffered data for the stream are delivered to the host environment to be written to the file; any unread buffered data are discarded. The stream is disassociated from the file.  If the associated buffer was automatically allocated, it is deallocated.  The function returns zero if the stream was successfully closed or {\ttfamily EOF} if any errors were detected.\section{Other file access functions}
\label{202}\subsection{The {\ttfamily fflush} function}
\label{203}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}fflush(FILE$\text{ }${}*stream);}


If {\ttfamily stream} points to an output stream or an update stream in which the most recent operation was not input, the {\ttfamily fflush} function causes any unwritten data for that stream to be deferred to the host environment to be written to the file. The behavior of fflush is undefined for input stream.

If {\ttfamily stream} is a null pointer, the {\ttfamily fflush} function performs this flushing action on all streams for which the behavior is defined above.

The {\ttfamily fflush} functions returns {\ttfamily EOF} if a write error occurs, otherwise zero.

The reason for having a {\ttfamily fflush} function is because streams in C can have buffered input/output; that is, functions that write to a file actually write to a buffer inside the {\ttfamily FILE} structure.  If the buffer is filled to capacity, the write functions will call {\ttfamily fflush} to actually \symbol{34}write\symbol{34} the data that is in the buffer to the file. Because {\ttfamily fflush} is only called every once in a while, calls to the operating system to do a raw write are minimized.
\subsection{The {\ttfamily setbuf} function}
\label{204}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}void$\text{ }${}setbuf(FILE$\text{ }${}*stream,$\text{ }${}char$\text{ }${}*buf);}


Except that it returns no value, the {\ttfamily setbuf} function is equivalent to the {\ttfamily setvbuf} function invoked with the values {\ttfamily _IOFBF} for {\ttfamily mode} and {\ttfamily BUFSIZ} for {\ttfamily size}, or (if {\ttfamily buf} is a null pointer) with the value {\ttfamily _IONBF} for {\ttfamily mode}.
\subsection{The {\ttfamily setvbuf} function}
\label{205}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}setvbuf(FILE$\text{ }${}*stream,$\text{ }${}char$\text{ }${}*buf,$\text{ }${}int$\text{ }${}mode,$\text{ }${}size_t$\text{ }${}size);}


The {\ttfamily setvbuf} function may be used only after the stream pointed to by {\ttfamily stream} has been associated with an open file and before any other operation is performed on the stream. The argument {\ttfamily mode} determines how the stream will be buffered, as follows: {\ttfamily _IOFBF} causes input/output to be fully buffered; {\ttfamily _IOLBF} causes input/output to be line buffered; {\ttfamily _IONBF} causes input/output to be unbuffered. If {\ttfamily buf} is not a null pointer, the array it points to may be used instead of a buffer associated by the {\ttfamily setvbuf} function. (The buffer must have a lifetime at least as great as the open stream, so the stream should be closed before a buffer that has automatic storage duration is deallocated upon block exit.) The argument {\ttfamily size} specifies the size of the array. The contents of the array at any time are indeterminate.

The {\ttfamily setvbuf} function returns zero on success, or nonzero if an invalid value is given for {\ttfamily mode} or if the request cannot be honored.
\section{Functions that Modify the File Position Indicator}
\label{206}
The {\ttfamily stdio.h} library has five functions that affect the file position indicator besides those that do reading or writing: {\ttfamily fgetpos}, {\ttfamily fseek}, {\ttfamily fsetpos}, {\ttfamily ftell}, and {\ttfamily rewind}.

The {\ttfamily fseek} and {\ttfamily ftell} functions are older than {\ttfamily fgetpos} and {\ttfamily fsetpos}.\subsection{The {\ttfamily fgetpos} and {\ttfamily fsetpos} functions}
\label{207}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}fgetpos(FILE$\text{ }${}*stream,$\text{ }${}fpos_t$\text{ }${}*pos);$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}fsetpos(FILE$\text{ }${}*stream,$\text{ }${}const$\text{ }${}fpos_t$\text{ }${}*pos);}


The {\ttfamily fgetpos} function stores the current value of the file position indicator for the stream pointed to by {\ttfamily stream} in the object pointed to by {\ttfamily pos}. The value stored contains unspecified information usable by the {\ttfamily fsetpos} function for repositioning the stream to its position at the time of the call to the {\ttfamily fgetpos} function.

If successful, the {\ttfamily fgetpos} function returns zero; on failure, the {\ttfamily fgetpos} function returns nonzero and stores an implementation-{}defined positive value in {\ttfamily errno}.

The {\ttfamily fsetpos} function sets the file position indicator for the stream pointed to by {\ttfamily stream} according to the value of the object pointed to by {\ttfamily pos}, which shall be a value obtained from an earlier call to the {\ttfamily fgetpos} function on the same stream.

A successful call to the {\ttfamily fsetpos} function clears the end-{}of-{}file indicator for the stream and undoes any effects of the {\ttfamily ungetc} function on the same stream.  After an {\ttfamily fsetpos} call, the next operation on an update stream may be either input or output.

If successful, the {\ttfamily fsetpos} function returns zero; on failure, the {\ttfamily fsetpos} function returns nonzero and stores an implementation-{}defined positive value in {\ttfamily errno}.
\subsection{The {\ttfamily fseek} and {\ttfamily ftell} functions}
\label{208}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}fseek(FILE$\text{ }${}*stream,$\text{ }${}long$\text{ }${}int$\text{ }${}offset,$\text{ }${}int$\text{ }${}whence);$\text{ }$\newline{}
$\text{ }${}long$\text{ }${}int$\text{ }${}ftell(FILE$\text{ }${}*stream);}


The {\ttfamily fseek} function sets the file position indicator for the stream pointed to by {\ttfamily stream}.

For a binary stream, the new position, measured in characters from the beginning of the file, is obtained by adding {\ttfamily offset} to the position specified by {\ttfamily whence}.  Three macros in {\ttfamily stdio.h} called {\ttfamily SEEK_SET}, {\ttfamily SEEK_CUR}, and {\ttfamily SEEK_END} expand to unique values. If the position specified by {\ttfamily whence} is {\ttfamily SEEK_SET}, the specified position is the beginning of the file; if {\ttfamily whence} is {\ttfamily SEEK_END}, the specified position is the end of the file; and if {\ttfamily whence} is {\ttfamily SEEK_CUR}, the specified position is the current file position. A binary stream need not meaningfully support {\ttfamily fseek} calls with a {\ttfamily whence} value of {\ttfamily SEEK_END}.

For a text stream, either {\ttfamily offset} shall be zero, or {\ttfamily offset} shall be a value returned by an earlier call to the {\ttfamily ftell} function on the same stream and {\ttfamily whence} shall be {\ttfamily SEEK_SET}.

The {\ttfamily fseek} function returns nonzero only for a request that cannot be satisfied.

The {\ttfamily ftell} function obtains the current value of the file position indicator for the stream pointed to by {\ttfamily stream}.  For a binary stream, the value is the number of characters from the beginning of the file; for a text stream, its file position indicator contains unspecified information, usable by the {\ttfamily fseek} function for returning the file position indicator for the stream to its position at the time of the {\ttfamily ftell} call; the difference between two such return values is not necessarily a meaningful measure of the number of characters written or read.

If successful, the {\ttfamily ftell} function returns the current value of the file position indicator for the stream. On failure, the {\ttfamily ftell} function returns {\ttfamily -{}1L} and stores an implementation-{}defined positive value in {\ttfamily errno}.\subsection{The {\ttfamily rewind} function}
\label{209}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}void$\text{ }${}rewind(FILE$\text{ }${}*stream);}


The {\ttfamily rewind} function sets the file position indicator for the stream pointed to by {\ttfamily stream} to the beginning of the file.  It is equivalent to
\\

\TemplateSpaceIndent{$\text{ }${}(void)fseek(stream,$\text{ }${}0L,$\text{ }${}SEEK_SET)}


except that the error indicator for the stream is also cleared. \section{Error Handling Functions}
\label{210}\subsection{The {\ttfamily clearerr} function}
\label{211}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}void$\text{ }${}clearerr(FILE$\text{ }${}*stream);}


The {\ttfamily clearerr} function clears the end-{}of-{}file and error indicators for the stream pointed to by {\ttfamily stream}.\subsection{The {\ttfamily feof} function}
\label{212}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}feof(FILE$\text{ }${}*stream);}


The {\ttfamily feof} function tests the end-{}of-{}file indicator for the stream pointed to by {\ttfamily stream} and returns nonzero if and only if the end-{}of-{}file indicator is set for {\ttfamily stream}, otherwise it returns zero.\subsection{The {\ttfamily ferror} function}
\label{213}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}ferror(FILE$\text{ }${}*stream);}


The {\ttfamily ferror} function tests the error indicator for the stream pointed to by {\ttfamily stream} and returns nonzero if and only if the error indicator is set for {\ttfamily stream}, otherwise it returns zero.\subsection{The {\ttfamily perror} function}
\label{214}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}void$\text{ }${}perror(const$\text{ }${}char$\text{ }${}*s);}


The {\ttfamily perror} function maps the error number in the integer expression {\ttfamily errno} to an error message. It writes a sequence of characters to the standard error stream thus: first, if {\ttfamily s} is not a null pointer and the character pointed to by {\ttfamily s} is not the null character, the string pointed to by {\ttfamily s} followed by a colon ({\ttfamily :}) and a space; then an appropriate error message string followed by a new-{}line character. The contents of the error message are the same as those returned by the {\ttfamily strerror} function with the argument {\ttfamily errno}, which are implementation-{}defined.
\section{Other Operations on Files}
\label{215}
The {\ttfamily stdio.h} library has a variety of functions that do some operation on files besides reading and writing.
\subsection{The {\ttfamily remove} function}
\label{216}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}remove(const$\text{ }${}char$\text{ }${}*filename);}


The {\ttfamily remove} function causes the file whose name is the string pointed to by {\ttfamily filename} to be no longer accessible by that name.  A subsequent attempt to open that file using that name will fail, unless it is created anew.  If the file is open, the behavior of the {\ttfamily remove} function is implementation-{}defined.

The {\ttfamily remove} function returns zero if the operation succeeds, nonzero if it fails.
\subsection{The {\ttfamily rename} function}
\label{217}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}rename(const$\text{ }${}char$\text{ }${}*old_filename,$\text{ }${}const$\text{ }${}char$\text{ }${}*new_filename);}


The {\ttfamily rename} function causes the file whose name is the string pointed to by {\ttfamily old_filename} to be henceforth known by the name given by the string pointed to by {\ttfamily new_filename}.  The file named {\ttfamily old_filename} is no longer accessible by that name.  If a file named by the string pointed to by {\ttfamily new_filename} exists prior to the call to the {\ttfamily rename} function, the behavior is implementation-{}defined.

The {\ttfamily rename} function returns zero if the operation succeeds, nonzero if it fails, in which case if the file existed previously it is still known by its original name.
\subsection{The {\ttfamily tmpfile} function}
\label{218}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}FILE$\text{ }${}*tmpfile(void);}


The {\ttfamily tmpfile} function creates a temporary binary file that will automatically be removed when it is closed or at program termination.  If the program terminates abnormally, whether an open temporary file is removed is implementation-{}defined.  The file is opened for update with {\ttfamily \symbol{34}wb+\symbol{34}} mode.

The {\ttfamily tmpfile} function returns a pointer to the stream of the file that it created.  If the file cannot be created, the {\ttfamily tmpfile} function returns a null pointer.
\subsection{The {\ttfamily tmpnam} function}
\label{219}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}char$\text{ }${}*tmpnam(char$\text{ }${}*s);}


The {\ttfamily tmpnam} function generates a string that is a valid file name and that is not the name of an existing file.

The {\ttfamily tmpnam} function generates a different string each time it is called, up to {\ttfamily TMP_MAX} times. ({\ttfamily TMP_MAX} is a macro defined in {\ttfamily stdio.h}.) If it is called more than {\ttfamily TMP_MAX} times, the behavior is implementation-{}defined.

The implementation shall behave as if no library function calls the {\ttfamily tmpnam} function.

If the argument is a null pointer, the {\ttfamily tmpnam} function leaves its result in an internal static object and returns a pointer to that object.  Subsequent calls to the {\ttfamily tmpnam} function may modify the same object. If the argument is not a null pointer, it is assumed to point to an array of at least {\ttfamily L_tmpnam} characters ({\ttfamily L_tmpnam} is another macro in {\ttfamily stdio.h}); the {\ttfamily tmpnam} function writes its result in that array and returns the argument as its value.

The value of the macro {\ttfamily TMP_MAX} must be at least 25.
\section{Reading from Files}
\label{220}\subsection{Character Input Functions}
\label{221}\subsubsection{The {\ttfamily fgetc} function}
\label{222}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}fgetc(FILE$\text{ }${}*stream);}


The {\ttfamily fgetc} function obtains the next character (if present) as an {\ttfamily unsigned char} converted to an {\ttfamily int}, from the input stream pointed to by {\ttfamily stream}, and advances the associated file position indicator for the stream (if defined). 

The {\ttfamily fgetc} function returns the next character from the input stream pointed to by {\ttfamily stream}. If the stream is at end-{}of-{}file, the end-{}of-{}file indicator for the stream is set and {\ttfamily fgetc} returns {\ttfamily EOF} ({\ttfamily EOF} is a negative value defined in {\ttfamily <{}stdio.h>{}}, usually {\ttfamily (-{}1)}). If a read error occurs, the error indicator for the stream is set and {\ttfamily fgetc} returns {\ttfamily EOF}.
\subsubsection{The {\ttfamily fgets} function}
\label{223}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}char$\text{ }${}*fgets(char$\text{ }${}*s,$\text{ }${}int$\text{ }${}n,$\text{ }${}FILE$\text{ }${}*stream);}


The {\ttfamily fgets} function reads at most one less than the number of characters specified by {\ttfamily n} from the stream pointed to by {\ttfamily stream} into the array pointed to by {\ttfamily s}. No additional characters are read after a new-{}line character (which is retained) or after end-{}of-{}file. A null character is written immediately after the last character read into the array.

The {\ttfamily fgets} function returns {\ttfamily s} if successful. If end-{}of-{}file is encountered and no characters have been read into the array, the contents of the array remain unchanged and a null pointer is returned. If a read error occurs during the operation, the array contents are indeterminate and a null pointer is returned.

Warning: Different operating systems may use different character sequences to represent the end-{}of-{}line sequence. For example, some filesystems use the terminator {\ttfamily \textbackslash{}r\textbackslash{}n} in text files; {\ttfamily fgets} may read those lines, removing the {\ttfamily \textbackslash{}n} but keeping the {\ttfamily \textbackslash{}r} as the last character of {\ttfamily s}. This expurious character should be removed in the string {\ttfamily s} before the string is used for anything (unless the programmer doesn\textquotesingle{}t care about it). Unixes typically use {\ttfamily \textbackslash{}n} as its end-{}of-{}line sequence, MS-{}DOS and Windows uses {\ttfamily \textbackslash{}r\textbackslash{}n}, and Mac OSes used {\ttfamily \textbackslash{}r} before OS X.
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\subsubsection{The {\ttfamily getc} function}
\label{224}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}getc(FILE$\text{ }${}*stream);}


The {\ttfamily getc} function is equivalent to {\ttfamily fgetc}, except that it may be implemented as a macro. If it is implemented as a macro, the {\ttfamily stream} argument may be evaluated more than once, so the argument should never be an expression with side effects (i.e. have an assignment, increment, or decrement operators, or be a function call).

The {\ttfamily getc} function returns the next character from the input stream pointed to by {\ttfamily stream}. If the stream is at end-{}of-{}file, the end-{}of-{}file indicator for the stream is set and {\ttfamily getc} returns {\ttfamily EOF} ({\ttfamily EOF} is a negative value defined in {\ttfamily <{}stdio.h>{}}, usually {\ttfamily (-{}1)}). If a read error occurs, the error indicator for the stream is set and {\ttfamily getc} returns {\ttfamily EOF}.
\subsubsection{The {\ttfamily getchar} function}
\label{225}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}getchar(void);}


The {\ttfamily getchar} function is equivalent to {\ttfamily getc} with the argument {\ttfamily stdin}.

The {\ttfamily getchar} function returns the next character from the input stream pointed to by {\ttfamily stdin}. If {\ttfamily stdin} is at end-{}of-{}file, the end-{}of-{}file indicator for {\ttfamily stdin} is set and {\ttfamily getchar} returns {\ttfamily EOF} ({\ttfamily EOF} is a negative value defined in {\ttfamily <{}stdio.h>{}}, usually {\ttfamily (-{}1)}). If a read error occurs, the error indicator for {\ttfamily stdin} is set and {\ttfamily getchar} returns {\ttfamily EOF}.
\subsubsection{The {\ttfamily gets} function}
\label{226}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}char$\text{ }${}*gets(char$\text{ }${}*s);}


The {\ttfamily gets} function reads characters from the input stream pointed to by {\ttfamily stdin} into the array pointed to by {\ttfamily s} until an end-{}of-{}file is encountered or a new-{}line character is read. Any new-{}line character is discarded, and a null character is written immediately after the last character read into the array.

The {\ttfamily gets} function returns {\ttfamily s} if successful. If the end-{}of-{}file is encountered and no characters have been read into the array, the contents of the array remain unchanged and a null pointer is returned. If a read error occurs during the operation, the array contents are indeterminate and a null pointer is returned.

This function and description is only included here for completeness. Most C programmers nowadays shy away from using {\ttfamily gets}, as there is no way for the function to know how big the buffer is that the programmer wants to read into. Commandment \#5 of \myhref{http://en.wikipedia.org/wiki/Henry\%20Spencer\%20}{ Henry Spencer}\textquotesingle{}s {\itshape The Ten Commandments for C Programmers (Annotated Edition)} reads, \symbol{34}Thou shalt check the array bounds of all strings (indeed, all arrays), for surely where thou typest {\itshape foo} someone someday shall type {\itshape supercalifragilisticexpialidocious}.\symbol{34} It mentions {\ttfamily gets} in the annotation: \symbol{34}As demonstrated by the deeds of the Great Worm, a consequence of this commandment is that robust production software should never make use of {\ttfamily gets()}, for it is truly a tool of the Devil. Thy interfaces should always inform thy servants of the bounds of thy arrays, and servants who spurn such advice or quietly fail to follow it should be dispatched forthwith to the Land Of Rm, where they can do no further harm to thee.\symbol{34}
\subsubsection{The {\ttfamily ungetc} function}
\label{227}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}ungetc(int$\text{ }${}c,$\text{ }${}FILE$\text{ }${}*stream);}


The {\ttfamily ungetc} function pushes the character specified by {\ttfamily c} (converted to an {\ttfamily unsigned char}) back onto the input stream pointed to by stream. The pushed-{}back characters will be returned by subsequent reads on that stream in the reverse order of their pushing. A successful intervening call (with the stream pointed to by {\ttfamily stream}) to a file-{}positioning function ({\ttfamily fseek}, {\ttfamily fsetpos}, or {\ttfamily rewind}) discards any pushed-{}back characters for the stream. The external storage corresponding to the stream is unchanged.

One character of pushback is guaranteed. If the {\ttfamily ungetc} function is called too many times on the same stream without an intervening read or file positioning operation on that stream, the operation may fail.

If the value of {\ttfamily c} equals that of the macro {\ttfamily EOF}, the operation fails and the input stream is unchanged.

A successful call to the {\ttfamily ungetc} function clears the end-{}of-{}file indicator for the stream. The value of the file position indicator for the stream after reading or discarding all pushed-{}back characters shall be the same as it was before the characters were pushed back. For a text stream, the value of its file-{}position indicator after a successful call to the {\ttfamily ungetc} function is unspecified until all pushed-{}back characters are read or discarded. For a binary stream, its file position indicator is decremented by each successful call to the {\ttfamily ungetc} function; if its value was zero before a call, it is indeterminate after the call.

The {\ttfamily ungetc} function returns the character pushed back after conversion, or {\ttfamily EOF} if the operation fails.

\subsection{EOF pitfall}
\label{228}
A mistake when using {\ttfamily fgetc}, {\ttfamily getc}, or {\ttfamily getchar} is to assign the result to a variable of type {\ttfamily char} {\itshape before} comparing it to {\ttfamily EOF}. The following code fragments exhibit this mistake, and then show the correct approach (using type int):
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Consider a system in which the type {\ttfamily char} is 8{\mbox{$~$}}bits wide, representing 256{\mbox{$~$}}different values. {\ttfamily getchar} may return any of the 256{\mbox{$~$}}possible characters, and it also may return {\ttfamily EOF} to indicate \myhref{http://en.wikibooks.org/wiki/end-of-file}{end-{}of-{}file}, for a total of 257 different possible return values.

When {\ttfamily getchar}\textquotesingle{}s result is assigned to a {\ttfamily char}, which can represent only 256 different values, there is necessarily some loss of information—when packing 257{\mbox{$~$}}items into 256{\mbox{$~$}}slots, there \myhref{http://en.wikibooks.org/wiki/Pigeonhole\%20principle}{must be a collision}. The {\ttfamily EOF} value, when converted to {\ttfamily char}, becomes indistinguishable from whichever one of the 256 characters shares its numerical value. If that character is found in the file, the above example may mistake it for an end-{}of-{}file indicator; or, just as bad, if type {\ttfamily char} is unsigned, then because {\ttfamily EOF} is negative, it can never be equal to any unsigned {\ttfamily char}, so the above example will not terminate at end-{}of-{}file. It will loop forever, repeatedly printing the character which results from converting {\ttfamily EOF} to {\ttfamily char}.

However, this looping failure mode does not occur if the char definition is signed (C makes the signedness of the default char type implementation-{}dependent),\myfootnote{C99 §6.2.5/15}  assuming the commonly used \myhref{http://en.wikibooks.org/wiki/End-of-file}{{\ttfamily EOF} value of -{}1}.  However, the fundamental issue remains that if the {\ttfamily EOF} value is defined outside of the range of the {\ttfamily char} type, when assigned to a {\ttfamily char} that value is sliced and will no longer match the full {\ttfamily EOF} value necessary to exit the loop.  On the other hand, if {\ttfamily EOF} is within range of {\ttfamily char}, this guarantees a collision between {\ttfamily EOF} and a char value.  Thus, regardless of how system types are defined, never use {\ttfamily char} types when testing against {\ttfamily EOF}.

On systems where {\ttfamily int} and {\ttfamily char} are the same size (i.e., systems incompatible with minimally the POSIX and C99 standards), even the \symbol{34}good\symbol{34} example will suffer from the indistinguishability of {\ttfamily EOF} and some character\textquotesingle{}s value. The proper way to handle this situation is to check {\ttfamily \myhref{http://en.wikibooks.org/wiki/feof}{feof}} and {\ttfamily \myhref{http://en.wikibooks.org/wiki/ferror}{ferror}} after {\ttfamily getchar} returns {\ttfamily EOF}. If {\ttfamily feof} indicates that end-{}of-{}file has not been reached, and {\ttfamily ferror} indicates that no errors have occurred, then the {\ttfamily EOF} returned by {\ttfamily getchar} can be assumed to represent an actual character. These extra checks are rarely done, because most programmers assume that their code will never need to run on one of these \symbol{34}big {\ttfamily char}\symbol{34} systems. Another way is to use a compile-{}time assertion to make sure that {\ttfamily UINT_MAX >{} UCHAR_MAX}, which at least prevents a program with such an assumption from compiling in such a system.

\subsection{Direct input function: the {\ttfamily fread} function}
\label{229}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}size_t$\text{ }${}fread(void$\text{ }${}*ptr,$\text{ }${}size_t$\text{ }${}size,$\text{ }${}size_t$\text{ }${}nmemb,$\text{ }${}FILE$\text{ }${}*stream);}


The {\ttfamily fread} function reads, into the array pointed to by {\ttfamily ptr}, up to {\ttfamily nmemb} elements whose size is specified by {\ttfamily size}, from the stream pointed to by {\ttfamily stream}. The file position indicator for the stream (if defined) is advanced by the number of characters successfully read. If an error occurs, the resulting value of the file position indicator for the stream is indeterminate. If a partial element is read, its value is indeterminate.

The {\ttfamily fread} function returns the number of elements successfully read, which may be less than {\ttfamily nmemb} if a read error or end-{}of-{}file is encountered. If {\ttfamily size} or {\ttfamily nmemb} is zero, {\ttfamily fread} returns zero and the contents of the array and the state of the stream remain unchanged.
\subsection{Formatted input functions: the {\ttfamily scanf} family of functions}
\label{230}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}fscanf(FILE$\text{ }${}*stream,$\text{ }${}const$\text{ }${}char$\text{ }${}*format,$\text{ }${}...);$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}scanf(const$\text{ }${}char$\text{ }${}*format,$\text{ }${}...);$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}sscanf(const$\text{ }${}char$\text{ }${}*s,$\text{ }${}const$\text{ }${}char$\text{ }${}*format,$\text{ }${}...);}


The {\ttfamily fscanf} function reads input from the stream pointed to by {\ttfamily stream}, under control of the string pointed to by {\ttfamily format} that specifies the admissible sequences and how they are to be converted for assignment, using subsequent arguments as pointers to the objects to receive converted input. If there are insufficient arguments for the format, the behavior is undefined. If the format is exhausted while arguments remain, the excess arguments are evaluated (as always) but are otherwise ignored.

The format shall be a multibyte character sequence, beginning and ending in its initial shift state. The format is composed of zero or more directives: one or more white-{}space characters; an ordinary multibyte character (neither {\ttfamily \%} or a white-{}space character); or a conversion specification. Each conversion specification is introduced by the character {\ttfamily \%}. After the {\ttfamily \%}, the following appear in sequence:
\begin{myitemize}
\item{} An optional assignment-{}suppressing character {\ttfamily *}.
\item{} An optional nonzero decimal integer that specifies the maximum field width.
\item{} An optional {\ttfamily h}, {\ttfamily l} (ell) or {\ttfamily L} indicating the size of the receiving object. The conversion specifiers {\ttfamily d}, {\ttfamily i}, and {\ttfamily n} shall be preceded by {\ttfamily h} if the corresponding argument is a pointer to {\ttfamily short int} rather than a pointer to {\ttfamily int}, or by {\ttfamily l} if it is a pointer to {\ttfamily long int}. Similarly, the conversion specifiers {\ttfamily o}, {\ttfamily u}, and {\ttfamily x} shall be preceded by {\ttfamily h} if the corresponding argument is a pointer to {\ttfamily unsigned short int} rather than {\ttfamily unsigned int}, or by {\ttfamily l} if it is a pointer to {\ttfamily unsigned long int}. Finally, the conversion specifiers {\ttfamily e}, {\ttfamily f}, and {\ttfamily g} shall be preceded by {\ttfamily l} if the corresponding argument is a pointer to {\ttfamily double} rather than a pointer to {\ttfamily float}, or by {\ttfamily L} if it is a pointer to {\ttfamily long double}. If an {\ttfamily h}, {\ttfamily l}, or {\ttfamily L} appears with any other format specifier, the behavior is undefined.
\item{} A character that specifies the type of conversion to be applied. The valid conversion specifiers are described below.
\end{myitemize}


The {\ttfamily fscanf} function executes each directive of the format in turn. If a directive fails, as detailed below, the {\ttfamily fscanf} function returns. Failures are described as input failures (due to the unavailability of input characters) or matching failures (due to inappropriate input).

A directive composed of white-{}space character(s) is executed by reading input up to the first non-{}white-{}space character (which remains unread) or until no more characters remain unread.

A directive that is an ordinary multibyte character is executed by reading the next characters of the stream. If one of the characters differs from one comprising the directive, the directive fails, and the differing and subsequent characters remain unread.

A directive that is a conversion specification defines a set of matching input sequences, as described below for each specifier. A conversion specification is executed in the following steps:

Input white-{}space characters (as specified by the {\ttfamily isspace} function) are skipped, unless the specification includes a {\ttfamily {$\text{[}$}}, {\ttfamily c}, or {\ttfamily n} specifier. (The white-{}space characters are not counted against the specified field width.)

An input item is read from the stream, unless the specification includes an {\ttfamily n} specifier. An input item is defined as the longest matching sequences of input characters, unless that exceeds a specified field width, in which case it is the initial subsequence of that length in the sequence. The first character, if any, after the input item remains unread. If the length of the input item is zero, the execution of the directive fails; this condition is a matching failure, unless an error prevented input from the stream, in which case it is an input failure.

Except in the case of a {\ttfamily \%} specifier, the input item (or, in the case of a {\ttfamily \%n} directive, the count of input characters) is converted to a type appropriate to the conversion specifier. If the input item is not a matching sequence, the execution of the directive fails; this condition is a matching failure. Unless assignment suppression was indicated by a {\ttfamily *}, the result of the conversion is placed in the object pointed to by the first argument following the {\ttfamily format} argument that has not already received a conversion result. If this object does not have an appropriate type, or if the result of the conversion cannot be represented in the space provided, the behavior is undefined.

The following conversion specifiers are valid:
{\bfseries
\begin{mydescription} {\ttfamily d} 
\end{mydescription}
}
\begin{myquote}\item{} Matches an optionally signed decimal integer, whose format is the same as expected for the subject sequence of the {\ttfamily strtol} function with the value 10 for the {\ttfamily base} argument. The corresponding argument shall be a pointer to integer.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily i} 
\end{mydescription}
}
\begin{myquote}\item{} Matches an optionally signed integer, whose format is the same as expected for the subject sequence of the {\ttfamily strtol} function with the value 0 for the {\ttfamily base} argument. The corresponding argument shall be a pointer to integer.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily o} 
\end{mydescription}
}
\begin{myquote}\item{} Matches an optionally signed octal integer, whose format is the same as expected for the subject sequence of the {\ttfamily strtoul} function with the value 8 for the {\ttfamily base} argument. The corresponding argument shall be a pointer to unsigned integer.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily u} 
\end{mydescription}
}
\begin{myquote}\item{} Matches an optionally signed decimal integer, whose format is the same as expected for the subject sequence of the {\ttfamily strtoul} function with the value 10 for the {\ttfamily base} argument. The corresponding argument shall be a pointer to unsigned integer.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily x} 
\end{mydescription}
}
\begin{myquote}\item{} Matches an optionally signed hexadecimal integer, whose format is the same as expected for the subject sequence of the {\ttfamily strtoul} function with the value 16 for the {\ttfamily base} argument. The corresponding argument shall be a pointer to unsigned integer.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily e}, {\ttfamily f}, {\ttfamily g} 
\end{mydescription}
}
\begin{myquote}\item{} Matches an optionally signed floating-{}point number, whose format is the same as expected for the subject string of the {\ttfamily strtod} function. The corresponding argument will be a pointer to floating.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily s} 
\end{mydescription}
}
\begin{myquote}\item{} Matches a sequence of non-{}white-{}space characters. (No special provisions are made for multibyte characters.) The corresponding argument shall be a pointer to the initial character of an array large enough to accept the sequence and a terminating null character, which will be added automatically.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily {$\text{[}$}} 
\end{mydescription}
}
\begin{myquote}\item{} Matches a nonempty sequence of characters (no special provisions are made for multibyte characters) from a set of expected characters (the {\itshape scanset}). The corresponding argument shall be a pointer to the initial character of an array large enough to accept the sequence and a terminating null character, which will be added automatically. The conversion specifier includes all subsequent characters in the {\ttfamily format} string, up to and including the matching right bracket ({\ttfamily {$\text{]}$}}). The characters between the brackets (the {\itshape scanlist}) comprise the scanset, unless the character after the left bracket is a circumflex ({\ttfamily \^{}}), in which case the scanset contains all the characters that do not appear in the scanlist between the circumflex and the right bracket. If the conversion specifier begins with {\ttfamily {$\text{[}$}{$\text{]}$}} or {\ttfamily {$\text{[}$}\^{}{$\text{]}$}}, the right-{}bracket character is in the scanlist and the next right bracket character is the matching right bracket that ends the specification; otherwise, the first right bracket character is the one that ends the specification. If a {\ttfamily -{}} character is in the scanlist and is not the first, nor the second where the first character is a {\ttfamily \^{}}, nor the last character, the behavior is implementation-{}defined.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily c} 
\end{mydescription}
}
\begin{myquote}\item{} Matches a sequence of characters (no special provisions are made for multibyte characters) of the number specified by the field width (1 if no field width is present in the directive). The corresponding argument shall be a pointer to the initial character of an array large enough to accept the sequence. No null character is added.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily p} 
\end{mydescription}
}
\begin{myquote}\item{} Matches an implementation-{}defined set of sequences, which should be the same as the set of sequences that may be produced by the {\ttfamily \%p} conversion of the {\ttfamily fprintf} function. The corresponding argument shall be a pointer to {\ttfamily void}. The interpretation of the input then is implementation-{}defined. If the input item is a value converted earlier during the same program execution, the pointer that results shall compare equal to that value; otherwise the behavior of the {\ttfamily \%p} conversion is undefined.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily n} 
\end{mydescription}
}
\begin{myquote}\item{} No input is consumed. The corresponding argument shall be a pointer to integer into which is to be written the number of characters read from the input stream so far by this call to the {\ttfamily fscanf} function. Execution of a {\ttfamily \%n} directive does not increment the assignment count returned at the completion of execution of the {\ttfamily fscanf} function.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily \%} 
\end{mydescription}
}
\begin{myquote}\item{} Matches a single {\ttfamily \%}; no conversion or assignment occurs. The complete conversion specification shall be {\ttfamily \%\%}.
\end{myquote}


If a conversion specification is invalid, the behavior is undefined.

The conversion specifiers {\ttfamily E}, {\ttfamily G}, and {\ttfamily X} are also valid and behave the same as, respectively, {\ttfamily e}, {\ttfamily g}, and {\ttfamily x}.

If end-{}of-{}file is encountered during input, conversion is terminated. If end-{}of-{}file occurs before any characters matching the current directive have been read (other than leading white space, where permitted), execution of the current directive terminates with an input failure; otherwise, unless execution of the current directive is terminated with a matching failure, execution of the following directive (if any) is terminated with an input failure.

If conversion terminates on a conflicting input character, the offending input character is left unread in the input stream. Trailing white space (including new-{}line characters) is left unread unless matched by a directive. The success of literal matches and suppressed assignments is not directly determinable other than via the {\ttfamily \%n} directive.

The {\ttfamily fscanf} function returns the value of the macro {\ttfamily EOF} if an input failure occurs before any conversion. Otherwise, the {\ttfamily fscanf} function returns the number of input items assigned, which can be fewer than provided for, or even zero, in the event of an early matching failure.

The {\ttfamily scanf} function is equivalent to {\ttfamily fscanf} with the argument {\ttfamily stdin} interposed before the arguments to {\ttfamily scanf}. Its return value is similar to that of {\ttfamily fscanf}.

The {\ttfamily sscanf} function is equivalent to {\ttfamily fscanf}, except that the argument {\ttfamily s} specifies a string from which the input is to be obtained, rather than from a stream. Reaching the end of the string is equivalent to encountering the end-{}of-{}file for the {\ttfamily fscanf} function. If copying takes place between objects that overlap, the behavior is undefined.
\section{Writing to Files}
\label{231}\subsection{Character Output Functions}
\label{232}\subsubsection{The {\ttfamily fputc} function}
\label{233}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}fputc(int$\text{ }${}c,$\text{ }${}FILE$\text{ }${}*stream);}


The {\ttfamily fputc} function writes the character specified by {\ttfamily c} (converted to an {\ttfamily unsigned char}) to the stream pointed to by {\ttfamily stream} at the position indicated by the associated file position indicator (if defined), and advances the indicator appropriately. If the file cannot support positioning requests, or if the stream is opened with append mode, the character is appended to the output stream. The function returns the character written, unless a write error occurs, in which case the error indicator for the stream is set and {\ttfamily fputc} returns {\ttfamily EOF}.
\subsubsection{The {\ttfamily fputs} function}
\label{234}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}fputs(const$\text{ }${}char$\text{ }${}*s,$\text{ }${}FILE$\text{ }${}*stream);}


The {\ttfamily fputs} function writes the string pointed to by {\ttfamily s} to the stream pointed to by {\ttfamily stream}. The terminating null character is not written. The function returns {\ttfamily EOF} if a write error occurs, otherwise it returns a nonnegative value.
\subsubsection{The {\ttfamily putc} function}
\label{235}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}putc(int$\text{ }${}c,$\text{ }${}FILE$\text{ }${}*stream);}


The {\ttfamily putc} function is equivalent to {\ttfamily fputc}, except that if it is implemented as a macro, it may evaluate {\ttfamily stream} more than once, so the argument should never be an expression with side effects. The function returns the character written, unless a write error occurs, in which case the error indicator for the stream is set and the function returns {\ttfamily EOF}.
\subsubsection{The {\ttfamily putchar} function}
\label{236}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}putchar(int$\text{ }${}c);}


The {\ttfamily putchar} function is equivalent to {\ttfamily putc} with the second argument {\ttfamily stdout}. It returns the character written, unless a write error occurs, in which case the error indicator for {\ttfamily stdout} is set and the function returns {\ttfamily EOF}.
\subsubsection{The {\ttfamily puts} function}
\label{237}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}puts(const$\text{ }${}char$\text{ }${}*s);}


The {\ttfamily puts} function writes the string pointed to by {\ttfamily s} to the stream pointed to by {\ttfamily stdout}, and appends a new-{}line character to the output. The terminating null character is not written. The function returns {\ttfamily EOF} if a write error occurs; otherwise, it returns a nonnegative value.
\subsection{Direct output function: the {\ttfamily fwrite} function}
\label{238}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}size_t$\text{ }${}fwrite(const$\text{ }${}void$\text{ }${}*ptr,$\text{ }${}size_t$\text{ }${}size,$\text{ }${}size_t$\text{ }${}nmemb,$\text{ }${}FILE$\text{ }${}*stream);}


The {\ttfamily fwrite} function writes, from the array pointed to by {\ttfamily ptr}, up to {\ttfamily nmemb} elements whose size is specified by {\ttfamily size} to the stream pointed to by {\ttfamily stream}. The file position indicator for the stream (if defined) is advanced by the number of characters successfully written. If an error occurs, the resulting value of the file position indicator for the stream is indeterminate. The function returns the number of elements successfully written, which will be less than {\ttfamily nmemb} only if a write error is encountered.
\subsection{Formatted output functions: the {\ttfamily printf} family of functions}
\label{239}\\

\TemplateSpaceIndent{$\text{ }${}\#include$\text{ }${}<{}stdarg.h>{}$\text{ }$\newline{}
$\text{ }${}\#include$\text{ }${}<{}stdio.h>{}$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}fprintf(FILE$\text{ }${}*stream,$\text{ }${}const$\text{ }${}char$\text{ }${}*format,$\text{ }${}...);$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}printf(const$\text{ }${}char$\text{ }${}*format,$\text{ }${}...);$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}sprintf(char$\text{ }${}*s,$\text{ }${}const$\text{ }${}char$\text{ }${}*format,$\text{ }${}...);$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}vfprintf(FILE$\text{ }${}*stream,$\text{ }${}const$\text{ }${}char$\text{ }${}*format,$\text{ }${}va_list$\text{ }${}arg);$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}vprintf(const$\text{ }${}char$\text{ }${}*format,$\text{ }${}va_list$\text{ }${}arg);$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}vsprintf(char$\text{ }${}*s,$\text{ }${}const$\text{ }${}char$\text{ }${}*format,$\text{ }${}va_list$\text{ }${}arg);}


{\itshape Note: Some length specifiers and format specifiers are new in C99. These may not be available in older compilers and versions of the stdio library, which adhere to the C89/C90 standard. Wherever possible, the new ones will be marked with (C99).}

The {\ttfamily fprintf} function writes output to the stream pointed to by {\ttfamily stream} under control of the string pointed to by {\ttfamily format} that specifies how subsequent arguments are converted for output. If there are insufficient arguments for the format, the behavior is
undefined. If the format is exhausted while arguments remain, the excess arguments are evaluated (as always) but are otherwise ignored. The {\ttfamily fprintf } function returns when the end of the format string is encountered.

The format shall be a multibyte character sequence, beginning and ending in its initial shift state. The format is composed of zero or more directives: ordinary multibyte characters (not {\ttfamily \%}), which are copied unchanged to the output stream; and conversion specifications, each of which results in fetching zero or more subsequent arguments, converting them, if applicable, according to the corresponding conversion specifier, and then writing the result to the output stream.

Each conversion specification is introduced by the character {\ttfamily \%}. After the {\ttfamily \%}, the following appear in sequence:

\begin{myitemize}
\item{}  Zero or more flags (in any order) that modify the meaning of the conversion specification.
\item{}  An optional minimum field width. If the converted value has fewer characters than the field width, it is padded with spaces (by default) on the left (or right, if the left adjustment flag, described later, has been given) to the field width. The field width takes the form of an asterisk {\ttfamily *} (described later) or a decimal integer. (Note that 0 is taken as a flag, not as the beginning of a field width.)
\item{} An optional precision that gives the minimum number of digits to appear for the {\ttfamily d}, {\ttfamily i}, {\ttfamily o}, {\ttfamily u}, {\ttfamily x}, and {\ttfamily X} conversions, the number of digits to appear after the decimal-{}point character for {\ttfamily a}, {\ttfamily A}, {\ttfamily e}, {\ttfamily E}, {\ttfamily f}, and {\ttfamily F} conversions, the maximum number of significant digits for the {\ttfamily g} and {\ttfamily G} conversions, or the maximum number of characters to be written from a string in {\ttfamily s} conversions. The precision takes the form of a period ({\ttfamily .}) followed either by an asterisk {\ttfamily *} (described later) or by an optional decimal integer; if only the period is specified, the precision is taken as zero. If a precision appears with any other conversion specifier, the behavior is undefined. Floating-{}point numbers are {\itshape rounded} to fit the precision; i.e. {\ttfamily printf(\symbol{34}\%1.1f\textbackslash{}n\symbol{34}, 1.19);} produces {\ttfamily 1.2}.
\item{}  An optional length modifier that specifies the size of the argument.
\item{}  A conversion specifier character that specifies the type of conversion to be applied.
\end{myitemize}


As noted above, a field width, or precision, or both, may be indicated by an asterisk. In this case, an {\ttfamily int} argument supplies the field width or precision. The arguments specifying field width, or precision, or both, shall appear (in that order) before the argument (if any) to be converted. A negative field width argument is taken as a {\ttfamily -{}} flag followed by a positive field width. A negative precision argument is taken as if the precision were omitted.

The flag characters and their meanings are:{\bfseries
\begin{mydescription} {\ttfamily -{}} 
\end{mydescription}
}
\begin{myquote}\item{} The result of the conversion is left-{}justified within the field. (It is right-{}justified if this flag is not specified.)
\end{myquote}
{\bfseries
\begin{mydescription} {\ttfamily +} 
\end{mydescription}
}
\begin{myquote}\item{} The result of a signed conversion always begins with a plus or minus sign. (It begins with a sign only when a negative value is converted if this flag is not specified. The results of all floating conversions of a negative zero, and of negative values that round to zero, include a minus sign.)
\end{myquote}
{\bfseries
\begin{mydescription} {\itshape space} 
\end{mydescription}
}
\begin{myquote}\item{} If the first character of a signed conversion is not a sign, or if a signed conversion results in no characters, a space is prefixed to the result. If the space and {\ttfamily +} flags both appear, the space flag is ignored.
\end{myquote}
{\bfseries
\begin{mydescription} {\ttfamily \#} 
\end{mydescription}
}
\begin{myquote}\item{} The result is converted to an \symbol{34}alternative form\symbol{34}. For {\ttfamily o} conversion, it increases the precision, if and only if necessary, to force the first digit of the result to be a zero (if the value and precision are both 0, a single 0 is printed). For {\ttfamily x} (or {\ttfamily X}) conversion, a nonzero result has {\ttfamily 0x} (or {\ttfamily 0X}) prefixed to it. For {\ttfamily a}, {\ttfamily A}, {\ttfamily e}, {\ttfamily E}, {\ttfamily f}, {\ttfamily F}, {\ttfamily g}, and {\ttfamily G} conversions, the result always contains a decimal-{}point character, even if no digits follow it. (Normally, a decimal-{}point character appears in the result of these conversions only if a digit follows it.) For {\ttfamily g} and {\ttfamily G} conversions, trailing zeros are not removed from the result. For other conversions, the behavior is undefined.
\end{myquote}
{\bfseries
\begin{mydescription} {\ttfamily 0} 
\end{mydescription}
}
\begin{myquote}\item{} For {\ttfamily d}, {\ttfamily i}, {\ttfamily o}, {\ttfamily u}, {\ttfamily x}, {\ttfamily X}, {\ttfamily a}, {\ttfamily A}, {\ttfamily e}, {\ttfamily E}, {\ttfamily f}, {\ttfamily F}, {\ttfamily g}, and {\ttfamily G} conversions, leading zeros (following any indication of sign or base) are used to pad to the field width; no space padding is performed. If the {\ttfamily 0} and {\ttfamily -{}} flags both appear, the {\ttfamily 0} flag is ignored. For {\ttfamily d}, {\ttfamily i}, {\ttfamily o}, {\ttfamily u}, {\ttfamily x}, and {\ttfamily X} conversions, if a precision is specified, the {\ttfamily 0} flag is ignored. For other conversions, the behavior is undefined.
\end{myquote}


The length modifiers and their meanings are:{\bfseries
\begin{mydescription} {\ttfamily hh} 
\end{mydescription}
}
\begin{myquote}\item{} (C99) Specifies that a following {\ttfamily d}, {\ttfamily i}, {\ttfamily o}, {\ttfamily u}, {\ttfamily x}, or {\ttfamily X} conversion specifier applies to a {\ttfamily signed char} or {\ttfamily unsigned char} argument (the argument will have been promoted according to the integer promotions, but its value shall be converted to {\ttfamily signed char} or {\ttfamily unsigned char} before printing); or that a following {\ttfamily n} conversion specifier applies to a pointer to a {\ttfamily signed char} argument.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily h} 
\end{mydescription}
}
\begin{myquote}\item{} Specifies that a following {\ttfamily d}, {\ttfamily i}, {\ttfamily o}, {\ttfamily u}, {\ttfamily x}, or {\ttfamily X} conversion specifier applies to a {\ttfamily short int} or {\ttfamily unsigned short int} argument (the argument will have been promoted according to the integer promotions, but its value shall be converted to {\ttfamily short int} or {\ttfamily unsigned short int} before printing); or that a following {\ttfamily n} conversion specifier applies to a pointer to a {\ttfamily short int} argument.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily l} (ell) 
\end{mydescription}
}
\begin{myquote}\item{} Specifies that a following {\ttfamily d}, {\ttfamily i}, {\ttfamily o}, {\ttfamily u}, {\ttfamily x}, or {\ttfamily X} conversion specifier applies to a {\ttfamily long int} or {\ttfamily unsigned long int} argument; that a following {\ttfamily n} conversion specifier applies to a pointer to a {\ttfamily long int} argument; (C99) that a following {\ttfamily c} conversion specifier applies to a {\ttfamily wint_t} argument; (C99) that a following {\ttfamily s} conversion specifier applies to a pointer to a {\ttfamily wchar_t} argument; or has no effect on a following {\ttfamily a}, {\ttfamily A}, {\ttfamily e}, {\ttfamily E}, {\ttfamily f}, {\ttfamily F}, {\ttfamily g}, or {\ttfamily G} conversion specifier.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily ll} (ell-{}ell) 
\end{mydescription}
}
\begin{myquote}\item{} (C99) Specifies that a following {\ttfamily d}, {\ttfamily i}, {\ttfamily o}, {\ttfamily u}, {\ttfamily x}, or {\ttfamily X} conversion specifier applies to a {\ttfamily long long int} or {\ttfamily unsigned long long int} argument; or that a following {\ttfamily n} conversion specifier applies to a pointer to a {\ttfamily long long int} argument.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily j} 
\end{mydescription}
}
\begin{myquote}\item{} (C99) Specifies that a following {\ttfamily d}, {\ttfamily i}, {\ttfamily o}, {\ttfamily u}, {\ttfamily x}, or {\ttfamily X} conversion specifier applies to an {\ttfamily intmax_t} or {\ttfamily uintmax_t} argument; or that a following {\ttfamily n} conversion specifier applies to a pointer to an {\ttfamily intmax_t} argument.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily z} 
\end{mydescription}
}
\begin{myquote}\item{} (C99) Specifies that a following {\ttfamily d}, {\ttfamily i}, {\ttfamily o}, {\ttfamily u}, {\ttfamily x}, or {\ttfamily X} conversion specifier applies to a {\ttfamily size_t} or the corresponding signed integer type argument; or that a following {\ttfamily n} conversion specifier applies to a pointer to a signed integer type corresponding to {\ttfamily size_t} argument.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily t} 
\end{mydescription}
}
\begin{myquote}\item{} (C99) Specifies that a following {\ttfamily d}, {\ttfamily i}, {\ttfamily o}, {\ttfamily u}, {\ttfamily x}, or {\ttfamily X} conversion specifier applies to a {\ttfamily ptrdiff_t} or the corresponding unsigned integer type argument; or that a following {\ttfamily n} conversion specifier applies to a pointer to a {\ttfamily ptrdiff_t} argument.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily L} 
\end{mydescription}
}
\begin{myquote}\item{} Specifies that a following {\ttfamily a}, {\ttfamily A}, {\ttfamily e}, {\ttfamily E}, {\ttfamily f}, {\ttfamily F}, {\ttfamily g}, or {\ttfamily G} conversion specifier applies to a {\ttfamily long double} argument.
\end{myquote}


If a length modifier appears with any conversion specifier other than as specified above, the behavior is undefined.

The conversion specifiers and their meanings are:
{\bfseries
\begin{mydescription} {\ttfamily d}, {\ttfamily i} 
\end{mydescription}
}
\begin{myquote}\item{} The {\ttfamily int} argument is converted to signed decimal in the style {\itshape {$\text{[}$}}{\ttfamily {\bfseries −}}{\itshape {$\text{]}$}dddd}. The precision specifies the minimum number of digits to appear; if the value being converted can be represented in fewer digits, it is expanded with leading zeros. The default precision is 1. The result of converting a zero value with a precision of zero is no characters.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily o}, {\ttfamily u}, {\ttfamily x}, {\ttfamily X} 
\end{mydescription}
}
\begin{myquote}\item{} The {\ttfamily unsigned int} argument is converted to unsigned octal ({\ttfamily o}), unsigned decimal ({\ttfamily u}), or unsigned hexadecimal notation ({\ttfamily x} or {\ttfamily X}) in the style {\itshape dddd}; the letters {\ttfamily {\bfseries abcdef}} are used for {\ttfamily x} conversion and the letters {\ttfamily {\bfseries ABCDEF}} for {\ttfamily X} conversion. The precision specifies the minimum number of digits to appear; if the value being converted can be represented in fewer digits, it is expanded with leading zeros. The default precision is 1. The result of converting a zero value with a precision of zero is no characters.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily f}, {\ttfamily F} 
\end{mydescription}
}
\begin{myquote}\item{} A {\ttfamily double} argument representing a (finite) floating-{}point number is converted to decimal notation in the style {\itshape {$\text{[}$}}{\ttfamily −}{\itshape {$\text{]}$}ddd}{\ttfamily .}{\itshape ddd}, where the number of digits after the decimal-{}point character is equal to the precision specification. If the precision is missing, it is taken as 6; if the precision is zero and the {\ttfamily \#} flag is not specified, no decimal-{}point character appears. If a decimal-{}point character appears, at least one digit appears before it. The value is rounded to the appropriate number of digits.$\text{ }$\newline{}
(C99) A {\ttfamily double} argument representing an infinity is converted in one of the styles {\itshape {$\text{[}$}}{\ttfamily -{}}{\itshape {$\text{]}$}}{\ttfamily inf} or {\itshape {$\text{[}$}}{\ttfamily -{}}{\itshape {$\text{]}$}}{\ttfamily infinity} {\mbox{$\text{---}$}} which style is implementation-{}defined. A double argument representing a NaN is converted in one of the styles {\itshape {$\text{[}$}}{\ttfamily -{}}{\itshape {$\text{]}$}}{\ttfamily nan} or {\itshape {$\text{[}$}}{\ttfamily -{}}{\itshape {$\text{]}$}}{\ttfamily nan(}{\itshape n-{}char-{}sequence}{\ttfamily )} {\mbox{$\text{---}$}} which style, and the meaning of any {\itshape n-{}char-{}sequence}, is implementation-{}defined. The {\ttfamily F} conversion specifier produces {\ttfamily INF}, {\ttfamily INFINITY}, or {\ttfamily NAN} instead of {\ttfamily inf}, {\ttfamily infinity}, or {\ttfamily nan}, respectively. (When applied to infinite and NaN values, the {\ttfamily -{}}, {\ttfamily +}, and {\itshape space} flags have their usual meaning; the {\ttfamily \#} and {\ttfamily 0} flags have no effect.)
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily e}, {\ttfamily E} 
\end{mydescription}
}
\begin{myquote}\item{} A {\ttfamily double} argument representing a (finite) floating-{}point number is converted in the style {\itshape {$\text{[}$}}{\ttfamily −}{\itshape {$\text{]}$}d}{\ttfamily .}{\itshape ddd}{\ttfamily e{\mbox{$\pm$}}}{\itshape dd}, where there is one digit (which is nonzero if the argument is nonzero) before the decimal-{}point character and the number of digits after it is equal to the precision; if the precision is missing, it is taken as 6; if the precision is zero and the {\ttfamily \#} flag is not specified, no decimal-{}point character appears. The value is rounded to the appropriate number of digits. The {\ttfamily E} conversion specifier produces a number with {\ttfamily E} instead of {\ttfamily e} introducing the exponent. The exponent always contains at least two digits, and only as many more digits as necessary to represent the exponent. If the value is zero, the exponent is zero.$\text{ }$\newline{}
(C99) A {\ttfamily double} argument representing an infinity or NaN is converted in the style of an {\ttfamily f} or {\ttfamily F} conversion specifier.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily g}, {\ttfamily G} 
\end{mydescription}
}
\begin{myquote}\item{} A {\ttfamily double} argument representing a (finite) floating-{}point number is converted in style {\ttfamily f} or {\ttfamily e} (or in style {\ttfamily F} or {\ttfamily E} in the case of a {\ttfamily G} conversion specifier), with the precision specifying the number of significant digits. If the precision is zero, it is taken as 1. The style used depends on the value converted; style {\ttfamily e} (or {\ttfamily E}) is used only if the exponent resulting from such a conversion is less than {\mbox{$-$}}4 or greater than or equal to the precision. Trailing zeros are removed from the fractional portion of the result unless the {\ttfamily \#} flag is specified; a decimal-{}point character appears only if it is followed by a digit.$\text{ }$\newline{}
(C99) A {\ttfamily double} argument representing an infinity or NaN is converted in the style of an {\ttfamily f} or {\ttfamily F} conversion specifier.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily a}, {\ttfamily A} 
\end{mydescription}
}
\begin{myquote}\item{} (C99) A double argument representing a (finite) floating-{}point number is converted in the style {\itshape {$\text{[}$}}{\ttfamily −}{\itshape {$\text{]}$}}{\ttfamily 0x}{\itshape h}{\ttfamily .}{\itshape hhhh}{\ttfamily p{\mbox{$\pm$}}}{\itshape d}, where there is one hexadecimal digit (which is nonzero if the argument is a normalized floating-{}point number and is otherwise unspecified) before the decimal-{}point character (Binary implementations can choose the hexadecimal digit to the left of the decimal-{}point character so that subsequent digits align to nibble {$\text{[}$}4-{}bit{$\text{]}$} boundaries.) and the number of hexadecimal digits after it is equal to the precision; if the precision is missing and {\ttfamily FLT_RADIX} is a power of 2, then the precision is sufficient for an exact representation of the value; if the precision is missing and {\ttfamily FLT_RADIX} is not a power of 2, then the precision is sufficient to distinguish (The precision {\itshape p} is sufficient to distinguish values of the source type if 16\textsuperscript{{\itshape p}{\mbox{$-$}}1} >{} {\itshape b\textsuperscript{n}} where {\itshape b} is {\ttfamily FLT_RADIX} and {\itshape n} is the number of base-{}{\itshape b} digits in the significand of the source type. A smaller {\itshape p} might suffice depending on the implementation\textquotesingle{}s scheme for determining the digit to the left of the decimal-{}point character.) values of type {\ttfamily double}, except that trailing zeros may be omitted; if the precision is zero and the {\ttfamily \#} flag is not specified, no decimal-{}point character appears. The letters {\ttfamily {\bfseries abcdef}} are used for {\ttfamily a} conversion and the letters {\ttfamily {\bfseries ABCDEF}} for {\ttfamily A} conversion. The {\ttfamily A} conversion specifier produces a number with {\ttfamily X} and {\ttfamily P} instead of {\ttfamily x} and {\ttfamily p}. The exponent always contains at least one digit, and only as many more digits as necessary to represent the decimal exponent of 2. If the value is zero, the exponent is zero.$\text{ }$\newline{}
A {\ttfamily double} argument representing an infinity or NaN is converted in the style of an {\ttfamily f} or {\ttfamily F} conversion specifier.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily c} 
\end{mydescription}
}
\begin{myquote}\item{} If no {\ttfamily l} length modifier is present, the {\ttfamily int} argument is converted to an {\ttfamily unsigned char}, and the resulting character is written.$\text{ }$\newline{}
(C99) If an {\ttfamily l} length modifier is present, the {\ttfamily wint_t} argument is converted as if by an {\ttfamily ls} conversion specification with no precision and an argument that points to the initial element of a two-{}element array of {\ttfamily wchar_t}, the first element containing the {\ttfamily wint_t} argument to the {\ttfamily lc} conversion specification and the second a null wide character.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily s} 
\end{mydescription}
}
\begin{myquote}\item{} If no {\ttfamily l} length modifier is present, the argument shall be a pointer to the initial element of an array of character type. (No special provisions are made for multibyte characters.) Characters from the array are written up to (but not including) the terminating null character. If the precision is specified, no more than that many characters are written. If the precision is not specified or is greater than the size of the array, the array shall contain a null character.$\text{ }$\newline{}
(C99) If an {\ttfamily l} length modifier is present, the argument shall be a pointer to the initial element of an array of {\ttfamily wchar_t} type. Wide characters from the array are converted to multibyte characters (each as if by a call to the {\ttfamily wcrtomb} function, with the conversion state described by an {\ttfamily mbstate_t} object initialized to zero before the first wide character is converted) up to and including a terminating null wide character. The resulting multibyte characters are written up to (but not including) the terminating null character (byte). If no precision is specified, the array shall contain a null wide character. If a precision is specified, no more than that many characters (bytes) are written (including shift sequences, if any), and the array shall contain a null wide character if, to equal the multibyte character sequence length given by the precision, the function would need to access a wide character one past the end of the array. In no case is a partial multibyte character written. (Redundant shift sequences may result if multibyte characters have a state-{}dependent encoding.)
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily p} 
\end{mydescription}
}
\begin{myquote}\item{} The argument shall be a pointer to {\ttfamily void}. The value of the pointer is converted to a sequence of printable characters, in an implementation-{}defined manner.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily n} 
\end{mydescription}
}
\begin{myquote}\item{} The argument shall be a pointer to signed integer into which is written the number of characters written to the output stream so far by this call to {\ttfamily fprintf}. No argument is converted, but one is consumed. If the conversion specification includes any flags, a field width, or a precision, the behavior is undefined.
\end{myquote}

{\bfseries
\begin{mydescription} {\ttfamily \%} 
\end{mydescription}
}
\begin{myquote}\item{} A {\ttfamily \%} character is written. No argument is converted. The complete conversion specification shall be {\ttfamily \%\%}.
\end{myquote}


If a conversion specification is invalid, the behavior is undefined. If any argument is not the correct type for the corresponding coversion specification, the behavior is undefined.

In no case does a nonexistent or small field width cause truncation of a field; if the result of a conversion is wider than the field width, the field is expanded to contain the conversion result.

For {\ttfamily a} and {\ttfamily A} conversions, if {\ttfamily FLT_RADIX} is a power of 2, the value is correctly rounded to a hexadecimal floating number with the given precision.

It is recommended practice that if {\ttfamily FLT_RADIX} is not a power of 2, the result should be one of the two adjacent numbers in hexadecimal floating style with the given precision, with the extra stipulation that the error should have a correct sign for the current rounding direction.

It is recommended practice that for {\ttfamily e}, {\ttfamily E}, {\ttfamily f}, {\ttfamily F}, {\ttfamily g}, and {\ttfamily G} conversions, if the number of significant decimal digits is at most {\ttfamily DECIMAL_DIG}, then the result should be correctly rounded. (For binary-{}to-{}decimal conversion, the result format\textquotesingle{}s values are the numbers representable with the given format specifier. The number of significant digits is determined by the format specifier, and in the case of fixed-{}point conversion by the source value as well.) If the number of significant decimal digits is more than {\ttfamily DECIMAL_DIG} but the source value is exactly representable with {\ttfamily DECIMAL_DIG} digits, then the result should be an exact representation with trailing zeros. Otherwise, the source value is bounded by two adjacent decimal strings {\itshape L <{} U}, both having {\ttfamily DECIMAL_DIG} significant digits; the value of the resultant decimal string {\itshape D} should satisfy {\itshape L {\mbox{$\leq$}} D {\mbox{$\leq$}} U}, with the extra stipulation that the error should have a correct sign for the current rounding direction.

The {\ttfamily fprintf} function returns the number of characters transmitted, or a negative value if an output or encoding error occurred.

The {\ttfamily printf} function is equivalent to {\ttfamily fprintf} with the argument {\ttfamily stdout} interposed before the arguments to {\ttfamily printf}. It returns the number of characters transmitted, or a negative value if an output error occurred.

The {\ttfamily sprintf} function is equivalent to {\ttfamily fprintf}, except that the argument {\ttfamily s} specifies an array into which the generated input is to be written, rather than to a stream. A null character is written at the end of the characters written; it is not counted as part of the returned sum. If copying takes place between objects that overlap, the behavior is undefined. The function returns the number of characters written in the array, not counting the terminating null character.

The {\ttfamily vfprintf} function is equivalent to {\ttfamily fprintf}, with the variable argument list replaced by {\ttfamily arg}, which shall have been initialized by the {\ttfamily va_start} macro (and possibly subsequent {\ttfamily va_arg} calls). The {\ttfamily vfprintf} function does not invoke the {\ttfamily va_end} macro. The function returns the number of characters transmitted, or a negative value if an output error occurred.

The {\ttfamily vprintf} function is equivalent to {\ttfamily printf}, with the variable argument list replaced by {\ttfamily arg}, which shall have been initialized by the {\ttfamily va_start} macro (and possibly subsequent {\ttfamily va_arg} calls). The {\ttfamily vprintf} function does not invoke the {\ttfamily va_end} macro. The function returns the number of characters transmitted, or a negative value if an output error occurred.

The {\ttfamily vsprintf} function is equivalent to {\ttfamily sprintf}, with the variable argument list replaced by {\ttfamily arg}, which shall have been initialized by the {\ttfamily va_start} macro (and possibly subsequent {\ttfamily va_arg} calls). The {\ttfamily vsprintf} function does not invoke the {\ttfamily va_end} macro. If copying takes place between objects that overlap, the behavior is undefined. The function returns the number of characters written into the array, not counting the terminating null character.

\section{References}
\label{240}
\LaTeXNullTemplate{}
\myhref{http://pl.wikibooks.org/wiki/C\%2FCzytanie\%20i\%20pisanie\%20do\%20plik\%F3w}{pl:C/Czytanie i pisanie do plików}
\LaTeXNullTemplate{}\chapter{Beginning exercises}

\myminitoc
\label{241}





\label{242}
\LaTeXNullTemplate{}
\section{Variables}
\label{243}\subsection{Naming}
\label{244}

\begin{myenumerate}
\item{}  Can a variable name start with a number?
\item{}  Can a variable name start with a typographical symbol (e.g. \#, *, _)?
\item{}  Give an example of a C variable name that would {\itshape not} work.  Why doesn\textquotesingle{}t it work?
\end{myenumerate}


\LaTeXDoubleBoxOpenTemplate{Solution}{
\begin{myenumerate}
\item{}  No, the name of a variable must begin with a letter (lowercase or uppercase), or an underscore.
\item{}  Only the underscore can be used.
\item{}  for example, {\bfseries \#nm*rt} is not allowed because \# and * are not the valid characters for the name of a variable.

\TemplatePreformat{$\text{ }$\newline{}
\#include<{}stdio.h>{}$\text{ }$\newline{}
main()$\text{ }$\newline{}
\{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}int$\text{ }${}a,b,c,max;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}clrscr();$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}printf(\symbol{34}\textbackslash{}nenter$\text{ }${}three$\text{ }${}numbers$\text{ }${}\symbol{34});$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}scanf(\symbol{34}\%d$\text{ }${}\%d$\text{ }${}\%d\symbol{34},\&a,\&b,\&c);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}max=a;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}if(max<{}b)$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}max=b;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}if(max<{}c)$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}max=c;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}printf(\symbol{34}\textbackslash{}nlargest=\%d$\text{ }${}\textbackslash{}n\symbol{34},max);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}getch();$\text{ }$\newline{}
\}$\text{ }$\newline{}
}

\end{myenumerate}
}
\subsection{Data Types}
\label{245}

\begin{myenumerate}
\item{}  List at least three data types in C
\begin{myenumerate}
\item{}  On your computer, how much memory does each require?
\item{}  Which ones can be used in place of another?  Why?
\begin{myenumerate}
\item{}  Are there any limitations on these uses?
\item{}  If so, what are they?
\item{}  Is it necessary to do anything special to use the alternative?
\end{myenumerate}

\end{myenumerate}

\item{}  Can the name we use for a data type (e.g. \textquotesingle{}int\textquotesingle{}, \textquotesingle{}float\textquotesingle{}) be used as a variable?
\end{myenumerate}


\LaTeXDoubleBoxOpenTemplate{Solution}{
\begin{myitemize}
\item{}  3 data types : {\bfseries long int}, {\bfseries short int},{\bfseries float}.
\item{}  On my computer :
\begin{myitemize}
\item{}  long int : 4 byte
\item{}  short int : 2 bytes
\item{}  float : 4 bytes
\end{myitemize}

\item{}  we can not use \textquotesingle{}int\textquotesingle{} or \textquotesingle{}float\textquotesingle{} as a variable\textquotesingle{}s name.

\end{myitemize}
}
\subsection{Assignment}
\label{246}

\begin{myenumerate}
\item{}  How would you assign the value 3.14 to a variable called pi?
\item{}  Is it possible to assign an {\itshape int} to a {\itshape double}?  
\begin{myenumerate}
\item{}  Is the reverse possible?
\end{myenumerate}

\end{myenumerate}


\LaTeXDoubleBoxOpenTemplate{Solution}{
\begin{myitemize}
\item{} 
\TemplatePreformat{$\text{ }$\newline{}
double$\text{ }${}pi;$\text{ }$\newline{}
pi=3.14;$\text{ }$\newline{}
}
\item{}  Extra credit for the following answer
\TemplatePreformat{$\text{ }$\newline{}
const$\text{ }${}float$\text{ }${}pi$\text{ }${}=$\text{ }${}3.14;$\text{ }$\newline{}
}
Since pi is a constant, good programming convention dictates to make it unchangeable during runtime.
\item{}  Yes, for example :
\TemplatePreformat{$\text{ }$\newline{}
int$\text{ }${}a=67;$\text{ }$\newline{}
double$\text{ }${}b;$\text{ }$\newline{}
b=a;$\text{ }$\newline{}
}
\item{}  Yes, but a cast is necessary and the double is truncated:
\TemplatePreformat{$\text{ }$\newline{}
double$\text{ }${}a=89;$\text{ }$\newline{}
int$\text{ }${}b;$\text{ }$\newline{}
b=(int)$\text{ }${}a;$\text{ }$\newline{}
}


\end{myitemize}
}
\subsection{Referencing}
\label{247}

\begin{myenumerate}
\item{}  A common mistake for new students is reversing the assignment statement.  Suppose you want to assign the value stored in the variable \symbol{34}pi\symbol{34} to another variable, say \symbol{34}pi2\symbol{34}:
\begin{myenumerate}
\item{}  What is the correct statement?
\item{}  What is the reverse?  Is this a valid C statement (even if it gives incorrect results)?
\item{}  What if you wanted to assign a constant value (like 3.1415) to \symbol{34}pi2\symbol{34}:  
\begin{myquote}
\item{}  {\bfseries a}. What would the correct statement look like?
\item{}  {\bfseries b}. Would the reverse be a valid or invalid C statement?
\end{myquote}

\end{myenumerate}

\end{myenumerate}


\LaTeXDoubleBoxOpenTemplate{Solution}{
\begin{myenumerate}
\item{}  {\ttfamily pi2 = pi;}
\item{}  The reverse, {\ttfamily pi = pi2;} is a valid C statement if {\ttfamily pi} is not a constant.
\item{}  {\bfseries a}. {\ttfamily pi2 = 3.1415;}$\text{ }$\newline{}
{\bfseries b}. The reverse: {\ttfamily 3.1415 = pi2;} is not valid since it is impossible to assign a value to a literal.

\end{myenumerate}
}
\section{Simple I/O}
\label{248}
\subsection{Input}
\label{249}
\begin{myenumerate}
\item{}  scanf() is a very powerful function.  Describe some features that make it so versatile.
\item{}  Write the scanf() function call that will read into the variable \symbol{34}var\symbol{34}:
\begin{myenumerate}
\item{}  a float
\item{}  an int
\item{}  a double
\end{myenumerate}

\end{myenumerate}


\LaTeXDoubleBoxOpenTemplate{Solution}{


\begin{Shaded}
\begin{Highlighting}[]

\NormalTok{scanf(}\StringTok{"\%f"}\NormalTok{,&var);\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{//read\ensuremath{\text{ }}float\ensuremath{\text{ }}into\ensuremath{\text{ }}var}\newline
\NormalTok{scanf(}\StringTok{"\%d"}\NormalTok{,&var);\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{//read\ensuremath{\text{ }}int\ensuremath{\text{ }}into\ensuremath{\text{ }}var}\newline
\NormalTok{scanf(}\StringTok{"\%lf"}\NormalTok{,\ensuremath{\text{ }}&var);\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{//read\ensuremath{\text{ }}double\ensuremath{\text{ }}into\ensuremath{\text{ }}var}\newline
\end{Highlighting}
\end{Shaded}

}
\subsection{String manipulation}
\label{250}
1. Write a program that prompts the user for a string, and prints its reverse.
\LaTeXDoubleBoxOpenTemplate{Solution}{
One possible solution could be:

\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main(}\DataTypeTok{void}\NormalTok{)}\newline
\NormalTok{\{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{s[}\DecValTok{81}\NormalTok{];\ensuremath{\text{ }}}\CommentTok{//\ensuremath{\text{ }}A\ensuremath{\text{ }}string\ensuremath{\text{ }}of\ensuremath{\text{ }}upto\ensuremath{\text{ }}80\ensuremath{\text{ }}chars\ensuremath{\text{ }}+\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}0\textquotesingle{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{puts(}\StringTok{"Please\ensuremath{\text{ }}write\ensuremath{\text{ }}a\ensuremath{\text{ }}string:\ensuremath{\text{ }}"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{fgets(s,\ensuremath{\text{ }}}\DecValTok{81}\NormalTok{,\ensuremath{\text{ }}stdin);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{puts(}\StringTok{"Your\ensuremath{\text{ }}sentence\ensuremath{\text{ }}in\ensuremath{\text{ }}reverse:\ensuremath{\text{ }}"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(i=\ensuremath{\text{ }}strlen(s)-}\DecValTok{1}\NormalTok{;\ensuremath{\text{ }}i\ensuremath{\text{ }}>=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}i--)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(s[i]\ensuremath{\text{ }}==\ensuremath{\text{ }}}\CharTok{\textquotesingle{}\textbackslash{}n\textquotesingle{}}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{continue}\NormalTok{;\ensuremath{\text{ }}}\CommentTok{//\ensuremath{\text{ }}don\textquotesingle{}t\ensuremath{\text{ }}write\ensuremath{\text{ }}newline}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{putchar(s[i]);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{putchar(}\CharTok{\textquotesingle{}\textbackslash{}n\textquotesingle{}}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

}
2. Write a program that prompts the user for a sentence, and prints each word on its own line.
\LaTeXDoubleBoxOpenTemplate{Solution}{One possible solution could be:

\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main(}\DataTypeTok{void}\NormalTok{)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{s[}\DecValTok{81}\NormalTok{],\ensuremath{\text{ }}word[}\DecValTok{81}\NormalTok{];}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{n=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}idx=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{puts(}\StringTok{"Please\ensuremath{\text{ }}write\ensuremath{\text{ }}a\ensuremath{\text{ }}sentence:"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{fgets(s,\ensuremath{\text{ }}}\DecValTok{81}\NormalTok{,\ensuremath{\text{ }}stdin);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}\%s\ensuremath{\text{ }}matches\ensuremath{\text{ }}a\ensuremath{\text{ }}sequence\ensuremath{\text{ }}of\ensuremath{\text{ }}non-whitespace\ensuremath{\text{ }}character,\ensuremath{\text{ }}which\ensuremath{\text{ }}is\ensuremath{\text{ }}a}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}fair\ensuremath{\text{ }}definition\ensuremath{\text{ }}of\ensuremath{\text{ }}"word"\ensuremath{\text{ }}in\ensuremath{\text{ }}this\ensuremath{\text{ }}context.}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*\ensuremath{\text{ }}\%n\ensuremath{\text{ }}matches\ensuremath{\text{ }}nothing,\ensuremath{\text{ }}but\ensuremath{\text{ }}stores\ensuremath{\text{ }}the\ensuremath{\text{ }}number\ensuremath{\text{ }}of\ensuremath{\text{ }}characters\ensuremath{\text{ }}that\ensuremath{\text{ }}have}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}been\ensuremath{\text{ }}processed.\ensuremath{\text{ }}i.e.\ensuremath{\text{ }}if\ensuremath{\text{ }}s\ensuremath{\text{ }}is\ensuremath{\text{ }}"Hello,\ensuremath{\text{ }}World!",\ensuremath{\text{ }}then\ensuremath{\text{ }}word\ensuremath{\text{ }}and\ensuremath{\text{ }}n}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}will\ensuremath{\text{ }}be\ensuremath{\text{ }}"Hello,"\ensuremath{\text{ }}and\ensuremath{\text{ }}6\ensuremath{\text{ }}respectively\ensuremath{\text{ }}in\ensuremath{\text{ }}the\ensuremath{\text{ }}first\ensuremath{\text{ }}iteration.\ensuremath{\text{ }}In}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}the\ensuremath{\text{ }}second\ensuremath{\text{ }}iteration\ensuremath{\text{ }}they\ensuremath{\text{ }}will\ensuremath{\text{ }}be\ensuremath{\text{ }}"World!"\ensuremath{\text{ }}and\ensuremath{\text{ }}7\ensuremath{\text{ }}(6\ensuremath{\text{ }}chars\ensuremath{\text{ }}+}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}the\ensuremath{\text{ }}space\ensuremath{\text{ }}in\ensuremath{\text{ }}front\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}word).}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{(\ensuremath{\text{ }}sscanf(&s[idx],\ensuremath{\text{ }}}\StringTok{"\%s\%n"}\NormalTok{,\ensuremath{\text{ }}word,\ensuremath{\text{ }}&n)\ensuremath{\text{ }}>\ensuremath{\text{ }}}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{idx\ensuremath{\text{ }}+=\ensuremath{\text{ }}n;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{puts(word);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

}
\subsection{Loops}
\label{251}
1. Write a function that outputs a right isosceles triangle of height and width {\itshape n}, so {\itshape n = 6} would look like
\TemplatePreformat{$\text{ }$\newline{}
*$\text{ }$\newline{}
**$\text{ }$\newline{}
***$\text{ }$\newline{}
****$\text{ }$\newline{}
*****$\text{ }$\newline{}
******$\text{ }$\newline{}
}
\LaTeXDoubleBoxOpenTemplate{Solution}{
One possible solution:

\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{isosceles(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{n)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{x,y;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(y=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}y\ensuremath{\text{ }}<\ensuremath{\text{ }}n;\ensuremath{\text{ }}y++)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(x=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}x\ensuremath{\text{ }}<=\ensuremath{\text{ }}y;\ensuremath{\text{ }}x++)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{putchar(\textquotesingle{}*\textquotesingle{});}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{putchar(}\CharTok{\textquotesingle{}\textbackslash{}n\textquotesingle{}}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

} 
2. Write a function that outputs a sideways triangle of height {\itshape 2n-{}1} and width {\itshape n}, so the output for {\itshape n = 4} would be:
\TemplatePreformat{$\text{ }$\newline{}
*$\text{ }$\newline{}
**$\text{ }$\newline{}
***$\text{ }$\newline{}
****$\text{ }$\newline{}
***$\text{ }$\newline{}
**$\text{ }$\newline{}
*$\text{ }$\newline{}
}
\LaTeXDoubleBoxOpenTemplate{Solution}{
One possible solution:

\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{sideways(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{n)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{x,y;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(y=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}y\ensuremath{\text{ }}<\ensuremath{\text{ }}n;\ensuremath{\text{ }}y++)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(x=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}x\ensuremath{\text{ }}<=\ensuremath{\text{ }}y;\ensuremath{\text{ }}x++)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{putchar(\textquotesingle{}*\textquotesingle{});}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{putchar(}\CharTok{\textquotesingle{}\textbackslash{}n\textquotesingle{}}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(y=\ensuremath{\text{ }}n}\DecValTok{-1}\NormalTok{;\ensuremath{\text{ }}y\ensuremath{\text{ }}>\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}y--)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(x=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}x\ensuremath{\text{ }}<\ensuremath{\text{ }}y;\ensuremath{\text{ }}x++)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{putchar(\textquotesingle{}*\textquotesingle{});}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{putchar(}\CharTok{\textquotesingle{}\textbackslash{}n\textquotesingle{}}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

}

3. Write a function that outputs a right-{}side-{}up triangle of height {\itshape n} and width {\itshape 2n-{}1}; the output for {\itshape n = 6} would be:
\TemplatePreformat{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}*$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}***$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}*****$\text{ }$\newline{}
$\text{ }${}$\text{ }${}*******$\text{ }$\newline{}
$\text{ }${}*********$\text{ }$\newline{}
***********$\text{ }$\newline{}
}
\LaTeXDoubleBoxOpenTemplate{Solution}{
One possible solution:

\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{right_side_up(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{n)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{x,y;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(y=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{;\ensuremath{\text{ }}y\ensuremath{\text{ }}<=\ensuremath{\text{ }}n;\ensuremath{\text{ }}y++)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(x=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}x\ensuremath{\text{ }}<\ensuremath{\text{ }}n-y;\ensuremath{\text{ }}x++)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{putchar(\textquotesingle{}\ensuremath{\text{ }}\textquotesingle{});}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(x=\ensuremath{\text{ }}(n-y);\ensuremath{\text{ }}x\ensuremath{\text{ }}<\ensuremath{\text{ }}(n-y)+(}\DecValTok{2}\NormalTok{*y}\DecValTok{-1}\NormalTok{);\ensuremath{\text{ }}x++)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{putchar(\textquotesingle{}*\textquotesingle{});}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{putchar(}\CharTok{\textquotesingle{}\textbackslash{}n\textquotesingle{}}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

}
\section{Program Flow}
\label{252}

1. Build a program where control passes from main to four different functions with 4 calls.

2. Now make a while loop in main with the function calls inside it. Ask for input at the beginning of the loop. End the while loop if the user hits Q

3. Next add conditionals to call the functions when the user enters numbers, so 1 goes to function1, 2 goes to function 2, etc.

4. Have function 1 call function a, which calls function b, which calls function c 

5. Draw out a diagram of program flow, with arrows to indicate where control goes
\section{Functions}
\label{253}

1. Write a function to check if an integer is negative; the declaration should look like
bool is_positive(int i);

2. Write a function to raise a floating point number to an integer power, so for example to when you use it

float a = raise_to_power(2, 3);    //a gets 8

float b = raise_to_power(9, 2);    //b gets 81

float raise_to_power(float f, int power);    //make this your declaration
\section{Math}
\label{254}

1. Write a function to calculate if a number is prime. Return 1 if it is prime and 0 if it is not a prime. 
\LaTeXDoubleBoxOpenTemplate{Solution}{
One possible solution using a naïve \myhref{http://en.wikipedia.org/wiki/primality\%20test}{primality test}:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{//\ensuremath{\text{ }}to\ensuremath{\text{ }}compile:\ensuremath{\text{ }}gcc\ensuremath{\text{ }}-Wall\ensuremath{\text{ }}prime.c\ensuremath{\text{ }}-lm\ensuremath{\text{ }}-o\ensuremath{\text{ }}prime}\newline
\ensuremath{\text{ }}\newline
\OtherTok{#include\ensuremath{\text{ }}<math.h>\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}//\ensuremath{\text{ }}for\ensuremath{\text{ }}the\ensuremath{\text{ }}square\ensuremath{\text{ }}root\ensuremath{\text{ }}function\ensuremath{\text{ }}sqrt()	}\newline
\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{is_prime(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{n);}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main()\ensuremath{\text{ }}}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"Write\ensuremath{\text{ }}an\ensuremath{\text{ }}integer:\ensuremath{\text{ }}"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{var;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{scanf(}\StringTok{"\%d"}\NormalTok{,\ensuremath{\text{ }}&var);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(is_prime(var)==}\DecValTok{1}\NormalTok{)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"A\ensuremath{\text{ }}prime}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}\ensuremath{\text{ }}}\KeywordTok{else}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"Not\ensuremath{\text{ }}a\ensuremath{\text{ }}prime}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{1}\NormalTok{;}\newline
\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{is_prime(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{n)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{x;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{sq=\ensuremath{\text{ }}sqrt(n)+}\DecValTok{1}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{//\ensuremath{\text{ }}Checking\ensuremath{\text{ }}the\ensuremath{\text{ }}trivial\ensuremath{\text{ }}cases\ensuremath{\text{ }}first}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(\ensuremath{\text{ }}n\ensuremath{\text{ }}<\ensuremath{\text{ }}}\DecValTok{2}\ensuremath{\text{ }}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(\ensuremath{\text{ }}n\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DecValTok{2}\ensuremath{\text{ }}\NormalTok{\textbar{}\textbar{}\ensuremath{\text{ }}n\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DecValTok{3}\ensuremath{\text{ }}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{1}\NormalTok{;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{//\ensuremath{\text{ }}Checking\ensuremath{\text{ }}if\ensuremath{\text{ }}n\ensuremath{\text{ }}is\ensuremath{\text{ }}divisible\ensuremath{\text{ }}by\ensuremath{\text{ }}2\ensuremath{\text{ }}or\ensuremath{\text{ }}odd\ensuremath{\text{ }}numbers\ensuremath{\text{ }}between\ensuremath{\text{ }}3\ensuremath{\text{ }}and\ensuremath{\text{ }}the}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{//\ensuremath{\text{ }}square\ensuremath{\text{ }}root\ensuremath{\text{ }}of\ensuremath{\text{ }}n.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(\ensuremath{\text{ }}n\ensuremath{\text{ }}\%\ensuremath{\text{ }}}\DecValTok{2}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(x=\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{;\ensuremath{\text{ }}x\ensuremath{\text{ }}<=\ensuremath{\text{ }}sq;\ensuremath{\text{ }}x\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(\ensuremath{\text{ }}n\ensuremath{\text{ }}\%\ensuremath{\text{ }}x\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{)}\newline
	\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{1}\NormalTok{;\ensuremath{\text{ }}}\newline
\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\end{Highlighting}
\end{Shaded}

}
2. Write a function to determine the number of prime numbers below n.

3. Write a function to find the square root by using Newton\textquotesingle{}s method.

4. Write functions to evaluate the trigonometric functions:

5. Try to write a random number generator.

6. Write a function to determine the prime number between 2 and 100:

\LaTeXNullTemplate{}
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\chapter{In-{}depth C ideas}

\myminitoc
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\chapter{Arrays}

\myminitoc
\label{256}





\label{257}
\LaTeXNullTemplate{}

Arrays in C act to store related data under a single variable name with an index, also known as a {\itshape subscript}.  It is easiest to think of an array as simply a list or ordered grouping for variables of the same type.  As such, arrays often help a programmer organize collections of data efficiently and intuitively.

Later we will consider the concept of a {\itshape pointer}, fundamental to C, which extends the nature of the array (array can be termed as a constant pointer). For now, we will consider just their declaration and their use.
\section{Arrays}
\label{258}
If we want an array of six integers (or numbers), we write in C:


\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{numbers[}\DecValTok{6}\NormalTok{];}\newline
\end{Highlighting}
\end{Shaded}


For a SIX character array called letters,


\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{letters[}\DecValTok{6}\NormalTok{];}\newline
\end{Highlighting}
\end{Shaded}


and so on.

If we wish to initialize as we declare, we write:


\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{point[}\DecValTok{6}\NormalTok{]=\{}\DecValTok{0}\NormalTok{,}\DecValTok{0}\NormalTok{,}\DecValTok{1}\NormalTok{,}\DecValTok{0}\NormalTok{,}\DecValTok{0}\NormalTok{,}\DecValTok{0}\NormalTok{\};}\newline
\end{Highlighting}
\end{Shaded}


Though when the array is initialized as in this case, the array dimension may be omitted, and the array will be automatically sized to hold the initial data:

\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{point[]=\{}\DecValTok{0}\NormalTok{,}\DecValTok{0}\NormalTok{,}\DecValTok{1}\NormalTok{,}\DecValTok{0}\NormalTok{,}\DecValTok{0}\NormalTok{,}\DecValTok{0}\NormalTok{\};}\newline
\end{Highlighting}
\end{Shaded}

This is very useful in that the size of the array can be controlled by simply adding or removing initializer elements from the definition without the need to adjust the dimension.

If the dimension is specified, but not all elements in the array are initialized, the remaining elements will contain a value of 0. This is very useful, especially when we have very large arrays.


\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{numbers[}\DecValTok{2000}\NormalTok{]=\{}\DecValTok{245}\NormalTok{\};}\newline
\end{Highlighting}
\end{Shaded}


The above example sets the first value of the array to 245, and the rest to 0.

If we want to access a variable stored in an array, for example with the above declaration, the following code will store a 1 in the variable {\ttfamily x}


\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{x;}\newline
\NormalTok{x\ensuremath{\text{ }}=\ensuremath{\text{ }}point[}\DecValTok{2}\NormalTok{];}\newline
\end{Highlighting}
\end{Shaded}


Arrays in C are indexed starting at 0, as opposed to starting at 1.  The first element of the array above is {\ttfamily point{$\text{[}$}0{$\text{]}$}}.  The index to the last value in the array is the array size minus one.
In the example above the subscripts run from 0 through 5. C does not guarantee bounds checking on array accesses. The compiler may not complain about the following (though the best compilers do):


\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{y;}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{z\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{9}\NormalTok{;}\newline
\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{point[}\DecValTok{6}\NormalTok{]\ensuremath{\text{ }}=\ensuremath{\text{ }}\{\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{4}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{6}\ensuremath{\text{ }}\NormalTok{\};}\newline
\CommentTok{//examples\ensuremath{\text{ }}of\ensuremath{\text{ }}accessing\ensuremath{\text{ }}outside\ensuremath{\text{ }}the\ensuremath{\text{ }}array.\ensuremath{\text{ }}A\ensuremath{\text{ }}compile\ensuremath{\text{ }}error\ensuremath{\text{ }}is\ensuremath{\text{ }}not\ensuremath{\text{ }}always\ensuremath{\text{ }}raised}\newline
\NormalTok{y\ensuremath{\text{ }}=\ensuremath{\text{ }}point[}\DecValTok{15}\NormalTok{];}\newline
\NormalTok{y\ensuremath{\text{ }}=\ensuremath{\text{ }}point[-}\DecValTok{4}\NormalTok{];}\newline
\NormalTok{y\ensuremath{\text{ }}=\ensuremath{\text{ }}point[z];}\newline
\end{Highlighting}
\end{Shaded}


During program execution, an out of bounds array access does not always cause a run time error. Your program may happily continue after retrieving a value from point{$\text{[}$}-{}1{$\text{]}$}. To alleviate indexing problems, the sizeof() expression is commonly used when coding loops that process arrays.


\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{ix;}\newline
\DataTypeTok{short}\ensuremath{\text{ }}\NormalTok{anArray[]=\ensuremath{\text{ }}\{\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{6}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{9}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{12}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{15}\ensuremath{\text{ }}\NormalTok{\};}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(ix=}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}ix<\ensuremath{\text{ }}(}\KeywordTok{sizeof}\NormalTok{(anArray)/}\KeywordTok{sizeof}\NormalTok{(}\DataTypeTok{short}\NormalTok{));\ensuremath{\text{ }}++ix)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{DoSomethingWith(}\StringTok{"\%d"}\NormalTok{,\ensuremath{\text{ }}anArray[ix]\ensuremath{\text{ }});}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


Notice in the above example, the size of the array was not explicitly specified. The compiler knows to size it at 5 because of the five values in the initializer list.  Adding an additional value to the list will cause it to be sized to six, and because of the sizeof expression in the {\ttfamily for} loop, the code automatically adjusts to this change.  Good programming practice is declare a variable {\itshape size } and store the size of the array.

size = sizeof(anArray)/sizeof(short)


C also supports multi dimensional arrays (or, rather, arrays of arrays). The simplest type is a two dimensional array. This creates a rectangular array -{} each row has the same number of columns. To get a char array with 3 rows and 5 columns we write in C\\

\TemplateSpaceIndent{$\text{ }${}char$\text{ }${}two_d{$\text{[}$}3{$\text{]}$}{$\text{[}$}5{$\text{]}$};}


To access/modify a value in this array we need two subscripts:


\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{ch;}\newline
\NormalTok{ch\ensuremath{\text{ }}=\ensuremath{\text{ }}two_d[}\DecValTok{2}\NormalTok{][}\DecValTok{4}\NormalTok{];}\newline
\end{Highlighting}
\end{Shaded}


or


\begin{Shaded}
\begin{Highlighting}[]

\NormalTok{two_d[}\DecValTok{0}\NormalTok{][}\DecValTok{0}\NormalTok{]\ensuremath{\text{ }}=\ensuremath{\text{ }}\textquotesingle{}x\textquotesingle{};}\newline
\end{Highlighting}
\end{Shaded}


Similarly, a multi-{}dimensional array can be initialized like this:

\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{two_d[}\DecValTok{2}\NormalTok{][}\DecValTok{3}\NormalTok{]\ensuremath{\text{ }}=\ensuremath{\text{ }}\{\{\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{\},}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\{\ensuremath{\text{ }}}\DecValTok{6}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{7}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{8}\ensuremath{\text{ }}\NormalTok{\}\};}\newline
\end{Highlighting}
\end{Shaded}


The amount of columns must be explicitly stated; however, the compiler will find the appropriate amount of rows based on the initializer list.

There are also weird notations possible:

\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{a[}\DecValTok{100}\NormalTok{];}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(a[i]==i[a])}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"Hello\ensuremath{\text{ }}world!}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}



a{$\text{[}$}i{$\text{]}$} and i{$\text{[}$}a{$\text{]}$} refer to the same location. (This is explained later in the next Chapter.)
\section{Strings}
\label{259}


\begin{minipage}{0.75000\textwidth}
\begin{center}
\includegraphics[width=1.0\textwidth,height=6.5in,keepaspectratio]{../images/1.\SVGExtension}
\end{center}
\raggedright{}\myfigurewithcaption{1}{String \symbol{34}Merkkijono\symbol{34} stored in memory}
\end{minipage}\vspace{0.75cm}


C has no string handling facilities built in; consequently, strings are defined as arrays of characters. C allows a character array to be represented by a character string rather than a list of characters, with the null terminating character automatically added to the end. For example, to store the string \symbol{34}Merkkijono\symbol{34}, we would write


\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{string[]\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"Merkkijono"}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


or


\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{string[]\ensuremath{\text{ }}=\ensuremath{\text{ }}\{\textquotesingle{}M\textquotesingle{},\ensuremath{\text{ }}\textquotesingle{}e\textquotesingle{},\ensuremath{\text{ }}\textquotesingle{}r\textquotesingle{},\ensuremath{\text{ }}\textquotesingle{}k\textquotesingle{},\ensuremath{\text{ }}\textquotesingle{}k\textquotesingle{},\ensuremath{\text{ }}\textquotesingle{}i\textquotesingle{},\ensuremath{\text{ }}\textquotesingle{}j\textquotesingle{},\ensuremath{\text{ }}\textquotesingle{}o\textquotesingle{},\ensuremath{\text{ }}\textquotesingle{}n\textquotesingle{},\ensuremath{\text{ }}\textquotesingle{}o\textquotesingle{},\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{}\};}\newline
\end{Highlighting}
\end{Shaded}


In the first example, the string will have a null character automatically appended to the end by the compiler; by convention, library functions expect strings to be terminated by a null character.  The latter declaration indicates individual elements, and as such the null terminator needs to be added manually. 

Strings do not always have to be linked to an explicit variable.  As you have seen already, a string of characters can be created directly as an unnamed string that is used directly (as with the printf functions.)  

To create an extra long string, you will have to split the string into multiple sections, by closing the first section with a quote, and recommencing the string on the next line (also starting and ending in a quote):

\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{string[]\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"This\ensuremath{\text{ }}is\ensuremath{\text{ }}a\ensuremath{\text{ }}very,\ensuremath{\text{ }}very\ensuremath{\text{ }}long\ensuremath{\text{ }}"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"string\ensuremath{\text{ }}that\ensuremath{\text{ }}requires\ensuremath{\text{ }}two\ensuremath{\text{ }}lines."}\NormalTok{;}\newline
\end{Highlighting}
\end{Shaded}


While strings may also span multiple lines by putting the backslash character at the end of the line, this method is deprecated. 

There is a useful library of string handling routines which you can use by including another header file.


\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<string.h>\ensuremath{\text{ }}\ensuremath{\text{ }}//new\ensuremath{\text{ }}header\ensuremath{\text{ }}file}\newline
\end{Highlighting}
\end{Shaded}


This standard string library will allow various tasks to be performed on strings, and is discussed in the \mylref{284}{Strings} chapter.
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A {\bfseries \myhref{http://en.wikipedia.org/wiki/Pointer\%20\%28computing\%29}{pointer}} is a value that designates the address (i.e., the location in memory), of some value. There are four fundamental things you need to know about pointers:
\begin{myitemize}
\item{}  How to declare them
\item{}  How to assign to them
\item{}  How to reference the value to which the pointer points (known as {\itshape dereferencing}) and
\item{}  How they relate to arrays 
\end{myitemize}

We\textquotesingle{}ll also discuss the relationship of pointers with text strings and the more advanced concept of function pointers.

Pointers are variables that hold a memory location.
One can access the value of the variable pointed to using the dereferencing operator \textquotesingle{}{\ttfamily *}\textquotesingle{}.

Pointers can reference any data type, even functions.

The vast majority of arrays in C are simple lists, also called \symbol{34}1 dimensional arrays\symbol{34}.
We will briefly  cover multi-{}dimensional arrays in \mylref{335}{a later chapter}.
\section{Declaring pointers}
\label{262}

Consider the following snippet of code which declares two pointers:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{MyStruct\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{m_aNumber;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{float}\ensuremath{\text{ }}\NormalTok{num2;}\newline
\ensuremath{\text{ }}\NormalTok{\};}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}pJ2;}\newline
\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{MyStruct\ensuremath{\text{ }}*\ensuremath{\text{ }}pAnItem;}\newline
\end{Highlighting}
\end{Shaded}


Lines 1-{}4 define a \mylref{321}{structure}.  Line 6 declares a variable which points to an {\ttfamily int}, and line 7 declares a variable which points to something with structure MyStruct.  So to declare a variable as something which points to some type, rather than contains some type, the asterisk ({\ttfamily *}) is placed before the variable name.  

In the following, line 1 declares {\ttfamily var1} as a pointer to a long and {\ttfamily var2} as a long and not a pointer to a long.  In line 2, {\ttfamily p3} is declared as a pointer to a pointer to an int.
\\

\TemplateSpaceIndent{$\text{ }${}
\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{long}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}\ensuremath{\text{ }}var1,\ensuremath{\text{ }}var2;}\newline
\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{**\ensuremath{\text{ }}p3;}\newline
\end{Highlighting}
\end{Shaded}
}


Pointer types are often used as parameters to function calls.  The following shows how to declare a function which uses a pointer as an argument. Since C passes function arguments by value, in order to allow a function to modify a value from the calling routine, a pointer to the value must be passed.  Pointers to structures are also used as function arguments even when nothing in the struct will be modified in the function.  This is done to avoid copying the complete contents of the structure onto the stack.  More about pointers as function arguments later.
\\

\TemplateSpaceIndent{$\text{ }${}int$\text{ }${}MyFunction($\text{ }${}struct$\text{ }${}MyStruct$\text{ }${}*pStruct$\text{ }${});}

\section{Assigning values to pointers}
\label{263}

So far we\textquotesingle{}ve discussed how to declare pointers. The process of assigning values to pointers is next.  To assign a pointer the address of a variable, the {\ttfamily \&} or \textquotesingle{}address of\textquotesingle{} operator is used. 


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{myInt;}\newline
\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{*pPointer;}\newline
\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{MyStruct\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}dvorak;}\newline
\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{MyStruct\ensuremath{\text{ }}\ensuremath{\text{ }}*pKeyboard;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\NormalTok{pPointer\ensuremath{\text{ }}=\ensuremath{\text{ }}&myInt;}\newline
\ensuremath{\text{ }}\NormalTok{pKeyboard\ensuremath{\text{ }}=\ensuremath{\text{ }}&dvorak;}\newline
\end{Highlighting}
\end{Shaded}


Here, pPointer will now reference myInt and pKeyboard will reference dvorak.

Pointers can also be assigned to reference dynamically allocated memory.  The malloc() and calloc() functions are often what are used to do this.


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<stdlib.h>}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}...\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{MyStruct\ensuremath{\text{ }}*pKeyboard;}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}...\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{pKeyboard\ensuremath{\text{ }}=\ensuremath{\text{ }}malloc(}\KeywordTok{sizeof}\ensuremath{\text{ }}\NormalTok{*pKeyboard);}\newline
\end{Highlighting}
\end{Shaded}


The malloc function returns a pointer to dynamically allocated memory (or NULL if unsuccessful). The size of this memory will be appropriately sized to contain the MyStruct structure.

The following is an example showing one pointer being assigned to another and of a pointer being assigned a return value from a function.


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\DataTypeTok{static}\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{MyStruct\ensuremath{\text{ }}val1,\ensuremath{\text{ }}val2,\ensuremath{\text{ }}val3,\ensuremath{\text{ }}val4;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{MyStruct\ensuremath{\text{ }}*ASillyFunction(\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{b\ensuremath{\text{ }})}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{MyStruct\ensuremath{\text{ }}*myReturn;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(b\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{)\ensuremath{\text{ }}myReturn\ensuremath{\text{ }}=\ensuremath{\text{ }}&val1;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(b==}\DecValTok{2}\NormalTok{)\ensuremath{\text{ }}myReturn\ensuremath{\text{ }}=\ensuremath{\text{ }}&val2;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(b==}\DecValTok{3}\NormalTok{)\ensuremath{\text{ }}myReturn\ensuremath{\text{ }}=\ensuremath{\text{ }}&val3;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\ensuremath{\text{ }}\NormalTok{myReturn\ensuremath{\text{ }}=\ensuremath{\text{ }}&val4;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{myReturn;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{MyStruct\ensuremath{\text{ }}*strPointer;}\newline
\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{*c,\ensuremath{\text{ }}*d;}\newline
\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{j;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}=\ensuremath{\text{ }}&j;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}pointer\ensuremath{\text{ }}assigned\ensuremath{\text{ }}using\ensuremath{\text{ }}&\ensuremath{\text{ }}operator\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{d\ensuremath{\text{ }}=\ensuremath{\text{ }}c;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}assign\ensuremath{\text{ }}one\ensuremath{\text{ }}pointer\ensuremath{\text{ }}to\ensuremath{\text{ }}another\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{strPointer\ensuremath{\text{ }}=\ensuremath{\text{ }}ASillyFunction(\ensuremath{\text{ }}}\DecValTok{3}\ensuremath{\text{ }}\NormalTok{);\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}pointer\ensuremath{\text{ }}returned\ensuremath{\text{ }}from\ensuremath{\text{ }}a\ensuremath{\text{ }}function.\ensuremath{\text{ }}*/}\newline
\end{Highlighting}
\end{Shaded}


When returning a pointer from a function, do not return a pointer that points to a value that is local to the function or that is a pointer to a function argument.  Pointers to local variables become invalid when the function exits. In the above function, the value returned points to a static variable.  Returning a pointer to dynamically allocated memory is also valid.
\section{Pointer dereferencing}
\label{264}


\begin{minipage}{0.75000\textwidth}
\begin{center}
\includegraphics[width=1.0\textwidth,height=6.5in,keepaspectratio]{../images/3.\SVGExtension}
\end{center}
\raggedright{}\myfigurewithcaption{3}{The pointer {\ttfamily p} points to the variable {\ttfamily a}.}
\end{minipage}\vspace{0.75cm}


To access a value to which a pointer points, the {\ttfamily *} operator is used. Another operator, the {\ttfamily -{}>{}} operator is used in conjunction with pointers to structures.  Here\textquotesingle{}s a short example.


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{c,\ensuremath{\text{ }}d;}\newline
\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{*pj;}\newline
\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{MyStruct\ensuremath{\text{ }}astruct;}\newline
\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{MyStruct\ensuremath{\text{ }}*bb;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{10}\NormalTok{;}\newline
\ensuremath{\text{ }}\NormalTok{pj\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}&c;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}pj\ensuremath{\text{ }}points\ensuremath{\text{ }}to\ensuremath{\text{ }}c\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{d\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}*pj;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}d\ensuremath{\text{ }}is\ensuremath{\text{ }}assigned\ensuremath{\text{ }}the\ensuremath{\text{ }}value\ensuremath{\text{ }}to\ensuremath{\text{ }}which\ensuremath{\text{ }}pj\ensuremath{\text{ }}points,\ensuremath{\text{ }}10\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{pj\ensuremath{\text{ }}\ensuremath{\text{ }}=\ensuremath{\text{ }}&d;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}now\ensuremath{\text{ }}points\ensuremath{\text{ }}to\ensuremath{\text{ }}d\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{*pj\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{12}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}d\ensuremath{\text{ }}is\ensuremath{\text{ }}now\ensuremath{\text{ }}12\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\NormalTok{bb\ensuremath{\text{ }}=\ensuremath{\text{ }}&astruct;}\newline
\ensuremath{\text{ }}\NormalTok{(*bb).m_aNumber\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}assigns\ensuremath{\text{ }}3\ensuremath{\text{ }}to\ensuremath{\text{ }}the\ensuremath{\text{ }}m_aNumber\ensuremath{\text{ }}member\ensuremath{\text{ }}of\ensuremath{\text{ }}astruct\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{bb->num2\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{44.3}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}assigns\ensuremath{\text{ }}44.3\ensuremath{\text{ }}to\ensuremath{\text{ }}the\ensuremath{\text{ }}num2\ensuremath{\text{ }}member\ensuremath{\text{ }}of\ensuremath{\text{ }}astruct\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{*pj\ensuremath{\text{ }}=\ensuremath{\text{ }}bb->m_aNumber;\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}eqivalent\ensuremath{\text{ }}to\ensuremath{\text{ }}d\ensuremath{\text{ }}=\ensuremath{\text{ }}astruct.m_aNumber;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\end{Highlighting}
\end{Shaded}


The expression {\ttfamily bb-{}>{}m_aNumber} is entirely equivalent to {\ttfamily (*bb).m_aNumber}. They both access the {\ttfamily m_aNumber} element of the structure pointed to by {\ttfamily bb}. There is one more way of dereferencing a pointer, which will be discussed in the following section.

When dereferencing a pointer that points to an invalid memory location, an error often occurs which results in the program terminating.  The error is often reported as a segmentation error.  A common cause of this is failure to initialize a pointer before trying to dereference it.

C is known for giving you just enough rope to hang yourself, and pointer dereferencing is a prime example.  You are quite free to write code that accesses memory outside that which you have explicitly requested from the system.  And many times, that memory may appear as available to your program due to the vagaries of system memory allocation.  However, even if 99 executions allow your program to run without fault, that 100th execution may be the time when your \symbol{34}memory pilfering\symbol{34} is caught by the system and the program fails.  Be careful to ensure that your pointer offsets are within the bounds of allocated memory!

The declaration {\ttfamily void *somePointer;} is used to declare a pointer of some nonspecified type. You can assign a value to a void pointer, but you must cast the variable to point to some specified type before you can dereference it.  Pointer arithmetic is also not valid with {\ttfamily void *} pointers.
\section{Pointers and Arrays}
\label{265}
Up to now, we\textquotesingle{}ve carefully been avoiding discussing arrays in the context of pointers. The interaction of pointers and arrays can be confusing but here are two fundamental statements about it:
\begin{myitemize}
\item{}  A variable declared as an array of some type acts as a pointer to that type.  When used by itself, it points to the first element of the array.
\item{}  A pointer can be indexed like an array name. 
\end{myitemize}


The first case often is seen to occur when an array is passed as an argument to a function.  The function declares the parameter as a pointer, but the actual argument may be the name of an array.  The second case often occurs when accessing dynamically allocated memory. Let\textquotesingle{}s look at examples of each. In the following code, the call to calloc() effectively allocates an array of struct MyStruct items.


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\DataTypeTok{float}\ensuremath{\text{ }}\NormalTok{KrazyFunction(\ensuremath{\text{ }}}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{MyStruct\ensuremath{\text{ }}*parm1,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{p1size,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{bb\ensuremath{\text{ }})}\newline
\ensuremath{\text{ }}\NormalTok{\{\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{ix;\ensuremath{\text{ }}}\CommentTok{//declaring\ensuremath{\text{ }}an\ensuremath{\text{ }}integer\ensuremath{\text{ }}variable//}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(ix=}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}ix<p1size;\ensuremath{\text{ }}ix++)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(parm1[ix].m_aNumber\ensuremath{\text{ }}==\ensuremath{\text{ }}bb\ensuremath{\text{ }})}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{parm1[ix].num2;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\FloatTok{0.}\NormalTok{0f;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}...\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{MyStruct\ensuremath{\text{ }}myArray[}\DecValTok{4}\NormalTok{];}\newline
\ensuremath{\text{ }}\OtherTok{#define\ensuremath{\text{ }}MY_ARRAY_SIZE\ensuremath{\text{ }}(sizeof(myArray)/sizeof(*myArray))}\newline
\ensuremath{\text{ }}\DataTypeTok{float}\ensuremath{\text{ }}\NormalTok{v3;}\newline
\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{MyStruct\ensuremath{\text{ }}*secondArray;}\newline
\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{someSize;}\newline
\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{ix;}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}initialization\ensuremath{\text{ }}of\ensuremath{\text{ }}myArray\ensuremath{\text{ }}...\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{v3\ensuremath{\text{ }}=\ensuremath{\text{ }}KrazyFunction(\ensuremath{\text{ }}myArray,\ensuremath{\text{ }}MY_ARRAY_SIZE,\ensuremath{\text{ }}}\DecValTok{4}\ensuremath{\text{ }}\NormalTok{);}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}...\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{secondArray\ensuremath{\text{ }}=\ensuremath{\text{ }}calloc(\ensuremath{\text{ }}someSize,\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(myArray)\ensuremath{\text{ }});}\newline
\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(ix=}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}ix<someSize;\ensuremath{\text{ }}ix++)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{secondArray[ix].m_aNumber\ensuremath{\text{ }}=\ensuremath{\text{ }}ix\ensuremath{\text{ }}*}\DecValTok{2}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{secondArray[ix].num2\ensuremath{\text{ }}=\ensuremath{\text{ }}.}\DecValTok{304}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}ix\ensuremath{\text{ }}*\ensuremath{\text{ }}ix;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


Pointers and array names can pretty much be used interchangeably. There are exceptions. You cannot
assign a new pointer value to an array name. The array name will always point to the first element of the array.  In the function {\ttfamily KrazyFunction} above, you could however assign a new value to parm1, as it is just a pointer to the first element of myArray.  It is also valid for a function to return a pointer to one of the array elements from an array passed as an argument to a function. A function should never return a pointer to a local variable, even though the compiler will probably not complain.

When declaring parameters to functions, declaring an array variable without a size is equivalent to declaring a pointer. Often this is done to emphasize the fact that the pointer variable will be used in a manner equivalent to an array. 

\begin{Shaded}
\begin{Highlighting}[]\newline
	\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}two\ensuremath{\text{ }}equivalent\ensuremath{\text{ }}function\ensuremath{\text{ }}definitions\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{LittleFunction(\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{*paramN\ensuremath{\text{ }});}\newline
\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{LittleFunction(\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{paramN[]\ensuremath{\text{ }});	\ensuremath{\text{ }}}\newline
\end{Highlighting}
\end{Shaded}


Now we\textquotesingle{}re ready to discuss pointer arithmetic. You can add and subtract integer values to/from pointers. If myArray is declared to be some type of array, the expression {\ttfamily *(myArray+j)}, where j is an integer, is equivalent to {\ttfamily myArray{$\text{[}$}j{$\text{]}$}}. So for instance in the above example where we had the expression secondArray{$\text{[}$}i{$\text{]}$}.num2, we could have written that as {\ttfamily *(secondArray+i).num2} or more simply {\ttfamily (secondArray+i)-{}>{}num2}.

Note that for addition and subtraction of integers and pointers, the value of the pointer is not adjusted by the integer amount, but is adjusted by the amount multiplied by the size (in bytes) of the type to which the pointer refers.  One pointer may also be subtracted from another, provided they point to elements of the same array (or the position just beyond the end of the array). If you have a pointer that points to an element of an array, the index of the element is the result when the array name is subtracted from the pointer. Here\textquotesingle{}s an example.


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{MyStruct\ensuremath{\text{ }}someArray[}\DecValTok{20}\NormalTok{];}\newline
\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{MyStruct\ensuremath{\text{ }}*p2;}\newline
\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{idx;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\NormalTok{.}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}array\ensuremath{\text{ }}initialization\ensuremath{\text{ }}..\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{.\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(p2\ensuremath{\text{ }}=\ensuremath{\text{ }}someArray;\ensuremath{\text{ }}p2\ensuremath{\text{ }}<\ensuremath{\text{ }}someArray}\DecValTok{+20}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}++p2)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(p2->num2\ensuremath{\text{ }}>\ensuremath{\text{ }}testValue)\ensuremath{\text{ }}}\KeywordTok{break}\NormalTok{;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\NormalTok{idx\ensuremath{\text{ }}=\ensuremath{\text{ }}p2\ensuremath{\text{ }}-\ensuremath{\text{ }}someArray;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\newline
\end{Highlighting}
\end{Shaded}


You may be wondering how pointers and multidimensional arrays interact. Lets look at this a bit in detail.  Suppose A is declared as a two dimensional array of floats ({\ttfamily float A{$\text{[}$}D1{$\text{]}$}{$\text{[}$}D2{$\text{]}$};}) and that pf is declared a pointer to a float.  If pf is initialized to point to A{$\text{[}$}0{$\text{]}$}{$\text{[}$}0{$\text{]}$}, then *(pf+1) is equivalent to A{$\text{[}$}0{$\text{]}$}{$\text{[}$}1{$\text{]}$} and *(pf+D2) is equivalent to A{$\text{[}$}1{$\text{]}$}{$\text{[}$}0{$\text{]}$}. The elements of the array are stored in row-{}major order.


\begin{Shaded}
\begin{Highlighting}[]\newline
	\newline
\ensuremath{\text{ }}\DataTypeTok{float}\ensuremath{\text{ }}\NormalTok{A[}\DecValTok{6}\NormalTok{][}\DecValTok{8}\NormalTok{];}\newline
\ensuremath{\text{ }}\DataTypeTok{float}\ensuremath{\text{ }}\NormalTok{*pf;}\newline
\ensuremath{\text{ }}\NormalTok{pf\ensuremath{\text{ }}=\ensuremath{\text{ }}&A[}\DecValTok{0}\NormalTok{][}\DecValTok{0}\NormalTok{];\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\NormalTok{*(pf}\DecValTok{+1}\NormalTok{)\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{1.3}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}assigns\ensuremath{\text{ }}1.3\ensuremath{\text{ }}to\ensuremath{\text{ }}A[0][1]\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{*(pf}\DecValTok{+8}\NormalTok{)\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{2.3}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}assigns\ensuremath{\text{ }}2.3\ensuremath{\text{ }}to\ensuremath{\text{ }}A[1][0]\ensuremath{\text{ }}*/}\newline
\end{Highlighting}
\end{Shaded}
	

Let\textquotesingle{}s look at a slightly different problem.  We want to have a two dimensional array, but we don\textquotesingle{}t need to have all the rows the same length. What we do is declare an array of pointers. The second line below declares A as an array of pointers. Each pointer points to a float. Here\textquotesingle{}s some applicable code:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\DataTypeTok{float}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{linearA[}\DecValTok{30}\NormalTok{];}\newline
\ensuremath{\text{ }}\DataTypeTok{float}\ensuremath{\text{ }}\NormalTok{*A[}\DecValTok{6}\NormalTok{];}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\NormalTok{A[}\DecValTok{0}\NormalTok{]\ensuremath{\text{ }}=\ensuremath{\text{ }}linearA;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}\ensuremath{\text{ }}5\ensuremath{\text{ }}-\ensuremath{\text{ }}0\ensuremath{\text{ }}=\ensuremath{\text{ }}5\ensuremath{\text{ }}elements\ensuremath{\text{ }}in\ensuremath{\text{ }}row\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{A[}\DecValTok{1}\NormalTok{]\ensuremath{\text{ }}=\ensuremath{\text{ }}linearA\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}11\ensuremath{\text{ }}-\ensuremath{\text{ }}5\ensuremath{\text{ }}=\ensuremath{\text{ }}6\ensuremath{\text{ }}elements\ensuremath{\text{ }}in\ensuremath{\text{ }}row\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{A[}\DecValTok{2}\NormalTok{]\ensuremath{\text{ }}=\ensuremath{\text{ }}linearA\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{11}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}15\ensuremath{\text{ }}-\ensuremath{\text{ }}11\ensuremath{\text{ }}=\ensuremath{\text{ }}4\ensuremath{\text{ }}elements\ensuremath{\text{ }}in\ensuremath{\text{ }}row\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{A[}\DecValTok{3}\NormalTok{]\ensuremath{\text{ }}=\ensuremath{\text{ }}linearA\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{15}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}21\ensuremath{\text{ }}-\ensuremath{\text{ }}15\ensuremath{\text{ }}=\ensuremath{\text{ }}6\ensuremath{\text{ }}elements\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{A[}\DecValTok{4}\NormalTok{]\ensuremath{\text{ }}=\ensuremath{\text{ }}linearA\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{21}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}25\ensuremath{\text{ }}-\ensuremath{\text{ }}21\ensuremath{\text{ }}=\ensuremath{\text{ }}4\ensuremath{\text{ }}elements\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{A[}\DecValTok{5}\NormalTok{]\ensuremath{\text{ }}=\ensuremath{\text{ }}linearA\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{25}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}30\ensuremath{\text{ }}-\ensuremath{\text{ }}25\ensuremath{\text{ }}=\ensuremath{\text{ }}5\ensuremath{\text{ }}elements\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\NormalTok{A[}\DecValTok{3}\NormalTok{][}\DecValTok{2}\NormalTok{]\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{3.66}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}assigns\ensuremath{\text{ }}3.66\ensuremath{\text{ }}to\ensuremath{\text{ }}linearA[17];\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{A[}\DecValTok{3}\NormalTok{][-}\DecValTok{3}\NormalTok{]\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{1.44}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}refers\ensuremath{\text{ }}to\ensuremath{\text{ }}linearA[12];\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}negative\ensuremath{\text{ }}indices\ensuremath{\text{ }}are\ensuremath{\text{ }}sometimes\ensuremath{\text{ }}useful.\ensuremath{\text{ }}But\ensuremath{\text{ }}avoid}\newline
\CommentTok{\ensuremath{\text{ }}using\ensuremath{\text{ }}them\ensuremath{\text{ }}as\ensuremath{\text{ }}much\ensuremath{\text{ }}as\ensuremath{\text{ }}possible.\ensuremath{\text{ }}*/}\newline
\end{Highlighting}
\end{Shaded}


We also note here something curious about array indexing. Suppose myArray is an array and idx is an integer value. The expression myArray{$\text{[}$}idx{$\text{]}$} is equivalent to idx{$\text{[}$}myArray{$\text{]}$}. The first is equivalent to *(myArray+idx), and the second is equivalent to *(idx+myArray). These turn out to be the same, since the addition is commutative.

Pointers can be used with preincrement or post decrement, which is sometimes done within a loop, as in the following example.  The increment and decrement applies to the pointer, not to the object to which the pointer refers.
In other words, *pArray++ is equivalent to *(pArray++).


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\DataTypeTok{long}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{myArray[}\DecValTok{20}\NormalTok{];}\newline
\ensuremath{\text{ }}\DataTypeTok{long}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{*pArray;}\newline
\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{i;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}Assign\ensuremath{\text{ }}values\ensuremath{\text{ }}to\ensuremath{\text{ }}the\ensuremath{\text{ }}entries\ensuremath{\text{ }}of\ensuremath{\text{ }}myArray\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{pArray\ensuremath{\text{ }}=\ensuremath{\text{ }}myArray;}\newline
\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(i=}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}i<}\DecValTok{10}\NormalTok{;\ensuremath{\text{ }}++i)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{*pArray++\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{5}\ensuremath{\text{ }}\NormalTok{+\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{*i\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{12}\NormalTok{*i*i;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{*pArray++\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{6}\ensuremath{\text{ }}\NormalTok{+\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{*i\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{7}\NormalTok{*i*i;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\section{Pointers in Function Arguments}
\label{266}
Often we need to invoke a function with an argument that is itself a pointer. In many instances, the variable is itself a parameter for the current function and may be a pointer to some type of structure.  The ampersand character is not needed in this circumstance to obtain a pointer value, as the variable is itself a pointer. In the example below, the variable {\ttfamily pStruct}, a pointer, is a parameter to function {\ttfamily FunctTwo,} and is passed as an argument to {\ttfamily FunctOne}.
The second parameter to {\ttfamily FunctOne} is an int. Since in function {\ttfamily FunctTwo, mValue} is a pointer to an int, the pointer must first be dereferenced using the * operator, hence the second argument in the call is {\ttfamily *mValue}.  The
third parameter to function {\ttfamily FunctOne} is a pointer to a long. Since {\ttfamily pAA} is itself a pointer to a long, no ampersand is needed when it is used as the third argument to the function.


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{FunctOne(\ensuremath{\text{ }}}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{SomeStruct\ensuremath{\text{ }}*pValue,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{iValue,\ensuremath{\text{ }}}\DataTypeTok{long}\ensuremath{\text{ }}\NormalTok{*lValue\ensuremath{\text{ }})}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}\ensuremath{\text{ }}do\ensuremath{\text{ }}some\ensuremath{\text{ }}stuff\ensuremath{\text{ }}...\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{FunctTwo(\ensuremath{\text{ }}}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{someStruct\ensuremath{\text{ }}*pStruct,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{*mValue\ensuremath{\text{ }})}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{j;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{long}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{AnArray[}\DecValTok{25}\NormalTok{];}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{long}\ensuremath{\text{ }}\NormalTok{*pAA;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{pAA\ensuremath{\text{ }}=\ensuremath{\text{ }}&AnArray[}\DecValTok{13}\NormalTok{];}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{j\ensuremath{\text{ }}=\ensuremath{\text{ }}FunctOne(\ensuremath{\text{ }}pStruct,\ensuremath{\text{ }}*mValue,\ensuremath{\text{ }}pAA\ensuremath{\text{ }});}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{j;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\section{Pointers and Text Strings}
\label{267}

Historically, text strings in C have been implemented as arrays of characters, with the last byte in the string being a zero, or the null character \textquotesingle{}\textbackslash{}0\textquotesingle{}.  Most C implementations come with a standard library of functions for manipulating strings.  Many of the more commonly used functions expect the strings to be null terminated strings of characters.
To use these functions requires the inclusion of the standard C header file \symbol{34}string.h\symbol{34}. 

A statically declared, initialized string would look similar to the following:
\\

\TemplateSpaceIndent{$\text{ }${}static$\text{ }${}const$\text{ }${}char$\text{ }${}*myFormat$\text{ }${}=$\text{ }${}\symbol{34}Total$\text{ }${}Amount$\text{ }${}Due:$\text{ }${}\%d\symbol{34};}


The variable {\ttfamily myFormat} can be viewed as an array of 21 characters. There is an implied null character (\textquotesingle{}\textbackslash{}0\textquotesingle{}) tacked on to the end of the string after the \textquotesingle{}d\textquotesingle{} as the 21st item in the array. 
You can also initialize the individual characters of the array as follows:
\\

\TemplateSpaceIndent{$\text{ }${}static$\text{ }${}const$\text{ }${}char$\text{ }${}myFlower{$\text{[}$}{$\text{]}$}$\text{ }${}=$\text{ }${}\{$\text{ }${}\textquotesingle{}P\textquotesingle{},$\text{ }${}\textquotesingle{}e\textquotesingle{},$\text{ }${}\textquotesingle{}t\textquotesingle{},$\text{ }${}\textquotesingle{}u\textquotesingle{},$\text{ }${}\textquotesingle{}n\textquotesingle{},$\text{ }${}\textquotesingle{}i\textquotesingle{},$\text{ }${}\textquotesingle{}a\textquotesingle{},$\text{ }${}\textquotesingle{}\textbackslash{}0\textquotesingle{}$\text{ }${}\};}


An initialized array of strings would typically be done as follows:
\\

\TemplateSpaceIndent{$\text{ }${}static$\text{ }${}const$\text{ }${}char$\text{ }${}*myColors{$\text{[}$}{$\text{]}$}$\text{ }${}=$\text{ }${}\{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}\symbol{34}Red\symbol{34},$\text{ }${}\symbol{34}Orange\symbol{34},$\text{ }${}\symbol{34}Yellow\symbol{34},$\text{ }${}\symbol{34}Green\symbol{34},$\text{ }${}\symbol{34}Blue\symbol{34},$\text{ }${}\symbol{34}Violet\symbol{34}$\text{ }${}\};}


The initilization of an especially long string can be split across lines of source code as follows.
\\

\TemplateSpaceIndent{$\text{ }${}static$\text{ }${}char$\text{ }${}*longString$\text{ }${}=$\text{ }${}\symbol{34}Hello.$\text{ }${}My$\text{ }${}name$\text{ }${}is$\text{ }${}Rudolph$\text{ }${}and$\text{ }${}I$\text{ }${}work$\text{ }${}as$\text{ }${}a$\text{ }${}reindeer$\text{ }${}\symbol{34}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}\symbol{34}around$\text{ }${}Christmas$\text{ }${}time$\text{ }${}up$\text{ }${}at$\text{ }${}the$\text{ }${}North$\text{ }${}Pole.$\text{ }${}$\text{ }${}My$\text{ }${}boss$\text{ }${}is$\text{ }${}a$\text{ }${}really$\text{ }${}swell$\text{ }${}guy.\symbol{34}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}\symbol{34}$\text{ }${}He$\text{ }${}likes$\text{ }${}to$\text{ }${}give$\text{ }${}everybody$\text{ }${}gifts.\symbol{34};}



The library functions that are used with strings are discussed in a later chapter.
\section{Pointers to Functions}
\label{268}

C also allows you to create pointers to functions. Pointers to functions can get rather messy. Declaring a typedef to a function pointer generally clarifies the code. Here\textquotesingle{}s an example that uses a function pointer, and a void * pointer to implement what\textquotesingle{}s known as a callback. The {\ttfamily DoSomethingNice} function invokes a caller supplied function {\ttfamily TalkJive} with caller data. Note that {\ttfamily DoSomethingNice} really doesn\textquotesingle{}t know anything about what {\ttfamily dataPointer}refers to.


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\KeywordTok{typedef}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{(*MyFunctionType)(\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{,\ensuremath{\text{ }}}\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{*);\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}a\ensuremath{\text{ }}typedef\ensuremath{\text{ }}for\ensuremath{\text{ }}a\ensuremath{\text{ }}function}\newline
\CommentTok{\ensuremath{\text{ }}pointer\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\OtherTok{#define\ensuremath{\text{ }}THE_BIGGEST\ensuremath{\text{ }}100}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{DoSomethingNice(\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{aVariable,\ensuremath{\text{ }}MyFunctionType\ensuremath{\text{ }}aFunction,\ensuremath{\text{ }}}\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{*dataPointer}\newline
\ensuremath{\text{ }}\NormalTok{)}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{rv\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(aVariable\ensuremath{\text{ }}<\ensuremath{\text{ }}THE_BIGGEST)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}invoke\ensuremath{\text{ }}function\ensuremath{\text{ }}through\ensuremath{\text{ }}function\ensuremath{\text{ }}pointer\ensuremath{\text{ }}(old\ensuremath{\text{ }}style)\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{rv\ensuremath{\text{ }}=\ensuremath{\text{ }}(*aFunction)(aVariable,\ensuremath{\text{ }}dataPointer\ensuremath{\text{ }});}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}\ensuremath{\text{ }}}\KeywordTok{else}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}invoke\ensuremath{\text{ }}function\ensuremath{\text{ }}through\ensuremath{\text{ }}function\ensuremath{\text{ }}pointer\ensuremath{\text{ }}(new\ensuremath{\text{ }}style)\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{rv\ensuremath{\text{ }}=\ensuremath{\text{ }}aFunction(aVariable,\ensuremath{\text{ }}dataPointer\ensuremath{\text{ }});}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\};}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{rv;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\KeywordTok{typedef}\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{colorSpec;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{*phrase;}\newline
\ensuremath{\text{ }}\NormalTok{\}\ensuremath{\text{ }}DataINeed;}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{TalkJive(\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{myNumber,\ensuremath{\text{ }}}\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{*someStuff\ensuremath{\text{ }})}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}recast\ensuremath{\text{ }}void\ensuremath{\text{ }}*\ensuremath{\text{ }}to\ensuremath{\text{ }}pointer\ensuremath{\text{ }}type\ensuremath{\text{ }}specifically\ensuremath{\text{ }}needed\ensuremath{\text{ }}for\ensuremath{\text{ }}this\ensuremath{\text{ }}function\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{DataINeed\ensuremath{\text{ }}*myData\ensuremath{\text{ }}=\ensuremath{\text{ }}someStuff;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}talk\ensuremath{\text{ }}jive.\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{5}\NormalTok{;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\DataTypeTok{static}\ensuremath{\text{ }}\NormalTok{DataINeed\ensuremath{\text{ }}\ensuremath{\text{ }}sillyStuff\ensuremath{\text{ }}=\ensuremath{\text{ }}\{\ensuremath{\text{ }}BLUE,\ensuremath{\text{ }}}\StringTok{"Whatcha\ensuremath{\text{ }}talkin\ensuremath{\text{ }}\textquotesingle{}bout\ensuremath{\text{ }}Willis?"}\ensuremath{\text{ }}\NormalTok{\};}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CommentTok{/*\ensuremath{\text{ }}...\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{DoSomethingNice(\ensuremath{\text{ }}}\DecValTok{41}\NormalTok{,\ensuremath{\text{ }}&TalkJive,\ensuremath{\text{ }}\ensuremath{\text{ }}&sillyStuff\ensuremath{\text{ }});}\newline
\end{Highlighting}
\end{Shaded}
 

Some versions of C may not require an ampersand preceding the {\ttfamily TalkJive} argument in the {\ttfamily DoSomethingNice} call.  Some implementations may require specifically casting the argument to the {\ttfamily MyFunctionType} type, even though the function signature exacly matches that of the typedef.

Function pointers can be useful for implementing a form of polymorphism in C. First one declares a structure having as elements function pointers for the various operations to that can be specified polymorphically.  A second base object structure containing a pointer to the previous
structure is also declared.  A class is defined by extending the second structure with the data specific for the class, and static variable of the type of the first structure, containing the addresses of the functions that are associated with the class. This type of polymorphism is used in the standard library when file I/O functions are called.

A similar mechanism can also be used for implementing a state machine in C. A structure is defined which contains function pointers for handling events that may occur within state, and  for functions to be invoked upon entry to and exit from the state. An instance of this structure corresponds to a state. Each state is initialized with pointers to functions appropriate for the state.  The current state of the state machine is in effect a pointer to one of these states.  Changing the value of the current state pointer effectively changes the current state.  When some event occurs, the appropriate function is called through a function pointer in the current state.
\section{Practical use of function pointer in C}
\label{269}
Function pointers are mainly used to reduce the complexity of switch statement.
Example with switch statement: 

\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{add(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{a,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{b);}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{sub(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{a,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{b);}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{mul(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{a,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{b);}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{div(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{a,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{b);}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main()}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i,\ensuremath{\text{ }}result;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{a=}\DecValTok{10}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{b=}\DecValTok{5}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"Enter\ensuremath{\text{ }}the\ensuremath{\text{ }}value\ensuremath{\text{ }}between\ensuremath{\text{ }}0\ensuremath{\text{ }}and\ensuremath{\text{ }}3\ensuremath{\text{ }}:\ensuremath{\text{ }}"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{scanf(}\StringTok{"\%d"}\NormalTok{,&i);\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{switch}\NormalTok{(i)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{case}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{:\ensuremath{\text{ }}\ensuremath{\text{ }}result\ensuremath{\text{ }}=\ensuremath{\text{ }}add(a,b);\ensuremath{\text{ }}}\KeywordTok{break}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{case}\ensuremath{\text{ }}\DecValTok{1}\NormalTok{:\ensuremath{\text{ }}\ensuremath{\text{ }}result\ensuremath{\text{ }}=\ensuremath{\text{ }}sub(a,b);\ensuremath{\text{ }}}\KeywordTok{break}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{case}\ensuremath{\text{ }}\DecValTok{2}\NormalTok{:\ensuremath{\text{ }}\ensuremath{\text{ }}result\ensuremath{\text{ }}=\ensuremath{\text{ }}mul(a,b);\ensuremath{\text{ }}}\KeywordTok{break}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{case}\ensuremath{\text{ }}\DecValTok{3}\NormalTok{:\ensuremath{\text{ }}\ensuremath{\text{ }}result\ensuremath{\text{ }}=\ensuremath{\text{ }}div(a,b);\ensuremath{\text{ }}}\KeywordTok{break}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\NormalTok{\}}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{add(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{j)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{(i+j);}\newline
\NormalTok{\}}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{sub(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{j)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{(i-j);}\newline
\NormalTok{\}}\newline
\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{mul(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{j)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{(i*j);}\newline
\NormalTok{\}}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{div(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{j)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{(i/j);}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


Without using a switch statement:


\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{add(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{a,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{b);}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{sub(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{a,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{b);}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{mul(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{a,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{b);}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{div(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{a,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{b);}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{(*oper[}\DecValTok{4}\NormalTok{])(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{a,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{b)\ensuremath{\text{ }}=\ensuremath{\text{ }}\{add,\ensuremath{\text{ }}sub,\ensuremath{\text{ }}mul,\ensuremath{\text{ }}div\};}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main()}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i,result;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{a=}\DecValTok{10}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{b=}\DecValTok{5}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"Enter\ensuremath{\text{ }}the\ensuremath{\text{ }}value\ensuremath{\text{ }}between\ensuremath{\text{ }}0\ensuremath{\text{ }}and\ensuremath{\text{ }}3\ensuremath{\text{ }}:\ensuremath{\text{ }}"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{scanf(}\StringTok{"\%d"}\NormalTok{,&i);\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{result\ensuremath{\text{ }}=\ensuremath{\text{ }}oper[i](a,b);}\newline
\NormalTok{\}}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{add(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{j)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{(i+j);}\newline
\NormalTok{\}}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{sub(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{j)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{(i-j);}\newline
\NormalTok{\}}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{mul(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{j)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{(i*j);}\newline
\NormalTok{\}}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{div(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{j)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{(i/j);}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


Function pointers may be used to create a struct member function:

\begin{Shaded}
\begin{Highlighting}[]

\KeywordTok{typedef}\ensuremath{\text{ }}\KeywordTok{struct}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{(*open)(}\DataTypeTok{void}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{(*close)(}\DataTypeTok{void}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{(*}\DataTypeTok{register}\NormalTok{)(}\DataTypeTok{void}\NormalTok{);}\newline
\NormalTok{\}\ensuremath{\text{ }}device;}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{my_device_open(}\DataTypeTok{void}\NormalTok{)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}...\ensuremath{\text{ }}*/}\newline
\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{my_device_close(}\DataTypeTok{void}\NormalTok{)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}...\ensuremath{\text{ }}*/}\newline
\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{register_device(}\DataTypeTok{void}\NormalTok{)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}...\ensuremath{\text{ }}*/}\newline
\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\NormalTok{device\ensuremath{\text{ }}create(}\DataTypeTok{void}\NormalTok{)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{device\ensuremath{\text{ }}my_device;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{my_device.open\ensuremath{\text{ }}=\ensuremath{\text{ }}my_device_open;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{my_device.close\ensuremath{\text{ }}=\ensuremath{\text{ }}my_device_close;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{my_device.}\DataTypeTok{register}\ensuremath{\text{ }}\NormalTok{=\ensuremath{\text{ }}register_device;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{my_device.}\DataTypeTok{register}\NormalTok{();}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{my_device;}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

Use to implement this pointer (following code must be placed in library).

\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{static}\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{device_data}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}...\ensuremath{\text{ }}here\ensuremath{\text{ }}goes\ensuremath{\text{ }}data\ensuremath{\text{ }}of\ensuremath{\text{ }}structure\ensuremath{\text{ }}...\ensuremath{\text{ }}*/}\newline
\NormalTok{\};}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{static}\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{device_data\ensuremath{\text{ }}obj;}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{typedef}\ensuremath{\text{ }}\KeywordTok{struct}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{(*open)(}\DataTypeTok{void}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{(*close)(}\DataTypeTok{void}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{(*}\DataTypeTok{register}\NormalTok{)(}\DataTypeTok{void}\NormalTok{);}\newline
\NormalTok{\}\ensuremath{\text{ }}device;}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{static}\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{device_data\ensuremath{\text{ }}create_device_data(}\DataTypeTok{void}\NormalTok{)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{device_data\ensuremath{\text{ }}my_device_data;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}...\ensuremath{\text{ }}here\ensuremath{\text{ }}goes\ensuremath{\text{ }}constructor\ensuremath{\text{ }}...\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{my_device_data;}\newline
\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\CommentTok{/*\ensuremath{\text{ }}here\ensuremath{\text{ }}I\ensuremath{\text{ }}omit\ensuremath{\text{ }}the\ensuremath{\text{ }}my_device_open,\ensuremath{\text{ }}my_device_close\ensuremath{\text{ }}and\ensuremath{\text{ }}register_device\ensuremath{\text{ }}functions}\newline
\CommentTok{\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\newline
\NormalTok{device\ensuremath{\text{ }}create_device(}\DataTypeTok{void}\NormalTok{)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{device\ensuremath{\text{ }}my_device;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{my_device.open\ensuremath{\text{ }}=\ensuremath{\text{ }}my_device_open;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{my_device.close\ensuremath{\text{ }}=\ensuremath{\text{ }}my_device_close;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{my_device.}\DataTypeTok{register}\ensuremath{\text{ }}\NormalTok{=\ensuremath{\text{ }}register_device;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{my_device.}\DataTypeTok{register}\NormalTok{();}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{my_device;}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\section{Examples of pointer constructs}
\label{270}

Below are some example constructs which may aid in creating your pointer.
\\

\TemplateSpaceIndent{$\text{ }${}int$\text{ }${}i;$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}//$\text{ }${}integer$\text{ }${}variable$\text{ }${}\textquotesingle{}i\textquotesingle{}$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}*p;$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}//$\text{ }${}pointer$\text{ }${}\textquotesingle{}p\textquotesingle{}$\text{ }${}to$\text{ }${}an$\text{ }${}integer$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}a{$\text{[}$}{$\text{]}$};$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}//$\text{ }${}array$\text{ }${}\textquotesingle{}a\textquotesingle{}$\text{ }${}of$\text{ }${}integers$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}f();$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}//$\text{ }${}function$\text{ }${}\textquotesingle{}f\textquotesingle{}$\text{ }${}with$\text{ }${}return$\text{ }${}value$\text{ }${}of$\text{ }${}type$\text{ }${}integer$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}**pp;$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}//$\text{ }${}pointer$\text{ }${}\textquotesingle{}pp\textquotesingle{}$\text{ }${}to$\text{ }${}a$\text{ }${}pointer$\text{ }${}to$\text{ }${}an$\text{ }${}integer$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}(*pa){$\text{[}$}{$\text{]}$};$\text{ }${}$\text{ }${}$\text{ }${}//$\text{ }${}pointer$\text{ }${}\textquotesingle{}pa\textquotesingle{}$\text{ }${}to$\text{ }${}an$\text{ }${}array$\text{ }${}of$\text{ }${}integer$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}(*pf)();$\text{ }${}$\text{ }${}$\text{ }${}//$\text{ }${}pointer$\text{ }${}\textquotesingle{}pf\textquotesingle{}$\text{ }${}to$\text{ }${}a$\text{ }${}function$\text{ }${}with$\text{ }${}returnvalue$\text{ }${}integer$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}*ap{$\text{[}$}{$\text{]}$};$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}//$\text{ }${}array$\text{ }${}\textquotesingle{}ap\textquotesingle{}$\text{ }${}of$\text{ }${}pointers$\text{ }${}to$\text{ }${}an$\text{ }${}integer$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}*fp();$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}//$\text{ }${}function$\text{ }${}\textquotesingle{}fp\textquotesingle{}$\text{ }${}which$\text{ }${}returns$\text{ }${}a$\text{ }${}pointer$\text{ }${}to$\text{ }${}an$\text{ }${}integer$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}***ppp;$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}//$\text{ }${}pointer$\text{ }${}\textquotesingle{}ppp\textquotesingle{}$\text{ }${}to$\text{ }${}a$\text{ }${}pointer$\text{ }${}to$\text{ }${}a$\text{ }${}pointer$\text{ }${}to$\text{ }${}an$\text{ }${}integer$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}(**ppa){$\text{[}$}{$\text{]}$};$\text{ }${}//$\text{ }${}pointer$\text{ }${}\textquotesingle{}ppa\textquotesingle{}$\text{ }${}to$\text{ }${}a$\text{ }${}pointer$\text{ }${}to$\text{ }${}an$\text{ }${}array$\text{ }${}of$\text{ }${}integers$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}(**ppf)();$\text{ }${}//$\text{ }${}pointer$\text{ }${}\textquotesingle{}ppf\textquotesingle{}$\text{ }${}to$\text{ }${}a$\text{ }${}pointer$\text{ }${}to$\text{ }${}a$\text{ }${}function$\text{ }${}with$\text{ }${}return$\text{ }${}value$\text{ }${}of$\text{ }$\newline{}
$\text{ }${}type$\text{ }${}integer$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}*(*pap){$\text{[}$}{$\text{]}$};$\text{ }${}//$\text{ }${}pointer$\text{ }${}\textquotesingle{}pap\textquotesingle{}$\text{ }${}to$\text{ }${}an$\text{ }${}array$\text{ }${}of$\text{ }${}pointers$\text{ }${}to$\text{ }${}an$\text{ }${}integer$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}*(*pfp)();$\text{ }${}//$\text{ }${}pointer$\text{ }${}\textquotesingle{}pfp\textquotesingle{}$\text{ }${}to$\text{ }${}function$\text{ }${}with$\text{ }${}return$\text{ }${}value$\text{ }${}of$\text{ }${}type$\text{ }${}pointer$\text{ }${}to$\text{ }$\newline{}
$\text{ }${}an$\text{ }${}integer$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}**app{$\text{[}$}{$\text{]}$};$\text{ }${}$\text{ }${}$\text{ }${}//$\text{ }${}array$\text{ }${}of$\text{ }${}pointers$\text{ }${}\textquotesingle{}app\textquotesingle{}$\text{ }${}that$\text{ }${}point$\text{ }${}to$\text{ }${}pointers$\text{ }${}to$\text{ }${}integer$\text{ }$\newline{}
$\text{ }${}values$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}(*apa{$\text{[}$}{$\text{]}$}){$\text{[}$}{$\text{]}$};//$\text{ }${}array$\text{ }${}of$\text{ }${}pointers$\text{ }${}\textquotesingle{}apa\textquotesingle{}$\text{ }${}to$\text{ }${}arrays$\text{ }${}of$\text{ }${}integers$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}(*apf{$\text{[}$}{$\text{]}$})();//$\text{ }${}array$\text{ }${}of$\text{ }${}pointers$\text{ }${}\textquotesingle{}apf\textquotesingle{}$\text{ }${}to$\text{ }${}functions$\text{ }${}with$\text{ }${}return$\text{ }${}values$\text{ }${}of$\text{ }$\newline{}
$\text{ }${}type$\text{ }${}integer$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}***fpp();$\text{ }${}$\text{ }${}//$\text{ }${}function$\text{ }${}\textquotesingle{}fpp\textquotesingle{}$\text{ }${}which$\text{ }${}returns$\text{ }${}a$\text{ }${}pointer$\text{ }${}to$\text{ }${}a$\text{ }${}pointer$\text{ }${}to$\text{ }${}a$\text{ }$\newline{}
$\text{ }${}pointer$\text{ }${}to$\text{ }${}an$\text{ }${}int$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}(*fpa()){$\text{[}$}{$\text{]}$};//$\text{ }${}function$\text{ }${}\textquotesingle{}fpa\textquotesingle{}$\text{ }${}with$\text{ }${}return$\text{ }${}value$\text{ }${}of$\text{ }${}a$\text{ }${}pointer$\text{ }${}to$\text{ }${}array$\text{ }${}of$\text{ }$\newline{}
$\text{ }${}integers$\text{ }$\newline{}
$\text{ }${}int$\text{ }${}(*fpf())();//$\text{ }${}function$\text{ }${}\textquotesingle{}fpf\textquotesingle{}$\text{ }${}with$\text{ }${}return$\text{ }${}value$\text{ }${}of$\text{ }${}a$\text{ }${}pointer$\text{ }${}to$\text{ }${}function$\text{ }$\newline{}
$\text{ }${}which$\text{ }${}returns$\text{ }${}an$\text{ }${}integer}

\section{sizeof}
\label{271}

The sizeof operator is often used to refer to the size of a static array declared earlier in the same function.

To find the end of an array
(example from \myhref{http://en.wikipedia.org/wiki/Buffer\%20overflow}{wikipedia:Buffer overflow}):


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{/*\ensuremath{\text{ }}better.c\ensuremath{\text{ }}-\ensuremath{\text{ }}demonstrates\ensuremath{\text{ }}one\ensuremath{\text{ }}method\ensuremath{\text{ }}of\ensuremath{\text{ }}fixing\ensuremath{\text{ }}the\ensuremath{\text{ }}problem\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\newline
\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{argc,\ensuremath{\text{ }}}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*argv[])}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{buffer[}\DecValTok{10}\NormalTok{];}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(argc\ensuremath{\text{ }}<\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{fprintf(stderr,\ensuremath{\text{ }}}\StringTok{"USAGE:\ensuremath{\text{ }}\%s\ensuremath{\text{ }}string}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{,\ensuremath{\text{ }}argv[}\DecValTok{0}\NormalTok{]);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{1}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{strncpy(buffer,\ensuremath{\text{ }}argv[}\DecValTok{1}\NormalTok{],\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(buffer));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{buffer[}\KeywordTok{sizeof}\NormalTok{(buffer)\ensuremath{\text{ }}-\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{]\ensuremath{\text{ }}=\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{};}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}



To iterate over every element of an array, use


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#define\ensuremath{\text{ }}NUM_ELEM(x)\ensuremath{\text{ }}(sizeof\ensuremath{\text{ }}(x)\ensuremath{\text{ }}/\ensuremath{\text{ }}sizeof\ensuremath{\text{ }}(*(x)))}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\KeywordTok{for}\NormalTok{(\ensuremath{\text{ }}i\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}i\ensuremath{\text{ }}<\ensuremath{\text{ }}NUM_ELEM(array);\ensuremath{\text{ }}i++\ensuremath{\text{ }})}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}do\ensuremath{\text{ }}something\ensuremath{\text{ }}with\ensuremath{\text{ }}array[i]\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}



Note that the {\ttfamily sizeof} operator only works on things defined earlier in the same function.
The compiler replaces it with some fixed constant number.
In this case, the {\ttfamily buffer} was declared as an array of 10 char\textquotesingle{}s earlier in the same function, and the compiler replaces {\ttfamily sizeof(buffer)} with the number 10 at compile time (equivalent to us hard-{}coding 10 into the code in place of {\ttfamily sizeof(buffer)}).
The information about the length of {\ttfamily buffer} is not actually stored anywhere in memory (unless we keep track of it separately) and cannot be programmatically obtained at run time from the array/pointer itself.

Often a function needs to know the size of an array it was given -{}-{} an array defined in some other function.
For example,


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{/*\ensuremath{\text{ }}broken.c\ensuremath{\text{ }}-\ensuremath{\text{ }}demonstrates\ensuremath{\text{ }}a\ensuremath{\text{ }}flaw\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\newline
\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\OtherTok{#define\ensuremath{\text{ }}NUM_ELEM(x)\ensuremath{\text{ }}(sizeof\ensuremath{\text{ }}(x)\ensuremath{\text{ }}/\ensuremath{\text{ }}sizeof\ensuremath{\text{ }}(*(x)))}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{sum(\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{input_array[]\ensuremath{\text{ }})\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{sum_so_far\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\NormalTok{(\ensuremath{\text{ }}i\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}i\ensuremath{\text{ }}<\ensuremath{\text{ }}NUM_ELEM(input_array);\ensuremath{\text{ }}i++\ensuremath{\text{ }})\ensuremath{\text{ }}}\CommentTok{//\ensuremath{\text{ }}WON\textquotesingle{}T\ensuremath{\text{ }}WORK\ensuremath{\text{ }}--\ensuremath{\text{ }}input_array}\newline
\ensuremath{\text{ }}\NormalTok{wasn\textquotesingle{}t\ensuremath{\text{ }}defined\ensuremath{\text{ }}in\ensuremath{\text{ }}this\ensuremath{\text{ }}function.}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{sum_so_far\ensuremath{\text{ }}+=\ensuremath{\text{ }}input_array[i];}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\};}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\NormalTok{(\ensuremath{\text{ }}sum_so_far\ensuremath{\text{ }});}\newline
\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{argc,\ensuremath{\text{ }}}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*argv[])}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{left_array[]\ensuremath{\text{ }}=\ensuremath{\text{ }}\{\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{3}\ensuremath{\text{ }}\NormalTok{\};}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{right_array[]\ensuremath{\text{ }}=\ensuremath{\text{ }}\{\ensuremath{\text{ }}}\DecValTok{10}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{9}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{8}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{7}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{6}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{4}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{\};}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{the_sum\ensuremath{\text{ }}=\ensuremath{\text{ }}sum(\ensuremath{\text{ }}left_array\ensuremath{\text{ }});}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(\ensuremath{\text{ }}}\StringTok{"the\ensuremath{\text{ }}sum\ensuremath{\text{ }}of\ensuremath{\text{ }}left_array\ensuremath{\text{ }}is:\ensuremath{\text{ }}\%d"}\NormalTok{,\ensuremath{\text{ }}the_sum\ensuremath{\text{ }});}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{the_sum\ensuremath{\text{ }}=\ensuremath{\text{ }}sum(\ensuremath{\text{ }}right_array\ensuremath{\text{ }});}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(\ensuremath{\text{ }}}\StringTok{"the\ensuremath{\text{ }}sum\ensuremath{\text{ }}of\ensuremath{\text{ }}right_array\ensuremath{\text{ }}is:\ensuremath{\text{ }}\%d"}\NormalTok{,\ensuremath{\text{ }}the_sum\ensuremath{\text{ }});}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


Unfortunately, (in C and C++) the length of the array cannot be obtained from an array passed in at run time, because (as mentioned above) the size of an array is not stored anywhere.
The compiler always replaces sizeof with a constant.
This sum() routine needs to handle more than just one constant length of an array.

There are some common ways to work around this fact:
\begin{myitemize}
\item{}  Write the function to require, for each array parameter, a \symbol{34}length\symbol{34} parameter (which has type \symbol{34}size_t\symbol{34}). (Typically we use sizeof at the point where this function is called).
\item{}  Use of a convention, such as a \myhref{http://en.wikipedia.org/wiki/null-terminated\%20string}{null-{}terminated string} to mark the end of the array.
\item{}  Instead of passing raw arrays, pass a structure that includes the length of the array (such as \symbol{34}.length\symbol{34}) as well as the array (or a pointer to the first element); similar to the {\ttfamily string} or {\ttfamily vector} classes in C++.
\end{myitemize}




\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{/*\ensuremath{\text{ }}fixed.c\ensuremath{\text{ }}-\ensuremath{\text{ }}demonstrates\ensuremath{\text{ }}one\ensuremath{\text{ }}work-around\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\newline
\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\OtherTok{#define\ensuremath{\text{ }}NUM_ELEM(x)\ensuremath{\text{ }}(sizeof\ensuremath{\text{ }}(x)\ensuremath{\text{ }}/\ensuremath{\text{ }}sizeof\ensuremath{\text{ }}(*(x)))}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{sum(\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{input_array[],\ensuremath{\text{ }}size_t\ensuremath{\text{ }}length\ensuremath{\text{ }})\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{sum_so_far\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{i;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\NormalTok{(\ensuremath{\text{ }}i\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}i\ensuremath{\text{ }}<\ensuremath{\text{ }}length;\ensuremath{\text{ }}i++\ensuremath{\text{ }})}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{sum_so_far\ensuremath{\text{ }}+=\ensuremath{\text{ }}input_array[i];}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\};}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\NormalTok{(\ensuremath{\text{ }}sum_so_far\ensuremath{\text{ }});}\newline
\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{argc,\ensuremath{\text{ }}}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*argv[])}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{left_array[]\ensuremath{\text{ }}=\ensuremath{\text{ }}\{\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{4}\ensuremath{\text{ }}\NormalTok{\};}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{right_array[]\ensuremath{\text{ }}=\ensuremath{\text{ }}\{\ensuremath{\text{ }}}\DecValTok{10}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{9}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{8}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{7}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{6}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{4}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{\};}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{the_sum\ensuremath{\text{ }}=\ensuremath{\text{ }}sum(\ensuremath{\text{ }}left_array,\ensuremath{\text{ }}NUM_ELEM(left_array)\ensuremath{\text{ }});\ensuremath{\text{ }}}\CommentTok{//\ensuremath{\text{ }}works\ensuremath{\text{ }}here,\ensuremath{\text{ }}because}\newline
\ensuremath{\text{ }}\NormalTok{left_array\ensuremath{\text{ }}is\ensuremath{\text{ }}defined\ensuremath{\text{ }}in\ensuremath{\text{ }}this\ensuremath{\text{ }}function}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(\ensuremath{\text{ }}}\StringTok{"the\ensuremath{\text{ }}sum\ensuremath{\text{ }}of\ensuremath{\text{ }}left_array\ensuremath{\text{ }}is:\ensuremath{\text{ }}\%d"}\NormalTok{,\ensuremath{\text{ }}the_sum\ensuremath{\text{ }});}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{the_sum\ensuremath{\text{ }}=\ensuremath{\text{ }}sum(\ensuremath{\text{ }}right_array,\ensuremath{\text{ }}NUM_ELEM(right_array)\ensuremath{\text{ }});\ensuremath{\text{ }}}\CommentTok{//\ensuremath{\text{ }}works\ensuremath{\text{ }}here,\ensuremath{\text{ }}because}\newline
\ensuremath{\text{ }}\NormalTok{right_array\ensuremath{\text{ }}is\ensuremath{\text{ }}defined\ensuremath{\text{ }}in\ensuremath{\text{ }}this\ensuremath{\text{ }}function}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(\ensuremath{\text{ }}}\StringTok{"the\ensuremath{\text{ }}sum\ensuremath{\text{ }}of\ensuremath{\text{ }}right_array\ensuremath{\text{ }}is:\ensuremath{\text{ }}\%d"}\NormalTok{,\ensuremath{\text{ }}the_sum\ensuremath{\text{ }});}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


It\textquotesingle{}s worth mentioning that sizeof operator has two variations: {\ttfamily sizeof ({\itshape type})} (for instance: {\ttfamily sizeof (int)} or {\ttfamily sizeof (struct some_structure)}) and {\ttfamily sizeof {\itshape expression}} (for instance: {\ttfamily sizeof some_variable.some_field} or {\ttfamily sizeof 1}).
\section{External Links}
\label{272}
\begin{myitemize}
\item{}  \myhref{http://www.digilife.be/quickreferences/QRC/C\%20Reference\%20Card\%20(ANSI)\%202.2.pdf}{ C Reference Card (ANSI)}
\item{}  \myhref{http://www.cs.cf.ac.uk/Dave/C/node10.html\#SECTION001080000000000000000}{ \symbol{34}Common Pointer Pitfalls\symbol{34}} by Dave Marshall
\item{}  \myhref{http://www.embedded.com/columns/programmingpointers/201803576}{ \symbol{34}Further insights into size_t\symbol{34}} by Dan Saks 2007
\item{}  \myhref{http://en.wikibooks.org/wiki/\%3AFile\%3APointer\%20Fun\%20with\%20Binky\%20\%28C\%29.ogg}{\symbol{34}Pointer Fun with Binky\symbol{34}}
\end{myitemize}


\myhref{http://de.wikibooks.org/wiki/C-Programmierung\%3A\%20Zeiger}{de:C-{}Programmierung: Zeiger}
\myhref{http://it.wikibooks.org/wiki/C\%2FVettori\%20e\%20puntatori\%2FInterscambiabilit\%E0\%20tra\%20puntatori\%20e\%20vettori}{it:C/Vettori e puntatori/Interscambiabilità tra puntatori e vettori}
\myhref{http://pl.wikibooks.org/wiki/C\%2FWska\%01\%7Aniki}{pl:C/Wskaźniki}
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In C, you have already considered creating variables for use in the program. You have created some arrays for use, but you may have already noticed some limitations:
\begin{myitemize}
\item{}  the size of the array must be known beforehand 
\item{}  the size of the array cannot be changed in the duration of your program
\end{myitemize}


{\itshape Dynamic memory allocation} in C is a way of circumventing these problems.
\section{Malloc}
\label{275}

\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<stdlib.h>}\newline
\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{*calloc(size_t\ensuremath{\text{ }}nmemb,\ensuremath{\text{ }}size_t\ensuremath{\text{ }}size);}\newline
\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{free(}\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{*ptr);}\newline
\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{*malloc(size_t\ensuremath{\text{ }}size);}\newline
\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{*realloc(}\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{*ptr,\ensuremath{\text{ }}size_t\ensuremath{\text{ }}size);}\newline
\end{Highlighting}
\end{Shaded}

The C function {\ttfamily malloc} is the means of implementing dynamic memory allocation. It is defined in stdlib.h or malloc.h, depending on what operating system you may be using. Malloc.h contains only the definitions for the memory allocation functions and not the rest of the other functions defined in stdlib.h. Usually you will not need to be so specific in your program, and if both are supported, you should use <{}stdlib.h>{}, since that is ANSI C, and what we will use here.

The corresponding call to release allocated memory back to the operating system is {\ttfamily free}.

When dynamically allocated memory is no longer needed, {\ttfamily free} should be called to release it back to the memory pool.  Overwriting a pointer that points to dynamically allocated memory can result in that data becoming inaccessible.  If this happens frequently, eventually the operating system will no longer be able to allocate more memory for the process.  Once the process exits, the operating system is able to free all dynamically allocated memory associated with the process.

Let\textquotesingle{}s look at how dynamic memory allocation can be used for arrays.

Normally when we wish to create an array we use a declaration such as

\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{array[}\DecValTok{10}\NormalTok{];}\newline
\end{Highlighting}
\end{Shaded}


Recall {\ttfamily array} can be considered a pointer which we use as an array. We specify the length of this array is 10 {\ttfamily int}s. After {\ttfamily array{$\text{[}$}0{$\text{]}$}}, nine other integers have space to be stored consecutively.

Sometimes it is not known at the time the program is written how much memory will be needed for some data. In this case we would want to dynamically allocate required memory after the program has started executing.
To do this we only need to declare a pointer, and invoke {\ttfamily malloc} when we wish to make space for the  elements in our array, {\itshape or}, we can tell {\ttfamily malloc} to make space when we first initialize the array. Either way is acceptable and useful.

We also need to know how much an int takes up in memory in order to make room for it; fortunately this is not difficult, we can use C\textquotesingle{}s builtin {\ttfamily sizeof} operator. For example, if {\ttfamily sizeof(int)} yields 4, then one {\ttfamily int} takes up 4 bytes. Naturally, {\ttfamily 2*sizeof(int)} is how much memory we need for 2 {\ttfamily int}s, and so on.

So how do we {\ttfamily malloc} an array of ten {\ttfamily int}s like before? If we wish to declare and make room in one hit, we can simply say

\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{*array\ensuremath{\text{ }}=\ensuremath{\text{ }}malloc(}\DecValTok{10}\NormalTok{*}\KeywordTok{sizeof}\NormalTok{(}\DataTypeTok{int}\NormalTok{));}\newline
\end{Highlighting}
\end{Shaded}

We only need to declare the pointer; {\ttfamily malloc} gives us some space to store the 10 {\ttfamily int}s, and returns the pointer to the first element, which is assigned to that pointer.

{\bfseries Important note!} {\ttfamily malloc} does {\itshape not} initialize the array; this means that the array may contain random or unexpected values! Like creating arrays without dynamic allocation, the programmer must initialize the array with sensible values before using it. Make sure you do so, too. ({\itshape See later the function {\ttfamily memset} for a simple method.)}

It is not necessary to immediately call {\ttfamily malloc} after declaring a pointer for the allocated memory.
Often a number of statements exist between the declaration and the call to {\ttfamily malloc}, as follows:


\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{*array\ensuremath{\text{ }}=\ensuremath{\text{ }}NULL;}\newline
\NormalTok{printf(}\StringTok{"Hello\ensuremath{\text{ }}World!!!"}\NormalTok{);}\newline
\CommentTok{/*\ensuremath{\text{ }}more\ensuremath{\text{ }}statements\ensuremath{\text{ }}*/}\newline
\NormalTok{array\ensuremath{\text{ }}=\ensuremath{\text{ }}malloc(}\DecValTok{10}\NormalTok{*}\KeywordTok{sizeof}\NormalTok{(}\DataTypeTok{int}\NormalTok{));\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}delayed\ensuremath{\text{ }}allocation\ensuremath{\text{ }}*/}\newline
\CommentTok{/*\ensuremath{\text{ }}use\ensuremath{\text{ }}the\ensuremath{\text{ }}array\ensuremath{\text{ }}*/}\newline
\end{Highlighting}
\end{Shaded}
\subsection{Error checking}
\label{276}
When we want to use {\ttfamily malloc}, we have to be mindful that the pool of memory available to the programmer is {\itshape finite}. As such, we can conceivably run out of memory! In this case, {\ttfamily malloc} will return {\ttfamily NULL}. In order to stop the program crashing from having no more memory to use, one should always check that malloc has not returned {\ttfamily NULL} before attempting to use the memory; we can do this by 

\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{*pt\ensuremath{\text{ }}=\ensuremath{\text{ }}malloc(}\DecValTok{3}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(}\DataTypeTok{int}\NormalTok{));}\newline
\KeywordTok{if}\NormalTok{(pt\ensuremath{\text{ }}==\ensuremath{\text{ }}NULL)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{fprintf(stderr,\ensuremath{\text{ }}}\StringTok{"Out\ensuremath{\text{ }}of\ensuremath{\text{ }}memory,\ensuremath{\text{ }}exiting}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{exit(}\DecValTok{1}\NormalTok{);}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


Of course, suddenly quitting as in the above example is not always appropriate, and depends on the problem you are trying to solve and the architecture you are programming for. For example if program is a small, non critical application that\textquotesingle{}s running on a desktop quitting may be appropriate. However if the program is some type of editor running on a desktop, you may want to give the operator the option of saving his tediously entered information instead of just exiting the program.  A memory allocation failure in an embedded processor, such as might be in a washing machine, could cause an automatic reset of the machine.  For this reason, many embedded systems designers avoid dynamic memory allocation altogether.
\section{The {\ttfamily calloc} function}
\label{277}
The {\ttfamily calloc} function allocates space for an array of items and initilizes the memory to zeros.  The call {\ttfamily mArray = calloc( count, sizeof(struct V))} allocates {\ttfamily count} objects, each of whose size is sufficient to contain an instance of the structure {\ttfamily struct V}. The space is initialized to all bits zero. The function returns either a pointer to the allocated memory or, if the allocation fails, {\ttfamily NULL}.
\section{The {\ttfamily realloc} function}
\label{278}



\begin{Shaded}
\begin{Highlighting}[]\newline
\ensuremath{\text{ }}\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}realloc\ensuremath{\text{ }}(\ensuremath{\text{ }}}\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}ptr,\ensuremath{\text{ }}size_t\ensuremath{\text{ }}size\ensuremath{\text{ }});\ensuremath{\text{ }}}\newline
\end{Highlighting}
\end{Shaded}


The {\ttfamily realloc} function changes the size of the object pointed to by {\ttfamily ptr} to the size specified by {\ttfamily size}. The contents of the object shall be unchanged up to the lesser of the new and old sizes. If the new size is larger, the value of the newly allocated portion of the object is indeterminate. If {\ttfamily ptr} is a null pointer, the {\ttfamily realloc} function behaves like the {\ttfamily malloc} function for the specified size. Otherwise, if {\ttfamily ptr} does not match a pointer earlier returned by the {\ttfamily calloc}, {\ttfamily malloc}, or {\ttfamily realloc} function, or if the space has been deallocated by a call to the {\ttfamily free} or {\ttfamily realloc} function, the behavior is undefined.  If the space cannot be allocated, the object pointed to by {\ttfamily ptr} is unchanged. If {\ttfamily size} is zero and {\ttfamily ptr} is not a null pointer, the object pointed to is freed.  The {\ttfamily realloc} function returns either a null pointer or a pointer to the possibly moved allocated object.
\section{The {\ttfamily free} function}
\label{279}
Memory that has been allocated using {\ttfamily malloc}, {\ttfamily realloc}, or {\ttfamily calloc} must be released back to the system memory pool once it is no longer needed. This is done to avoid perpetually allocating more and more memory, which could result in an eventual memory allocation failure.  Memory that is not released with {\ttfamily free} is however released when the current program terminates on most operating systems. Calls to {\ttfamily free} are as in the following example.


\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{*myStuff\ensuremath{\text{ }}=\ensuremath{\text{ }}malloc(\ensuremath{\text{ }}}\DecValTok{20}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(}\DataTypeTok{int}\NormalTok{));\ensuremath{\text{ }}}\newline
\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(myStuff\ensuremath{\text{ }}!=\ensuremath{\text{ }}NULL)\ensuremath{\text{ }}}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}more\ensuremath{\text{ }}statements\ensuremath{\text{ }}here\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}time\ensuremath{\text{ }}to\ensuremath{\text{ }}release\ensuremath{\text{ }}myStuff\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{free(\ensuremath{\text{ }}myStuff\ensuremath{\text{ }});}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\subsection{free with recursive data structures}
\label{280}
It should be noted that {\ttfamily free} is neither intelligent nor recursive.  The following code that depends on the recursive application of free to the internal variables of a \mylref{318}{struct} does not work.


\begin{Shaded}
\begin{Highlighting}[]

\KeywordTok{typedef}\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{BSTNode\ensuremath{\text{ }}}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{value;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{BSTNode*\ensuremath{\text{ }}left;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{BSTNode*\ensuremath{\text{ }}right;}\newline
\NormalTok{\}\ensuremath{\text{ }}BSTNode;}\newline
\ensuremath{\text{ }}\newline
\CommentTok{//\ensuremath{\text{ }}Later:\ensuremath{\text{ }}...\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\newline
\NormalTok{BSTNode*\ensuremath{\text{ }}temp\ensuremath{\text{ }}=\ensuremath{\text{ }}(BSTNode*)\ensuremath{\text{ }}calloc(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(BSTNode));}\newline
\NormalTok{temp->left\ensuremath{\text{ }}=\ensuremath{\text{ }}(BSTNode*)\ensuremath{\text{ }}calloc(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(BSTNode));}\newline
\ensuremath{\text{ }}\newline
\CommentTok{//\ensuremath{\text{ }}Later:\ensuremath{\text{ }}...\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\newline
\NormalTok{free(temp);\ensuremath{\text{ }}}\CommentTok{//\ensuremath{\text{ }}WRONG!\ensuremath{\text{ }}don\textquotesingle{}t\ensuremath{\text{ }}do\ensuremath{\text{ }}this!}\newline
\end{Highlighting}
\end{Shaded}

The statement \symbol{34}{\ttfamily free(temp);}\symbol{34} will {\bfseries not} free {\ttfamily temp-{}>{}left}, causing a memory leak.

Because C does not have a garbage collector, C programmers are responsible for making sure there is a {\ttfamily free()} exactly once for each time there is a {\ttfamily malloc()}.
If a tree has been allocated one node at a time, then it needs to be freed one node at a time.
\subsection{Don\textquotesingle{}t free undefined pointers}
\label{281}
Furthermore, using {\ttfamily free} when the pointer in question was never allocated in the first place often crashes or leads to mysterious bugs further along.

To avoid this problem, always initialize pointers when they are declared.
Either use {\ttfamily malloc} at the point they are declared (as in most examples in this chapter), or set them to {\ttfamily NULL} when they are declared (as in the \symbol{34}delayed allocation\symbol{34} example in this chapter).
\myfootnote{
\myfnhref{https://bugzilla.mozilla.org/show_bug.cgi?id=478901}{ \symbol{34}Bug 478901 ... libpng-{}1.2.34 and earlier might free undefined pointers\symbol{34}}
}
\section{References}
\label{282}
\LaTeXNullTemplate{}\chapter{Strings}

\myminitoc
\label{283}





\label{284}
\LaTeXNullTemplate{}

A {\bfseries string} in C is merely an array of characters. The length of a string is determined by a terminating null character: {\ttfamily \textquotesingle{}\textbackslash{}0\textquotesingle{}}. So, a string with the contents, say, {\ttfamily \symbol{34}abc\symbol{34}} has four characters: {\ttfamily \textquotesingle{}a\textquotesingle{}}, {\ttfamily \textquotesingle{}b\textquotesingle{}}, {\ttfamily \textquotesingle{}c\textquotesingle{}}, and the terminating null character.

The terminating null character has the value zero.
\section{Syntax}
\label{285}
In C, string constants (literals) are surrounded by double quotes (\symbol{34}), e.g. \symbol{34}Hello world!\symbol{34} and are compiled to an array of the specified {\ttfamily char} values with an additional null terminating character (0-{}valued) code to mark the end of the string. The type of a string constant is {\ttfamily char *}.

String literals may not directly in the source code contain embedded newlines or other control characters, or some other characters of special meaning in string.

To include such characters in a string, the backslash escapes may be used, like this:

\begin{longtable}{>{\RaggedRight}p{0.47143\linewidth}>{\RaggedRight}p{0.47143\linewidth}} 
{\bfseries \hspace*{0pt}\ignorespaces{}Escape}&{\bfseries \hspace*{0pt}\ignorespaces{}Meaning}\endhead  
\hspace*{0pt}\ignorespaces{} {\ttfamily \textbackslash{}\textbackslash{}} &\hspace*{0pt}\ignorespaces{} Literal backslash\\ 
\hspace*{0pt}\ignorespaces{} {\ttfamily \textbackslash{}\symbol{34}} &\hspace*{0pt}\ignorespaces{} Double quote\\ 
\hspace*{0pt}\ignorespaces{} {\ttfamily \textbackslash{}\textquotesingle{}} &\hspace*{0pt}\ignorespaces{} Single quote\\ 
\hspace*{0pt}\ignorespaces{} {\ttfamily \textbackslash{}n} &\hspace*{0pt}\ignorespaces{} Newline (line feed)\\ 
\hspace*{0pt}\ignorespaces{} {\ttfamily \textbackslash{}r} &\hspace*{0pt}\ignorespaces{} Carriage return\\ 
\hspace*{0pt}\ignorespaces{} {\ttfamily \textbackslash{}b} &\hspace*{0pt}\ignorespaces{} Backspace\\ 
\hspace*{0pt}\ignorespaces{} {\ttfamily \textbackslash{}t} &\hspace*{0pt}\ignorespaces{} Horizontal tab\\ 
\hspace*{0pt}\ignorespaces{} {\ttfamily \textbackslash{}f} &\hspace*{0pt}\ignorespaces{} Form feed\\ 
\hspace*{0pt}\ignorespaces{} {\ttfamily \textbackslash{}a} &\hspace*{0pt}\ignorespaces{} Alert (bell)\\ 
\hspace*{0pt}\ignorespaces{} {\ttfamily \textbackslash{}v} &\hspace*{0pt}\ignorespaces{} Vertical tab\\ 
\hspace*{0pt}\ignorespaces{} {\ttfamily \textbackslash{}?} &\hspace*{0pt}\ignorespaces{} Question mark (used to escape \myhref{http://en.wikibooks.org/wiki/C\%20trigraph}{trigraphs})\\ 
\hspace*{0pt}\ignorespaces{} {\ttfamily \textbackslash{}}{\itshape nnn} &\hspace*{0pt}\ignorespaces{} Character with octal value {\itshape nnn}\\ 
\hspace*{0pt}\ignorespaces{} {\ttfamily \textbackslash{}x}{\itshape hh} &\hspace*{0pt}\ignorespaces{} Character with hexadecimal value {\itshape hh} 
\end{longtable}

\subsection{Wide character strings}
\label{286}
C supports wide character strings, defined as arrays of the type {\ttfamily wchar_t}, 16-{}bit (at least) values. They are written with an L before the string like this
\begin{myquote}
\item{} {\ttfamily wchar_t *p = L\symbol{34}Hello}{\mbox{$~$}}{\ttfamily world!\symbol{34};}
\end{myquote}

This feature allows strings where more than 256 different possible characters are needed (although also variable length {\ttfamily char} strings can be used). They end with a zero-{}valued {\ttfamily wchar_t}. These strings are not supported by the {\ttfamily <{}string.h>{}} functions. Instead they have their own functions, declared in {\ttfamily <{}wchar.h>{}}.
\subsection{Character encodings}
\label{287}
What character encoding the {\ttfamily char} and {\ttfamily wchar_t} represent is not specified by the C standard, except that the value 0x00 and 0x0000 specify the end of the string and not a character. It the input and output code which are directly affected by the character encoding. Other code should not be too affected. The editor should also be able to handle the encoding if strings shall be able to written in the source code.

There are three major types of encodings:
\begin{myitemize}
\item{} One byte per character. Normally based on ASCII. There is a limit of 255 different characters plus the zero termination character.
\item{} Variable length {\ttfamily char} strings, which allows many more than 255 different characters. Such strings are written as normal {\ttfamily char}-{}based arrays. These encodings are normally ASCII-{}based and examples are \myhref{http://en.wikibooks.org/wiki/UTF-8}{UTF-{}8} or \myhref{http://en.wikibooks.org/wiki/Shift\%20JIS}{Shift JIS}.
\item{} Wide character strings. They are arrays of {\ttfamily wchar_t} values. \myhref{http://en.wikibooks.org/wiki/UTF-16}{UTF-{}16} is the most common such encoding, and it is also variable-{}length, meaning that a character can be two {\ttfamily wchar_t}.
\end{myitemize}

\section{The {\ttfamily <{}string.h>{}} Standard Header}
\label{288}

Because programmers find raw strings cumbersome to deal with, they wrote the code in the {\ttfamily <{}string.h>{}} library. It represents not a concerted design effort but rather the accretion of contributions made by various authors over a span of years.

First, three types of functions exist in the string library:

\begin{myitemize}
\item{}  the {\ttfamily mem} functions manipulate sequences of arbitrary characters without regard to the null character;
\item{}  the {\ttfamily str} functions manipulate null-{}terminated sequences of characters;
\item{}  the {\ttfamily strn} functions manipulate sequences of non-{}null characters.
\end{myitemize}

\subsection{The more commonly-{}used string functions}
\label{289}

The nine most commonly used functions in the string library are:

\begin{myitemize}
\item{}  {\ttfamily strcat} -{} concatenate two strings
\item{}  {\ttfamily strchr} -{} string scanning operation
\item{}  {\ttfamily strcmp} -{} compare two strings
\item{}  {\ttfamily strcpy} -{} copy a string
\item{}  {\ttfamily strlen} -{} get string length
\item{}  {\ttfamily strncat} -{} concatenate one string with part of another
\item{}  {\ttfamily strncmp} -{} compare parts of two strings
\item{}  {\ttfamily strncpy} -{} copy part of a string
\item{}  {\ttfamily strrchr} -{} string scanning operation
\end{myitemize}

\subsubsection{The {\ttfamily strcat} function}
\label{290}
{\ttfamily char *strcat(char * restrict s1, const char * restrict s2);}

{\itshape Some people recommend using} {\ttfamily strncat()} {\itshape or} {\ttfamily strlcat()} {\itshape instead of strcat, in order to avoid buffer overflow.}

The {\ttfamily strcat()} function shall append a copy of the string pointed to by {\ttfamily s2} (including the terminating null byte) to the end of the string pointed to by {\ttfamily s1}. The initial byte of {\ttfamily s2} overwrites the null byte at the end of {\ttfamily s1}. If copying takes place between objects that overlap, the behavior is undefined. The function returns {\ttfamily s1}.

This function is used to attach one string to the end of another string. It is imperative that the first string ({\ttfamily s1}) have the space needed to store both strings.

Example:

\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{static}\ensuremath{\text{ }}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*colors[]\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\NormalTok{\{}\StringTok{"Red"}\NormalTok{,}\StringTok{"Orange"}\NormalTok{,}\StringTok{"Yellow"}\NormalTok{,}\StringTok{"Green"}\NormalTok{,}\StringTok{"Blue"}\NormalTok{,}\StringTok{"Purple"}\ensuremath{\text{ }}\NormalTok{\};}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{static}\ensuremath{\text{ }}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*widths[]\ensuremath{\text{ }}=\ensuremath{\text{ }}\{}\StringTok{"Thin"}\NormalTok{,}\StringTok{"Medium"}\NormalTok{,}\StringTok{"Thick"}\NormalTok{,}\StringTok{"Bold"}\ensuremath{\text{ }}\NormalTok{\};}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{penText[}\DecValTok{20}\NormalTok{];}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{penColor\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{,\ensuremath{\text{ }}penThickness\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{strcpy(penText,\ensuremath{\text{ }}colors[penColor]);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{strcat(penText,\ensuremath{\text{ }}widths[penThickness]);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"My\ensuremath{\text{ }}pen\ensuremath{\text{ }}is\ensuremath{\text{ }}\%s}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{,\ensuremath{\text{ }}penText);\ensuremath{\text{ }}}\CommentTok{//\ensuremath{\text{ }}prints\ensuremath{\text{ }}\textquotesingle{}My\ensuremath{\text{ }}pen\ensuremath{\text{ }}is\ensuremath{\text{ }}GreenThick\textquotesingle{}}\newline
\end{Highlighting}
\end{Shaded}


Before calling {\ttfamily strcat()}, the destination must currently contain a null terminated string or the first character must have been initialized with the null character (e.g. {\ttfamily penText{$\text{[}$}0{$\text{]}$} = \textquotesingle{}\textbackslash{}0\textquotesingle{};}).


The following is a public-{}domain implementation of {\ttfamily strcat}:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}strcat\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*(strcat)(}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*}\DataTypeTok{restrict}\ensuremath{\text{ }}\NormalTok{s1,\ensuremath{\text{ }}}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*}\DataTypeTok{restrict}\ensuremath{\text{ }}\NormalTok{s2)}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*s\ensuremath{\text{ }}=\ensuremath{\text{ }}s1;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}Move\ensuremath{\text{ }}s\ensuremath{\text{ }}so\ensuremath{\text{ }}that\ensuremath{\text{ }}it\ensuremath{\text{ }}points\ensuremath{\text{ }}to\ensuremath{\text{ }}the\ensuremath{\text{ }}end\ensuremath{\text{ }}of\ensuremath{\text{ }}s1.\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{(*s\ensuremath{\text{ }}!=\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{})}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{s++;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}Copy\ensuremath{\text{ }}the\ensuremath{\text{ }}contents\ensuremath{\text{ }}of\ensuremath{\text{ }}s2\ensuremath{\text{ }}into\ensuremath{\text{ }}the\ensuremath{\text{ }}space\ensuremath{\text{ }}at\ensuremath{\text{ }}the\ensuremath{\text{ }}end\ensuremath{\text{ }}of\ensuremath{\text{ }}s1.\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{strcpy(s,\ensuremath{\text{ }}s2);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{s1;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\subsubsection{The {\ttfamily strchr} function}
\label{291}
{\ttfamily char *strchr(const char *s, int c);}

The {\ttfamily strchr()} function shall locate the first occurrence of {\ttfamily c} (converted to a {\ttfamily char}) in the string pointed to by {\ttfamily s}. The terminating null byte is considered to be part of the string. The function returns the location of the found character, or a null pointer if the character was not found.

This function is used to find certain characters in strings.

At one point in history, this function was named {\ttfamily index}. The {\ttfamily strchr} name, however cryptic, fits the general pattern for naming.

The following is a public-{}domain implementation of {\ttfamily strchr}:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}strchr\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*(strchr)(}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*s,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{c)}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}Scan\ensuremath{\text{ }}s\ensuremath{\text{ }}for\ensuremath{\text{ }}the\ensuremath{\text{ }}character.\ensuremath{\text{ }}\ensuremath{\text{ }}When\ensuremath{\text{ }}this\ensuremath{\text{ }}loop\ensuremath{\text{ }}is\ensuremath{\text{ }}finished,}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}s\ensuremath{\text{ }}will\ensuremath{\text{ }}either\ensuremath{\text{ }}point\ensuremath{\text{ }}to\ensuremath{\text{ }}the\ensuremath{\text{ }}end\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}string\ensuremath{\text{ }}or\ensuremath{\text{ }}the}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}character\ensuremath{\text{ }}we\ensuremath{\text{ }}were\ensuremath{\text{ }}looking\ensuremath{\text{ }}for.\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{(*s\ensuremath{\text{ }}!=\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{}\ensuremath{\text{ }}&&\ensuremath{\text{ }}*s\ensuremath{\text{ }}!=\ensuremath{\text{ }}(}\DataTypeTok{char}\NormalTok{)c)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{s++;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{(\ensuremath{\text{ }}(*s\ensuremath{\text{ }}==\ensuremath{\text{ }}c)\ensuremath{\text{ }}?\ensuremath{\text{ }}(}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*)\ensuremath{\text{ }}s\ensuremath{\text{ }}:\ensuremath{\text{ }}NULL\ensuremath{\text{ }});}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\subsubsection{The {\ttfamily strcmp} function}
\label{292}
{\ttfamily int strcmp(const char *s1, const char *s2);}

A rudimentary form of string comparison is done with the strcmp() function. It takes two strings as arguments and returns a value less than zero if the first is lexographically less than the second, a value greater than zero if the first is lexographically greater than the second, or zero if the two strings are equal. The comparison is done by comparing the coded (ascii) value of the chararacters, character by character.

This simple type of string comparison is nowadays generally considered unacceptable when sorting lists of strings.
More advanced algorithms exist that are capable of producing lists in dictionary sorted order. They can also fix problems such as strcmp() considering the string \symbol{34}Alpha2\symbol{34} greater than \symbol{34}Alpha12\symbol{34}. (In the previous example, \symbol{34}Alpha2\symbol{34} compares greater than \symbol{34}Alpha12\symbol{34} because \textquotesingle{}2\textquotesingle{} comes after \textquotesingle{}1\textquotesingle{} in the character set.) What we\textquotesingle{}re saying is, don\textquotesingle{}t use this {\ttfamily strcmp()} alone for general string sorting in any commercial or professional code.

The {\ttfamily strcmp()} function shall compare the string pointed to by {\ttfamily s1} to the string pointed to by {\ttfamily s2}.  The sign of a non-{}zero return value shall be determined by the sign of the difference between the values of the first pair of bytes (both interpreted as type {\ttfamily unsigned char}) that differ in the strings being compared. Upon completion, {\ttfamily strcmp()} shall return an integer greater than, equal to, or less than 0, if the string pointed to by {\ttfamily s1} is greater than, equal to, or less than the string pointed to by {\ttfamily s2}, respectively.

Since comparing pointers by themselves is not practically useful unless one is comparing pointers within the same array, this function lexically compares the strings that two pointers point to.

This function is useful in comparisons, e.g.
\\

\TemplateSpaceIndent{$\text{ }${}if$\text{ }${}(strcmp(s,$\text{ }${}\symbol{34}whatever\symbol{34})$\text{ }${}==$\text{ }${}0)$\text{ }${}/*$\text{ }${}do$\text{ }${}something$\text{ }${}*/$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${};}


The collating sequence used by {\ttfamily strcmp()} is equivalent to the machine\textquotesingle{}s native character set. The only guarantee about the order is that the digits from {\ttfamily \textquotesingle{}0\textquotesingle{}} to {\ttfamily \textquotesingle{}9\textquotesingle{}} are in consecutive order.

The following is a public-{}domain implementation of {\ttfamily strcmp}:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}strcmp\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{(strcmp)(}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*s1,\ensuremath{\text{ }}}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*s2)}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{uc1,\ensuremath{\text{ }}uc2;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}Move\ensuremath{\text{ }}s1\ensuremath{\text{ }}and\ensuremath{\text{ }}s2\ensuremath{\text{ }}to\ensuremath{\text{ }}the\ensuremath{\text{ }}first\ensuremath{\text{ }}differing\ensuremath{\text{ }}characters\ensuremath{\text{ }}}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}in\ensuremath{\text{ }}each\ensuremath{\text{ }}string,\ensuremath{\text{ }}or\ensuremath{\text{ }}the\ensuremath{\text{ }}ends\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}strings\ensuremath{\text{ }}if\ensuremath{\text{ }}they}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}are\ensuremath{\text{ }}identical.\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{(*s1\ensuremath{\text{ }}!=\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{}\ensuremath{\text{ }}&&\ensuremath{\text{ }}*s1\ensuremath{\text{ }}==\ensuremath{\text{ }}*s2)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{s1++;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{s2++;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}Compare\ensuremath{\text{ }}the\ensuremath{\text{ }}characters\ensuremath{\text{ }}as\ensuremath{\text{ }}unsigned\ensuremath{\text{ }}char\ensuremath{\text{ }}and}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}return\ensuremath{\text{ }}the\ensuremath{\text{ }}difference.\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{uc1\ensuremath{\text{ }}=\ensuremath{\text{ }}(*(}\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*)\ensuremath{\text{ }}s1);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{uc2\ensuremath{\text{ }}=\ensuremath{\text{ }}(*(}\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*)\ensuremath{\text{ }}s2);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{((uc1\ensuremath{\text{ }}<\ensuremath{\text{ }}uc2)\ensuremath{\text{ }}?\ensuremath{\text{ }}-}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}(uc1\ensuremath{\text{ }}>\ensuremath{\text{ }}uc2));}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\subsubsection{The {\ttfamily strcpy} function}
\label{293}
{\ttfamily char *strcpy(char *restrict s1, const char *restrict s2);}

{\itshape Some people recommend always using} {\ttfamily strncpy()} {\itshape instead of strcpy, to avoid buffer overflow.}

The {\ttfamily strcpy()} function shall copy the C string pointed to by {\ttfamily s2} (including the terminating null byte) into the array pointed to by {\ttfamily s1}. If copying takes place between objects that overlap, the behavior is undefined. The function returns {\ttfamily s1}. There is no value used to indicate an error: if the arguments to {\ttfamily strcpy()} are correct, and the destination buffer is large enough, the function will never fail.

Example:

\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}...\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{static}\ensuremath{\text{ }}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*penType=}\StringTok{"round"}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}...\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{penText[}\DecValTok{20}\NormalTok{];}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}...\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{strcpy(penText,\ensuremath{\text{ }}penType);}\newline
\end{Highlighting}
\end{Shaded}


Important: You must ensure that the destination buffer ({\ttfamily s1}) is able to contain all the characters in the source array, including the terminating null byte. Otherwise, {\ttfamily strcpy()} will overwrite memory past the end of the buffer, causing a buffer overflow, which can cause the program to crash, or can be exploited by hackers to compromise the security of the computer.

The following is a public-{}domain implementation of {\ttfamily strcpy}:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}strcpy\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*(strcpy)(}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*}\DataTypeTok{restrict}\ensuremath{\text{ }}\NormalTok{s1,\ensuremath{\text{ }}}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*}\DataTypeTok{restrict}\ensuremath{\text{ }}\NormalTok{s2)}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*dst\ensuremath{\text{ }}=\ensuremath{\text{ }}s1;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*src\ensuremath{\text{ }}=\ensuremath{\text{ }}s2;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}Do\ensuremath{\text{ }}the\ensuremath{\text{ }}copying\ensuremath{\text{ }}in\ensuremath{\text{ }}a\ensuremath{\text{ }}loop.\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{((*dst++\ensuremath{\text{ }}=\ensuremath{\text{ }}*src++)\ensuremath{\text{ }}!=\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{})}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}The\ensuremath{\text{ }}body\ensuremath{\text{ }}of\ensuremath{\text{ }}this\ensuremath{\text{ }}loop\ensuremath{\text{ }}is\ensuremath{\text{ }}left\ensuremath{\text{ }}empty.\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}Return\ensuremath{\text{ }}the\ensuremath{\text{ }}destination\ensuremath{\text{ }}string.\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{s1;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\subsubsection{The {\ttfamily strlen} function}
\label{294}
{\ttfamily size_t strlen(const char *s);}

The {\ttfamily strlen()} function shall compute the number of bytes in the string to which {\ttfamily s} points, not including the terminating null byte.
It returns the number of bytes in the string. No value is used to indicate an error.

The following is a public-{}domain implementation of {\ttfamily strlen}:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}strlen\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{size_t\ensuremath{\text{ }}(strlen)(}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*s)}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*p\ensuremath{\text{ }}=\ensuremath{\text{ }}s;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}Loop\ensuremath{\text{ }}over\ensuremath{\text{ }}the\ensuremath{\text{ }}data\ensuremath{\text{ }}in\ensuremath{\text{ }}s.\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{(*p\ensuremath{\text{ }}!=\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{})}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{p++;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{(size_t)(p\ensuremath{\text{ }}-\ensuremath{\text{ }}s);}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\subsubsection{The {\ttfamily strncat} function}
\label{295}
{\ttfamily char *strncat(char *restrict s1, const char *restrict s2, size_t n);}

The {\ttfamily strncat()} function shall append not more than {\ttfamily n} bytes (a null byte and bytes that follow it are not appended) from the array pointed to by {\ttfamily s2} to the end of the string pointed to by {\ttfamily s1}. The initial byte of {\ttfamily s2} overwrites the null byte at the end of {\ttfamily s1}. A terminating null byte is always appended to the result. If copying takes place between objects that overlap, the behavior is undefined. The function returns {\ttfamily s1}.

The following is a public-{}domain implementation of {\ttfamily strncat}:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}strncat\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*(strncat)(}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*}\DataTypeTok{restrict}\ensuremath{\text{ }}\NormalTok{s1,\ensuremath{\text{ }}}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*}\DataTypeTok{restrict}\ensuremath{\text{ }}\NormalTok{s2,\ensuremath{\text{ }}size_t\ensuremath{\text{ }}n)}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*s\ensuremath{\text{ }}=\ensuremath{\text{ }}s1;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}Loop\ensuremath{\text{ }}over\ensuremath{\text{ }}the\ensuremath{\text{ }}data\ensuremath{\text{ }}in\ensuremath{\text{ }}s1.\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{(*s\ensuremath{\text{ }}!=\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{})}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{s++;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}s\ensuremath{\text{ }}now\ensuremath{\text{ }}points\ensuremath{\text{ }}to\ensuremath{\text{ }}s1\textquotesingle{}s\ensuremath{\text{ }}trailing\ensuremath{\text{ }}null\ensuremath{\text{ }}character,\ensuremath{\text{ }}now\ensuremath{\text{ }}copy}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}up\ensuremath{\text{ }}to\ensuremath{\text{ }}n\ensuremath{\text{ }}bytes\ensuremath{\text{ }}from\ensuremath{\text{ }}s1\ensuremath{\text{ }}into\ensuremath{\text{ }}s\ensuremath{\text{ }}stopping\ensuremath{\text{ }}if\ensuremath{\text{ }}a\ensuremath{\text{ }}null\ensuremath{\text{ }}character}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}is\ensuremath{\text{ }}encountered\ensuremath{\text{ }}in\ensuremath{\text{ }}s2.}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}It\ensuremath{\text{ }}is\ensuremath{\text{ }}not\ensuremath{\text{ }}safe\ensuremath{\text{ }}to\ensuremath{\text{ }}use\ensuremath{\text{ }}strncpy\ensuremath{\text{ }}here\ensuremath{\text{ }}since\ensuremath{\text{ }}it\ensuremath{\text{ }}copies\ensuremath{\text{ }}EXACTLY\ensuremath{\text{ }}n}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}characters,\ensuremath{\text{ }}NULL\ensuremath{\text{ }}padding\ensuremath{\text{ }}if\ensuremath{\text{ }}necessary.\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{(n\ensuremath{\text{ }}!=\ensuremath{\text{ }}}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{&&\ensuremath{\text{ }}(*s\ensuremath{\text{ }}=\ensuremath{\text{ }}*s2++)\ensuremath{\text{ }}!=\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{})\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{n--;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{s++;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(*s\ensuremath{\text{ }}!=\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{})}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{*s\ensuremath{\text{ }}=\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{};}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{s1;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\subsubsection{The {\ttfamily strncmp} function}
\label{296}
{\ttfamily int strncmp(const char *s1, const char *s2, size_t n);}

The {\ttfamily strncmp()} function shall compare not more than {\ttfamily n} bytes (bytes that follow a null byte are not compared) from the array pointed to by {\ttfamily s1} to the array pointed to by {\ttfamily s2}. The sign of a non-{}zero return value is determined by the sign of the difference between the values of the first pair of bytes (both interpreted as type {\ttfamily unsigned char}) that differ in the strings being compared. See {\ttfamily strcmp} for an explanation of the return value.

This function is useful in comparisons, as the {\ttfamily strcmp} function is.

The following is a public-{}domain implementation of {\ttfamily strncmp}:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}strncmp\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{(strncmp)(}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*s1,\ensuremath{\text{ }}}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*s2,\ensuremath{\text{ }}size_t\ensuremath{\text{ }}n)}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{uc1,\ensuremath{\text{ }}uc2;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}Nothing\ensuremath{\text{ }}to\ensuremath{\text{ }}compare?\ensuremath{\text{ }}\ensuremath{\text{ }}Return\ensuremath{\text{ }}zero.\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(n\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}Loop,\ensuremath{\text{ }}comparing\ensuremath{\text{ }}bytes.\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{(n--\ensuremath{\text{ }}>\ensuremath{\text{ }}}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{&&\ensuremath{\text{ }}*s1\ensuremath{\text{ }}==\ensuremath{\text{ }}*s2)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}If\ensuremath{\text{ }}we\textquotesingle{}ve\ensuremath{\text{ }}run\ensuremath{\text{ }}out\ensuremath{\text{ }}of\ensuremath{\text{ }}bytes\ensuremath{\text{ }}or\ensuremath{\text{ }}hit\ensuremath{\text{ }}a\ensuremath{\text{ }}null,\ensuremath{\text{ }}return\ensuremath{\text{ }}zero}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}since\ensuremath{\text{ }}we\ensuremath{\text{ }}already\ensuremath{\text{ }}know\ensuremath{\text{ }}*s1\ensuremath{\text{ }}==\ensuremath{\text{ }}*s2.\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(n\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{\textbar{}\textbar{}\ensuremath{\text{ }}*s1\ensuremath{\text{ }}==\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{})}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{s1++;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{s2++;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{uc1\ensuremath{\text{ }}=\ensuremath{\text{ }}(*(}\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*)\ensuremath{\text{ }}s1);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{uc2\ensuremath{\text{ }}=\ensuremath{\text{ }}(*(}\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*)\ensuremath{\text{ }}s2);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{((uc1\ensuremath{\text{ }}<\ensuremath{\text{ }}uc2)\ensuremath{\text{ }}?\ensuremath{\text{ }}-}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}(uc1\ensuremath{\text{ }}>\ensuremath{\text{ }}uc2));}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\subsubsection{The {\ttfamily strncpy} function}
\label{297}
{\ttfamily char *strncpy(char *restrict s1, const char *restrict s2, size_t n);}

The {\ttfamily strncpy()} function shall copy not more than {\ttfamily n} bytes (bytes that follow a null byte are not copied) from the array pointed to by {\ttfamily s2} to the array pointed to by {\ttfamily s1}. If copying takes place between objects that overlap, the behavior is undefined. If the array pointed to by {\ttfamily s2} is a string that is shorter than {\ttfamily n} bytes, null bytes shall be appended to the copy in the array pointed to by {\ttfamily s1}, until {\ttfamily n} bytes in all are written. The function shall return s1; no return value is reserved to indicate an error.

It is possible that the function will {\bfseries not} return a null-{}terminated string, which happens if the {\ttfamily s2} string is longer than {\ttfamily n} bytes.

The following is a public-{}domain version of {\ttfamily strncpy}:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}strncpy\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*(strncpy)(}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*}\DataTypeTok{restrict}\ensuremath{\text{ }}\NormalTok{s1,\ensuremath{\text{ }}}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*}\DataTypeTok{restrict}\ensuremath{\text{ }}\NormalTok{s2,\ensuremath{\text{ }}size_t\ensuremath{\text{ }}n)}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*dst\ensuremath{\text{ }}=\ensuremath{\text{ }}s1;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*src\ensuremath{\text{ }}=\ensuremath{\text{ }}s2;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}Copy\ensuremath{\text{ }}bytes,\ensuremath{\text{ }}one\ensuremath{\text{ }}at\ensuremath{\text{ }}a\ensuremath{\text{ }}time.\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{(n\ensuremath{\text{ }}>\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{n--;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{((*dst++\ensuremath{\text{ }}=\ensuremath{\text{ }}*src++)\ensuremath{\text{ }}==\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{})\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}If\ensuremath{\text{ }}we\ensuremath{\text{ }}get\ensuremath{\text{ }}here,\ensuremath{\text{ }}we\ensuremath{\text{ }}found\ensuremath{\text{ }}a\ensuremath{\text{ }}null\ensuremath{\text{ }}character\ensuremath{\text{ }}at\ensuremath{\text{ }}the\ensuremath{\text{ }}end}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}of\ensuremath{\text{ }}s2,\ensuremath{\text{ }}so\ensuremath{\text{ }}use\ensuremath{\text{ }}memset\ensuremath{\text{ }}to\ensuremath{\text{ }}put\ensuremath{\text{ }}null\ensuremath{\text{ }}bytes\ensuremath{\text{ }}at\ensuremath{\text{ }}the\ensuremath{\text{ }}end\ensuremath{\text{ }}of}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}s1.\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{memset(dst,\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{},\ensuremath{\text{ }}n);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{break}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{s1;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\subsubsection{The {\ttfamily strrchr} function}
\label{298}
{\ttfamily char *strrchr(const char *s, int c);}

{\ttfamily strrchr} is similar to {\ttfamily strchr}, except the string is searched right to left.

The {\ttfamily strrchr()} function shall locate the last occurrence of {\ttfamily c} (converted to a {\ttfamily char}) in the string pointed to by {\ttfamily s}. The terminating null byte is considered to be part of the string. Its return value is similar to {\ttfamily strchr}\textquotesingle{}s return value.

At one point in history, this function was named {\ttfamily rindex}. The {\ttfamily strrchr} name, however cryptic, fits the general pattern for naming.

The following is a public-{}domain implementation of {\ttfamily strrchr}:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}strrchr\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*(strrchr)(}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*s,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{c)}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*last\ensuremath{\text{ }}=\ensuremath{\text{ }}NULL;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}If\ensuremath{\text{ }}the\ensuremath{\text{ }}character\ensuremath{\text{ }}we\textquotesingle{}re\ensuremath{\text{ }}looking\ensuremath{\text{ }}for\ensuremath{\text{ }}is\ensuremath{\text{ }}the\ensuremath{\text{ }}terminating\ensuremath{\text{ }}null,}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}we\ensuremath{\text{ }}just\ensuremath{\text{ }}need\ensuremath{\text{ }}to\ensuremath{\text{ }}look\ensuremath{\text{ }}for\ensuremath{\text{ }}that\ensuremath{\text{ }}character\ensuremath{\text{ }}as\ensuremath{\text{ }}there\textquotesingle{}s\ensuremath{\text{ }}only\ensuremath{\text{ }}one}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}of\ensuremath{\text{ }}them\ensuremath{\text{ }}in\ensuremath{\text{ }}the\ensuremath{\text{ }}string.\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(c\ensuremath{\text{ }}==\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{})}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{strchr(s,\ensuremath{\text{ }}c);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}Loop\ensuremath{\text{ }}through,\ensuremath{\text{ }}finding\ensuremath{\text{ }}the\ensuremath{\text{ }}last\ensuremath{\text{ }}match\ensuremath{\text{ }}before\ensuremath{\text{ }}hitting\ensuremath{\text{ }}NULL.\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{((s\ensuremath{\text{ }}=\ensuremath{\text{ }}strchr(s,\ensuremath{\text{ }}c))\ensuremath{\text{ }}!=\ensuremath{\text{ }}NULL)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{last\ensuremath{\text{ }}=\ensuremath{\text{ }}s;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{s++;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{(}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*)\ensuremath{\text{ }}last;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\subsection{The less commonly-{}used string functions}
\label{299}

The less-{}used functions are:

\begin{myitemize}
\item{}  {\ttfamily memchr} -{} Find a byte in memory
\item{}  {\ttfamily memcmp} -{} Compare bytes in memory
\item{}  {\ttfamily memcpy} -{} Copy bytes in memory
\item{}  {\ttfamily memmove} -{} Copy bytes in memory with overlapping areas
\item{}  {\ttfamily memset} -{} Set bytes in memory
\item{}  {\ttfamily strcoll} -{} Compare bytes according to a locale-{}specific collating sequence
\item{}  {\ttfamily strcspn} -{} Get the length of a complementary substring
\item{}  {\ttfamily strerror} -{} Get error message
\item{}  {\ttfamily strpbrk} -{} Scan a string for a byte
\item{}  {\ttfamily strspn} -{} Get the length of a substring
\item{}  {\ttfamily strstr} -{} Find a substring
\item{}  {\ttfamily strtok} -{} Split a string into tokens
\item{}  {\ttfamily strxfrm} -{} Transform string 
\end{myitemize}

\subsubsection{Copying functions}
\label{300}
\paragraph{The {\ttfamily memcpy} function}
{$\text{ }$}\newline\label{301}
{\ttfamily void *memcpy(void * restrict s1, const void * restrict s2, size_t n);}

The {\ttfamily memcpy()} function shall copy {\ttfamily n} bytes from the object pointed to by {\ttfamily s2} into the object pointed to by {\ttfamily s1}. If copying takes place between objects that overlap, the behavior is undefined. The function returns {\ttfamily s1}.

Because the function does not have to worry about overlap, it can do the simplest copy it can.

The following is a public-{}domain implementation of {\ttfamily memcpy}:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}memcpy\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{*(memcpy)(}\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}}\DataTypeTok{restrict}\ensuremath{\text{ }}\NormalTok{s1,\ensuremath{\text{ }}}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}}\DataTypeTok{restrict}\ensuremath{\text{ }}\NormalTok{s2,\ensuremath{\text{ }}size_t\ensuremath{\text{ }}n)}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*dst\ensuremath{\text{ }}=\ensuremath{\text{ }}s1;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*src\ensuremath{\text{ }}=\ensuremath{\text{ }}s2;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}Loop\ensuremath{\text{ }}and\ensuremath{\text{ }}copy.\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{(n--\ensuremath{\text{ }}!=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{*dst++\ensuremath{\text{ }}=\ensuremath{\text{ }}*src++;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{s1;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\paragraph{The {\ttfamily memmove} function}
{$\text{ }$}\newline\label{302}
{\ttfamily void *memmove(void *s1, const void *s2, size_t n);}

The {\ttfamily memmove()} function shall copy {\ttfamily n} bytes from the object pointed to by {\ttfamily s2} into the object pointed to by {\ttfamily s1}. Copying takes place as if the {\ttfamily n} bytes from the object pointed to by {\ttfamily s2} are first copied into a temporary array of {\ttfamily n} bytes that does not overlap the objects pointed to by {\ttfamily s1} and {\ttfamily s2}, and then the {\ttfamily n} bytes from the temporary array are copied into the object pointed to by {\ttfamily s1}. The function returns the value of {\ttfamily s1}.

The easy way to implement this without using a temporary array is to check for a condition that would prevent an ascending copy, and if found, do a descending copy.

The following is a public-{}domain, though not completely portable, implementation of {\ttfamily memmove}:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}memmove\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{*(memmove)(}\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{*s1,\ensuremath{\text{ }}}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{*s2,\ensuremath{\text{ }}size_t\ensuremath{\text{ }}n)\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}note:\ensuremath{\text{ }}these\ensuremath{\text{ }}don\textquotesingle{}t\ensuremath{\text{ }}have\ensuremath{\text{ }}to\ensuremath{\text{ }}point\ensuremath{\text{ }}to\ensuremath{\text{ }}unsigned\ensuremath{\text{ }}chars\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*p1\ensuremath{\text{ }}=\ensuremath{\text{ }}s1;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*p2\ensuremath{\text{ }}=\ensuremath{\text{ }}s2;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}test\ensuremath{\text{ }}for\ensuremath{\text{ }}overlap\ensuremath{\text{ }}that\ensuremath{\text{ }}prevents\ensuremath{\text{ }}an\ensuremath{\text{ }}ascending\ensuremath{\text{ }}copy\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(p2\ensuremath{\text{ }}<\ensuremath{\text{ }}p1\ensuremath{\text{ }}&&\ensuremath{\text{ }}p1\ensuremath{\text{ }}<\ensuremath{\text{ }}p2\ensuremath{\text{ }}+\ensuremath{\text{ }}n)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}do\ensuremath{\text{ }}a\ensuremath{\text{ }}descending\ensuremath{\text{ }}copy\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{p2\ensuremath{\text{ }}+=\ensuremath{\text{ }}n;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{p1\ensuremath{\text{ }}+=\ensuremath{\text{ }}n;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{(n--\ensuremath{\text{ }}!=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{)\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{*--p1\ensuremath{\text{ }}=\ensuremath{\text{ }}*--p2;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}\ensuremath{\text{ }}}\KeywordTok{else}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{(n--\ensuremath{\text{ }}!=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{)\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{*p1++\ensuremath{\text{ }}=\ensuremath{\text{ }}*p2++;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{s1;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\subsubsection{Comparison functions}
\label{303}
\paragraph{The {\ttfamily memcmp} function}
{$\text{ }$}\newline\label{304}
{\ttfamily int memcmp(const void *s1, const void *s2, size_t n);}

The {\ttfamily memcmp()} function shall compare the first {\ttfamily n} bytes (each interpreted as {\ttfamily unsigned char}) of the object pointed to by {\ttfamily s1} to the first {\ttfamily n} bytes of the object pointed to by {\ttfamily s2}. The sign of a non-{}zero return value shall be determined by the sign of the difference between the values of the first pair of bytes (both interpreted as type {\ttfamily unsigned char}) that differ in the objects being compared.

The following is a public-{}domain implementation of {\ttfamily memcmp}:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}memcmp\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{(memcmp)(}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{*s1,\ensuremath{\text{ }}}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{*s2,\ensuremath{\text{ }}size_t\ensuremath{\text{ }}n)}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*us1\ensuremath{\text{ }}=\ensuremath{\text{ }}(}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*)\ensuremath{\text{ }}s1;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*us2\ensuremath{\text{ }}=\ensuremath{\text{ }}(}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*)\ensuremath{\text{ }}s2;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{(n--\ensuremath{\text{ }}!=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(*us1\ensuremath{\text{ }}!=\ensuremath{\text{ }}*us2)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{(*us1\ensuremath{\text{ }}<\ensuremath{\text{ }}*us2)\ensuremath{\text{ }}?\ensuremath{\text{ }}-}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}+}\DecValTok{1}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{us1++;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{us2++;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{0}\NormalTok{;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\paragraph{The {\ttfamily strcoll} and {\ttfamily strxfrm} functions}
{$\text{ }$}\newline\label{305}
{\ttfamily int strcoll(const char *s1, const char *s2);}

{\ttfamily size_t strxfrm(char *s1, const char *s2, size_t n);}

The ANSI C Standard specifies two locale-{}specific comparison functions.

The {\ttfamily strcoll} function compares the string pointed to by {\ttfamily s1} to the string pointed to by {\ttfamily s2}, both interpreted as appropriate to the {\ttfamily LC_COLLATE} category of the current locale. The return value is similar to {\ttfamily strcmp}.

The {\ttfamily strxfrm} function transforms the string pointed to by {\ttfamily s2} and places the resulting string into the array pointed to by {\ttfamily s1}. The transformation is such that if the {\ttfamily strcmp} function is applied to the two transformed strings, it returns a value greater than, equal to, or less than zero, corresponding to the result of the {\ttfamily strcoll} function applied to the same two original strings. No more than {\ttfamily n} characters are placed into the resulting array pointed to by {\ttfamily s1}, including the terminating null character. If {\ttfamily n} is zero, {\ttfamily s1} is permitted to be a null pointer. If copying takes place between objects that overlap, the behavior is undefined. The function returns the length of the transformed string.

These functions are rarely used and nontrivial to code, so there is no code for this section.
\subsubsection{Search functions}
\label{306}
\paragraph{The {\ttfamily memchr} function}
{$\text{ }$}\newline\label{307}
{\ttfamily void *memchr(const void *s, int c, size_t n);}

The {\ttfamily memchr()} function shall locate the first occurrence of {\ttfamily c} (converted to an {\ttfamily unsigned char}) in the initial {\ttfamily n} bytes (each interpreted as {\ttfamily unsigned char}) of the object pointed to by {\ttfamily s}. If {\ttfamily c} is not found, {\ttfamily memchr} returns a null pointer.

The following is a public-{}domain implementation of {\ttfamily memchr}:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}memchr\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{*(memchr)(}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{*s,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{c,\ensuremath{\text{ }}size_t\ensuremath{\text{ }}n)}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*src\ensuremath{\text{ }}=\ensuremath{\text{ }}s;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{uc\ensuremath{\text{ }}=\ensuremath{\text{ }}c;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{(n--\ensuremath{\text{ }}!=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(*src\ensuremath{\text{ }}==\ensuremath{\text{ }}uc)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{(}\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{*)\ensuremath{\text{ }}src;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{src++;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{NULL;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\end{Highlighting}
\end{Shaded}

\paragraph{The {\ttfamily strcspn}, {\ttfamily strpbrk}, and {\ttfamily strspn} functions}
{$\text{ }$}\newline\label{308}
{\ttfamily size_t strcspn(const char *s1, const char *s2);}

{\ttfamily char *strpbrk(const char *s1, const char *s2);}

{\ttfamily size_t strspn(const char *s1, const char *s2);}

The {\ttfamily strcspn} function computes the length of the maximum initial segment of the string pointed to by {\ttfamily s1} which consists entirely of characters {\bfseries not} from the string pointed to by {\ttfamily s2}.

The {\ttfamily strpbrk} function locates the first occurrence in the string pointed to by {\ttfamily s1} of any character from the string pointed to by {\ttfamily s2}, returning a pointer to that character or a null pointer if not found.

The {\ttfamily strspn} function computes the length of the maximum initial segment of the string pointed to by {\ttfamily s1} which consists entirely of characters from the string pointed to by {\ttfamily s2}.

All of these functions are similar except in the test and the return value.

The following are public-{}domain implementations of {\ttfamily strcspn}, {\ttfamily strpbrk}, and {\ttfamily strspn}:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}strcspn\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{size_t\ensuremath{\text{ }}(strcspn)(}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*s1,\ensuremath{\text{ }}}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*s2)}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*sc1;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(sc1\ensuremath{\text{ }}=\ensuremath{\text{ }}s1;\ensuremath{\text{ }}*sc1\ensuremath{\text{ }}!=\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{};\ensuremath{\text{ }}sc1++)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(strchr(s2,\ensuremath{\text{ }}*sc1)\ensuremath{\text{ }}!=\ensuremath{\text{ }}NULL)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{(sc1\ensuremath{\text{ }}-\ensuremath{\text{ }}s1);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{sc1\ensuremath{\text{ }}-\ensuremath{\text{ }}s1;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}terminating\ensuremath{\text{ }}nulls\ensuremath{\text{ }}match\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}strpbrk\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*(strpbrk)(}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*s1,\ensuremath{\text{ }}}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*s2)}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*sc1;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(sc1\ensuremath{\text{ }}=\ensuremath{\text{ }}s1;\ensuremath{\text{ }}*sc1\ensuremath{\text{ }}!=\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{};\ensuremath{\text{ }}sc1++)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(strchr(s2,\ensuremath{\text{ }}*sc1)\ensuremath{\text{ }}!=\ensuremath{\text{ }}NULL)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{(}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*)sc1;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{NULL;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}terminating\ensuremath{\text{ }}nulls\ensuremath{\text{ }}match\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}strspn\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{size_t\ensuremath{\text{ }}(strspn)(}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*s1,\ensuremath{\text{ }}}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*s2)}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*sc1;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(sc1\ensuremath{\text{ }}=\ensuremath{\text{ }}s1;\ensuremath{\text{ }}*sc1\ensuremath{\text{ }}!=\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{};\ensuremath{\text{ }}sc1++)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(strchr(s2,\ensuremath{\text{ }}*sc1)\ensuremath{\text{ }}==\ensuremath{\text{ }}NULL)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{(sc1\ensuremath{\text{ }}-\ensuremath{\text{ }}s1);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{sc1\ensuremath{\text{ }}-\ensuremath{\text{ }}s1;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}terminating\ensuremath{\text{ }}nulls\ensuremath{\text{ }}don\textquotesingle{}t\ensuremath{\text{ }}match\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\paragraph{The {\ttfamily strstr} function}
{$\text{ }$}\newline\label{309}
{\ttfamily char *strstr(const char *haystack, const char *needle);}

The {\ttfamily strstr()} function shall locate the first occurrence in the string pointed to by {\ttfamily haystack} of the sequence of bytes (excluding the terminating null byte) in the string pointed to by {\ttfamily needle}. The function returns the pointer to the matching string in {\ttfamily haystack} or a null pointer if a match is not found. If {\ttfamily needle} is an empty string, the function returns {\ttfamily haystack}.

The following is a public-{}domain implementation of {\ttfamily strstr}:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}strstr\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*(strstr)(}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*haystack,\ensuremath{\text{ }}}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*needle)}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{size_t\ensuremath{\text{ }}needlelen;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}Check\ensuremath{\text{ }}for\ensuremath{\text{ }}the\ensuremath{\text{ }}null\ensuremath{\text{ }}needle\ensuremath{\text{ }}case.\ensuremath{\text{ }}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(*needle\ensuremath{\text{ }}==\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{})}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{(}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*)\ensuremath{\text{ }}haystack;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{needlelen\ensuremath{\text{ }}=\ensuremath{\text{ }}strlen(needle);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{(;\ensuremath{\text{ }}(haystack\ensuremath{\text{ }}=\ensuremath{\text{ }}strchr(haystack,\ensuremath{\text{ }}*needle))\ensuremath{\text{ }}!=\ensuremath{\text{ }}NULL;\ensuremath{\text{ }}haystack++)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(strncmp(haystack,\ensuremath{\text{ }}needle,\ensuremath{\text{ }}needlelen)\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{(}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*)\ensuremath{\text{ }}haystack;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{NULL;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\paragraph{The {\ttfamily strtok} function}
{$\text{ }$}\newline\label{310}
{\ttfamily char *strtok(char *restrict s1, const char *restrict delimiters);}

A sequence of calls to {\ttfamily strtok()} breaks the string pointed to by {\ttfamily s1} into a sequence of tokens, each of which is delimited by a byte from the string pointed to by {\ttfamily delimiters}. The first call in the sequence has {\ttfamily s1} as its first argument, and is followed by calls with a null pointer as their first argument. The separator string pointed to by {\ttfamily delimiters} may be different from call to call.

The first call in the sequence searches the string pointed to by {\ttfamily s1} for the first byte that is not contained in the current separator string pointed to by {\ttfamily delimiters}. If no such byte is found, then there are no tokens in the string pointed to by {\ttfamily s1} and {\ttfamily strtok()} shall return a null pointer. If such a byte is found, it is the start of the first token.

The {\ttfamily strtok()} function then searches from there for a byte (or multiple, consecutive bytes) that is contained in the current separator string. If no such byte is found, the current token extends to the end of the string pointed to by {\ttfamily s1}, and subsequent searches for a token shall return a null pointer. If such a byte is found, it is overwritten by a null byte, which terminates the current token. The {\ttfamily strtok()} function saves a pointer to the following byte, from which the next search for a token shall start.

Each subsequent call, with a null pointer as the value of the first argument, starts searching from the saved pointer and behaves as described above.

The {\ttfamily strtok()} function need not be reentrant. A function that is not required to be reentrant is not required to be thread-{}safe.

Because the {\ttfamily strtok()} function must save state between calls, and you could not have two tokenizers going at the same time, the Single Unix Standard defined a similar function, {\ttfamily strtok_r()}, that does not need to save state. Its prototype is this:

{\ttfamily char *strtok_r(char *s, const char *delimiters, char **lasts);}

The {\ttfamily strtok_r()} function considers the null-{}terminated string {\ttfamily s} as a sequence of zero or more text tokens separated by spans of one or more characters from the separator string {\ttfamily delimiters}. The argument lasts points to a user-{}provided pointer which points to stored information necessary for {\ttfamily strtok_r()} to continue scanning the same string.

In the first call to {\ttfamily strtok_r()}, {\ttfamily s} points to a null-{}terminated string, {\ttfamily delimiters} to a null-{}terminated string of separator characters, and the value pointed to by {\ttfamily lasts} is ignored. The {\ttfamily strtok_r()} function shall return a pointer to the first character of the first token, write a null character into {\ttfamily s} immediately following the returned token, and update the pointer to which {\ttfamily lasts} points.

In subsequent calls, {\ttfamily s} is a null pointer and {\ttfamily lasts} shall be unchanged from the previous call so that subsequent calls shall move through the string {\ttfamily s}, returning successive tokens until no tokens remain. The separator string {\ttfamily delimiters} may be different from call to call. When no token remains in {\ttfamily s}, a NULL pointer shall be returned.

The following public-{}domain code for {\ttfamily strtok} and {\ttfamily strtok_r} codes the former as a special case of the latter:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}strtok_r\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*(strtok_r)(}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*s,\ensuremath{\text{ }}}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*delimiters,\ensuremath{\text{ }}}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{**lasts)}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*sbegin,\ensuremath{\text{ }}*send;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{sbegin\ensuremath{\text{ }}=\ensuremath{\text{ }}s\ensuremath{\text{ }}?\ensuremath{\text{ }}s\ensuremath{\text{ }}:\ensuremath{\text{ }}*lasts;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{sbegin\ensuremath{\text{ }}+=\ensuremath{\text{ }}strspn(sbegin,\ensuremath{\text{ }}delimiters);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(*sbegin\ensuremath{\text{ }}==\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{})\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{*lasts\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{""}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{NULL;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{send\ensuremath{\text{ }}=\ensuremath{\text{ }}sbegin\ensuremath{\text{ }}+\ensuremath{\text{ }}strcspn(sbegin,\ensuremath{\text{ }}delimiters);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(*send\ensuremath{\text{ }}!=\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{})}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{*send++\ensuremath{\text{ }}=\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{};}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{*lasts\ensuremath{\text{ }}=\ensuremath{\text{ }}send;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{sbegin;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}strtok\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*(strtok)(}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*}\DataTypeTok{restrict}\ensuremath{\text{ }}\NormalTok{s1,\ensuremath{\text{ }}}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*}\DataTypeTok{restrict}\ensuremath{\text{ }}\NormalTok{delimiters)}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{static}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*ssave\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{""}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{strtok_r(s1,\ensuremath{\text{ }}delimiters,\ensuremath{\text{ }}&ssave);}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\subsubsection{Miscellaneous functions}
\label{311}

These functions do not fit into one of the above categories.
\paragraph{The {\ttfamily memset} function}
{$\text{ }$}\newline\label{312}
{\ttfamily void *memset(void *s, int c, size_t n);}

The {\ttfamily memset()} function converts {\ttfamily c} into {\ttfamily unsigned char}, then stores the character into the first {\ttfamily n} bytes of memory pointed to by {\ttfamily s}.

The following is a public-{}domain implementation of {\ttfamily memset}:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}memset\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{*(memset)(}\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{*s,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{c,\ensuremath{\text{ }}size_t\ensuremath{\text{ }}n)}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*us\ensuremath{\text{ }}=\ensuremath{\text{ }}s;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{unsigned}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{uc\ensuremath{\text{ }}=\ensuremath{\text{ }}c;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{(n--\ensuremath{\text{ }}!=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{*us++\ensuremath{\text{ }}=\ensuremath{\text{ }}uc;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{s;}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}

\paragraph{The {\ttfamily strerror} function}
{$\text{ }$}\newline\label{313}
{\ttfamily char *strerror(int errorcode);}

This function returns a locale-{}specific error message corresponding to the parameter. Depending on the circumstances, this function could be trivial to implement, but this author will not do that as it varies.

The Single Unix System Version 3 has a variant, {\ttfamily strerror_r}, with this prototype:

{\ttfamily int strerror_r(int errcode, char *buf, size_t buflen);}

This function stores the message in {\ttfamily buf}, which has a length of size {\ttfamily buflen}.
\section{Examples}
\label{314}

To determine the number of characters in a string, the {\ttfamily strlen()} function is used:

\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{...}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{length,\ensuremath{\text{ }}length2;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*turkey;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{static}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*flower=\ensuremath{\text{ }}}\StringTok{"begonia"}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{static}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*gemstone=}\StringTok{"ruby\ensuremath{\text{ }}"}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{length\ensuremath{\text{ }}=\ensuremath{\text{ }}strlen(flower);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"Length\ensuremath{\text{ }}=\ensuremath{\text{ }}\%d}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{,\ensuremath{\text{ }}length);\ensuremath{\text{ }}}\CommentTok{//\ensuremath{\text{ }}prints\ensuremath{\text{ }}\textquotesingle{}Length\ensuremath{\text{ }}=\ensuremath{\text{ }}7\textquotesingle{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{length2\ensuremath{\text{ }}=\ensuremath{\text{ }}strlen(gemstone);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{turkey\ensuremath{\text{ }}=\ensuremath{\text{ }}malloc(\ensuremath{\text{ }}length\ensuremath{\text{ }}+\ensuremath{\text{ }}length2\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(turkey)\ensuremath{\text{ }}\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{strcpy(\ensuremath{\text{ }}turkey,\ensuremath{\text{ }}gemstone);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{strcat(\ensuremath{\text{ }}turkey,\ensuremath{\text{ }}flower);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(\ensuremath{\text{ }}}\StringTok{"\%s}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{,\ensuremath{\text{ }}turkey);\ensuremath{\text{ }}}\CommentTok{//\ensuremath{\text{ }}prints\ensuremath{\text{ }}\textquotesingle{}ruby\ensuremath{\text{ }}begonia\textquotesingle{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{free(\ensuremath{\text{ }}turkey\ensuremath{\text{ }});}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


Note that the amount of memory allocated for \textquotesingle{}turkey\textquotesingle{} is one plus the sum of the lengths of the strings to be concatenated. This is for the terminating null character, which is not counted in the lengths of the strings.
\subsection{Exercises}
\label{315}
\begin{myenumerate}
\item{}  The string functions use a lot of looping constructs. Is there some way to portably unravel the loops?
\item{}  What functions are possibly missing from the library as it stands now?
\end{myenumerate}

\section{Further reading}
\label{316}

\begin{myitemize}
\item{}  \myhref{http://en.wikibooks.org/wiki/A\%20Little\%20C\%20Primer\%2FC\%20String\%20Function\%20Library}{A Little C Primer/C String Function Library}
\item{}  \myhref{http://en.wikibooks.org/wiki/C\%2B\%2B\%20Programming\%2FCode\%2FIO\%2FStreams\%2Fstring}{C++ Programming/Code/IO/Streams/string}
\item{}  Because so many functions in the standard {\ttfamily string.h} library are vulnerable to buffer overflow errors, \myhref{http://www.and.org/vstr/security}{ some people} recommend avoiding the {\ttfamily string.h} library and \symbol{34}C style strings\symbol{34} and instead using a dynamic string API, such as the ones listed in the \myhref{http://www.and.org/vstr/comparison}{ String library comparison}.
\item{}  There\textquotesingle{}s a tiny \myhref{http://openwall.info/wiki/people/solar/software/public-domain-source-code/concat}{ public domain concat() function, which will allocate memory and safely concatenate any number of strings in portable C/C++ code}
\end{myitemize}


\LaTeXNullTemplate{}

\myhref{http://pl.wikibooks.org/wiki/C\%2FNapisy}{pl:C/Napisy}
\myhref{http://pt.wikibooks.org/wiki/Programar\%20em\%20C\%2FStrings}{pt:Programar em C/Strings}\chapter{Complex types}

\myminitoc
\label{317}





\label{318}
\LaTeXNullTemplate{}

\LaTeXNullTemplate{}

In the section \myhref{http://en.wikibooks.org/wiki/C\%20Programming\%2FTypes}{C types} we looked at some basic types. However {\bfseries C complex types} allow us greater flexibility in managing data in our C program.
\section{Data structures}
\label{319}

A data structure (\symbol{34}struct\symbol{34}) contains multiple pieces of data.
Each piece of data (called a \symbol{34}member\symbol{34}) can be accessed by the name of the variable, followed by a \textquotesingle{}.\textquotesingle{}, then the name of the member.
(Another way to access a member is using the member operator \textquotesingle{}-{}>{}\textquotesingle{}).
The member variables of a struct can be of any data type and can even be an array or a pointer.

\subsection{Pointers}
\label{320}
\LaTeXNullTemplate{}

Pointers are variables that don\textquotesingle{}t hold the actual data.  Instead they point to the memory location of some other variable.
For example,\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}int$\text{ }${}*pointer$\text{ }${}=$\text{ }${}\&variable;}

defines a pointer to an {\ttfamily int}, and also makes it point to the particular integer contained in {\ttfamily variable}.

The \textquotesingle{}*\textquotesingle{} is what makes this an integer pointer.
To make the pointer point to a different integer, use the form\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}pointer$\text{ }${}=$\text{ }${}\&sandwiches;}

Where \& is the {\itshape address of} operator.
Often programmers set the value of the pointer to NULL (a standard macro defined as 0 or (void*)0 )
like this:\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}pointer$\text{ }${}=$\text{ }${}NULL;}

This tells us that the pointer isn\textquotesingle{}t currently pointing to any real location.

Additionally, to dereference (access the thing being pointed at) the pointer, use the form:\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}value$\text{ }${}=$\text{ }${}*pointer;}

\subsection{Structs}
\label{321}

A data structure contains multiple pieces of data.
One defines a data structure using the {\ttfamily struct} keyword. For example,
\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}{\bfseries struct}$\text{ }${}mystruct$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}\{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}int$\text{ }${}int_member;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}double$\text{ }${}double_member;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}char$\text{ }${}string_member{$\text{[}$}25{$\text{]}$};$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}\}$\text{ }${}variable;}


{\ttfamily variable} is an instance of {\ttfamily mystruct}. You can omit it from the end of the {\ttfamily {\bfseries struct}} declaration and declare it later using:\\

\TemplateSpaceIndent{$\text{ }${}{\bfseries struct}$\text{ }${}mystruct$\text{ }${}variable;}


It is often common practice to make a {\itshape type synonym} so we don\textquotesingle{}t have to type \symbol{34}struct mystruct\symbol{34} all the time. C allows us the possibility to do so using a {\ttfamily {\bfseries typedef}} statement, which aliases a type:\\

\TemplateSpaceIndent{$\text{ }${}{\bfseries typedef}$\text{ }${}{\bfseries struct}$\text{ }$\newline{}
$\text{ }${}\{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
$\text{ }${}\}$\text{ }${}Mystruct;}

The {\ttfamily {\bfseries struct}} itself has no name (by the absence of a name on the first line), but it is aliased as {\ttfamily Mystruct}. Then you can use\\

\TemplateSpaceIndent{$\text{ }${}Mystruct$\text{ }${}structure;}


Note that it is commonplace, and good style to capitalize the {\bfseries first letter} of a type synonym. However in the actual definition we need to give the struct a {\itshape tag} so we can refer to it: we may have a {\itshape recursive data structure} of some kind. For trees or chained lists, we need a pointer to the same data type in the struct. During compilation, the type synonym is not known to the compiler and there will be an error. To avoid this, it is necessary to let the compiler know the name right from the start (Note that the {\bfseries struct} keyword is used {\itshape only} inside the structure! After the declaration, the compiler {\itshape knows} that the type synonym refers to a {\bfseries struct}):\\

\TemplateSpaceIndent{$\text{ }${}{\bfseries typedef}$\text{ }${}{\bfseries struct}$\text{ }${}Mystruct$\text{ }$\newline{}
$\text{ }${}\{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}...$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}{\bfseries struct}$\text{ }${}Mystruct$\text{ }${}*$\text{ }${}pMystruct$\text{ }$\newline{}
$\text{ }${}\}$\text{ }${}Mystruct;}


\subsection{Unions}
\label{322}

The definition of a union is similar to that of a struct.  The difference between the two is that in a struct, the members occupy different areas of memory, but in a union, the members occupy the same area of memory.  Thus, in the following type, for example:
\\

\TemplateSpaceIndent{$\text{ }${}union$\text{ }${}\{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}int$\text{ }${}i;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}double$\text{ }${}d;$\text{ }$\newline{}
$\text{ }${}\}$\text{ }${}u;}


The programmer can access either {\ttfamily u.i} or {\ttfamily u.d}, but not both at the same time. Since {\ttfamily u.i} and {\ttfamily u.d} occupy the same area of memory, modifying one modifies the value of the other, sometimes in unpredictable ways.

The size of a union is the size of its largest member.
\section{Type modifiers}
\label{323}

For \symbol{34}register\symbol{34}, \symbol{34}volatile\symbol{34}, \symbol{34}auto\symbol{34} and \symbol{34}extern\symbol{34}, see \mylref{73}{../Variables\#Other_Modifiers}.

\myhref{http://de.wikibooks.org/wiki/C-Programmierung\%3A\%20Komplexe\%20Datentypen}{de:C-{}Programmierung: Komplexe Datentypen}
\myhref{http://pl.wikibooks.org/wiki/C\%2FTypy\%20z\%01\%42o\%01\%7Cone}{pl:C/Typy złożone}
\LaTeXNullTemplate{}\chapter{Networking in UNIX}

\myminitoc
\label{324}





\label{325}
\LaTeXNullTemplate{}

Network programming under UNIX is relatively simple in C.

This guide assumes you already have a good general idea about C, UNIX and networks.

\section{A simple client}
\label{326}

To start with, we\textquotesingle{}ll look at one of the simplest things you can do: initialize a stream connection and receive a message from a remote server.

\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\OtherTok{#include\ensuremath{\text{ }}<stdlib.h>}\newline
\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\OtherTok{#include\ensuremath{\text{ }}<unistd.h>}\newline
\OtherTok{#include\ensuremath{\text{ }}<arpa/inet.h>}\newline
\OtherTok{#include\ensuremath{\text{ }}<sys/types.h>}\newline
\OtherTok{#include\ensuremath{\text{ }}<netinet/in.h>}\newline
\OtherTok{#include\ensuremath{\text{ }}<sys/socket.h>}\newline
\ensuremath{\text{ }}\newline
\OtherTok{#define\ensuremath{\text{ }}MAXRCVLEN\ensuremath{\text{ }}500}\newline
\OtherTok{#define\ensuremath{\text{ }}PORTNUM\ensuremath{\text{ }}2343}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{argc,\ensuremath{\text{ }}}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*argv[])}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{buffer[MAXRCVLEN\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{];\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}+1\ensuremath{\text{ }}so\ensuremath{\text{ }}we\ensuremath{\text{ }}can\ensuremath{\text{ }}add\ensuremath{\text{ }}null\ensuremath{\text{ }}terminator\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{len,\ensuremath{\text{ }}mysocket;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{sockaddr_in\ensuremath{\text{ }}dest;\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{mysocket\ensuremath{\text{ }}=\ensuremath{\text{ }}socket(AF_INET,\ensuremath{\text{ }}SOCK_STREAM,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{memset(&dest,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(dest));\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}zero\ensuremath{\text{ }}the\ensuremath{\text{ }}struct\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{dest.sin_family\ensuremath{\text{ }}=\ensuremath{\text{ }}AF_INET;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{dest.sin_addr.s_addr\ensuremath{\text{ }}=\ensuremath{\text{ }}inet_addr(}\StringTok{"127.0.0.1"}\NormalTok{);\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}set\ensuremath{\text{ }}destination\ensuremath{\text{ }}IP\ensuremath{\text{ }}number\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{dest.sin_port\ensuremath{\text{ }}=\ensuremath{\text{ }}htons(PORTNUM);\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}set\ensuremath{\text{ }}destination\ensuremath{\text{ }}port\ensuremath{\text{ }}number}\newline
\CommentTok{\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{connect(mysocket,\ensuremath{\text{ }}(}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{sockaddr\ensuremath{\text{ }}*)&dest,\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{sockaddr));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{len\ensuremath{\text{ }}=\ensuremath{\text{ }}recv(mysocket,\ensuremath{\text{ }}buffer,\ensuremath{\text{ }}MAXRCVLEN,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}We\ensuremath{\text{ }}have\ensuremath{\text{ }}to\ensuremath{\text{ }}null\ensuremath{\text{ }}terminate\ensuremath{\text{ }}the\ensuremath{\text{ }}received\ensuremath{\text{ }}data\ensuremath{\text{ }}ourselves\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{buffer[len]\ensuremath{\text{ }}=\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{};}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"Received\ensuremath{\text{ }}\%s\ensuremath{\text{ }}(\%d\ensuremath{\text{ }}bytes).}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{,\ensuremath{\text{ }}buffer,\ensuremath{\text{ }}len);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{close(mysocket);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{EXIT_SUCCESS;}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


This is the very bare bones of a client; in practice, we would check every function that we call for failure, however, error checking has been left out for clarity.

As you can see, the code mainly revolves around {\ttfamily dest} which is a struct of type {\ttfamily sockaddr_in}. This struct stores information about the machine we want to connect to.


\begin{Shaded}
\begin{Highlighting}[]

\NormalTok{mysocket\ensuremath{\text{ }}=\ensuremath{\text{ }}socket(AF_INET,\ensuremath{\text{ }}SOCK_STREAM,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{);}\newline
\end{Highlighting}
\end{Shaded}


The {\ttfamily socket()} function tells our OS that we want a file descriptor for a socket which we can use for a network stream connection; what the parameters mean is mostly irrelevant for now.


\begin{Shaded}
\begin{Highlighting}[]

\NormalTok{memset(&dest,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(dest));\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}zero\ensuremath{\text{ }}the\ensuremath{\text{ }}struct\ensuremath{\text{ }}*/}\newline
\NormalTok{dest.sin_family\ensuremath{\text{ }}=\ensuremath{\text{ }}AF_INET;}\newline
\NormalTok{dest.sin_addr.s_addr\ensuremath{\text{ }}=\ensuremath{\text{ }}inet_addr(}\StringTok{"127.0.0.1"}\NormalTok{);\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}set\ensuremath{\text{ }}destination\ensuremath{\text{ }}IP\ensuremath{\text{ }}number\ensuremath{\text{ }}*/}\ensuremath{\text{ }}\newline
\NormalTok{dest.sin_port\ensuremath{\text{ }}=\ensuremath{\text{ }}htons(PORTNUM);\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}set\ensuremath{\text{ }}destination\ensuremath{\text{ }}port\ensuremath{\text{ }}number\ensuremath{\text{ }}*/}\newline
\end{Highlighting}
\end{Shaded}


Now we get on to the interesting part:

The first line uses {\ttfamily memset()} to zero the struct.

The second line sets the address family. This should be the same value that was passed as the first parameter to {\ttfamily socket()}; for most purposes {\ttfamily AF_INET} will serve.

The third line is where we set the IP of the machine we need to connect to. The variable {\ttfamily dest.sin_addr.s_addr} is just an integer stored in Big Endian format, but we don\textquotesingle{}t have to know that as the {\ttfamily inet_addr()} function will do the conversion from string into Big Endian integer for us.

The fourth line sets the destination port number. The {\ttfamily htons()} function converts the port number into a Big Endian short integer. If your program is going to be run solely on machines which use Big Endian numbers as default then {\ttfamily dest.sin_port = 21} would work just as well. However, for portability reasons {\ttfamily htons()} should always be used.

Now that all of the preliminary work is done, we can actually make the connection and use it:


\begin{Shaded}
\begin{Highlighting}[]

\NormalTok{connect(mysocket,\ensuremath{\text{ }}(}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{sockaddr\ensuremath{\text{ }}*)&dest,\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{sockaddr));}\newline
\end{Highlighting}
\end{Shaded}


This tells our OS to use the socket {\ttfamily mysocket} to create a connection to the machine specified in {\ttfamily dest}.


\begin{Shaded}
\begin{Highlighting}[]

\NormalTok{len\ensuremath{\text{ }}=\ensuremath{\text{ }}recv(mysocket,\ensuremath{\text{ }}buffer,\ensuremath{\text{ }}MAXRCVLEN,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{);}\newline
\end{Highlighting}
\end{Shaded}


Now this receives up to {\ttfamily MAXRCVLEN} bytes of data from the connection and stores them in the buffer string. The number of characters received is returned by {\ttfamily recv()}. It is important to note that the data received will not automatically be null terminated when stored in the buffer, so we need to do it ourselves with {\ttfamily buffer{$\text{[}$}inputlen{$\text{]}$} = \textquotesingle{}\textbackslash{}0\textquotesingle{}}.

And that\textquotesingle{}s about it!

The next step after learning how to receive data is learning how to send it. If you\textquotesingle{}ve understood the previous section then this is quite easy. All you have to do is use the {\ttfamily send()} function, which uses the same parameters as {\ttfamily recv()}. If in our previous example {\ttfamily buffer} had the text we wanted to send and its length was stored in {\ttfamily len} we would write {\ttfamily send(mysocket, buffer, len, 0)}. {\ttfamily send()} returns the number of bytes that were sent. It is important to remember that {\ttfamily send()}, for various reasons, may not be able to send all of the bytes, so it is important to check that its return value is equal to the number of bytes you tried to send. In most cases this can be resolved by resending the unsent data.
\section{A simple server}
\label{327}

\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\OtherTok{#include\ensuremath{\text{ }}<stdlib.h>}\newline
\OtherTok{#include\ensuremath{\text{ }}<string.h>}\newline
\OtherTok{#include\ensuremath{\text{ }}<unistd.h>}\newline
\OtherTok{#include\ensuremath{\text{ }}<arpa/inet.h>}\newline
\OtherTok{#include\ensuremath{\text{ }}<sys/types.h>}\newline
\OtherTok{#include\ensuremath{\text{ }}<netinet/in.h>}\newline
\OtherTok{#include\ensuremath{\text{ }}<sys/socket.h>}\newline
\ensuremath{\text{ }}\newline
\OtherTok{#define\ensuremath{\text{ }}PORTNUM\ensuremath{\text{ }}2343}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{main(}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{argc,\ensuremath{\text{ }}}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*argv[])}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{msg[]\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"Hello\ensuremath{\text{ }}World\ensuremath{\text{ }}!}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{sockaddr_in\ensuremath{\text{ }}dest;\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}socket\ensuremath{\text{ }}info\ensuremath{\text{ }}about\ensuremath{\text{ }}the\ensuremath{\text{ }}machine\ensuremath{\text{ }}connecting\ensuremath{\text{ }}to\ensuremath{\text{ }}us\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{sockaddr_in\ensuremath{\text{ }}serv;\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}socket\ensuremath{\text{ }}info\ensuremath{\text{ }}about\ensuremath{\text{ }}our\ensuremath{\text{ }}server\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{mysocket;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}socket\ensuremath{\text{ }}used\ensuremath{\text{ }}to\ensuremath{\text{ }}listen\ensuremath{\text{ }}for\ensuremath{\text{ }}incoming\ensuremath{\text{ }}connections\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{socksize\ensuremath{\text{ }}=\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{sockaddr_in);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{memset(&serv,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(serv));\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}zero\ensuremath{\text{ }}the\ensuremath{\text{ }}struct\ensuremath{\text{ }}before\ensuremath{\text{ }}filling\ensuremath{\text{ }}the}\newline
\CommentTok{\ensuremath{\text{ }}fields\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{serv.sin_family\ensuremath{\text{ }}=\ensuremath{\text{ }}AF_INET;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}set\ensuremath{\text{ }}the\ensuremath{\text{ }}type\ensuremath{\text{ }}of\ensuremath{\text{ }}connection\ensuremath{\text{ }}to\ensuremath{\text{ }}TCP/IP\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{serv.sin_addr.s_addr\ensuremath{\text{ }}=\ensuremath{\text{ }}INADDR_ANY;\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}set\ensuremath{\text{ }}our\ensuremath{\text{ }}address\ensuremath{\text{ }}to\ensuremath{\text{ }}any\ensuremath{\text{ }}interface\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{serv.sin_port\ensuremath{\text{ }}=\ensuremath{\text{ }}htons(PORTNUM);\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}set\ensuremath{\text{ }}the\ensuremath{\text{ }}server\ensuremath{\text{ }}port\ensuremath{\text{ }}number\ensuremath{\text{ }}*/}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{mysocket\ensuremath{\text{ }}=\ensuremath{\text{ }}socket(AF_INET,\ensuremath{\text{ }}SOCK_STREAM,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}bind\ensuremath{\text{ }}serv\ensuremath{\text{ }}information\ensuremath{\text{ }}to\ensuremath{\text{ }}mysocket\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{bind(mysocket,\ensuremath{\text{ }}(}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{sockaddr\ensuremath{\text{ }}*)&serv,\ensuremath{\text{ }}}\KeywordTok{sizeof}\NormalTok{(}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{sockaddr));}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}start\ensuremath{\text{ }}listening,\ensuremath{\text{ }}allowing\ensuremath{\text{ }}a\ensuremath{\text{ }}queue\ensuremath{\text{ }}of\ensuremath{\text{ }}up\ensuremath{\text{ }}to\ensuremath{\text{ }}1\ensuremath{\text{ }}pending\ensuremath{\text{ }}connection\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{listen(mysocket,\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{consocket\ensuremath{\text{ }}=\ensuremath{\text{ }}accept(mysocket,\ensuremath{\text{ }}(}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{sockaddr\ensuremath{\text{ }}*)&dest,\ensuremath{\text{ }}&socksize);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\NormalTok{(consocket)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"Incoming\ensuremath{\text{ }}connection\ensuremath{\text{ }}from\ensuremath{\text{ }}\%s\ensuremath{\text{ }}-\ensuremath{\text{ }}sending\ensuremath{\text{ }}welcome}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{,}\newline
\ensuremath{\text{ }}\NormalTok{inet_ntoa(dest.sin_addr));}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{send(consocket,\ensuremath{\text{ }}msg,\ensuremath{\text{ }}strlen(msg),\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{);\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{consocket\ensuremath{\text{ }}=\ensuremath{\text{ }}accept(mysocket,\ensuremath{\text{ }}(}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{sockaddr\ensuremath{\text{ }}*)&dest,\ensuremath{\text{ }}&socksize);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{close(consocket);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{close(mysocket);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{EXIT_SUCCESS;}\newline
\NormalTok{\}}\newline
\end{Highlighting}
\end{Shaded}


Superficially, this is very similar to the client. The first important difference is that rather than creating a {\ttfamily sockaddr_in} with information about the machine we\textquotesingle{}re connecting to, we create it with information about the server, and then we {\ttfamily bind()} it to the socket. This allows the machine to know the data received on the port specified in the {\ttfamily sockaddr_in} should be handled by our specified socket.

The {\ttfamily listen()} function then tells our program to start listening using the given socket. The second parameter of {\ttfamily listen()} allows us to specify the maximum number of connections that can be queued. Each time a connection is made to the server it is added to the queue. We take connections from the queue using the {\ttfamily accept()} function. If there is no connection waiting on the queue the program waits until a connection is received. The {\ttfamily accept()} function returns another socket. This socket is essentially a \symbol{34}session\symbol{34} socket, and can be used solely for communicating with connection we took off the queue. The original socket ({\ttfamily mysocket}) continues to listen on the specified port for further connections.

Once we have \symbol{34}session\symbol{34} socket we can handle it in the same way as with the client, using {\ttfamily send()} and {\ttfamily recv()} to handle data transfers.

Note that this server can only accept one connection at a time; if you want to simultaneously handle multiple clients then you\textquotesingle{}ll need to {\ttfamily fork()} off separate processes, or use threads, to handle the connections.
\section{Useful network functions}
\label{328}

\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{gethostname(}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*hostname,\ensuremath{\text{ }}size_t\ensuremath{\text{ }}size);}\newline
\end{Highlighting}
\end{Shaded}


The parameters are a pointer to an array of chars and the size of that array. If possible, it finds the hostname and stores it in the array.  On failure it returns -{}1.


\begin{Shaded}
\begin{Highlighting}[]

\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{hostent\ensuremath{\text{ }}*gethostbyname(}\DataTypeTok{const}\ensuremath{\text{ }}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*name);}\newline
\end{Highlighting}
\end{Shaded}


This function obtains information about a domain name and stores it in a {\ttfamily hostent} struct. The most useful part of a {\ttfamily hostent} structure is the {\ttfamily (char**) h_addr_list} field, which is a null terminated array of the IP addresses associated with that domain. The field {\ttfamily h_addr} is a pointer to the first IP address in the {\ttfamily h_addr_list} array. Returns {\ttfamily NULL} on failure.
\section{File transfer}
\label{329}
To transfer files with sockets, we need to read a local specified file and send datas it contains to server, which will write datas it received in a file.

Client-{}side:

\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{buffer[}\DecValTok{1000}\NormalTok{];\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}will\ensuremath{\text{ }}contain\ensuremath{\text{ }}bytes\ensuremath{\text{ }}of\ensuremath{\text{ }}file\ensuremath{\text{ }}*/}\newline
\NormalTok{FILE*\ensuremath{\text{ }}f\ensuremath{\text{ }}=\ensuremath{\text{ }}NULL;}\newline
\NormalTok{f\ensuremath{\text{ }}=\ensuremath{\text{ }}fopen(}\StringTok{"local_file"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"rb"}\NormalTok{);\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}open\ensuremath{\text{ }}\textquotesingle{}local_file\textquotesingle{}\ensuremath{\text{ }}in\ensuremath{\text{ }}read/binary}\newline
\CommentTok{\ensuremath{\text{ }}mode\ensuremath{\text{ }}*/}\newline
\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(f\ensuremath{\text{ }}!=\ensuremath{\text{ }}NULL)\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}if\ensuremath{\text{ }}we\ensuremath{\text{ }}succeed\ensuremath{\text{ }}to\ensuremath{\text{ }}open\ensuremath{\text{ }}file\ensuremath{\text{ }}*/}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{fread(buffer,}\KeywordTok{sizeof}\NormalTok{(buffer),}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}f);\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}read\ensuremath{\text{ }}1000\ensuremath{\text{ }}bytes\ensuremath{\text{ }}of\ensuremath{\text{ }}\textquotesingle{}f\textquotesingle{}}\newline
\CommentTok{\ensuremath{\text{ }}(="received_file")\ensuremath{\text{ }}and\ensuremath{\text{ }}put\ensuremath{\text{ }}them\ensuremath{\text{ }}in\ensuremath{\text{ }}\textquotesingle{}buffer\textquotesingle{}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{send(socket,buffer,}\KeywordTok{sizeof}\NormalTok{(buffer),}\DecValTok{0}\NormalTok{);\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}send\ensuremath{\text{ }}\textquotesingle{}buffer\textquotesingle{}\ensuremath{\text{ }}to\ensuremath{\text{ }}server\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{fclose(f);\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}close\ensuremath{\text{ }}\textquotesingle{}f\textquotesingle{}\ensuremath{\text{ }}*/}\newline
\NormalTok{\}}\newline
\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"Unable\ensuremath{\text{ }}to\ensuremath{\text{ }}open\ensuremath{\text{ }}file."}\NormalTok{);}\newline
\end{Highlighting}
\end{Shaded}


Server-{}side:

\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{buffer[}\DecValTok{1000}\NormalTok{];\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}will\ensuremath{\text{ }}contain\ensuremath{\text{ }}bytes\ensuremath{\text{ }}of\ensuremath{\text{ }}file\ensuremath{\text{ }}*/}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{bytes_received\ensuremath{\text{ }}=\ensuremath{\text{ }}recv(socket,buffer,}\DecValTok{1}\NormalTok{,}\DecValTok{0}\NormalTok{);\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}put\ensuremath{\text{ }}received\ensuremath{\text{ }}datas\ensuremath{\text{ }}in\ensuremath{\text{ }}\textquotesingle{}buffer\textquotesingle{}}\newline
\CommentTok{\ensuremath{\text{ }}*/}\newline
\NormalTok{buffer[bytes_received]\ensuremath{\text{ }}=\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{};}\newline
\NormalTok{FILE*\ensuremath{\text{ }}f\ensuremath{\text{ }}=\ensuremath{\text{ }}NULL;}\newline
\NormalTok{f\ensuremath{\text{ }}=\ensuremath{\text{ }}fopen(}\StringTok{"received_file"}\NormalTok{,}\StringTok{"wb"}\NormalTok{);\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}open\ensuremath{\text{ }}\textquotesingle{}received_file\textquotesingle{}\ensuremath{\text{ }}in}\newline
\CommentTok{\ensuremath{\text{ }}write/binary\ensuremath{\text{ }}mode\ensuremath{\text{ }}*/}\newline
\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(f\ensuremath{\text{ }}!=\ensuremath{\text{ }}NULL)\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}if\ensuremath{\text{ }}we\ensuremath{\text{ }}succeed\ensuremath{\text{ }}to\ensuremath{\text{ }}open\ensuremath{\text{ }}file\ensuremath{\text{ }}*/}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{fwrite(buffer,bytes_received,}\DecValTok{1}\NormalTok{,f);\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}put\ensuremath{\text{ }}\textquotesingle{}buffer\textquotesingle{}\ensuremath{\text{ }}in\ensuremath{\text{ }}\textquotesingle{}f\textquotesingle{}}\newline
\CommentTok{\ensuremath{\text{ }}(="received_file)\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{fclose(f);\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}close\ensuremath{\text{ }}\textquotesingle{}f\textquotesingle{}\ensuremath{\text{ }}*/}\newline
\NormalTok{\}}\newline
\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"Unable\ensuremath{\text{ }}to\ensuremath{\text{ }}open\ensuremath{\text{ }}file."}\NormalTok{);}\newline
\end{Highlighting}
\end{Shaded}


But the problem is for large files. If the local \textquotesingle{}local_file\textquotesingle{} file contains for example 1500 bytes, only 1000 first bytes will be sent. For large files, we have to split datas in blocks, which will be restitued by the server. 

To explain that, I will take a block size of 1 byte. The client opens a local file, read first byte and send it, then reads next byte and send it, etc... Every 1 byte, we send datas to server and read next byte of the local file. To do that, we must get size of local file to stop when we have read all bytes.

Client-{}side:

\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{buffer[}\DecValTok{1000}\NormalTok{];}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{Sent\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}will\ensuremath{\text{ }}contain\ensuremath{\text{ }}number\ensuremath{\text{ }}of\ensuremath{\text{ }}bytes\ensuremath{\text{ }}we\ensuremath{\text{ }}send\ensuremath{\text{ }}each\ensuremath{\text{ }}time\ensuremath{\text{ }}*/}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{SizeCheck\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{;\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}will\ensuremath{\text{ }}contain\ensuremath{\text{ }}total\ensuremath{\text{ }}number\ensuremath{\text{ }}of\ensuremath{\text{ }}sent\ensuremath{\text{ }}bytes\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\newline
\NormalTok{FILE*\ensuremath{\text{ }}f\ensuremath{\text{ }}=\ensuremath{\text{ }}NULL;}\newline
\NormalTok{f\ensuremath{\text{ }}=\ensuremath{\text{ }}fopen(}\StringTok{"local_file"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"rb"}\NormalTok{);}\newline
\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(f\ensuremath{\text{ }}!=\ensuremath{\text{ }}NULL)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{struct}\ensuremath{\text{ }}\NormalTok{stat\ensuremath{\text{ }}FileStat;}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{stat(}\StringTok{"local_file"}\NormalTok{,\ensuremath{\text{ }}&FileStat);}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\NormalTok{(SizeCheck\ensuremath{\text{ }}!=\ensuremath{\text{ }}FileStat.st_size)\ensuremath{\text{ }}}\CommentTok{//\ensuremath{\text{ }}while\ensuremath{\text{ }}\textquotesingle{}all\ensuremath{\text{ }}sent\ensuremath{\text{ }}bytes\textquotesingle{}\ensuremath{\text{ }}≠\ensuremath{\text{ }}\textquotesingle{}total\ensuremath{\text{ }}bytes}\newline
\ensuremath{\text{ }}\NormalTok{of\ensuremath{\text{ }}file\ensuremath{\text{ }}(size)\textquotesingle{}\ensuremath{\text{ }},\ensuremath{\text{ }}which}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{//\ensuremath{\text{ }}means:\ensuremath{\text{ }}\textquotesingle{}while\ensuremath{\text{ }}we\ensuremath{\text{ }}haven\textquotesingle{}t\ensuremath{\text{ }}read\ensuremath{\text{ }}all}\newline
\ensuremath{\text{ }}\NormalTok{bytes\ensuremath{\text{ }}of\ensuremath{\text{ }}file\textquotesingle{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{fread(buffer,}\DecValTok{1}\NormalTok{,}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}f);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Sent\ensuremath{\text{ }}=\ensuremath{\text{ }}send(socket,buffer,}\DecValTok{1}\NormalTok{,}\DecValTok{0}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{SizeCheck\ensuremath{\text{ }}+=\ensuremath{\text{ }}Sent;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}\textquotesingle{}all\ensuremath{\text{ }}sent\ensuremath{\text{ }}bytes\textquotesingle{}\ensuremath{\text{ }}=\ensuremath{\text{ }}\textquotesingle{}all\ensuremath{\text{ }}sent\ensuremath{\text{ }}bytes\textquotesingle{}\ensuremath{\text{ }}+}\newline
\CommentTok{\ensuremath{\text{ }}\textquotesingle{}bytes\ensuremath{\text{ }}we\ensuremath{\text{ }}have\ensuremath{\text{ }}just\ensuremath{\text{ }}read\textquotesingle{}\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{fclose(f);}\newline
\NormalTok{\}}\newline
\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"Unable\ensuremath{\text{ }}to\ensuremath{\text{ }}open\ensuremath{\text{ }}file."}\NormalTok{);}\newline
\end{Highlighting}
\end{Shaded}


Server-{}side (this is a very ugly code):

\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{buffer[}\DecValTok{1000}\NormalTok{];}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{Received;\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}will\ensuremath{\text{ }}contain\ensuremath{\text{ }}number\ensuremath{\text{ }}of\ensuremath{\text{ }}bytes\ensuremath{\text{ }}we\ensuremath{\text{ }}receive}\newline
\CommentTok{\ensuremath{\text{ }}each\ensuremath{\text{ }}time\ensuremath{\text{ }}*/}\newline
\NormalTok{FILE*\ensuremath{\text{ }}f\ensuremath{\text{ }}=\ensuremath{\text{ }}NULL;}\newline
\NormalTok{f\ensuremath{\text{ }}=\ensuremath{\text{ }}fopen(}\StringTok{"received_file"}\NormalTok{,}\StringTok{"wb"}\NormalTok{);\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}open\ensuremath{\text{ }}\textquotesingle{}received_file\textquotesingle{}\ensuremath{\text{ }}in\ensuremath{\text{ }}write/binary\ensuremath{\text{ }}mode}\newline
\CommentTok{\ensuremath{\text{ }}*/}\newline
\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(f\ensuremath{\text{ }}!=\ensuremath{\text{ }}NULL)}\newline
\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\NormalTok{(}\DecValTok{1}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Received\ensuremath{\text{ }}=\ensuremath{\text{ }}recv(socket,buffer,}\DecValTok{1}\NormalTok{,}\DecValTok{0}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{buffer[Received]\ensuremath{\text{ }}=\ensuremath{\text{ }}\textquotesingle{}\textbackslash{}}\DecValTok{0}\NormalTok{\textquotesingle{};}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{fwrite(buffer,Received,}\DecValTok{1}\NormalTok{,f);\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}write\ensuremath{\text{ }}byte\ensuremath{\text{ }}we\ensuremath{\text{ }}received\ensuremath{\text{ }}in\ensuremath{\text{ }}\textquotesingle{}received_file\textquotesingle{}}\newline
\CommentTok{\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{fclose(f);}\newline
\NormalTok{\}}\newline
\KeywordTok{else}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{printf(}\StringTok{"Unable\ensuremath{\text{ }}to\ensuremath{\text{ }}open\ensuremath{\text{ }}file."}\NormalTok{);}\newline
\end{Highlighting}
\end{Shaded}


Will be continued soon...
\section{FAQs}
\label{330}
\subsection{What about stateless connections?}
\label{331}

If you don\textquotesingle{}t want to exploit the properties of TCP in your program and would rather just use a UDP conection, then you can just replace {\ttfamily SOCK_STREAM} with {\ttfamily SOCK_DGRAM} in your call to {\ttfamily socket()} and use the result in the same way. It is important to remember that UDP does not guarantee delivery of packets and order of delivery, so checking is important.

If you want to exploit the properties of UDP, then you can use {\ttfamily sendto()} and {\ttfamily recvfrom()}, which operate like {\ttfamily send()} and {\ttfamily recv()} except you need to provide extra parameters specifying who you are communicating with.

\subsection{How do I check for errors?}
\label{332}

The functions {\ttfamily socket()}, {\ttfamily recv()} and {\ttfamily connect()} all return -{}1 on failure and use errno for further details.
\LaTeXNullTemplate{}\chapter{Common practices}

\myminitoc
\label{333}





\label{334}
\LaTeXNullTemplate{}

With its extensive use, a number of common practices and conventions have evolved to help avoid errors in C programs. These are simultaneously a demonstration of the application of good software engineering principles to a language and an indication of the limitations of C. Although few are used universally, and some are controversial, each of these enjoys wide use.
\section{Dynamic multidimensional arrays}
\label{335}

Although one-{}dimensional arrays are easy to create dynamically using malloc, and fixed-{}size multidimensional arrays are easy to create using the built-{}in language feature, dynamic multidimensional arrays are trickier. There are a number of different ways to create them, each with different tradeoffs. The two most popular ways to create them are:
\begin{myitemize}
\item{}  They can be allocated as a single block of memory, just like static multidimensional arrays. This requires that the array be {\itshape rectangular} (i.e. subarrays of lower dimensions are static and have the same size).  The disadvantage is that the syntax of declaration the pointer is a little tricky for programmers at first.  For example, if one wanted to create an array of ints of 3 columns and {\ttfamily rows} rows, one would do
\end{myitemize}
\\

\TemplateSpaceIndent{$\text{ }${}int$\text{ }${}(*multi_array){$\text{[}$}3{$\text{]}$}$\text{ }${}=$\text{ }${}malloc(rows$\text{ }${}*$\text{ }${}sizeof(int{$\text{[}$}3{$\text{]}$}));}

\begin{myquote}
\item{} (Note that here {\ttfamily multi_array} is a pointer to an array of 3 ints.)
\end{myquote}


\begin{myquote}
\item{} Because of array-{}pointer interchangeability, you can index this just like static multidimensional arrays, i.e. {\ttfamily multi_array{$\text{[}$}5{$\text{]}$}{$\text{[}$}2{$\text{]}$}} is the element at the 6th row and 3rd column.
\end{myquote}


\begin{myitemize}
\item{}  They can be allocated by first allocating an array of pointers, and then allocating subarrays and storing their addresses in the array of pointers (this approach is also known as an \myhref{http://en.wikipedia.org/wiki/Iliffe\%20vector}{Iliffe vector}). The syntax for accessing elements is the same as for multidimensional arrays described above (even though they are stored very differently).  This approach has the advantage of the ability to make ragged arrays (i.e. with subarrays of different sizes). However, it also uses more space and requires more levels of indirection to index into, and can have worse cache performance. It also requires many dynamic allocations, each of which can be expensive.
\end{myitemize}



For more information, see the \myhref{http://www.eskimo.com/~scs/C-faq/q6.16.html}{ comp.lang.c FAQ, question 6.16}.

In some cases, the use of multi-{}dimensional arrays can best be addressed as an array of structures.  Before user-{}defined data structures were available, a common technique was to define a multi-{}dimensional array, where each column contained different information about the row.  This approach is also frequently used by beginner programmers.  For example, columns of a two-{}dimensional character array might contain last name, first name, address, etc.

In cases like this, it is better to define a structure that contains the information that was stored in the columns, and then create an array of pointers to that structure.  This is especially true when the number of data points for a given record might vary, such as the tracks on an album.  In these cases, it is better to create a structure for the album that contains information about the album, along with a dynamic array for the list of songs on the album.  Then an array of pointers to the album structure can be used to store the collection.

\begin{myitemize}
\item{}  Another useful way to create a dynamic multi-{}dimensional array is to flatten the array and index manually. For example, a 2-{}dimensional array with sizes x and y has x*y elements, therefore can be created by
\end{myitemize}


\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{dynamic_multi_array[x*y];}\newline
\end{Highlighting}
\end{Shaded}

The index is slightly trickier than before, but can still be obtained by y*i+j. You then access the array with

\begin{Shaded}
\begin{Highlighting}[]

\NormalTok{static_multi_array[i][j];}\newline
\NormalTok{dynamic_multi_array[y*i+j];}\newline
\end{Highlighting}
\end{Shaded}

Some more examples with higher dimensions:

\begin{Shaded}
\begin{Highlighting}[]

\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{dim1[w];}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{dim2[w*x];}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{dim3[w*x*y];}\newline
\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{dim4[w*x*y*z];}\newline
\ensuremath{\text{ }}\newline
\NormalTok{dim1[i]}\newline
\NormalTok{dim2[w*j+i];}\newline
\NormalTok{dim3[w*(x*i+j)+k]\ensuremath{\text{ }}}\CommentTok{//\ensuremath{\text{ }}index\ensuremath{\text{ }}is\ensuremath{\text{ }}k\ensuremath{\text{ }}+\ensuremath{\text{ }}w*j\ensuremath{\text{ }}+\ensuremath{\text{ }}w*x*i}\newline
\NormalTok{dim4[w*(x*(y*i+j)+k)+l]\ensuremath{\text{ }}}\CommentTok{//\ensuremath{\text{ }}index\ensuremath{\text{ }}is\ensuremath{\text{ }}w*x*y*i\ensuremath{\text{ }}+\ensuremath{\text{ }}w*x*j\ensuremath{\text{ }}+\ensuremath{\text{ }}w*k\ensuremath{\text{ }}+\ensuremath{\text{ }}l}\newline
\end{Highlighting}
\end{Shaded}

Note that w*(x*(y*i+j)+k)+l is equal to w*x*y*i + w*x*j + w*k + l, but uses fewer operations (see \myhref{http://en.wikipedia.org/wiki/Horner\%27s_method}{ Horner\textquotesingle{}s Method}). It uses the same number of operations as accessing a static array by dim4{$\text{[}$}i{$\text{]}$}{$\text{[}$}j{$\text{]}$}{$\text{[}$}k{$\text{]}$}{$\text{[}$}l{$\text{]}$}, so should not be any slower to use.

The advantage to using this method is that the array can be passed freely between functions without knowing the size of the array at compile time (since C sees it as a 1-{}dimensional array, although some way of passing the dimensions is still necessary), and the entire array is contiguous in memory, so accessing consecutive elements should be fast. The disadvantage is that it can be difficult at first to get used to how to index the elements.
\section{Constructors and destructors}
\label{336}

In most object-{}oriented languages, objects cannot be created directly by a client that wishes to use them. Instead, the client must ask the class to build an instance of the object using a special routine called a constructor. Constructors are important because they allow an object to enforce invariants about its internal state throughout its lifetime. Destructors, called at the end of an object\textquotesingle{}s lifetime, are important in systems where an object holds exclusive access to some resource, and it is desirable to ensure that it releases these resources for use by other objects.

Since C is not an object-{}oriented language, it has no built-{}in support for constructors or destructors. It is not uncommon for clients to explicitly allocate and initialize records and other objects. However, this leads to a potential for errors, since operations on the object may fail or behave unpredictably if the object is not properly initialized. A better approach is to have a function that creates an instance of the object, possibly taking initialization parameters, as in this example:
\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}struct$\text{ }${}string$\text{ }${}\{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}size_t$\text{ }${}size;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}char$\text{ }${}*data;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}\};}

\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}struct$\text{ }${}string$\text{ }${}*create_string(const$\text{ }${}char$\text{ }${}*initial)$\text{ }${}\{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}assert$\text{ }${}(initial$\text{ }${}!=$\text{ }${}NULL);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}struct$\text{ }${}string$\text{ }${}*new_string$\text{ }${}=$\text{ }${}malloc(sizeof(*new_string));$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}if$\text{ }${}(new_string$\text{ }${}!=$\text{ }${}NULL)$\text{ }${}\{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}new_string-{}>{}size$\text{ }${}=$\text{ }${}strlen(initial);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}new_string-{}>{}data$\text{ }${}=$\text{ }${}strdup(initial);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}\}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}return$\text{ }${}new_string;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}\}}


Similarly, if it is left to the client to destroy objects correctly, they may fail to do so, causing resource leaks. It is better to have an explicit destructor which is always used, such as this one:
\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}void$\text{ }${}free_string(struct$\text{ }${}string$\text{ }${}*s)$\text{ }${}\{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}assert$\text{ }${}(s$\text{ }${}!=$\text{ }${}NULL);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}free(s-{}>{}data);$\text{ }${}$\text{ }${}{\itshape /* free memory held by the structure */}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}free(s);$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}{\itshape /* free the structure itself */}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}\}}


It is often useful to combine destructors with {\itshape \mylref{337}{\#Nulling freed pointers}}.

Sometimes it is useful to hide the definition of the object to ensure that the client does not allocate it manually. To do this, the structure is defined in the source file (or a private header file not available to users) instead of the header file, and a forward declaration is put in the header file:
\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}struct$\text{ }${}string;$\text{ }$\newline{}
$\text{ }${}$\text{ }${}struct$\text{ }${}string$\text{ }${}*create_string(const$\text{ }${}char$\text{ }${}*initial);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}void$\text{ }${}free_string(struct$\text{ }${}string$\text{ }${}*s);}

\section{Nulling freed pointers}
\label{337}

As discussed earlier, after {\ttfamily free()} has been called on a pointer, it becomes a dangling pointer. Worse still, most modern platforms cannot detect when such a pointer is used before being reassigned.

One simple solution to this is to ensure that any pointer is set to a null pointer immediately after being freed:
\myfootnote{
\myfnhref{http://c-faq.com/malloc/ptrafterfree.html}{ comp.lang.c FAQ list: \symbol{34}Why isn\textquotesingle{}t a pointer null after calling free?\symbol{34}} mentions that \symbol{34}it is often useful to set {$\text{[}$}pointer variables{$\text{]}$} to NULL immediately after freeing them\symbol{34}.
}\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}free(p);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}p$\text{ }${}=$\text{ }${}NULL;}

Unlike dangling pointers, a hardware exception will arise on many modern architectures when a null pointer is dereferenced. Also, programs can include error checks for the null value, but not for a dangling pointer value. To ensure it is done at all locations, a macro can be used:\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}\#define$\text{ }${}FREE(p)$\text{ }${}$\text{ }${}$\text{ }${}do$\text{ }${}\{$\text{ }${}free(p);$\text{ }${}(p)$\text{ }${}=$\text{ }${}NULL;$\text{ }${}\}$\text{ }${}while(0)}

(To see why the macro is written this way, see {\itshape \mylref{338}{\#Macro conventions}}.) Also, when this technique is used, destructors should zero out the pointer that they are passed, and their argument must be passed by reference to allow this. For example, here\textquotesingle{}s the destructor from {\itshape \mylref{336}{\#Constructors and destructors}} updated:\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}void$\text{ }${}free_string(struct$\text{ }${}string$\text{ }${}**s)$\text{ }${}\{$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}assert(s$\text{ }${}!=$\text{ }${}NULL$\text{ }${}$\text{ }${}\&\&$\text{ }${}$\text{ }${}*s$\text{ }${}!=$\text{ }${}NULL);$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}FREE((*s)-{}>{}data);$\text{ }${}$\text{ }${}{\itshape /* free memory held by the structure */}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}FREE(*s);$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}{\itshape /* free the structure itself */}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}*s=NULL;$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}{\itshape /* zero the argument */}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}\}}


Unfortunately, this idiom will not do anything to any other pointers that may be pointing to the freed memory.  For this reason, some C experts regard this idiom as dangerous due to creating a false sense of security.
\section{Macro conventions}
\label{338}

Because preprocessor macros in C work using simple token replacement, they are prone to a number of confusing errors, some of which can be avoided by following a simple set of conventions:
\begin{myenumerate}
\item{}  Placing parentheses around macro arguments wherever possible. This ensures that, if they are expressions, the order of operations does not affect the behavior of the expression. For example:
\begin{myitemize}
\item{} Wrong: {\ttfamily \#define square(x)   x*x}
\item{} Better: {\ttfamily \#define square(x)   (x)*(x)}
\end{myitemize}

\item{}  Placing parentheses around the entire expression if it is a single expression. Again, this avoids changes in meaning due to the order of operations.
\begin{myitemize}
\item{} Wrong: {\ttfamily \#define square(x)   (x)*(x)}
\item{} Better: {\ttfamily \#define square(x)   ((x)*(x))}
\item{} Dangerous, remember it replaces the text in verbatim. Suppose your code is {\ttfamily square (x++)}, after the macro invocation will x be incremented by 2
\end{myitemize}

\item{}  If a macro produces multiple statements, or declares variables, it can be wrapped in a {\bfseries do} \{ ... \} {\bfseries while}(0) loop, with no terminating semicolon. This allows the macro to be used like a single statement in any location, such as the body of  an if statement, while still allowing a semicolon to be placed after the macro invocation without creating a null statement. Care must be taken that any new variables do not potentially mask portions of the macro\textquotesingle{}s arguments.
\begin{myitemize}
\item{} Wrong: {\ttfamily \#define FREE(p)   free(p); p = NULL;}
\item{} Better: {\ttfamily \#define FREE(p)   do \{ free(p); p = NULL; \} while(0)}
\end{myitemize}

\item{}  Avoiding using a macro argument twice or more inside a macro, if possible; this causes problems with macro arguments that contain side effects, such as assignments.
\item{}  If a macro may be replaced by a function in the future, considering naming it like a function.
\end{myenumerate}

\section{Further reading}
\label{339}

\LaTeXNullTemplate{}
There are a huge number of C style guidelines.

\begin{myitemize}
\item{}  \myhref{http://www.chris-lott.org/resources/cstyle/}{ \symbol{34}C and C++ Style Guides\symbol{34}} by Chris Lott lists many popular C style guides.
\item{}  The Motor Industry Software Reliability Association (MISRA) publishes \symbol{34}MISRA-{}C: Guidelines for the use of the C language in critical systems\symbol{34}. (\myhref{http://en.wikipedia.org/wiki/\%20MISRA\%20C}{Wikipedia: MISRA C}; \myhref{http://www.misra-c.com/}{http://www.misra-c.com/}).
\end{myitemize}


\LaTeXNullTemplate{}

\myhref{http://pl.wikibooks.org/wiki/C\%2FPowszechne\%20praktyki}{pl:C/Powszechne praktyki}
\chapter{C and beyond}

\myminitoc
\label{340}
\chapter{Language extensions}

\myminitoc
\label{341}





\label{342}
\LaTeXNullTemplate{}

Most C compilers have one or more \symbol{34}extensions\symbol{34} to the standard C language, to do things that are inconvenient to do in standard, portable C.

Some examples of language extensions:

\begin{myitemize}
\item{}  in-{}line assembly language
\item{}  interrupt service routines
\item{}  variable-{}length data structure (a structure whose last item is a \symbol{34}zero-{}length array\symbol{34}).\myfootnote{}
\end{myitemize}
\myfootnote{
\myfnhref{http://c-faq.com/struct/structhack.html}{ comp.lang.c FAQ list: Question 2.6}: \symbol{34}C99 introduces the concept of a flexible array member, which allows the size of an array to be omitted if it is the last member in a structure, thus providing a well-{}defined solution.\symbol{34}
}
\begin{myitemize}
\item{}  re-{}sizeable multidimensional arrays
\item{}  various \symbol{34}\#pragma\symbol{34} settings to compile quickly, to generate fast code, or to generate compact code.
\item{}  bit manipulation, especially bit-{}rotations and things involving the \symbol{34}carry\symbol{34} bit
\item{}  storage alignment
\item{}  Arrays whose length is computed at run time.
\end{myitemize}

\section{External links}
\label{343}

\begin{myitemize}
\item{}  \myhref{http://gcc.gnu.org/onlinedocs/gcc-4.0.2/gcc/C-Extensions.html\#C-Extensions}{ GNU C: Extensions to the C Language}
\item{}  \myhref{http://www.softintegration.com/support/faq/general.html\#4}{ C/C++ interpreter Ch extensions to the C language for scripting}
\item{}  \myhref{http://sdcc.sourceforge.net/doc/sdccman.html/node56.html}{ SDCC: Storage Class Language Extensions}
\end{myitemize}



\LaTeXNullTemplate{}\chapter{Mixing languages}

\myminitoc
\label{344}





\label{345}
\LaTeXNullTemplate{}
\section{Assembler}
\label{346}

See \myhref{http://en.wikibooks.org/wiki/Embedded\%20Systems\%2FMixed\%20C\%20and\%20Assembly\%20Programming}{Embedded Systems/Mixed C and Assembly Programming}
\section{Cg}
\label{347}
Make the main program ( for CPU)  in C, which loads and run the \myhref{http://en.wikibooks.org/wiki/Cg_\%28programming_language\%29}{Cg} program ( for GPU ).\myfootnote{\myfnhref{http://nehe.gamedev.net/data/lessons/lesson.asp?lesson=47}{ Lesson: 47 from NeHe Productions}}\myfootnote{\myfnhref{http://www.gamedev.net/reference/articles/article1903.asp}{ Cg Bumpmapping by Razvan Surdulescu at GameDev}}\myfootnote{{$\text{[}$}\myplainurl{http://www.fusionindustries.com/default.asp?page=cg-hlsl-faq} | Cg \& HLSL Shading Language FAQ\\

\TemplateSpaceIndent{$\text{ }${}by$\text{ }${}Fusion$\text{ }${}Industries{$\text{]}$}}
}

\subsection{Header Files}
\label{348}

Add to C program :\myfootnote{\myplainurl{http://http.developer.nvidia.com/CgTutorial/cg_tutorial_appendix_b.html} NVidia Cg tutorial. Appendix B. The Cg Runtime}

\begin{Shaded}
\begin{Highlighting}[]

\OtherTok{#include\ensuremath{\text{ }}<Cg/cg.h>\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}To\ensuremath{\text{ }}include\ensuremath{\text{ }}the\ensuremath{\text{ }}core\ensuremath{\text{ }}Cg\ensuremath{\text{ }}runtime\ensuremath{\text{ }}API\ensuremath{\text{ }}into\ensuremath{\text{ }}your\ensuremath{\text{ }}\ensuremath{\text{ }}program\ensuremath{\text{ }}*/}\newline
\OtherTok{#include\ensuremath{\text{ }}<Cg/cgGL.h>\ensuremath{\text{ }}\ensuremath{\text{ }}}\CommentTok{/*\ensuremath{\text{ }}to\ensuremath{\text{ }}include\ensuremath{\text{ }}the\ensuremath{\text{ }}OpenGL-specific\ensuremath{\text{ }}Cg\ensuremath{\text{ }}runtime\ensuremath{\text{ }}API\ensuremath{\text{ }}*/}\newline
\end{Highlighting}
\end{Shaded}

\section{Java}
\label{349}

Using the Java native interface (JNI), Java applications can call C libraries.

See also
\begin{myitemize}
\item{}  \myhref{http://en.wikibooks.org/wiki/Java_Programming\%2FKeywords\%2Fnative}{Java_Programming/Keywords/native}
\end{myitemize}

\section{Perl}
\label{350}
To mix Perl and C, we can use XS. XS is an interface description file format used to create an extension interface between Perl and C code (or a C library) which one wishes to use with Perl.

The basic procedure is very simple. We can create the necessary subdirectory structure by running \symbol{34}h2xs\symbol{34} application (e.g. \symbol{34}h2xs -{}A -{}n Modulename\symbol{34}). This will create -{} among others -{} a Makefile.PL, a .pm Perl module and a .xs XSUB file in the subdirectory tree. We can edit the .xs file by adding our code to that, let\textquotesingle{}s say:\\

\TemplateSpaceIndent{$\text{ }${}void$\text{ }$\newline{}
$\text{ }${}hello()$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}CODE:$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}printf(\symbol{34}Hello,$\text{ }${}world!\textbackslash{}n\symbol{34});}

and we can successfully use our new command at Perl side, after running a \symbol{34}perl Makefile.PL\symbol{34} and \symbol{34}make\symbol{34}.

Further details can be found on the \myhref{http://perldoc.perl.org/perlxstut.html}{ perlxstut} \myhref{http://perldoc.perl.org}{ perldoc} page.
\section{Python}
\label{351}
\LaTeXNullTemplate{}
\section{For further reading}
\label{352}

\begin{myitemize}
\item{}  \myhref{http://en.wikibooks.org/wiki/Embedded\%20Systems\%2FMixed\%20C\%20and\%20Assembly\%20Programming}{Embedded Systems/Mixed C and Assembly Programming}
\end{myitemize}

\section{References}
\label{353}



\myhref{http://pl.wikibooks.org/wiki/C\%2F\%01\%41\%01\%05czenie\%20z\%20innymi\%20j\%01\%19zykami}{pl:C/Łączenie z innymi językami}
\LaTeXNullTemplate{}\chapter{Code library}

\myminitoc
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\label{355}
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The following is an implementation of the Standard C99 version of {\ttfamily <{}assert.h>{}}:


\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}assert.h\ensuremath{\text{ }}header\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\OtherTok{#undef\ensuremath{\text{ }}assert}\newline
\ensuremath{\text{ }}\OtherTok{#ifdef\ensuremath{\text{ }}NDEBUG}\newline
\ensuremath{\text{ }}\OtherTok{#define\ensuremath{\text{ }}assert(_Ignore)\ensuremath{\text{ }}((void)0)}\newline
\ensuremath{\text{ }}\OtherTok{#else}\newline
\ensuremath{\text{ }}\DataTypeTok{void}\ensuremath{\text{ }}\NormalTok{_Assertfail(}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*,\ensuremath{\text{ }}}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*,\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{,\ensuremath{\text{ }}}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*);}\newline
\ensuremath{\text{ }}\OtherTok{#define\ensuremath{\text{ }}assert(_Test)}\newline
\ensuremath{\text{ }}\NormalTok{((_Test)?((}\DataTypeTok{void}\NormalTok{)}\DecValTok{0}\NormalTok{):_Assertfail(#_Test,__FILE__,__LINE__,__func__))}\newline
\ensuremath{\text{ }}\OtherTok{#endif}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}END\ensuremath{\text{ }}OF\ensuremath{\text{ }}FILE\ensuremath{\text{ }}*/}\newline
\end{Highlighting}
\end{Shaded}



\begin{Shaded}
\begin{Highlighting}[]

\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}xassertfail.c\ensuremath{\text{ }}--\ensuremath{\text{ }}_Assertfail\ensuremath{\text{ }}function\ensuremath{\text{ }}*/}\newline
\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<stdlib.h>}\newline
\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<stdio.h>}\newline
\ensuremath{\text{ }}\OtherTok{#include\ensuremath{\text{ }}<assert.h>}\newline
\ensuremath{\text{ }}\DataTypeTok{void}\newline
\ensuremath{\text{ }}\NormalTok{_Assertfail(}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*test,\ensuremath{\text{ }}}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*filename,\ensuremath{\text{ }}}\DataTypeTok{int}\ensuremath{\text{ }}\NormalTok{line_number,\ensuremath{\text{ }}}\DataTypeTok{char}\ensuremath{\text{ }}\NormalTok{*function_name)}\newline
\ensuremath{\text{ }}\NormalTok{\{}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{fprintf(stderr,\ensuremath{\text{ }}}\StringTok{"Assertion\ensuremath{\text{ }}failed:\ensuremath{\text{ }}\%s,\ensuremath{\text{ }}function\ensuremath{\text{ }}\%s,\ensuremath{\text{ }}file\ensuremath{\text{ }}\%s,\ensuremath{\text{ }}line\ensuremath{\text{ }}\%d."}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{test,\ensuremath{\text{ }}function_name,\ensuremath{\text{ }}filename,\ensuremath{\text{ }}line_number);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{abort();}\newline
\ensuremath{\text{ }}\NormalTok{\}}\newline
\ensuremath{\text{ }}\CommentTok{/*\ensuremath{\text{ }}END\ensuremath{\text{ }}OF\ensuremath{\text{ }}FILE\ensuremath{\text{ }}*/}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\end{Highlighting}
\end{Shaded}

\LaTeXNullTemplate{}
\chapter{Computer Programming}

\myminitoc
\label{356}

The following articles are C adaptations from articles of the \myhref{http://en.wikibooks.org/wiki/Computer\%20programming}{Computer programming} book. 
\chapter{Statements}

\myminitoc
\label{357}





\label{358}
\LaTeXNullTemplate{}

A {\bfseries statement} is a command given to the computer that instructs the computer to take a specific action, such as display to the screen, or collect input. A computer program is made up of a series of statements.


\\

\TemplateSpaceIndent{$\text{ }${}puts$\text{ }${}(\symbol{34}Hi$\text{ }${}there!\symbol{34});}

\\

\TemplateSpaceIndent{$\text{ }${}puts$\text{ }${}(\symbol{34}Hi$\text{ }${}there!\symbol{34});$\text{ }$\newline{}
$\text{ }${}puts$\text{ }${}(\symbol{34}Strange$\text{ }${}things$\text{ }${}are$\text{ }${}afoot...\symbol{34});}


\myhref{http://en.wikibooks.org/wiki/Category\%3AC\%20Programming}{Category:C Programming}
\chapter{C Reference Tables}

\myminitoc
\label{359}

This section has some tables and lists of C entities.\chapter{Reference Tables}

\myminitoc
\label{360}





\label{361}
\LaTeXNullTemplate{}
\section{List of Keywords}
\label{362}
ANSI C (C89)/ISO C (C90) keywords:

\begin{longtable}{>{\RaggedRight}p{0.22143\linewidth}>{\RaggedRight}p{0.22143\linewidth}>{\RaggedRight}p{0.22143\linewidth}>{\RaggedRight}p{0.22143\linewidth}} 
\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily {\bfseries auto}}
\item{}  {\ttfamily {\bfseries break}}
\item{}  {\ttfamily {\bfseries case}}
\item{}  {\ttfamily {\bfseries char}}
\item{}  {\ttfamily {\bfseries const}}
\item{}  {\ttfamily {\bfseries continue}}
\item{}  {\ttfamily {\bfseries default}}
\item{}  {\ttfamily {\bfseries do}}
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily {\bfseries double}}
\item{}  {\ttfamily {\bfseries else}}
\item{}  {\ttfamily {\bfseries enum}}
\item{}  {\ttfamily {\bfseries extern}}
\item{}  {\ttfamily {\bfseries float}}
\item{}  {\ttfamily {\bfseries for}}
\item{}  {\ttfamily {\bfseries goto}}
\item{}  {\ttfamily {\bfseries if}}
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily {\bfseries int}}
\item{}  {\ttfamily {\bfseries long}}
\item{}  {\ttfamily {\bfseries register}}
\item{}  {\ttfamily {\bfseries return}}
\item{}  {\ttfamily {\bfseries short}}
\item{}  {\ttfamily {\bfseries signed}}
\item{}  {\ttfamily {\bfseries sizeof}}
\item{}  {\ttfamily {\bfseries static}}
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily {\bfseries struct}}
\item{}  {\ttfamily {\bfseries switch}}
\item{}  {\ttfamily {\bfseries typedef}}
\item{}  {\ttfamily {\bfseries union}}
\item{}  {\ttfamily {\bfseries unsigned}}
\item{}  {\ttfamily {\bfseries void}}
\item{}  {\ttfamily {\bfseries volatile}}
\item{}  {\ttfamily {\bfseries while}}
\end{myitemize}
 
\end{longtable}


Keywords added to ISO C (C99) (Supported only in new compilers):

\begin{longtable}{>{\RaggedRight}p{0.17143\linewidth}>{\RaggedRight}p{0.17143\linewidth}>{\RaggedRight}p{0.17143\linewidth}>{\RaggedRight}p{0.17143\linewidth}>{\RaggedRight}p{0.17143\linewidth}} 
\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily {\bfseries _Bool}}
\item{}  {\ttfamily {\bfseries _Complex}}
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}&\hspace*{0pt}\ignorespaces{} 
\begin{myitemize}
\item{}  {\ttfamily {\bfseries _Imaginary}}
\item{}  {\ttfamily {\bfseries inline}}
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}&\hspace*{0pt}\ignorespaces{} 
\begin{myitemize}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Restrict}{ {\bfseries restrict}}}
\end{myitemize}
 
\end{longtable}


Specific compilers may (in a non-{}standard-{}compliant mode) also treat some other words as keywords, including {\ttfamily {\bfseries asm}}, {\ttfamily {\bfseries cdecl}}, {\ttfamily {\bfseries far}}, {\ttfamily {\bfseries fortran}}, {\ttfamily {\bfseries huge}}, {\ttfamily {\bfseries interrupt}}, {\ttfamily {\bfseries near}}, {\ttfamily {\bfseries pascal}}, {\ttfamily {\bfseries typeof}}.

Very old compilers may not recognize some or all of the C89 keywords {\ttfamily {\bfseries const}}, {\ttfamily {\bfseries enum}}, {\ttfamily {\bfseries signed}}, {\ttfamily {\bfseries void}}, {\ttfamily {\bfseries volatile}} as well as the C99 keywords.

See also the \myhref{http://publib.boulder.ibm.com/infocenter/comphelp/v7v91/topic/com.ibm.vacpp7a.doc/language/ref/clrc02reserved_identifiers.htm}{ list of reserved identifiers}.
\section{List of Standard Headers}
\label{363}
ANSI C (C89)/ISO C (C90) headers:

\begin{longtable}{>{\RaggedRight}p{0.17143\linewidth}>{\RaggedRight}p{0.17143\linewidth}>{\RaggedRight}p{0.17143\linewidth}>{\RaggedRight}p{0.17143\linewidth}>{\RaggedRight}p{0.17143\linewidth}} 
\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Assert.h}{<{}assert.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Ctype.h}{<{}ctype.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Errno.h}{<{}errno.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Float.h}{<{}float.h>{}}}
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Limits.h}{<{}limits.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Locale.h}{<{}locale.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Math.h}{<{}math.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Setjmp.h}{<{}setjmp.h>{}}}
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Signal.h}{<{}signal.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Stdarg.h}{<{}stdarg.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Stddef.h}{<{}stddef.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Stdio.h}{<{}stdio.h>{}}}
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Stdlib.h}{<{}stdlib.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/String.h}{<{}string.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Time.h}{<{}time.h>{}}}
\end{myitemize}
&\hspace*{0pt}\ignorespaces{} 
\end{longtable}


Very old compilers may not include some or all of the following headers:

Headers added to ISO C (C94/C95) in Amendment 1 (AMD1):

\begin{longtable}{>{\RaggedRight}p{0.30476\linewidth}>{\RaggedRight}p{0.30476\linewidth}>{\RaggedRight}p{0.30476\linewidth}} 
\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Iso646.h}{<{}iso646.h>{}}}
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Wchar.h}{<{}wchar.h>{}}}
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Wctype.h}{<{}wctype.h>{}}}
\end{myitemize}
 
\end{longtable}


Headers added to ISO C (C99) (Supported only in new compilers):

\begin{longtable}{>{\RaggedRight}p{0.30476\linewidth}>{\RaggedRight}p{0.30476\linewidth}>{\RaggedRight}p{0.30476\linewidth}} 
\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Complex.h}{<{}complex.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Fenv.h}{<{}fenv.h>{}}}
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Inttypes.h}{<{}inttypes.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Stdbool.h}{<{}stdbool.h>{}}}
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Stdint.h}{<{}stdint.h>{}}}
\item{}  {\ttfamily \myhref{http://en.wikipedia.org/wiki/Tgmath.h}{<{}tgmath.h>{}}}
\end{myitemize}
 
\end{longtable}

\section{Table of Operators}
\label{364}
Operators in the same row of this table have the same {\bfseries precedence} and the order of evaluation is decided by the {\bfseries associativity} ({\itshape left-{}to-{}right} or {\itshape right-{}to-{}left}). Operators closer to the top of this table have {\itshape higher} precedence than those in a subsequent group.


\begin{longtable}{>{\RaggedRight}p{0.22143\linewidth}>{\RaggedRight}p{0.22143\linewidth}>{\RaggedRight}p{0.22143\linewidth}>{\RaggedRight}p{0.22143\linewidth}} 
{\bfseries \hspace*{0pt}\ignorespaces{}Operators}&{\bfseries \hspace*{0pt}\ignorespaces{}Description}&{\bfseries \hspace*{0pt}\ignorespaces{}Example Usage}&{\bfseries \hspace*{0pt}\ignorespaces{}Associativity}\\ 
\multicolumn{3}{>{\RaggedRight}p{0.70580\linewidth}}{{\bfseries \hspace*{0pt}\ignorespaces{}Postfix operators}}&\multirow{5}{\linewidth}{\hspace*{0pt}\ignorespaces{}Left to right}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily ()}&\hspace*{0pt}\ignorespaces{}function call operator&\hspace*{0pt}\ignorespaces{}{\ttfamily swap (x, y)}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily {$\text{[}$}{$\text{]}$}}&\hspace*{0pt}\ignorespaces{}array index operator&\hspace*{0pt}\ignorespaces{}{\ttfamily arr {$\text{[}$}i{$\text{]}$}}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily .}&\hspace*{0pt}\ignorespaces{}member access operator\newline{}
{\itshape for an object of struct/union type\newline{}
or a reference to it}&\hspace*{0pt}\ignorespaces{}{\ttfamily obj.member}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily -{}>{}}&\hspace*{0pt}\ignorespaces{}member access operator\newline{}
{\itshape for a pointer to an object of\newline{}
struct/union type}&\hspace*{0pt}\ignorespaces{}{\ttfamily ptr-{}>{}member}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}\newline{}
\\ 
\multicolumn{3}{>{\RaggedRight}p{0.70580\linewidth}}{{\bfseries \hspace*{0pt}\ignorespaces{}Unary Operators}}&\multirow{11}{\linewidth}{\hspace*{0pt}\ignorespaces{}Right to left}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily !}&\hspace*{0pt}\ignorespaces{}logical not operator&\hspace*{0pt}\ignorespaces{}{\ttfamily !eof_reached}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily \~{}}&\hspace*{0pt}\ignorespaces{}bitwise not operator&\hspace*{0pt}\ignorespaces{}{\ttfamily \~{}mask}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily + -{}}\textsuperscript{\mylref{365}{{$\text{[}$}1{$\text{]}$}}}&\hspace*{0pt}\ignorespaces{}unary plus/minus operators&\hspace*{0pt}\ignorespaces{}{\ttfamily -{}num}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily ++ -{}-{}}&\hspace*{0pt}\ignorespaces{}post-{}increment/decrement operators&\hspace*{0pt}\ignorespaces{}{\ttfamily num++}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily ++ -{}-{}}&\hspace*{0pt}\ignorespaces{}pre-{}increment/decrement operators&\hspace*{0pt}\ignorespaces{}{\ttfamily ++num}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily \&}&\hspace*{0pt}\ignorespaces{}address-{}of operator&\hspace*{0pt}\ignorespaces{}{\ttfamily \&data}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily *}&\hspace*{0pt}\ignorespaces{}indirection operator&\hspace*{0pt}\ignorespaces{}{\ttfamily *ptr}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries sizeof}}&\hspace*{0pt}\ignorespaces{}sizeof operator {\itshape for expressions}&\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries sizeof} 123}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries sizeof}()}&\hspace*{0pt}\ignorespaces{}sizeof operator {\itshape for types}&\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries sizeof} ({\bfseries int})}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily ({\itshape type})}&\hspace*{0pt}\ignorespaces{}cast operator&\hspace*{0pt}\ignorespaces{}{\ttfamily ({\bfseries float})i}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}\newline{}
\\ 
\multicolumn{3}{>{\RaggedRight}p{0.70580\linewidth}}{{\bfseries \hspace*{0pt}\ignorespaces{}Multiplicative Operators}}&\multirow{2}{\linewidth}{\hspace*{0pt}\ignorespaces{}Left to right}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily * / \%}&\hspace*{0pt}\ignorespaces{}multiplication, division and\newline{}
modulus operators&\hspace*{0pt}\ignorespaces{}{\ttfamily celsius_diff * 9.0 / 5.0}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}\newline{}
\\ 
\multicolumn{3}{>{\RaggedRight}p{0.70580\linewidth}}{{\bfseries \hspace*{0pt}\ignorespaces{}Additive Operators}}&\multirow{2}{\linewidth}{\hspace*{0pt}\ignorespaces{}Left to right}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily + -{}}&\hspace*{0pt}\ignorespaces{}addition and subtraction operators&\hspace*{0pt}\ignorespaces{}{\ttfamily end -{} start + 1}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}\newline{}
\\ 
\multicolumn{3}{>{\RaggedRight}p{0.70580\linewidth}}{{\bfseries \hspace*{0pt}\ignorespaces{}Bitwise Shift Operators}}&\multirow{3}{\linewidth}{\hspace*{0pt}\ignorespaces{}Left to right}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily <{}<{}}&\hspace*{0pt}\ignorespaces{}left shift operator&\hspace*{0pt}\ignorespaces{}{\ttfamily bits <{}<{} shift_len}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily >{}>{}}&\hspace*{0pt}\ignorespaces{}right shift operator&\hspace*{0pt}\ignorespaces{}{\ttfamily bits >{}>{} shift_len}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}\newline{}
\\ 
\multicolumn{3}{>{\RaggedRight}p{0.70580\linewidth}}{{\bfseries \hspace*{0pt}\ignorespaces{}Relational Inequality Operators}}&\multirow{2}{\linewidth}{\hspace*{0pt}\ignorespaces{}Left to right}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily <{} >{} <{}= >{}=}&\hspace*{0pt}\ignorespaces{}less-{}than, greater-{}than, less-{}than or\newline{}
equal-{}to, greater-{}than or equal-{}to\newline{}
operators&\hspace*{0pt}\ignorespaces{}{\ttfamily i <{} num_elements}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}\newline{}
\\ 
\multicolumn{3}{>{\RaggedRight}p{0.70580\linewidth}}{{\bfseries \hspace*{0pt}\ignorespaces{}Relational Equality Operators}}&\multirow{2}{\linewidth}{\hspace*{0pt}\ignorespaces{}Left to right}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily == !=}&\hspace*{0pt}\ignorespaces{}equal-{}to, not-{}equal-{}to&\hspace*{0pt}\ignorespaces{}{\ttfamily choice != \textquotesingle{}n\textquotesingle{}}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}\newline{}
\\ 
\multicolumn{3}{>{\RaggedRight}p{0.70580\linewidth}}{{\bfseries \hspace*{0pt}\ignorespaces{}Bitwise And Operator}}&\multirow{2}{\linewidth}{\hspace*{0pt}\ignorespaces{}Left to right}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily \&}&\hspace*{0pt}\ignorespaces{} &\hspace*{0pt}\ignorespaces{}{\ttfamily bits \& clear_mask_complement}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}\newline{}
\\ 
\multicolumn{3}{>{\RaggedRight}p{0.70580\linewidth}}{{\bfseries \hspace*{0pt}\ignorespaces{}Bitwise Xor Operator}}&\multirow{2}{\linewidth}{\hspace*{0pt}\ignorespaces{}Left to right}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily \^{}}&\hspace*{0pt}\ignorespaces{} &\hspace*{0pt}\ignorespaces{}{\ttfamily bits \^{} invert_mask}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}\newline{}
\\ 
\multicolumn{3}{>{\RaggedRight}p{0.70580\linewidth}}{{\bfseries \hspace*{0pt}\ignorespaces{}Bitwise Or Operator}}&\multirow{2}{\linewidth}{\hspace*{0pt}\ignorespaces{}Left to right}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily }|&\hspace*{0pt}\ignorespaces{} &\hspace*{0pt}\ignorespaces{}{\ttfamily }bits | set_mask&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}\newline{}
\\ 
\multicolumn{3}{>{\RaggedRight}p{0.70580\linewidth}}{{\bfseries \hspace*{0pt}\ignorespaces{}Logical And Operator}}&\multirow{2}{\linewidth}{\hspace*{0pt}\ignorespaces{}Left to right}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily \&\&}&\hspace*{0pt}\ignorespaces{} &\hspace*{0pt}\ignorespaces{}{\ttfamily arr != 0 \&\& arr-{}>{}len != 0}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}\newline{}
\\ 
\multicolumn{3}{>{\RaggedRight}p{0.70580\linewidth}}{{\bfseries \hspace*{0pt}\ignorespaces{}Logical Or Operator}}&\multirow{2}{\linewidth}{\hspace*{0pt}\ignorespaces{}Left to right}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily ||}&\hspace*{0pt}\ignorespaces{} see  \mylref{144}{ Logical Expressions} &\hspace*{0pt}\ignorespaces{}{\ttfamily arr == 0 || arr-{}>{}len == 0}&\multicolumn{1}{c}{}\\ 
\multicolumn{3}{>{\RaggedRight}p{0.70580\linewidth}}{{\bfseries \hspace*{0pt}\ignorespaces{}Conditional Operator}}&\multirow{2}{\linewidth}{\hspace*{0pt}\ignorespaces{}Right to left}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily ?:}&\hspace*{0pt}\ignorespaces{} &\hspace*{0pt}\ignorespaces{}{\ttfamily size != 0 ? size : 0}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}\newline{}
\\ 
\multicolumn{3}{>{\RaggedRight}p{0.70580\linewidth}}{{\bfseries \hspace*{0pt}\ignorespaces{}Assignment Operators}}&\multirow{3}{\linewidth}{\hspace*{0pt}\ignorespaces{}Right to left}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily =}&\hspace*{0pt}\ignorespaces{}assignment operator&\hspace*{0pt}\ignorespaces{}{\ttfamily i = 0}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily += -{}= *= /= \newline{}
\%= \&= |= \^{}= \newline{}
<{}<{}= >{}>{}=}&\hspace*{0pt}\ignorespaces{}shorthand assignment operators\newline{}
{\itshape (}{\ttfamily {\itshape foo} op= {\itshape bar}}{\itshape  represents\newline{}
}{\ttfamily {\itshape foo} = {\itshape foo} op {\itshape bar}}{\itshape )}&\hspace*{0pt}\ignorespaces{}{\ttfamily num /= 10}&\multicolumn{1}{c}{}\\ 
\hspace*{0pt}\ignorespaces{}\newline{}
\\ 
\multicolumn{3}{>{\RaggedRight}p{0.70580\linewidth}}{{\bfseries \hspace*{0pt}\ignorespaces{}Comma Operator}}&\multirow{2}{\linewidth}{\hspace*{0pt}\ignorespaces{}Left to right}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily ,}&\hspace*{0pt}\ignorespaces{} &\hspace*{0pt}\ignorespaces{}{\ttfamily i = 0, j = i + 1, k = 0}&\multicolumn{1}{c}{} 
\end{longtable}

\subsection{Table of Operators Footnotes}
\label{365}
\textsuperscript{{$\text{[}$}1{$\text{]}$}}Very old compilers may not recognize the unary {\ttfamily +} operator.$\text{ }$\newline{}


\myhref{http://et.wikibooks.org/wiki/Programmeerimiskeel\%20C\%2FOperaatorid}{et:Programmeerimiskeel C/Operaatorid}
\section{Table of Data Types}
\label{366}
{\scriptsize{}
\begin{longtable}{>{\RaggedRight}p{0.22143\linewidth}>{\RaggedRight}p{0.22143\linewidth}>{\RaggedRight}p{0.22143\linewidth}>{\RaggedRight}p{0.22143\linewidth}} 
{\bfseries \hspace*{0pt}\ignorespaces{}Type}&{\bfseries \hspace*{0pt}\ignorespaces{}Size in Bits}&{\bfseries \hspace*{0pt}\ignorespaces{}Comments}&{\bfseries \hspace*{0pt}\ignorespaces{}Alternative Names}\\ 
\multicolumn{4}{>{\RaggedRight}p{0.97143\linewidth}}{{\bfseries \hspace*{0pt}\ignorespaces{}Primitive Types in ANSI C (C89)/ISO C (C90)}}\endhead  
\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries char}}&\hspace*{0pt}\ignorespaces{}{\mbox{$\geq$}} 8&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily {\bfseries sizeof}} gives the size in units of {\ttfamily {\bfseries char}}s. These \symbol{34}C bytes\symbol{34} need not be 8-{}bit bytes (though commonly they are); the number of bits is given by the {\ttfamily CHAR_BIT} macro in the {\ttfamily limits.h} header.
\item{}  Signedness is implementation-{}defined.
\item{}  Any encoding of 8 bits or less (e.g. ASCII) can be used to store characters.
\item{}  Integer operations can be performed portably only for the range 0 \~{} 127.
\item{}  All bits contribute to the value of the {\bfseries char}, i.e. there are no \symbol{34}holes\symbol{34} or \symbol{34}padding\symbol{34} bits.
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}{\mbox{$\text{---}$}}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries signed} {\bfseries char}}&\hspace*{0pt}\ignorespaces{}same as {\ttfamily {\bfseries char}}&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  Characters stored like for type {\ttfamily {\bfseries char}}.
\item{}  Can store integers in the range -{}127 \~{} 127 portably\textsuperscript{\mylref{367}{{$\text{[}$}1{$\text{]}$}}}.
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}{\mbox{$\text{---}$}}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries unsigned} {\bfseries char}}&\hspace*{0pt}\ignorespaces{}same as {\ttfamily {\bfseries char}}&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  Characters stored like for type {\ttfamily {\bfseries char}}.
\item{}  Can store integers in the range 0 \~{} 255 portably.
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}{\mbox{$\text{---}$}}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries short}}&\hspace*{0pt}\ignorespaces{}{\mbox{$\geq$}} 16, {\mbox{$\geq$}} size of {\ttfamily {\bfseries char}}&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  Can store integers in the range -{}32767 \~{} 32767 portably\textsuperscript{\mylref{367}{{$\text{[}$}2{$\text{]}$}}}.
\item{}  Used to reduce memory usage (although the resulting executable may be larger and probably slower as compared to using {\ttfamily {\bfseries int}}.
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries short} {\bfseries int}}, {\ttfamily {\bfseries signed} {\bfseries short}}, {\ttfamily {\bfseries signed} {\bfseries short} {\bfseries int}}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries unsigned} {\bfseries short}}&\hspace*{0pt}\ignorespaces{}same as {\ttfamily {\bfseries short}}&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  Can store integers in the range 0 \~{} 65535 portably.
\item{}  Used to reduce memory usage (although the resulting executable may be larger and probably slower as compared to using {\ttfamily {\bfseries int}}.
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries unsigned} {\bfseries short} {\bfseries int}}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries int}}&\hspace*{0pt}\ignorespaces{}{\mbox{$\geq$}} 16, {\mbox{$\geq$}} size of {\ttfamily {\bfseries short}}&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  Represents the \symbol{34}normal\symbol{34} size of data the processor deals with (the word-{}size); this is the integral data-{}type used normally.
\item{}  Can store integers in the range -{}32767 \~{} 32767 portably\textsuperscript{\mylref{367}{{$\text{[}$}2{$\text{]}$}}}.
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries signed}}, {\ttfamily {\bfseries signed} {\bfseries int}}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries unsigned} {\bfseries int}}&\hspace*{0pt}\ignorespaces{}same as {\ttfamily {\bfseries int}}&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  Can store integers in the range 0 \~{} 65535 portably.
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries unsigned}}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries long}}&\hspace*{0pt}\ignorespaces{}{\mbox{$\geq$}} 32, {\mbox{$\geq$}} size of {\ttfamily {\bfseries int}}&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  Can store integers in the range -{}2147483647 \~{} 2147483647 portably\textsuperscript{\mylref{367}{{$\text{[}$}3{$\text{]}$}}}.
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries long} {\bfseries int}}, {\ttfamily {\bfseries signed} {\bfseries long}}, {\ttfamily {\bfseries signed} {\bfseries long} {\bfseries int}}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries unsigned} {\bfseries long}}&\hspace*{0pt}\ignorespaces{}same as {\ttfamily {\bfseries long}}&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  Can store integers in the range 0 \~{} 4294967295 portably.
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries unsigned} {\bfseries long} {\bfseries int}}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries float}}&\hspace*{0pt}\ignorespaces{}{\mbox{$\geq$}} size of {\ttfamily {\bfseries char}}&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  Used to reduce memory usage when the values used do not vary widely.
\item{}  The floating-{}point format used is implementation defined and need not be the IEEE single-{}precision format.
\item{}  {\ttfamily {\bfseries unsigned}} cannot be specified.
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}{\mbox{$\text{---}$}}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries double}}&\hspace*{0pt}\ignorespaces{}{\mbox{$\geq$}} size of {\ttfamily {\bfseries float}}&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  Represents the \symbol{34}normal\symbol{34} size of data the processor deals with; this is the floating-{}point data-{}type used normally.
\item{}  The floating-{}point format used is implementation defined and need not be the IEEE double-{}precision format.
\item{}  {\ttfamily {\bfseries unsigned}} cannot be specified.
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}{\mbox{$\text{---}$}}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries long} {\bfseries double}}&\hspace*{0pt}\ignorespaces{}{\mbox{$\geq$}} size of {\ttfamily {\bfseries double}}&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily {\bfseries unsigned}} cannot be specified.
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}{\mbox{$\text{---}$}}\\ 
\hspace*{0pt}\ignorespaces{}\newline{}
\\ 
\multicolumn{4}{>{\RaggedRight}p{0.97143\linewidth}}{{\bfseries \hspace*{0pt}\ignorespaces{}Primitive Types added to ISO C (C99)}}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries long} {\bfseries long}}&\hspace*{0pt}\ignorespaces{}{\mbox{$\geq$}} 64, {\mbox{$\geq$}} size of {\ttfamily {\bfseries long}}&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  Can store integers in the range -{}9223372036854775807 \~{} 9223372036854775807 portably\textsuperscript{\mylref{367}{{$\text{[}$}4{$\text{]}$}}}.
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries long} {\bfseries long} {\bfseries int}}, {\ttfamily {\bfseries signed} {\bfseries long} {\bfseries long}}, {\ttfamily {\bfseries signed} {\bfseries long} {\bfseries long} {\bfseries int}}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries unsigned} {\bfseries long} {\bfseries long}}&\hspace*{0pt}\ignorespaces{}same as {\ttfamily {\bfseries long} {\bfseries long}}&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  Can store integers in the range 0 \~{} 18446744073709551615 portably.
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries unsigned} {\bfseries long} {\bfseries long} {\bfseries int}}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries intmax_t}}&\hspace*{0pt}\ignorespaces{} {\itshape (Write details here.)} &\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\itshape (Write details here.)} Used by the \symbol{34}j\symbol{34} length modifier in the \mylref{198}{C Programming/File IO\#Formatted output functions: the printf family of functions}.
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}{\mbox{$\text{---}$}}\\ 
\hspace*{0pt}\ignorespaces{}\newline{}
\\ 
\multicolumn{4}{>{\RaggedRight}p{0.97143\linewidth}}{{\bfseries \hspace*{0pt}\ignorespaces{}User Defined Types}}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries struct}}&\hspace*{0pt}\ignorespaces{}{\mbox{$\geq$}} sum of size of each member&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  Said to be an {\itshape aggregate type}.
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}{\mbox{$\text{---}$}}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries union}}&\hspace*{0pt}\ignorespaces{}{\mbox{$\geq$}} size of the largest member&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  Said to be an {\itshape aggregate type}.
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}{\mbox{$\text{---}$}}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries enum}}&\hspace*{0pt}\ignorespaces{}{\mbox{$\geq$}} size of {\ttfamily {\bfseries char}}&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  Enumerations are a separate type from {\ttfamily {\bfseries int}}s, though they are mutually convertible.
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}{\mbox{$\text{---}$}}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily {\bfseries typedef}}&\hspace*{0pt}\ignorespaces{}same as the type being given a name&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily {\bfseries typedef}} has syntax similar to a storage class like {\ttfamily {\bfseries static}}, {\ttfamily {\bfseries register}} or {\ttfamily {\bfseries extern}}.
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}{\mbox{$\text{---}$}}\\ 
\hspace*{0pt}\ignorespaces{}\newline{}
\\ 
\multicolumn{4}{>{\RaggedRight}p{0.97143\linewidth}}{{\bfseries \hspace*{0pt}\ignorespaces{}Derived Types\textsuperscript{\mylref{367}{{$\text{[}$}5{$\text{]}$}}}}}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily {\itshape type}*}\newline{}
\newline{}
(pointer)&\hspace*{0pt}\ignorespaces{}{\mbox{$\geq$}} size of {\ttfamily {\bfseries char}}&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  {\ttfamily 0} always represents the null pointer (an address where no data can be placed), irrespective of what bit sequence represents the value of a null pointer.
\item{}  Pointers to different types may have different representations, which means they could also be of different sizes. So they are not convertible to one another.
\item{}  Even in an implementation which guarantess all data pointers to be of the same size, function pointers and data pointers are in general incompatible with each other.
\item{}  For functions taking variable number of arguments, the arguments passed must be of appropriate type, so even {\ttfamily 0} must be cast to the appropriate type in such function-{}calls.
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}{\mbox{$\text{---}$}}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily {\itshape type} {$\text{[}$}{\itshape integer}\textsuperscript{\mylref{367}{{$\text{[}$}6{$\text{]}$}}}{$\text{]}$}}\newline{}
\newline{}
(array)&\hspace*{0pt}\ignorespaces{}{\mbox{$\geq$}} {\itshape integer} {\mbox{$\times$}} size of {\ttfamily {\itshape type}}&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  The brackets ({\ttfamily {$\text{[}$}{$\text{]}$}}) {\itshape follow} the identifier name in a declaration.
\item{}  In a declaration which also initializes the array (including a function parameter declaration), the size of the array (the {\itshape integer}) can be omitted.
\item{}  {\ttfamily {\itshape type} {$\text{[}$}{$\text{]}$}} is not the same as {\ttfamily {\itshape type}*}. Only under some circumstances one can be converted to the other.
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}{\mbox{$\text{---}$}}\\ 
\hspace*{0pt}\ignorespaces{}{\ttfamily {\itshape type} ({\itshape comma-{}delimited list of types/declarations})}\newline{}
\newline{}
(function)&\hspace*{0pt}\ignorespaces{}{\mbox{$\text{---}$}}&\hspace*{0pt}\ignorespaces{}
\begin{myitemize}
\item{}  Functions declared without any storage class are {\ttfamily {\bfseries extern}}.
\item{}  The parentheses ({\ttfamily ()}) {\itshape follow} the identifier name in a declaration, e.g. a 2-{}arg function pointer: {\ttfamily {\bfseries int} (* fptr) ({\bfseries int} arg1, {\bfseries int} arg2)}.
\end{myitemize}
&\hspace*{0pt}\ignorespaces{}{\mbox{$\text{---}$}} 
\end{longtable}
}
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\begin{longtable}{>{\RaggedRight}p{0.30476\linewidth}>{\RaggedRight}p{0.30476\linewidth}>{\RaggedRight}p{0.30476\linewidth}} 
\multicolumn{3}{>{\RaggedRight}p{0.97143\linewidth}}{\hspace*{0pt}\ignorespaces{}\textsuperscript{{$\text{[}$}1{$\text{]}$}} -{}128 can be stored in two\textquotesingle{}s-{}complement machines (i.e. most machines in existence). Very old compilers may not recognize the {\ttfamily {\bfseries signed}} keyword.}\\ 
\multicolumn{3}{>{\RaggedRight}p{0.97143\linewidth}}{\hspace*{0pt}\ignorespaces{}\textsuperscript{{$\text{[}$}2{$\text{]}$}} -{}32768 can be stored in two\textquotesingle{}s-{}complement machines (i.e. most machines in existence). Very old compilers may not recognize the {\ttfamily {\bfseries signed}} keyword.}\\ 
\multicolumn{3}{>{\RaggedRight}p{0.97143\linewidth}}{\hspace*{0pt}\ignorespaces{}\textsuperscript{{$\text{[}$}3{$\text{]}$}} -{}2147483648 can be stored in two\textquotesingle{}s-{}complement machines (i.e. most machines in existence). Very old compilers may not recognize the {\ttfamily {\bfseries signed}} keyword.}\\ 
\multicolumn{3}{>{\RaggedRight}p{0.97143\linewidth}}{\hspace*{0pt}\ignorespaces{}\textsuperscript{{$\text{[}$}4{$\text{]}$}} -{}9223372036854775808 can be stored in two\textquotesingle{}s-{}complement machines (i.e. most machines in existence).}\\ 
\hspace*{0pt}\ignorespaces{}\textsuperscript{{$\text{[}$}5{$\text{]}$}} The precedences in a declaration are:\\ 
\hspace*{0pt}\ignorespaces{} {\ttfamily {$\text{[}$}{$\text{]}$}}, {\ttfamily ()} (left associative)      {\mbox{$\text{---}$}} Highest \\ 
\hspace*{0pt}\ignorespaces{} {\ttfamily *} (right associative)                   {\mbox{$\text{---}$}} Lowest  \\ 
\hspace*{0pt}\ignorespaces{}
\textsuperscript{{$\text{[}$}6{$\text{]}$}} The standards do NOT place any restriction on the size/type of the integer, it\textquotesingle{}s implementation dependent.  The only mention in the standards is a reference that an implementation may have limits to the maximum size of memory block which can be allocated, and as such the limit on integer will be size_of_max_block/sizeof(type). 
\end{longtable}
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\section{Free (or with a free version)}
\label{370}
\begin{myitemize}
\item{}  \myhref{http://en.wikipedia.org/wiki/Ch_interpreter}{Ch_interpreter} (\myhref{http://www.softintegration.com)}{http://www.softintegration.com)} -{} The software works in Windows, Linux, Mac OS X, Freebsd, Solaris, AIX and HP-{}UX. The Ch Standard Edition is free for noncommercial use.
\item{}  \myhref{http://en.wikipedia.org/wiki/lcc-win32}{lcc-{}win32} (\myhref{http://www.cs.virginia.edu/~lcc-win32)}{http://www.cs.virginia.edu/~lcc-win32)} -{}  Software copyrighted by Jacob Navia. It is free for non-{}commercial use. Windows (98/ME/XP/2000/NT).
\item{}  \myhref{http://en.wikipedia.org/wiki/GNU\%20Compiler\%20Collection}{GNU Compiler Collection} (\myhref{http://gcc.gnu.org)}{http://gcc.gnu.org)} -{} GNU Compiler Collection. GNU General Public License / GNU Lesser General Public License.
\begin{myitemize}
\item{}  \myhref{http://en.wikipedia.org/wiki/MinGW}{MinGW} (\myhref{http://www.mingw.org/)}{http://www.mingw.org/)} provides GCC for Windows
\end{myitemize}

\item{}  \myhref{http://en.wikipedia.org/wiki/Open\%20Watcom}{Open Watcom} (\myhref{http://www.openwatcom.org)}{http://www.openwatcom.org)} Open Source development community to maintain and enhance the Watcom C/C++ and Fortran cross compilers and tools. Version 1.4 released in December 2005.
\begin{myitemize}
\item{} {\bfseries Host Platforms:} Win32 systems (IDE and command line), 32-{}bit OS/2 (IDE and command line), DOS (command line), and Windows 3.x (IDE) 
\item{} {\bfseries Target Platforms:} DOS (16-{}bit), Windows 3.x (16-{}bit), OS/2 1.x (16-{}bit), Extended DOS, Win32s, Windows 95/98/Me, Windows NT/2000/XP, 32-{}bit OS/2, and Novell NLMs 
\item{} {\bfseries Experimental / Development:} Linux, BSD, *nix, PowerPC, Alpha AXP, MIPS, and Sparc v8
\end{myitemize}

\item{} \myhref{http://en.wikipedia.org/wiki/Tiny\%20C\%20Compiler}{Tiny C Compiler}
\item{}  \myhref{http://en.wikipedia.org/wiki/Portable\%20C\%20Compiler}{Portable C Compiler} (\myhref{http://pcc.ludd.ltu.se)}{http://pcc.ludd.ltu.se)} -{} Portable C Compiler. BSD Style License(s).
\item{}  \myhref{http://en.wikipedia.org/wiki/Small\%20Device\%20C\%20Compiler}{Small Device C Compiler} (SDCC)
\begin{myitemize}
\item{}  target platforms: Intel 8051-{}compatibles; Freescale (Motorola) HC08; Microchip PIC16 and PIC18.
\end{myitemize}

\item{}  \myhref{http://en.wikipedia.org/wiki/FpgaC}{FpgaC}. Target platform: FPGA hardware via XNF or VHDL files.
\item{}  \myhref{http://en.wikipedia.org/wiki/Interactive\%20C}{Interactive C} (http://www.botball.org/educational-{}resources/ic.php).
\begin{myitemize}
\item{}  target platform: Handy Board (Freescale 68HC11); Lego RCX
\end{myitemize}

\item{}  C compilers for many digital signal processors (DSPs), many of them free, are listed in the \myhref{http://www.bdti.com/faq/3.htm}{ comp.dsp FAQ}.
\end{myitemize}

\section{Commercial}
\label{371}
\begin{myitemize}
\item{}  \myhref{http://en.wikipedia.org/wiki/Intel\%20C\%20Compiler}{Intel C Compiler} (\myhref{http://software.intel.com/en-us/intel-compilers)}{http://software.intel.com/en-us/intel-compilers)} -{} Windows, Linux, Mac, QNX, and embedded C/C++ compilers.  Optimized for Intel 32-{}bit and 64-{}bit CPUs.
\item{}  \myhref{http://en.wikipedia.org/wiki/Microsoft\%20Visual\%20C\%2B\%2B}{Microsoft Visual C++} (\myhref{http://msdn.microsoft.com/visualc)}{http://msdn.microsoft.com/visualc)} -{} Free (partially limited) version available (Express edition)
\item{}  \myhref{http://en.wikipedia.org/wiki/Impulse\%20C}{Impulse C} -{} Target platform: FPGA hardware via Hardware Description Language (HDL) files.
\end{myitemize}
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\section {GNU GENERAL PUBLIC LICENSE}
\begin{multicols}{4}

Version 3, 29 June 2007

Copyright © 2007 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.
Preamble

The GNU General Public License is a free, copyleft license for software and other kinds of works.

The licenses for most software and other practical works are designed to take away your freedom to share and change the works. By contrast, the GNU General Public License is intended to guarantee your freedom to share and change all versions of a program--to make sure it remains free software for all its users. We, the Free Software Foundation, use the GNU General Public License for most of our software; it applies also to any other work released this way by its authors. You can apply it to your programs, too.

When we speak of free software, we are referring to freedom, not price. Our General Public Licenses are designed to make sure that you have the freedom to distribute copies of free software (and charge for them if you wish), that you receive source code or can get it if you want it, that you can change the software or use pieces of it in new free programs, and that you know you can do these things.

To protect your rights, we need to prevent others from denying you these rights or asking you to surrender the rights. Therefore, you have certain responsibilities if you distribute copies of the software, or if you modify it: responsibilities to respect the freedom of others.

For example, if you distribute copies of such a program, whether gratis or for a fee, you must pass on to the recipients the same freedoms that you received. You must make sure that they, too, receive or can get the source code. And you must show them these terms so they know their rights.

Developers that use the GNU GPL protect your rights with two steps: (1) assert copyright on the software, and (2) offer you this License giving you legal permission to copy, distribute and/or modify it.

For the developers' and authors' protection, the GPL clearly explains that there is no warranty for this free software. For both users' and authors' sake, the GPL requires that modified versions be marked as changed, so that their problems will not be attributed erroneously to authors of previous versions.

Some devices are designed to deny users access to install or run modified versions of the software inside them, although the manufacturer can do so. This is fundamentally incompatible with the aim of protecting users' freedom to change the software. The systematic pattern of such abuse occurs in the area of products for individuals to use, which is precisely where it is most unacceptable. Therefore, we have designed this version of the GPL to prohibit the practice for those products. If such problems arise substantially in other domains, we stand ready to extend this provision to those domains in future versions of the GPL, as needed to protect the freedom of users.

Finally, every program is threatened constantly by software patents. States should not allow patents to restrict development and use of software on general-purpose computers, but in those that do, we wish to avoid the special danger that patents applied to a free program could make it effectively proprietary. To prevent this, the GPL assures that patents cannot be used to render the program non-free.

The precise terms and conditions for copying, distribution and modification follow.
TERMS AND CONDITIONS
0. Definitions.

“This License” refers to version 3 of the GNU General Public License.

“Copyright” also means copyright-like laws that apply to other kinds of works, such as semiconductor masks.

“The Program” refers to any copyrightable work licensed under this License. Each licensee is addressed as “you”. “Licensees” and “recipients” may be individuals or organizations.

To “modify” a work means to copy from or adapt all or part of the work in a fashion requiring copyright permission, other than the making of an exact copy. The resulting work is called a “modified version” of the earlier work or a work “based on” the earlier work.

A “covered work” means either the unmodified Program or a work based on the Program.

To “propagate” a work means to do anything with it that, without permission, would make you directly or secondarily liable for infringement under applicable copyright law, except executing it on a computer or modifying a private copy. Propagation includes copying, distribution (with or without modification), making available to the public, and in some countries other activities as well.

To “convey” a work means any kind of propagation that enables other parties to make or receive copies. Mere interaction with a user through a computer network, with no transfer of a copy, is not conveying.

An interactive user interface displays “Appropriate Legal Notices” to the extent that it includes a convenient and prominently visible feature that (1) displays an appropriate copyright notice, and (2) tells the user that there is no warranty for the work (except to the extent that warranties are provided), that licensees may convey the work under this License, and how to view a copy of this License. If the interface presents a list of user commands or options, such as a menu, a prominent item in the list meets this criterion.
1. Source Code.

The “source code” for a work means the preferred form of the work for making modifications to it. “Object code” means any non-source form of a work.

A “Standard Interface” means an interface that either is an official standard defined by a recognized standards body, or, in the case of interfaces specified for a particular programming language, one that is widely used among developers working in that language.

The “System Libraries” of an executable work include anything, other than the work as a whole, that (a) is included in the normal form of packaging a Major Component, but which is not part of that Major Component, and (b) serves only to enable use of the work with that Major Component, or to implement a Standard Interface for which an implementation is available to the public in source code form. A “Major Component”, in this context, means a major essential component (kernel, window system, and so on) of the specific operating system (if any) on which the executable work runs, or a compiler used to produce the work, or an object code interpreter used to run it.

The “Corresponding Source” for a work in object code form means all the source code needed to generate, install, and (for an executable work) run the object code and to modify the work, including scripts to control those activities. However, it does not include the work's System Libraries, or general-purpose tools or generally available free programs which are used unmodified in performing those activities but which are not part of the work. For example, Corresponding Source includes interface definition files associated with source files for the work, and the source code for shared libraries and dynamically linked subprograms that the work is specifically designed to require, such as by intimate data communication or control flow between those subprograms and other parts of the work.

The Corresponding Source need not include anything that users can regenerate automatically from other parts of the Corresponding Source.

The Corresponding Source for a work in source code form is that same work.
2. Basic Permissions.

All rights granted under this License are granted for the term of copyright on the Program, and are irrevocable provided the stated conditions are met. This License explicitly affirms your unlimited permission to run the unmodified Program. The output from running a covered work is covered by this License only if the output, given its content, constitutes a covered work. This License acknowledges your rights of fair use or other equivalent, as provided by copyright law.

You may make, run and propagate covered works that you do not convey, without conditions so long as your license otherwise remains in force. You may convey covered works to others for the sole purpose of having them make modifications exclusively for you, or provide you with facilities for running those works, provided that you comply with the terms of this License in conveying all material for which you do not control copyright. Those thus making or running the covered works for you must do so exclusively on your behalf, under your direction and control, on terms that prohibit them from making any copies of your copyrighted material outside their relationship with you.

Conveying under any other circumstances is permitted solely under the conditions stated below. Sublicensing is not allowed; section 10 makes it unnecessary.
3. Protecting Users' Legal Rights From Anti-Circumvention Law.

No covered work shall be deemed part of an effective technological measure under any applicable law fulfilling obligations under article 11 of the WIPO copyright treaty adopted on 20 December 1996, or similar laws prohibiting or restricting circumvention of such measures.

When you convey a covered work, you waive any legal power to forbid circumvention of technological measures to the extent such circumvention is effected by exercising rights under this License with respect to the covered work, and you disclaim any intention to limit operation or modification of the work as a means of enforcing, against the work's users, your or third parties' legal rights to forbid circumvention of technological measures.
4. Conveying Verbatim Copies.

You may convey verbatim copies of the Program's source code as you receive it, in any medium, provided that you conspicuously and appropriately publish on each copy an appropriate copyright notice; keep intact all notices stating that this License and any non-permissive terms added in accord with section 7 apply to the code; keep intact all notices of the absence of any warranty; and give all recipients a copy of this License along with the Program.

You may charge any price or no price for each copy that you convey, and you may offer support or warranty protection for a fee.
5. Conveying Modified Source Versions.

You may convey a work based on the Program, or the modifications to produce it from the Program, in the form of source code under the terms of section 4, provided that you also meet all of these conditions:

    * a) The work must carry prominent notices stating that you modified it, and giving a relevant date.
    * b) The work must carry prominent notices stating that it is released under this License and any conditions added under section 7. This requirement modifies the requirement in section 4 to “keep intact all notices”.
    * c) You must license the entire work, as a whole, under this License to anyone who comes into possession of a copy. This License will therefore apply, along with any applicable section 7 additional terms, to the whole of the work, and all its parts, regardless of how they are packaged. This License gives no permission to license the work in any other way, but it does not invalidate such permission if you have separately received it.
    * d) If the work has interactive user interfaces, each must display Appropriate Legal Notices; however, if the Program has interactive interfaces that do not display Appropriate Legal Notices, your work need not make them do so.

A compilation of a covered work with other separate and independent works, which are not by their nature extensions of the covered work, and which are not combined with it such as to form a larger program, in or on a volume of a storage or distribution medium, is called an “aggregate” if the compilation and its resulting copyright are not used to limit the access or legal rights of the compilation's users beyond what the individual works permit. Inclusion of a covered work in an aggregate does not cause this License to apply to the other parts of the aggregate.
6. Conveying Non-Source Forms.

You may convey a covered work in object code form under the terms of sections 4 and 5, provided that you also convey the machine-readable Corresponding Source under the terms of this License, in one of these ways:

    * a) Convey the object code in, or embodied in, a physical product (including a physical distribution medium), accompanied by the Corresponding Source fixed on a durable physical medium customarily used for software interchange.
    * b) Convey the object code in, or embodied in, a physical product (including a physical distribution medium), accompanied by a written offer, valid for at least three years and valid for as long as you offer spare parts or customer support for that product model, to give anyone who possesses the object code either (1) a copy of the Corresponding Source for all the software in the product that is covered by this License, on a durable physical medium customarily used for software interchange, for a price no more than your reasonable cost of physically performing this conveying of source, or (2) access to copy the Corresponding Source from a network server at no charge.
    * c) Convey individual copies of the object code with a copy of the written offer to provide the Corresponding Source. This alternative is allowed only occasionally and noncommercially, and only if you received the object code with such an offer, in accord with subsection 6b.
    * d) Convey the object code by offering access from a designated place (gratis or for a charge), and offer equivalent access to the Corresponding Source in the same way through the same place at no further charge. You need not require recipients to copy the Corresponding Source along with the object code. If the place to copy the object code is a network server, the Corresponding Source may be on a different server (operated by you or a third party) that supports equivalent copying facilities, provided you maintain clear directions next to the object code saying where to find the Corresponding Source. Regardless of what server hosts the Corresponding Source, you remain obligated to ensure that it is available for as long as needed to satisfy these requirements.
    * e) Convey the object code using peer-to-peer transmission, provided you inform other peers where the object code and Corresponding Source of the work are being offered to the general public at no charge under subsection 6d.

A separable portion of the object code, whose source code is excluded from the Corresponding Source as a System Library, need not be included in conveying the object code work.

A “User Product” is either (1) a “consumer product”, which means any tangible personal property which is normally used for personal, family, or household purposes, or (2) anything designed or sold for incorporation into a dwelling. In determining whether a product is a consumer product, doubtful cases shall be resolved in favor of coverage. For a particular product received by a particular user, “normally used” refers to a typical or common use of that class of product, regardless of the status of the particular user or of the way in which the particular user actually uses, or expects or is expected to use, the product. A product is a consumer product regardless of whether the product has substantial commercial, industrial or non-consumer uses, unless such uses represent the only significant mode of use of the product.

“Installation Information” for a User Product means any methods, procedures, authorization keys, or other information required to install and execute modified versions of a covered work in that User Product from a modified version of its Corresponding Source. The information must suffice to ensure that the continued functioning of the modified object code is in no case prevented or interfered with solely because modification has been made.

If you convey an object code work under this section in, or with, or specifically for use in, a User Product, and the conveying occurs as part of a transaction in which the right of possession and use of the User Product is transferred to the recipient in perpetuity or for a fixed term (regardless of how the transaction is characterized), the Corresponding Source conveyed under this section must be accompanied by the Installation Information. But this requirement does not apply if neither you nor any third party retains the ability to install modified object code on the User Product (for example, the work has been installed in ROM).

The requirement to provide Installation Information does not include a requirement to continue to provide support service, warranty, or updates for a work that has been modified or installed by the recipient, or for the User Product in which it has been modified or installed. Access to a network may be denied when the modification itself materially and adversely affects the operation of the network or violates the rules and protocols for communication across the network.

Corresponding Source conveyed, and Installation Information provided, in accord with this section must be in a format that is publicly documented (and with an implementation available to the public in source code form), and must require no special password or key for unpacking, reading or copying.
7. Additional Terms.

“Additional permissions” are terms that supplement the terms of this License by making exceptions from one or more of its conditions. Additional permissions that are applicable to the entire Program shall be treated as though they were included in this License, to the extent that they are valid under applicable law. If additional permissions apply only to part of the Program, that part may be used separately under those permissions, but the entire Program remains governed by this License without regard to the additional permissions.

When you convey a copy of a covered work, you may at your option remove any additional permissions from that copy, or from any part of it. (Additional permissions may be written to require their own removal in certain cases when you modify the work.) You may place additional permissions on material, added by you to a covered work, for which you have or can give appropriate copyright permission.

Notwithstanding any other provision of this License, for material you add to a covered work, you may (if authorized by the copyright holders of that material) supplement the terms of this License with terms:

    * a) Disclaiming warranty or limiting liability differently from the terms of sections 15 and 16 of this License; or
    * b) Requiring preservation of specified reasonable legal notices or author attributions in that material or in the Appropriate Legal Notices displayed by works containing it; or
    * c) Prohibiting misrepresentation of the origin of that material, or requiring that modified versions of such material be marked in reasonable ways as different from the original version; or
    * d) Limiting the use for publicity purposes of names of licensors or authors of the material; or
    * e) Declining to grant rights under trademark law for use of some trade names, trademarks, or service marks; or
    * f) Requiring indemnification of licensors and authors of that material by anyone who conveys the material (or modified versions of it) with contractual assumptions of liability to the recipient, for any liability that these contractual assumptions directly impose on those licensors and authors.

All other non-permissive additional terms are considered “further restrictions” within the meaning of section 10. If the Program as you received it, or any part of it, contains a notice stating that it is governed by this License along with a term that is a further restriction, you may remove that term. If a license document contains a further restriction but permits relicensing or conveying under this License, you may add to a covered work material governed by the terms of that license document, provided that the further restriction does not survive such relicensing or conveying.

If you add terms to a covered work in accord with this section, you must place, in the relevant source files, a statement of the additional terms that apply to those files, or a notice indicating where to find the applicable terms.

Additional terms, permissive or non-permissive, may be stated in the form of a separately written license, or stated as exceptions; the above requirements apply either way.
8. Termination.

You may not propagate or modify a covered work except as expressly provided under this License. Any attempt otherwise to propagate or modify it is void, and will automatically terminate your rights under this License (including any patent licenses granted under the third paragraph of section 11).

However, if you cease all violation of this License, then your license from a particular copyright holder is reinstated (a) provisionally, unless and until the copyright holder explicitly and finally terminates your license, and (b) permanently, if the copyright holder fails to notify you of the violation by some reasonable means prior to 60 days after the cessation.

Moreover, your license from a particular copyright holder is reinstated permanently if the copyright holder notifies you of the violation by some reasonable means, this is the first time you have received notice of violation of this License (for any work) from that copyright holder, and you cure the violation prior to 30 days after your receipt of the notice.

Termination of your rights under this section does not terminate the licenses of parties who have received copies or rights from you under this License. If your rights have been terminated and not permanently reinstated, you do not qualify to receive new licenses for the same material under section 10.
9. Acceptance Not Required for Having Copies.

You are not required to accept this License in order to receive or run a copy of the Program. Ancillary propagation of a covered work occurring solely as a consequence of using peer-to-peer transmission to receive a copy likewise does not require acceptance. However, nothing other than this License grants you permission to propagate or modify any covered work. These actions infringe copyright if you do not accept this License. Therefore, by modifying or propagating a covered work, you indicate your acceptance of this License to do so.
10. Automatic Licensing of Downstream Recipients.

Each time you convey a covered work, the recipient automatically receives a license from the original licensors, to run, modify and propagate that work, subject to this License. You are not responsible for enforcing compliance by third parties with this License.

An “entity transaction” is a transaction transferring control of an organization, or substantially all assets of one, or subdividing an organization, or merging organizations. If propagation of a covered work results from an entity transaction, each party to that transaction who receives a copy of the work also receives whatever licenses to the work the party's predecessor in interest had or could give under the previous paragraph, plus a right to possession of the Corresponding Source of the work from the predecessor in interest, if the predecessor has it or can get it with reasonable efforts.

You may not impose any further restrictions on the exercise of the rights granted or affirmed under this License. For example, you may not impose a license fee, royalty, or other charge for exercise of rights granted under this License, and you may not initiate litigation (including a cross-claim or counterclaim in a lawsuit) alleging that any patent claim is infringed by making, using, selling, offering for sale, or importing the Program or any portion of it.
11. Patents.

A “contributor” is a copyright holder who authorizes use under this License of the Program or a work on which the Program is based. The work thus licensed is called the contributor's “contributor version”.

A contributor's “essential patent claims” are all patent claims owned or controlled by the contributor, whether already acquired or hereafter acquired, that would be infringed by some manner, permitted by this License, of making, using, or selling its contributor version, but do not include claims that would be infringed only as a consequence of further modification of the contributor version. For purposes of this definition, “control” includes the right to grant patent sublicenses in a manner consistent with the requirements of this License.

Each contributor grants you a non-exclusive, worldwide, royalty-free patent license under the contributor's essential patent claims, to make, use, sell, offer for sale, import and otherwise run, modify and propagate the contents of its contributor version.

In the following three paragraphs, a “patent license” is any express agreement or commitment, however denominated, not to enforce a patent (such as an express permission to practice a patent or covenant not to sue for patent infringement). To “grant” such a patent license to a party means to make such an agreement or commitment not to enforce a patent against the party.

If you convey a covered work, knowingly relying on a patent license, and the Corresponding Source of the work is not available for anyone to copy, free of charge and under the terms of this License, through a publicly available network server or other readily accessible means, then you must either (1) cause the Corresponding Source to be so available, or (2) arrange to deprive yourself of the benefit of the patent license for this particular work, or (3) arrange, in a manner consistent with the requirements of this License, to extend the patent license to downstream recipients. “Knowingly relying” means you have actual knowledge that, but for the patent license, your conveying the covered work in a country, or your recipient's use of the covered work in a country, would infringe one or more identifiable patents in that country that you have reason to believe are valid.

If, pursuant to or in connection with a single transaction or arrangement, you convey, or propagate by procuring conveyance of, a covered work, and grant a patent license to some of the parties receiving the covered work authorizing them to use, propagate, modify or convey a specific copy of the covered work, then the patent license you grant is automatically extended to all recipients of the covered work and works based on it.

A patent license is “discriminatory” if it does not include within the scope of its coverage, prohibits the exercise of, or is conditioned on the non-exercise of one or more of the rights that are specifically granted under this License. You may not convey a covered work if you are a party to an arrangement with a third party that is in the business of distributing software, under which you make payment to the third party based on the extent of your activity of conveying the work, and under which the third party grants, to any of the parties who would receive the covered work from you, a discriminatory patent license (a) in connection with copies of the covered work conveyed by you (or copies made from those copies), or (b) primarily for and in connection with specific products or compilations that contain the covered work, unless you entered into that arrangement, or that patent license was granted, prior to 28 March 2007.

Nothing in this License shall be construed as excluding or limiting any implied license or other defenses to infringement that may otherwise be available to you under applicable patent law.
12. No Surrender of Others' Freedom.

If conditions are imposed on you (whether by court order, agreement or otherwise) that contradict the conditions of this License, they do not excuse you from the conditions of this License. If you cannot convey a covered work so as to satisfy simultaneously your obligations under this License and any other pertinent obligations, then as a consequence you may not convey it at all. For example, if you agree to terms that obligate you to collect a royalty for further conveying from those to whom you convey the Program, the only way you could satisfy both those terms and this License would be to refrain entirely from conveying the Program.
13. Use with the GNU Affero General Public License.

Notwithstanding any other provision of this License, you have permission to link or combine any covered work with a work licensed under version 3 of the GNU Affero General Public License into a single combined work, and to convey the resulting work. The terms of this License will continue to apply to the part which is the covered work, but the special requirements of the GNU Affero General Public License, section 13, concerning interaction through a network will apply to the combination as such.
14. Revised Versions of this License.

The Free Software Foundation may publish revised and/or new versions of the GNU General Public License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Program specifies that a certain numbered version of the GNU General Public License “or any later version” applies to it, you have the option of following the terms and conditions either of that numbered version or of any later version published by the Free Software Foundation. If the Program does not specify a version number of the GNU General Public License, you may choose any version ever published by the Free Software Foundation.

If the Program specifies that a proxy can decide which future versions of the GNU General Public License can be used, that proxy's public statement of acceptance of a version permanently authorizes you to choose that version for the Program.

Later license versions may give you additional or different permissions. However, no additional obligations are imposed on any author or copyright holder as a result of your choosing to follow a later version.
15. Disclaimer of Warranty.

THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM “AS IS” WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION.
16. Limitation of Liability.

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS), EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.
17. Interpretation of Sections 15 and 16.

If the disclaimer of warranty and limitation of liability provided above cannot be given local legal effect according to their terms, reviewing courts shall apply local law that most closely approximates an absolute waiver of all civil liability in connection with the Program, unless a warranty or assumption of liability accompanies a copy of the Program in return for a fee.

END OF TERMS AND CONDITIONS
How to Apply These Terms to Your New Programs

If you develop a new program, and you want it to be of the greatest possible use to the public, the best way to achieve this is to make it free software which everyone can redistribute and change under these terms.

To do so, attach the following notices to the program. It is safest to attach them to the start of each source file to most effectively state the exclusion of warranty; and each file should have at least the “copyright” line and a pointer to where the full notice is found.

    <one line to give the program's name and a brief idea of what it does.>
    Copyright (C) <year>  <name of author>

    This program is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    This program is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with this program.  If not, see <http://www.gnu.org/licenses/>.

Also add information on how to contact you by electronic and paper mail.

If the program does terminal interaction, make it output a short notice like this when it starts in an interactive mode:

    <program>  Copyright (C) <year>  <name of author>
    This program comes with ABSOLUTELY NO WARRANTY; for details type `show w'.
    This is free software, and you are welcome to redistribute it
    under certain conditions; type `show c' for details.

The hypothetical commands `show w' and `show c' should show the appropriate parts of the General Public License. Of course, your program's commands might be different; for a GUI interface, you would use an “about box”.

You should also get your employer (if you work as a programmer) or school, if any, to sign a “copyright disclaimer” for the program, if necessary. For more information on this, and how to apply and follow the GNU GPL, see <http://www.gnu.org/licenses/>.

The GNU General Public License does not permit incorporating your program into proprietary programs. If your program is a subroutine library, you may consider it more useful to permit linking proprietary applications with the library. If this is what you want to do, use the GNU Lesser General Public License instead of this License. But first, please read <http://www.gnu.org/philosophy/why-not-lgpl.html>.
\end{multicols}

\section{GNU Free Documentation License}
\begin{multicols}{4}

Version 1.3, 3 November 2008

Copyright © 2000, 2001, 2002, 2007, 2008 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.
0. PREAMBLE

The purpose of this License is to make a manual, textbook, or other functional and useful document "free" in the sense of freedom: to assure everyone the effective freedom to copy and redistribute it, with or without modifying it, either commercially or noncommercially. Secondarily, this License preserves for the author and publisher a way to get credit for their work, while not being considered responsible for modifications made by others.

This License is a kind of "copyleft", which means that derivative works of the document must themselves be free in the same sense. It complements the GNU General Public License, which is a copyleft license designed for free software.

We have designed this License in order to use it for manuals for free software, because free software needs free documentation: a free program should come with manuals providing the same freedoms that the software does. But this License is not limited to software manuals; it can be used for any textual work, regardless of subject matter or whether it is published as a printed book. We recommend this License principally for works whose purpose is instruction or reference.
1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a notice placed by the copyright holder saying it can be distributed under the terms of this License. Such a notice grants a world-wide, royalty-free license, unlimited in duration, to use that work under the conditions stated herein. The "Document", below, refers to any such manual or work. Any member of the public is a licensee, and is addressed as "you". You accept the license if you copy, modify or distribute the work in a way requiring permission under copyright law.

A "Modified Version" of the Document means any work containing the Document or a portion of it, either copied verbatim, or with modifications and/or translated into another language.

A "Secondary Section" is a named appendix or a front-matter section of the Document that deals exclusively with the relationship of the publishers or authors of the Document to the Document's overall subject (or to related matters) and contains nothing that could fall directly within that overall subject. (Thus, if the Document is in part a textbook of mathematics, a Secondary Section may not explain any mathematics.) The relationship could be a matter of historical connection with the subject or with related matters, or of legal, commercial, philosophical, ethical or political position regarding them.

The "Invariant Sections" are certain Secondary Sections whose titles are designated, as being those of Invariant Sections, in the notice that says that the Document is released under this License. If a section does not fit the above definition of Secondary then it is not allowed to be designated as Invariant. The Document may contain zero Invariant Sections. If the Document does not identify any Invariant Sections then there are none.

The "Cover Texts" are certain short passages of text that are listed, as Front-Cover Texts or Back-Cover Texts, in the notice that says that the Document is released under this License. A Front-Cover Text may be at most 5 words, and a Back-Cover Text may be at most 25 words.

A "Transparent" copy of the Document means a machine-readable copy, represented in a format whose specification is available to the general public, that is suitable for revising the document straightforwardly with generic text editors or (for images composed of pixels) generic paint programs or (for drawings) some widely available drawing editor, and that is suitable for input to text formatters or for automatic translation to a variety of formats suitable for input to text formatters. A copy made in an otherwise Transparent file format whose markup, or absence of markup, has been arranged to thwart or discourage subsequent modification by readers is not Transparent. An image format is not Transparent if used for any substantial amount of text. A copy that is not "Transparent" is called "Opaque".

Examples of suitable formats for Transparent copies include plain ASCII without markup, Texinfo input format, LaTeX input format, SGML or XML using a publicly available DTD, and standard-conforming simple HTML, PostScript or PDF designed for human modification. Examples of transparent image formats include PNG, XCF and JPG. Opaque formats include proprietary formats that can be read and edited only by proprietary word processors, SGML or XML for which the DTD and/or processing tools are not generally available, and the machine-generated HTML, PostScript or PDF produced by some word processors for output purposes only.

The "Title Page" means, for a printed book, the title page itself, plus such following pages as are needed to hold, legibly, the material this License requires to appear in the title page. For works in formats which do not have any title page as such, "Title Page" means the text near the most prominent appearance of the work's title, preceding the beginning of the body of the text.

The "publisher" means any person or entity that distributes copies of the Document to the public.

A section "Entitled XYZ" means a named subunit of the Document whose title either is precisely XYZ or contains XYZ in parentheses following text that translates XYZ in another language. (Here XYZ stands for a specific section name mentioned below, such as "Acknowledgements", "Dedications", "Endorsements", or "History".) To "Preserve the Title" of such a section when you modify the Document means that it remains a section "Entitled XYZ" according to this definition.

The Document may include Warranty Disclaimers next to the notice which states that this License applies to the Document. These Warranty Disclaimers are considered to be included by reference in this License, but only as regards disclaiming warranties: any other implication that these Warranty Disclaimers may have is void and has no effect on the meaning of this License.
2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or noncommercially, provided that this License, the copyright notices, and the license notice saying this License applies to the Document are reproduced in all copies, and that you add no other conditions whatsoever to those of this License. You may not use technical measures to obstruct or control the reading or further copying of the copies you make or distribute. However, you may accept compensation in exchange for copies. If you distribute a large enough number of copies you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you may publicly display copies.
3. COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed covers) of the Document, numbering more than 100, and the Document's license notice requires Cover Texts, you must enclose the copies in covers that carry, clearly and legibly, all these Cover Texts: Front-Cover Texts on the front cover, and Back-Cover Texts on the back cover. Both covers must also clearly and legibly identify you as the publisher of these copies. The front cover must present the full title with all words of the title equally prominent and visible. You may add other material on the covers in addition. Copying with changes limited to the covers, as long as they preserve the title of the Document and satisfy these conditions, can be treated as verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the first ones listed (as many as fit reasonably) on the actual cover, and continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more than 100, you must either include a machine-readable Transparent copy along with each Opaque copy, or state in or with each Opaque copy a computer-network location from which the general network-using public has access to download using public-standard network protocols a complete Transparent copy of the Document, free of added material. If you use the latter option, you must take reasonably prudent steps, when you begin distribution of Opaque copies in quantity, to ensure that this Transparent copy will remain thus accessible at the stated location until at least one year after the last time you distribute an Opaque copy (directly or through your agents or retailers) of that edition to the public.

It is requested, but not required, that you contact the authors of the Document well before redistributing any large number of copies, to give them a chance to provide you with an updated version of the Document.
4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions of sections 2 and 3 above, provided that you release the Modified Version under precisely this License, with the Modified Version filling the role of the Document, thus licensing distribution and modification of the Modified Version to whoever possesses a copy of it. In addition, you must do these things in the Modified Version:

    * A. Use in the Title Page (and on the covers, if any) a title distinct from that of the Document, and from those of previous versions (which should, if there were any, be listed in the History section of the Document). You may use the same title as a previous version if the original publisher of that version gives permission.
    * B. List on the Title Page, as authors, one or more persons or entities responsible for authorship of the modifications in the Modified Version, together with at least five of the principal authors of the Document (all of its principal authors, if it has fewer than five), unless they release you from this requirement.
    * C. State on the Title page the name of the publisher of the Modified Version, as the publisher.
    * D. Preserve all the copyright notices of the Document.
    * E. Add an appropriate copyright notice for your modifications adjacent to the other copyright notices.
    * F. Include, immediately after the copyright notices, a license notice giving the public permission to use the Modified Version under the terms of this License, in the form shown in the Addendum below.
    * G. Preserve in that license notice the full lists of Invariant Sections and required Cover Texts given in the Document's license notice.
    * H. Include an unaltered copy of this License.
    * I. Preserve the section Entitled "History", Preserve its Title, and add to it an item stating at least the title, year, new authors, and publisher of the Modified Version as given on the Title Page. If there is no section Entitled "History" in the Document, create one stating the title, year, authors, and publisher of the Document as given on its Title Page, then add an item describing the Modified Version as stated in the previous sentence.
    * J. Preserve the network location, if any, given in the Document for public access to a Transparent copy of the Document, and likewise the network locations given in the Document for previous versions it was based on. These may be placed in the "History" section. You may omit a network location for a work that was published at least four years before the Document itself, or if the original publisher of the version it refers to gives permission.
    * K. For any section Entitled "Acknowledgements" or "Dedications", Preserve the Title of the section, and preserve in the section all the substance and tone of each of the contributor acknowledgements and/or dedications given therein.
    * L. Preserve all the Invariant Sections of the Document, unaltered in their text and in their titles. Section numbers or the equivalent are not considered part of the section titles.
    * M. Delete any section Entitled "Endorsements". Such a section may not be included in the Modified Version.
    * N. Do not retitle any existing section to be Entitled "Endorsements" or to conflict in title with any Invariant Section.
    * O. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices that qualify as Secondary Sections and contain no material copied from the Document, you may at your option designate some or all of these sections as invariant. To do this, add their titles to the list of Invariant Sections in the Modified Version's license notice. These titles must be distinct from any other section titles.

You may add a section Entitled "Endorsements", provided it contains nothing but endorsements of your Modified Version by various parties—for example, statements of peer review or that the text has been approved by an organization as the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage of up to 25 words as a Back-Cover Text, to the end of the list of Cover Texts in the Modified Version. Only one passage of Front-Cover Text and one of Back-Cover Text may be added by (or through arrangements made by) any one entity. If the Document already includes a cover text for the same cover, previously added by you or by arrangement made by the same entity you are acting on behalf of, you may not add another; but you may replace the old one, on explicit permission from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give permission to use their names for publicity for or to assert or imply endorsement of any Modified Version.
5. COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under the terms defined in section 4 above for modified versions, provided that you include in the combination all of the Invariant Sections of all of the original documents, unmodified, and list them all as Invariant Sections of your combined work in its license notice, and that you preserve all their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical Invariant Sections may be replaced with a single copy. If there are multiple Invariant Sections with the same name but different contents, make the title of each such section unique by adding at the end of it, in parentheses, the name of the original author or publisher of that section if known, or else a unique number. Make the same adjustment to the section titles in the list of Invariant Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled "History" in the various original documents, forming one section Entitled "History"; likewise combine any sections Entitled "Acknowledgements", and any sections Entitled "Dedications". You must delete all sections Entitled "Endorsements".
6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released under this License, and replace the individual copies of this License in the various documents with a single copy that is included in the collection, provided that you follow the rules of this License for verbatim copying of each of the documents in all other respects.

You may extract a single document from such a collection, and distribute it individually under this License, provided you insert a copy of this License into the extracted document, and follow this License in all other respects regarding verbatim copying of that document.
7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent documents or works, in or on a volume of a storage or distribution medium, is called an "aggregate" if the copyright resulting from the compilation is not used to limit the legal rights of the compilation's users beyond what the individual works permit. When the Document is included in an aggregate, this License does not apply to the other works in the aggregate which are not themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the Document, then if the Document is less than one half of the entire aggregate, the Document's Cover Texts may be placed on covers that bracket the Document within the aggregate, or the electronic equivalent of covers if the Document is in electronic form. Otherwise they must appear on printed covers that bracket the whole aggregate.
8. TRANSLATION

Translation is considered a kind of modification, so you may distribute translations of the Document under the terms of section 4. Replacing Invariant Sections with translations requires special permission from their copyright holders, but you may include translations of some or all Invariant Sections in addition to the original versions of these Invariant Sections. You may include a translation of this License, and all the license notices in the Document, and any Warranty Disclaimers, provided that you also include the original English version of this License and the original versions of those notices and disclaimers. In case of a disagreement between the translation and the original version of this License or a notice or disclaimer, the original version will prevail.

If a section in the Document is Entitled "Acknowledgements", "Dedications", or "History", the requirement (section 4) to Preserve its Title (section 1) will typically require changing the actual title.
9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly provided under this License. Any attempt otherwise to copy, modify, sublicense, or distribute it is void, and will automatically terminate your rights under this License.

However, if you cease all violation of this License, then your license from a particular copyright holder is reinstated (a) provisionally, unless and until the copyright holder explicitly and finally terminates your license, and (b) permanently, if the copyright holder fails to notify you of the violation by some reasonable means prior to 60 days after the cessation.

Moreover, your license from a particular copyright holder is reinstated permanently if the copyright holder notifies you of the violation by some reasonable means, this is the first time you have received notice of violation of this License (for any work) from that copyright holder, and you cure the violation prior to 30 days after your receipt of the notice.

Termination of your rights under this section does not terminate the licenses of parties who have received copies or rights from you under this License. If your rights have been terminated and not permanently reinstated, receipt of a copy of some or all of the same material does not give you any rights to use it.
10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns. See http://www.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number. If the Document specifies that a particular numbered version of this License "or any later version" applies to it, you have the option of following the terms and conditions either of that specified version or of any later version that has been published (not as a draft) by the Free Software Foundation. If the Document does not specify a version number of this License, you may choose any version ever published (not as a draft) by the Free Software Foundation. If the Document specifies that a proxy can decide which future versions of this License can be used, that proxy's public statement of acceptance of a version permanently authorizes you to choose that version for the Document.
11. RELICENSING

"Massive Multiauthor Collaboration Site" (or "MMC Site") means any World Wide Web server that publishes copyrightable works and also provides prominent facilities for anybody to edit those works. A public wiki that anybody can edit is an example of such a server. A "Massive Multiauthor Collaboration" (or "MMC") contained in the site means any set of copyrightable works thus published on the MMC site.

"CC-BY-SA" means the Creative Commons Attribution-Share Alike 3.0 license published by Creative Commons Corporation, a not-for-profit corporation with a principal place of business in San Francisco, California, as well as future copyleft versions of that license published by that same organization.

"Incorporate" means to publish or republish a Document, in whole or in part, as part of another Document.

An MMC is "eligible for relicensing" if it is licensed under this License, and if all works that were first published under this License somewhere other than this MMC, and subsequently incorporated in whole or in part into the MMC, (1) had no cover texts or invariant sections, and (2) were thus incorporated prior to November 1, 2008.

The operator of an MMC Site may republish an MMC contained in the site under CC-BY-SA on the same site at any time before August 1, 2009, provided the MMC is eligible for relicensing.
ADDENDUM: How to use this License for your documents

To use this License in a document you have written, include a copy of the License in the document and put the following copyright and license notices just after the title page:

    Copyright (C)  YEAR  YOUR NAME.
    Permission is granted to copy, distribute and/or modify this document
    under the terms of the GNU Free Documentation License, Version 1.3
    or any later version published by the Free Software Foundation;
    with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts.
    A copy of the license is included in the section entitled "GNU
    Free Documentation License".

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the "with … Texts." line with this:

    with the Invariant Sections being LIST THEIR TITLES, with the
    Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other combination of the three, merge those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend releasing these examples in parallel under your choice of free software license, such as the GNU General Public License, to permit their use in free software.
\end{multicols}

\section{GNU Lesser General Public License}
\begin{multicols}{4}


GNU LESSER GENERAL PUBLIC LICENSE

Version 3, 29 June 2007

Copyright © 2007 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.

This version of the GNU Lesser General Public License incorporates the terms and conditions of version 3 of the GNU General Public License, supplemented by the additional permissions listed below.
0. Additional Definitions.

As used herein, “this License” refers to version 3 of the GNU Lesser General Public License, and the “GNU GPL” refers to version 3 of the GNU General Public License.

“The Library” refers to a covered work governed by this License, other than an Application or a Combined Work as defined below.

An “Application” is any work that makes use of an interface provided by the Library, but which is not otherwise based on the Library. Defining a subclass of a class defined by the Library is deemed a mode of using an interface provided by the Library.

A “Combined Work” is a work produced by combining or linking an Application with the Library. The particular version of the Library with which the Combined Work was made is also called the “Linked Version”.

The “Minimal Corresponding Source” for a Combined Work means the Corresponding Source for the Combined Work, excluding any source code for portions of the Combined Work that, considered in isolation, are based on the Application, and not on the Linked Version.

The “Corresponding Application Code” for a Combined Work means the object code and/or source code for the Application, including any data and utility programs needed for reproducing the Combined Work from the Application, but excluding the System Libraries of the Combined Work.
1. Exception to Section 3 of the GNU GPL.

You may convey a covered work under sections 3 and 4 of this License without being bound by section 3 of the GNU GPL.
2. Conveying Modified Versions.

If you modify a copy of the Library, and, in your modifications, a facility refers to a function or data to be supplied by an Application that uses the facility (other than as an argument passed when the facility is invoked), then you may convey a copy of the modified version:

    * a) under this License, provided that you make a good faith effort to ensure that, in the event an Application does not supply the function or data, the facility still operates, and performs whatever part of its purpose remains meaningful, or
    * b) under the GNU GPL, with none of the additional permissions of this License applicable to that copy.

3. Object Code Incorporating Material from Library Header Files.

The object code form of an Application may incorporate material from a header file that is part of the Library. You may convey such object code under terms of your choice, provided that, if the incorporated material is not limited to numerical parameters, data structure layouts and accessors, or small macros, inline functions and templates (ten or fewer lines in length), you do both of the following:

    * a) Give prominent notice with each copy of the object code that the Library is used in it and that the Library and its use are covered by this License.
    * b) Accompany the object code with a copy of the GNU GPL and this license document.

4. Combined Works.

You may convey a Combined Work under terms of your choice that, taken together, effectively do not restrict modification of the portions of the Library contained in the Combined Work and reverse engineering for debugging such modifications, if you also do each of the following:

    * a) Give prominent notice with each copy of the Combined Work that the Library is used in it and that the Library and its use are covered by this License.
    * b) Accompany the Combined Work with a copy of the GNU GPL and this license document.
    * c) For a Combined Work that displays copyright notices during execution, include the copyright notice for the Library among these notices, as well as a reference directing the user to the copies of the GNU GPL and this license document.
    * d) Do one of the following:
          o 0) Convey the Minimal Corresponding Source under the terms of this License, and the Corresponding Application Code in a form suitable for, and under terms that permit, the user to recombine or relink the Application with a modified version of the Linked Version to produce a modified Combined Work, in the manner specified by section 6 of the GNU GPL for conveying Corresponding Source.
          o 1) Use a suitable shared library mechanism for linking with the Library. A suitable mechanism is one that (a) uses at run time a copy of the Library already present on the user's computer system, and (b) will operate properly with a modified version of the Library that is interface-compatible with the Linked Version.
    * e) Provide Installation Information, but only if you would otherwise be required to provide such information under section 6 of the GNU GPL, and only to the extent that such information is necessary to install and execute a modified version of the Combined Work produced by recombining or relinking the Application with a modified version of the Linked Version. (If you use option 4d0, the Installation Information must accompany the Minimal Corresponding Source and Corresponding Application Code. If you use option 4d1, you must provide the Installation Information in the manner specified by section 6 of the GNU GPL for conveying Corresponding Source.)

5. Combined Libraries.

You may place library facilities that are a work based on the Library side by side in a single library together with other library facilities that are not Applications and are not covered by this License, and convey such a combined library under terms of your choice, if you do both of the following:

    * a) Accompany the combined library with a copy of the same work based on the Library, uncombined with any other library facilities, conveyed under the terms of this License.
    * b) Give prominent notice with the combined library that part of it is a work based on the Library, and explaining where to find the accompanying uncombined form of the same work.

6. Revised Versions of the GNU Lesser General Public License.

The Free Software Foundation may publish revised and/or new versions of the GNU Lesser General Public License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Library as you received it specifies that a certain numbered version of the GNU Lesser General Public License “or any later version” applies to it, you have the option of following the terms and conditions either of that published version or of any later version published by the Free Software Foundation. If the Library as you received it does not specify a version number of the GNU Lesser General Public License, you may choose any version of the GNU Lesser General Public License ever published by the Free Software Foundation.

If the Library as you received it specifies that a proxy can decide whether future versions of the GNU Lesser General Public License shall apply, that proxy's public statement of acceptance of any version is permanent authorization for you to choose that version for the Library.
\end{multicols}
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% Festlegungen für minitoc
% \renewcommand{\myminitoc}{\minitoc}
% \renewcommand{\mtctitle}{Überblick}
% \setcounter{minitocdepth}{1}
% \dominitoc   % diese Zeile aktiviert das Erstellen der minitocs, sie muss vor \tableofcontents kommen

% Seitenformat
% ------------
%\KOMAoption{paper}{A5}          % zulässig: letter, legal, executive; A-, B-, C-, D-Reihen
\KOMAoption{open}{right}			% zulässig: right (jedes Kapitel beginnt rechts), left, any
\KOMAoption{numbers}{auto}
% Satzspiegel jetzt neu berechnen, damit er bei Kopf- und Fußzeilen beachtet wird
\KOMAoptions{DIV=13}

% Kopf- und Fusszeilen
% --------------------
% Breite und Trennlinie
%\setheadwidth[-6mm]{textwithmarginpar}
%\setheadsepline[textwithmarginpar]{0.4pt}
\setheadwidth{text}
\setheadsepline[text]{0.4pt}

% Variante 1: Kopf: links Kapitel, rechts Abschnitt (ohne Nummer); Fuß: außen die Seitenzahl
\ohead{\headmark}
\renewcommand{\chaptermark}[1]{\markleft{#1}{}}
\renewcommand{\sectionmark}[1]{\markright{#1}{}}
\ofoot[\pagemark]{\pagemark}

% Variante 2: Kopf außen die Seitenzahl, Fuß nichts
%\ohead{\pagemark}
%\ofoot{}

% Standardschriften
% -----------------
%\KOMAoption{fontsize}{18pt}
\addtokomafont{disposition}{\rmfamily}
\addtokomafont{title}{\rmfamily} 
\setkomafont{pageheadfoot}{\normalfont\rmfamily\mdseries}

% vertikaler Ausgleich
% -------------------- 
% nein -> \raggedbottom
% ja   -> \flushbottom    aber ungeeignet bei Fußnoten
%\raggedbottom
\flushbottom

% Tiefe des Inhaltsverzeichnisses bestimmen
% -----------------------------------------
% -1   nur \part{}
%  0   bis \chapter{}
%  1   bis \section{}
%  2   bis \subsection{} usw.
\newcommand{\mytocdepth}{1}

% mypart - Teile des Buches und Inhaltsverzeichnis
% ------------------------------------------------
% Standard: nur im Inhaltsverzeichnis, zusätzlicher Eintrag ohne Seitenzahl
% Variante: nur im Inhaltsverzeichnis, zusätzlicher Eintrag mit Seitenzahl 
%\renewcommand{\mypart}[1]{\addcontentsline{toc}{part}{#1}}
% Variante: mit eigener Seite vor dem ersten Kapitel, mit Eintrag und Seitenzahl im Inhaltsverzeichnis
\renewcommand{\mypart}[1]{\part{#1}}


% maketitle
% -----------------------------------------------
% Bestandteile des Innentitels
%\title{Einführung in SQL}
%\author{Jürgen Thomas}
%\subtitle{Datenbanken bearbeiten}
\date{}
% Bestandteile von Impressum und CR
% Bestandteile von Impressum und CR

\uppertitleback{
%Detaillierte Daten zu dieser Publikation sind bei Wikibooks zu erhalten:\newline{} \url{http://de.wikibooks.org/}
%Diese Publikation ist bei der Deutschen Nationalbibliothek registriert. Detaillierte Daten sind im Internet  zu erhalten: \newline{}\url{https://portal.d-nb.de/opac.htm?method=showSearchForm#top}
%Diese Publikation ist bei der Deutschen Nationalbibliothek registriert. Detaillierte Daten sind im Internet unter der Katalog-Nr. 1008575860 zu erhalten: \newline{}\url{http://d-nb.info/1008575860}

%Namen von Programmen und Produkten sowie sonstige Angaben sind häufig geschützt. Da es auch freie Bezeichnungen gibt, wird das Symbol \textregistered{} nicht verwendet.

%Erstellt am 
\today{}
}

\lowertitleback{
{\footnotesize
On the 28th of April 2012 the contents of the English as well as German Wikibooks and Wikipedia projects were licensed under Creative Commons Attribution-ShareAlike 3.0 Unported license. An URI to this license is given in the list of figures on page \pageref{ListOfFigures}. If this document is a derived work from the contents of one of these projects and the content was still licensed by the project under this license at the time of derivation this document has to be licensed under the same, a similar or a compatible license, as stated in section 4b of the license. The list of contributors is included in chapter Contributors on page \pageref{Contributors}. The licenses GPL, LGPL and GFDL are included in chapter Licenses on page \pageref{Licenses}, since this book and/or parts of it may or may not be licensed under one or more of these licenses, and thus require inclusion of these licenses. The licenses of the figures are given in the list of figures on page \pageref{ListOfFigures}. This PDF was generated by the \LaTeX{} typesetting  software. The \LaTeX{} source code is included as an attachment ({\tt source.7z.txt}) in this PDF file. To extract the source from the PDF file, we recommend the use of \url{http://www.pdflabs.com/tools/pdftk-the-pdf-toolkit/} utility or clicking the paper clip attachment symbol on the lower left of your PDF Viewer, selecting {\tt Save Attachment}. After extracting it from the PDF file you have to rename it to {\tt source.7z}. To uncompress the resulting archive we recommend the use of \url{http://www.7-zip.org/}. The \LaTeX{} source itself was generated by a program written by Dirk Hünniger, which is freely available under an open source license from \url{http://de.wikibooks.org/wiki/Benutzer:Dirk_Huenniger/wb2pdf}. This distribution also contains a configured version of the {\tt pdflatex 
} compiler with all necessary packages and fonts needed to compile the \LaTeX{} source included in this PDF file.
}}


\renewcommand{\mysubtitle}[1]{}
\renewcommand{\mymaintitle}[1]{}
\renewcommand{\myauthor}[1]{}

\newenvironment{myshaded}{%
  \def\FrameCommand{ \hskip-2pt \fboxsep=\FrameSep \colorbox{shadecolor}}%
  \MakeFramed {\advance\hsize-\width \FrameRestore}}%
 {\endMakeFramed}








headers/packages1.tex

% Standard für Formatierung
\usepackage[utf8plain]{inputenc} 
%\usepackage[utf8]{inputenc} % use \usepackage[utf8]{inputenc} for tex4ht
\usepackage[usenames]{color}
\usepackage{textcomp} 
\usepackage{alltt} 
\usepackage{syntax}
\usepackage{parskip} 
\usepackage[normalem]{ulem}
\usepackage[pdftex,unicode=true]{hyperref}
%\usepackage{tocstyle}
\usepackage[defblank]{paralist}
\usepackage{trace}

% Minitoc
%\usepackage{minitoc}

% Keystroke
\usepackage{keystroke}

\usepackage{wrapfig}








headers/packages2.tex

% für Zeichensätze


%replacemnt for pslatex
\usepackage{mathptmx}
\usepackage[scaled=.92]{helvet}
\usepackage{courier}


\usepackage[T1]{fontenc} % disable this line for tex4ht

% für Tabellen
\usepackage{multirow}
\usepackage{multicol}
\usepackage{array,ragged2e}
\usepackage{longtable}

% für Kopf- und Fußzeilen, Fußnoten
\usepackage{scrpage2}
\usepackage{footnote}

% für Rahmen
\usepackage{verbatim}
\usepackage{framed}
\usepackage{mdframed}
\usepackage{listings}
\usepackage{lineno}

% für Symbole
\usepackage{amsmath}
\usepackage{amssymb}
\usepackage{amsfonts}

\usepackage{pifont}
\usepackage{marvosym}
\let\Cross\undefined 
\usepackage{fourier-orns}  % disable this line for tex4ht   % für weitere Logos, z.B. \danger

% für Grafik-Einbindung
\usepackage[pdftex]{graphicx}
\usepackage{wasysym}
\let\Square\undefined 

% unklare Verwendung
\usepackage{bbm}
\usepackage{skull}

%arabtex
\usepackage{arabtex}
\usepackage[T1]{tipa}  % disable this line for tex4ht

\usepackage{fancyvrb}
\usepackage{bbding} 
\usepackage{textcomp}
\usepackage[table]{xcolor}
\usepackage{microtype}
\usepackage{lscape}








headers/paper.tex

\KOMAoption{paper}{A4}






headers/svg.tex

\newcommand{\SVGExtension}{png}






headers/templates-chemie.tex

\newcommand{\TemplateEnergieerhaltung}[1]{
\begin{longtable}{|>{\RaggedRight}p{\linewidth}|} \hline
{\bfseries Gesetz von der Erhaltung der Energie}\\ \hline
{\bfseries Albert Einstein (14.3. 1879 - 18.4.1955)}: Umwandlung von Energie in Masse und von Masse in Energie ist möglich.\\ 
$E = m \cdot c^2$ (c = Lichtgeschwindigkeit = 300.000 km/s)\\ \hline
{\bfseries 
Bei einer chemischen Reaktion ist die Summe aus Masse und Energie der Ausgangsstoffe gleich der Summe aus Masse und Energie der Endstoffe.
}\\\hline
Wird Energie frei, tritt ein unwägbar kleiner Massenverlust auf. Wird Energie investiert, tritt Massenzunahme auf. Dieses kann allerdings mit herkömmlichen Waagen nicht gemessen werden. \\ \hline
\end{longtable}
}

\newcommand{\TemplatePeriodensystem}[1]{
Hier sollte das Periodensystem stehen. Ein solches wird sehr wahrscheinlich von Orlando Camargo Rodriguez frei zur Verfügung gestellt werden. Dateiname: tabela_periodica.tex ist bereits online. Lizenz aber noch nicht genau genug definiert.
}

\newcommand{\TemplateMassenerhaltung}[1]{
\begin{longtable}{|>{\RaggedRight}p{\linewidth}|} \hline
{\bfseries Gesetz von der Erhaltung der Masse}\\ \hline
{\bfseries Antoine Lavoisier (1743 - 1794)}: Rien ne se perd, rien ne se crée\\ 
Die Gesamtmasse ändert sich bei chemischen Reaktionen (im Rahmen der Messgenauigkeiten) nicht.\\ \hline
Masse der Ausgangsstoffe=Masse der Produkte \\ \hline
\end{longtable}
}

\newcommand{\TemplateDaltonsAtomhyposthese}[1]{
\begin{longtable}{|>{\RaggedRight}p{\linewidth}|} \hline
\begin{enumerate}
\item Materie besteht aus extrem kleinen, bei Reaktion ungeteilt bleibenden Teilchen, den Atomen.
\item Die Masse der Atome eines bestimmten Elements sind gleich (alle Atome eines Elements sind gleich). Die Atome verschiedener Elemente unterscheiden sich in ihren Eigenschaften (zum Beispiel in Größe, Masse, usw.).
\item Es existieren so viele Atomsorten wie Elemente.
\item Bei chemischen Reaktionen werden Atome in neuer Kombination vereinigt oder voneinander getrennt.
\item Eine bestimmte Verbindung wird von den Atomen der betreffenden Elemente in einem bestimmten, einfachen Zahlenverhältnis gebildet.
\end{enumerate}
\\ \hline
\end{longtable}
}

\newcommand{\TemplateUnveraenderlicheMassenverhaeltnisse}[1]{
\begin{longtable}{|>{\RaggedRight}p{\linewidth}|} \hline
{\bfseries Gesetz der unveränderlichen Massenverhältnisse}\\ \hline
Louis Proust (1799) \\ \hline
Bei chemischen Reaktionen, also Vereinigung beziehungsweise Zersetzung, reagieren die Reinstoffe immer in einem von der Natur vorgegebenen festen Verhältnis miteinander.
\\ \hline
\end{longtable}
}







headers/templates-dirk.tex

\newenvironment{TemplateCodeInside}[6]
{
\def\leftbox{#5}
\def\rightbox{}
\def\framecolor{shadecolor}
\ifstr{#4}{e}{ \def\framecolor{red} 
               \def\rightbox{Falsch} } {}
\ifstr{#4}{v}{ \def\framecolor{mydarkgreen} 
               \def\rightbox{Richtig} } {}

\begin{scriptsize}
\begin{mdframed} [ 
backgroundcolor=shadecolor, linewidth=0pt, 
skipabove=#2, skipbelow=#3,
innertopmargin=0.5ex, innerbottommargin=0 ]
\ttfamily

\ifstr{\leftbox} {} {
  % Ausgabe nur, wenn rechte Box Inhalt hat, dann links mit Standardtext
  \ifstr{\rightbox}{}{}
  { \fbox{Quelltext} \hfill \textbf{\color{\framecolor} \fcolorbox{black}{white}{\rightbox} }
  }
} {
\fbox{\leftbox}
% und bei Bedarf zusätzlich rechts die zweite Box
  \ifstr{\rightbox}{}{}
  { \hfill \textbf{\color{\framecolor} \fcolorbox{black}{white}{\rightbox} }
  } 
}

\begin{flushleft}
}  % Ende der begin-Anweisungen, es folgen die end-Anweisungen
{\end{flushleft}\end{mdframed}\end{scriptsize} }

\newcommand{\TemplateCode}[9]
% **************************************************
{

\ifstr{#1}{}{~}{
\minisec{\normalfont \scriptsize \centering \textbf{\textit{#1}} \medskip } }

\begin{scriptsize}

% Code-Abschnitt mit #4
\begin{TemplateCodeInside} {} {0pt} {0pt} {#3} {#5} {}
#6
\end{TemplateCodeInside}

% Ausgabetext mit #4
#4
 
% #2   Fußzeile ausgeben, sofern vorgesehen
\ifstr{#2} {} {} { \centering \textit{#2} \medskip \\ } 

\end{scriptsize}
}








headers/templates-juetho.tex

\newcommand{\wbtempcolora}{white}
\newcommand{\wbtempcolorb}{white}
\newcommand{\wbtempcolorc}{white}
\newcommand{\wbtemptexta}{}
\newcommand{\wbtemptextb}{}
\newcommand{\wbtemptextc}{}
\newlength{\wbtemplengtha}
\setlength{\wbtemplengtha}{0pt}
\newlength{\wbtemplengthb}
\setlength{\wbtemplengthb}{0pt}
\newlength{\wbtemplengthc}
\setlength{\wbtemplengthc}{0pt}
\newlength{\wbtemplengthd}
\setlength{\wbtemplengthd}{0pt}
\newlength{\wbtemplengthe}
\setlength{\wbtemplengthe}{0pt}
\newcount\wbtempcounta
\wbtempcounta=0
\newcount\wbtempcountb
\wbtempcountb=0
\newcount\wbtempcountc
\wbtempcountc=0

\newenvironment{TemplateCodeInside}[6]
% no more parameters
% **************************************************
% Template Code Inside
% Darstellung eines Code-Teils oder der Code-Ausgabe
% wird für folgende Wiki-Vorlagen benutzt:
%     Vorlage:Syntax
%     <source>...</source>
%     Regal:Programmierung: Vorlage:CodeIntern
% außerdem mehrfache Verwendung durch das Makro "Template Code"
%
% #1  leer   Anzeige als Code:    grauer Hintergrund, ohne Rahmen
%     sonst  Anzeige als Ausgabe: weißer Hintergrund, mit  Rahmen
% #2  Abstand vor dem Rahmen
%     0pt    als Standardwert
%     \baselineskip nur dann, wenn es der erste Teil innerhalb der Umgebung ist
%            und keine Kopfzeile vorgesehen ist
% #3  Abstand nach dem Rahmen
%     0pt    als Standardwert
%     \baselineskip nur dann, wenn es der letzte Teil innerhalb der Umgebung ist
%            und keine Fußzeile vorgesehen ist
% #4  spezieller Hinweis, verwendet für die Zusatzbox rechts
%     leer   als Standardwert
%     e      steht für error, also Zusatz 'Falsch' in rot
%     v      steht für valid, also Zusatz 'Richtig' in grün (genauer: jeder beliebige andere Inhalt)
% #5  spezieller Text für die Zusatzbox links
%     leer   als Standardwert
%     spezieller Hinweis: Wenn dieser Text leer ist, aber 'e' oder 'v' vorgesehen ist,
%            dann wird 'Quelltext' eingetragen
% #6  Zeilennummerierung *** funktioniert noch nicht, wird vorerst ignoriert ***
%     leer   als Standardwert -> ausschalten
%     true   als Spezialwert  -> einschalten
% **************************************************
% auch wenn die Variablen am Anfang dieser Datei nur lokal überschrieben werden,
% muss zwischen den Variablen von TemplateCode und TemplateCodeInside unterschieden werden.
% In TemplateCode werden die folgenden Variablen benutzt:
%      \wbtemplengthb für skipabove
%      \wbtemplengthc für skipbelow
%      \wbtempcounta  als Zwischenspeicher
%      \wbtemptexta   als Ausgabetext, der automatisch erzeugt wird
%
% In TemplateCodeInside werden die folgenden Variablen benutzt:
%      \wbtemplengtha für framelinewidth
%      \wbtemplengthd für innertopmargin
%      \wbtempcolorb  für die Schriftfarbe der rechten Box
% **************************************************
{
% Argumente für Hintergrund und Rahmen definieren
%      \wbtemplengtha für framelinewidth
\definecolor{framebackground}{gray}{0.9}
% Argumente mit Inhalt versehen
% #1 - Standard leer: als Code anzeigen
%        mit Inhalt: als Ausgabe anzeigen
\ifstr{#1}{}{\setlength{\wbtemplengtha}{0pt}}
{ \definecolor{framebackground}{rgb}{1.0,1.0,1.0}   
\setlength{\wbtemplengtha}{1pt}  }

% 2./3.Parameter in Variable übernehmen
%     es gelingt mir nicht, unten #2 und #3 direkt zuzuweisen
%\setlength{\wbtemplengthb}{#2}
%\setlength{\wbtemplengthc}{#3}

% 4./5.Parameter in Variable übernehmen
% der Box für den rechten Rahmen wird der richtige Text und die richtige Farbe zugewiesen
% Standard:     grün, 'Richtig'
% im Fall 'e':  rot,  'Falsch'
\renewcommand{\wbtempcolorb}{mydarkgreen}
\renewcommand{\wbtemptextb}{Richtig}
\ifstr{#4} {e} { \renewcommand{\wbtempcolorb}{red} \renewcommand{\wbtemptextb}{Falsch} } {} 

% Festlegen des oberen inneren Rands:
%    Standard als normaler Zeilenabstand
%    wenn es keine obere Box gibt, dann genügt der Standardabstand
\setlength{\wbtemplengthd}{0pt}
\ifstr{#4}{}{}{\setlength{\wbtemplengthd}{\baselineskip}}
\ifstr{#5}{}{}{\setlength{\wbtemplengthd}{\baselineskip}}

% Aufruf von mdframed mit den festgelegten Parametern
\begin{scriptsize}
%\begin{mdframed} [ backgroundcolor=framebackground, 
%linewidth=\wbtemplengtha, %skipabove=\wbtemplengthb, skipbelow=\wbtemplengthc, 
%splittopskip=5\baselineskip, splitbottomskip=5\baselineskip,
%skipabove=#2, skipbelow=#3, 
%innertopmargin=\wbtemplengthd, innerbottommargin=1ex ]
\begin{shaded}
\ttfamily 
% Anzeige der kleinen Boxen nur dann, wenn eine davon nicht leer ist
\ifstr{#5}{}
% wenn die rechte Box vorgesehen ist und die linke nicht, kommt links der Standardtext
{ \ifstr{#4}{}{}
   {\fbox{Quelltext} \hfill \textbf{\color{\wbtempcolorb} \fcolorbox{black}{white}{\wbtemptextb}} } 
}
% andernfalls kommt links auf jeden Fall die vorgesehene Box
{  \fbox{#5}
% und bei Bedarf zusätzlich rechts die zweite Box
   \ifstr{#4}{}{}{\hfill \textbf{\color{\wbtempcolorb} \fcolorbox{black}{white}{\wbtemptextb}}}
}

%\ifstr{#6}{true}{\linenumbers[1]}{}
%\begin{lstlisting}
\begin{flushleft}
}  % Ende der begin-Anweisungen, es folgen die end-Anweisungen
{\end{flushleft}
%\end{lstlisting}
%\end{mdframed}
\end{shaded}
\end{scriptsize}}


\newcommand{\TemplateCode}[9]
% no more parameters
% **************************************************
% Template Code
% Darstellung von Code (einzeln oder mehrfach, Kopf- und Fußzeile,
%      mit oder ohne Ausgabe)
% wird für folgende Wiki-Vorlagen benutzt:
%      Regal:Programmierung: Vorlage:Code
%      Regal:Programmierung: Vorlage:NETCode
%      Regal:Programmierung: Vorlage:MultiCode
%
% #1   Inhalt der Kopfzeile
%      kann auch leer sein
% #2   Inhalt der Fußzeile
%      kann auch leer sein
% #3   spezieller Hinweis, verwendet für die Zusatzbox rechts
%      leer   als Standardwert
%      e      steht für error, also Zusatz 'Falsch' in rot
%      v      steht für valid, also Zusatz 'Richtig' in grün (genauer: jeder beliebige andere Inhalt)
% #4   spezieller Text für die Zusatzbox links
%      leer   als Standardwert
%      spezieller Hinweis: Wenn dieser Text leer ist, aber 'e' oder 'v' vorgesehen ist,
%            dann wird 'Quelltext' eingetragen
%      spezieller Hinweis: Wenn der Text #6 vorgesehen ist und außerdem mindestens 
%                 einer der Texte #7/#8/#9, dann muss sinnvollerweise der Parameter #4 
%                 für den Text #6 verwendet werden
% #5   Inhalt für den Ausgabe-Teil
%      kann auch leer sein
% #6   Inhalt für den Quelltext 1
%      kann auch leer sein
%      bei NETCode und MultiCode der Text für C++
%      bei DualCode der Text für lang1
% #7   Inhalt für den Quelltext 2
%      kann auch leer sein
%      bei NETCode und MultiCode der Text für C#
%      bei DualCode der Text für lang2
% #8   Inhalt für den Quelltext 3
%      kann auch leer sein
%      bei NETCode und MultiCode der Text für VB.NET
% #9   Inhalt für den Quelltext 4
%      kann auch leer sein
%      bei MultiCode der Text für Delphi Prism
% **************************************************
% Hier werden die folgenden Variablen von wiki-templates.tex benutzt; 
% diese dürfen in TemplateCodeInside nicht benutzt werden, weil sie unter Umständen
% überschrieben werden könnten.
%      \wbtemplengthb für skipabove
%      \wbtemplengthc für skipbelow
%      \wbtempcounta  als Zwischenspeicher
%      \wbtemptexta   als Ausgabetext, der automatisch erzeugt wird
%
% **************************************************
{
% Die Umgebung Template Code Inside setzt die Schriftgröße ebenfalls fest,
% dies soll aber auch für Kopf- und Fußzeile gelten.
\begin{scriptsize}

% #1   Kopfzeile ausgeben, sofern vorgesehen
%      wenn sie nicht vorgesehen ist, muss der obere Abstand definiert werden
%      \wbtemplengthb für skipabove
\ifstr{#1}{}
{ \setlength{\wbtemplengthb}{\baselineskip} }
{ \minisec{\normalfont \scriptsize \centering \textbf{#1} \\[-0.5\baselineskip]}
  \setlength{\wbtemplengthb}{0pt} }

% #2   unterer Abstand ist standardmäßig 0 pt, aber beim letzten Abschnitt 
%      ohne Fußzeile ist der Abstand festzusetzen
\setlength{\wbtemplengthc}{0pt}
%      \wbtemplengthc für skipbelow
% \wbtempcounta als temp-Variable verwenden, welcher Abschnitt der letzte ist
\wbtempcounta=0
% prüfe zunächst, bei welcher Ausgabe der "Abstand nachher" auf \baselineskip gesetzt werden muss;
% in allen anderen Fällen bleibt es beim Standardwert 0pt
% * nur erforderlich, wenn keine Fußzeile vorgesehen ist
% * wenn Ausgabe   #4 vorgesehen ist, dann dort
% * wenn Quellcode #9 vorgesehen ist, dann dort
% * wenn Quellcode #8 vorgesehen ist, dann dort
% * wenn Quellcode #7 vorgesehen ist, dann dort
% * wenn Quellcode #6 vorgesehen ist, dann dort
% das einfachste Verfahren ist, dies vorwärts zu prüfen
\ifstr{#2}{}{}{
  \ifstr{#6}{}{}{\wbtempcounta=6 }
  \ifstr{#7}{}{}{\wbtempcounta=7 }
  \ifstr{#8}{}{}{\wbtempcounta=8 }
  \ifstr{#9}{}{}{\wbtempcounta=9 }
  \ifstr{#4}{}{}{\wbtempcounta=10 }
}
  
% nach der ersten Ausgabe wird der "Abstand vorher" immer auf 0 gesetzt
% Quelltext 1 mit #6
\ifstr{#6}{}{}{
  % Abstand dahinter anpassen, sofern bei diesem Abstand vorgemerkt
  \ifnum\wbtempcounta=6 \setlength{\wbtemplengthc}{\baselineskip} 
     \else \setlength{\wbtemplengthc}{0pt} \fi
  \begin{TemplateCodeInside} {} {\wbtemplengthb} {\wbtemplengthc} {#3} {#5} {}
#6
  \end{TemplateCodeInside}
  \setlength{\wbtemplengthb}{0pt}
}  

% in gleicher Weise werden die weiteren Teile ausgegeben, bei #7 #8 #9 gibt es Standardtexte
% Quelltext 2 mit #7
\ifstr{#7}{}{}{
  % Abstand dahinter anpassen, sofern bei diesem Abstand vorgemerkt
  \ifnum\wbtempcounta=7 \setlength{\wbtemplengthc}{\baselineskip} 
     \else \setlength{\wbtemplengthc}{0pt} \fi
  \ifstr{#5}{}{\renewcommand{\wbtemptexta}{}}{\renewcommand{\wbtemptexta}{C\#-Quelltext}}
  \begin{TemplateCodeInside} {} {\wbtemplengthb} {\wbtemplengthc} {#3} {\wbtemptexta} {}
#7
  \end{TemplateCodeInside}
  \setlength{\wbtemplengthb}{0pt}
}  

% Quelltext 3 mit #8
\ifstr{#8}{}{}{
  % Abstand dahinter anpassen, sofern bei diesem Abstand vorgemerkt
  \ifnum\wbtempcounta=8 \setlength{\wbtemplengthc}{\baselineskip} 
     \else \setlength{\wbtemplengthc}{0pt} \fi
  \ifstr{#5}{}{\renewcommand{\wbtemptexta}{}}{\renewcommand{\wbtemptexta}{VB.NET-Quelltext}}
  \begin{TemplateCodeInside} {} {\wbtemplengthb} {\wbtemplengthc} {#3} {\wbtemptexta} {}
#8
  \end{TemplateCodeInside}
  \setlength{\wbtemplengthb}{0pt}
}  

% Quelltext 4 mit #9
\ifstr{#9}{}{}{
  % Abstand dahinter anpassen, sofern bei diesem Abstand vorgemerkt
  \ifnum\wbtempcounta=9 \setlength{\wbtemplengthc}{\baselineskip} 
     \else \setlength{\wbtemplengthc}{0pt} \fi
  \ifstr{#5}{}{\renewcommand{\wbtemptexta}{}}{\renewcommand{\wbtemptexta}{C\#-Quelltext}}
  \begin{TemplateCodeInside} {} {\wbtemplengthb} {\wbtemplengthc} {#3} {\wbtemptexta} {}
#9
  \end{TemplateCodeInside}
  \setlength{\wbtemplengthb}{0pt}
}  

% Ausgabetext mit #4
\ifstr{#4}{}{}{
  % Abstand dahinter anpassen, sofern bei diesem Abstand vorgemerkt
  \ifnum\wbtempcounta=10 \setlength{\wbtemplengthc}{\baselineskip} 
     \else \setlength{\wbtemplengthc}{0pt} \fi
  \ifstr{#5}{}{\renewcommand{\wbtemptexta}{}}{\renewcommand{\wbtemptexta}{Ausgabe}}
  \begin{TemplateCodeInside} {x} {\wbtemplengthb} {\wbtemplengthc} {} {\wbtemptexta} {}
#4
  \end{TemplateCodeInside}
  \setlength{\wbtemplengthb}{0pt}
}  
 
% #2   Fußzeile ausgeben, sofern vorgesehen
%      wenn sie nicht vorgesehen ist, muss der obere Abstand definiert werden
\ifstr{#2}{}{}
{ \centering \textbf{#2} \medskip \\ }

\end{scriptsize}
}

\begin{comment}
\newcommand{\TemplatePreformat}[1]
{\begin{TemplateCodeInside}{x}{\baselineskip}{\baselineskip}{}{}{}
#1
\end{TemplateCodeInside}
}

\newcommand{\TemplateSpaceIndent}[1]
{\begin{TemplateCodeInside}{x}{\baselineskip}{\baselineskip}{}{}{}
#1
\end{TemplateCodeInside}
}
\end{comment}

\newcommand{\ubung}{\ding{228} \textbf{Aufgabe:}~}







headers/templates.tex

\newcommand{\wbtempcolora}{white}
\newcommand{\wbtempcolorb}{white}
\newcommand{\wbtempcolorc}{white}
\newcommand{\wbtemptexta}{}
\newcommand{\wbtemptextb}{}
\newcommand{\wbtemptextc}{}
\newlength{\wbtemplengtha}
\setlength{\wbtemplengtha}{0pt}
\newlength{\wbtemplengthb}
\setlength{\wbtemplengthb}{0pt}
\newlength{\wbtemplengthc}
\setlength{\wbtemplengthc}{0pt}
\newlength{\wbtemplengthd}
\setlength{\wbtemplengthd}{0pt}
\newlength{\wbtemplengthe}
\setlength{\wbtemplengthe}{0pt}
\newcount\wbtempcounta
\wbtempcounta=0
\newcount\wbtempcountb
\wbtempcountb=0
\newcount\wbtempcountc
\wbtempcountc=0

\newcommand{\CPPAuthorsTemplate}[4]{
\LaTeXZeroBoxTemplate{
The following people are authors to this book:

#3

You can verify who has contributed to this book by examining the history logs at Wikibooks (http://en.wikibooks.org/).

Acknowledgment is given for using some contents from other works like #1, as from the authors #2.

The above authors release their work under the following license:

This work is licensed under the Creative Commons Attribution-Share Alike 3.0 Unported license. In short: you are free to share and to make derivatives of this work under the conditions that you appropriately attribute it, and that you only distribute it under the same, similar or a compatible license. Any of the above conditions can be waived if you get permission from the copyright holder.
Unless otherwise noted, #4 used in this book have their own copyright, may use different licenses than the one used here, and were not created by the above authors. The authors, contributors, and licenses used should be acknowledged separately.}
}


\newcommand{\LaTeXCodeTipTemplate}[3]{

\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
#1 \\
#2 \\
#3
\end{myshaded}
}


\newcommand{\LaTeXDeutschTemplate}[1]{ {\bfseries deutsch:} #1 }



\newcommand{\LaTeXNullTemplate}[1]{}

\newcommand{\LaTeXDoubleBoxTemplate}[2]{

\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries #1} \\
#2
\end{myshaded}
\end{minipage}

}

\newcommand{\SolutionBoxTemplate}[2]{
#2
}


\newcommand{\LaTeXDoubleBoxOpenTemplate}[2]{

\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries #1} \\
#2
\end{myshaded}

}


\newcommand{\LaTeXShadedColorBoxTemplate}[2]{
{\linewidth}#1\begin{myshaded}
#2
\end{myshaded}
}


\newcommand{\LaTeXZeroBoxTemplate}[1]{
\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}
#1
\end{myshaded}
\end{minipage}
}


\newcommand{\VorlageReferenzenEintrag}[3]{
\begin{longtable}{p{0.2\linewidth}p{0.8\linewidth}}

{[\bfseries #1]} & {\itshape #2} #3 \\
\end{longtable}

}

\newcommand{\LaTeXIdentityTemplate}[1]{#1
}

\newcommand{\TychoBrahe}[1]{Tycho Brahe}

\newcommand{\LaTeXPlainBoxTemplate}[1]{
\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded} 
#1
\end{myshaded}
\end{minipage}
}

\newcommand{\LaTexInfoTemplateOne}[1]{
\begin{TemplateInfo}{\Info}{Information}
#1
\end{TemplateInfo}}

\newcommand{\EqnTemplate}[1]{
\begin{flushright}
\textbf{[#1]}
\end{flushright}}

\newcommand{\RefTemplate}[1]{[#1]}


\newcommand{\LaTeXGCCTakeTemplate}[1]{
\LaTeXDoubleBoxTemplate{Take home:}{#1}
}

\newcommand{\LaTeXEditorNote}[1]{\LaTeXDoubleBoxTemplate{Editor's note}{#1}}

\newcommand{\BNPForVersion}[1]{
\LaTeXInfoTemplateOne{Applicable Blender version: #1}
}

\newcommand{\LaTeXInfoTemplateOne}[1]{
\begin{TemplateInfo}{\Info}{Information}
#1
\end{TemplateInfo}
}


\newcommand{\LaTexHelpFulHintTemplate}[1]{
\LaTeXDoubleBoxTemplate{Helpful Hint:}{#1}
}

\newcommand{\MyLaTeXTemplate}[3]{
\LaTeXDoubleBoxTemplate{MyLaTeXTemplate1:}{#1 \\ #2 \\ #3}
}

\newcommand{\TemplatePreformat}[1]{
\par
\begin{scriptsize}
%\setlength{\baselineskip}{0.9\baselineskip}
\ttfamily
#1
\par
\end{scriptsize}
}

\newcommand{\TemplateSpaceIndent}[1]{
\begin{scriptsize}
\begin{framed}
\ttfamily
#1
\end{framed}
\end{scriptsize}
}

\newcommand{\GenericColorBox}[2]
{
\newline
\begin{tabular}[t]{p{0.6cm}p{4cm}}
#1&#2\\  
\end{tabular}
}

\newcommand{\legendNamedColorBox}[2]
{
  \GenericColorBox{
    \parbox[t]{0.5\linewidth}{
      \textsuperscript{
        \fcolorbox{black}{#1}{
          \Huge{\,\,}
        }
      }
    }
  }{
    #2
  } 
}

\newcommand{\legendColorBox}[2]
{
  \GenericColorBox{
    \definecolor{tempColor}{rgb}{#1}
    \parbox[t]{0.5\linewidth}{
      \textsuperscript{
        \fcolorbox{black}{tempColor}{
           \Huge{\,\,}
        }
      }
    }
  }{
    #2
  } 
}



%\newcommand{\ubung} {{\LARGE $\triangleright$}}
\newcommand{\ubung}{\ding{228} \textbf{Aufgabe:}\,}

\newcommand{\TemplateSource}[1]
{
%\begin{TemplateCodeInside}{}{\baselineskip}{\baselineskip}{}{}{true}
\begin{scriptsize}
\begin{myshaded}\ttfamily
#1
\end{myshaded}
\end{scriptsize}
%\end{TemplateCodeInside}
}


\newenvironment{TemplateInfo}[2]
% no more parameters
%****************************************************
% Template Info
% Kasten mit Logo, Titelzeile, Text
% kann für folgende Wiki-Vorlagen benutzt werden:
%          Vorlage:merke, Vorlage:Achtung u.ä.
%
% #1 Logo  (optional) default: \Info
% #2 Titel (optional) default: Information; könnte theoretisch auch leer sein,
%                     das ist aber wegen des Logos nicht sinnvoll
%****************************************************
{
% Definition des Kastens mit Standardwerten
% u.U. ist linewidth=1pt erorderlich
\begin{mdframed}[ skipabove=\baselineskip, skipbelow=\baselineskip,
linewidth=1pt,
innertopmargin=0, innerbottommargin=0 ]
% linksbündig ist besser, weil es in der Regel wenige Zeilen sind, die teilweise kurz sind
\begin{flushleft}
% Überschrift größer darstellen
\begin{Large}
% #1 wird als Logo verwendet, Vorgabe ist \Info aus marvosym
%    für andere Logos muss ggf. das Package eingebunden werden
%    das Logo kann auch mit einer Größe verbunden werden, z.B. \LARGE\danger als #1
{#1 } \
% #2 wird als Titelzeile verwendet, Vorgabe ist 'Information'
{\bfseries #2}
\medskip \end{Large} \\
} % Ende der begin-Anweisungen, es folgenden die end-Anweisungen
{ \end{flushleft}\end{mdframed} }


\newcommand{\TemplateHeaderExercise}[3]
% no more parameters
%****************************************************
% Template Header Exercise
% Rahmen als minisec mit Nummer der Aufgabe und Titel und grauem Hintergrund
% ist gedacht für folgende Wiki-Vorlage:
%          Vorlage:Übung4
% kann genauso für den Aufgaben-Teil folgender Vorlagen verwendet werden:
%          Vorlage:Übung    (wird zz. nur einmal benutzt)
%          Vorlage:Übung2   (wird zz. gar nicht benutzt)
%          Vorlage:Übung3   (wird zz. in 2 Büchern häufig benutzt)
%          C++-Programmierung/ Vorlage:Aufgabe  (wird zz. nur selten benutzt,
%                            ist in LatexRenderer.hs schon erledigt)
%
% #1 Text   (optional) 'Aufgabe' oder 'Übung', kann auch leer sein
% #2 Nummer (Pflicht)  könnte theoretisch auch leer sein, aber dann sieht die Zeile
%                      seltsam aus; oder die if-Abfragen wären unnötig komplex
% #3 Titel  (optional) Inhaltsangabe der Aufgabe, kann auch leer sein
%****************************************************
{
\minisec{\normalfont \fcolorbox{black}{shadecolor}{\large \, #1 #2 \ifx{#3}{}{}\else{-- #3}\fi \,} \medskip }
}
 
\newcommand{\TemplateHeaderSolution}[3]
% no more parameters
%****************************************************
% Template Header Solution
% Rahmen als minisec mit Nummer der Aufgabe und Titel und grauem Hintergrund
%
% ist gedacht für den Lösungen-Teil der Vorlagen und wird genauso
% verwendet wie \TemplateHeaderExercise
%****************************************************
{
\minisec{\normalfont \fcolorbox{black}{shadecolor}{\large \, Lösung zu #1 #2 \ifx{#3}{}{}\else{-- #3}\fi \,} \medskip }
}

\newcommand{\TemplateUbungDrei}[4]
{
\TemplateHeaderExercise{Übung}{#1}{#2}
#3
\TemplateHeaderSolution{Übung}{#1}{#2}
#4
}

\newcommand{\Mywrapfigure}[2]
{
\begin{wrapfigure}{r}{#1\textwidth}
\begin{center}
#2
\end{center}
\end{wrapfigure}
}



\newcommand{\Mymakebox}[2]
{
\begin{minipage}{#1\textwidth}
#2
\end{minipage}
}

\newcommand{\MyBlau}[1]{
\textcolor{darkblue}{#1}
} 
\newcommand{\MyRot}[1]{
\textcolor{red}{#1}
} 
\newcommand{\MyGrun}[1]{
\textcolor{mydarkgreen}{#1}
} 
\newcommand{\MyBg}[2]{
\fcolorbox{#1}{#1}{#2} 
} 

\newcommand{\BNPModule}[1]{
the "#1" module
} 


\newcommand{\LaTeXMerkeZweiTemplate}[1]{\LaTeXDoubleBoxTemplate{Merke}{#1}}

\newcommand{\LaTeXDefinitionTemplate}[1]{\LaTeXDoubleBoxTemplate{Definition}{#1}}

\newcommand{\LaTeXAnorganischeChemieFuerSchuelerVorlageMerksatzTemplate}[1]{\LaTeXDoubleBoxTemplate{Merksatz}{#1}}

\newcommand{\LaTeXTextTemplate}[1]{\LaTeXDoubleBoxTemplate{}{#1}}

\newcommand{\LaTeXExampleTemplate}[1]{\LaTeXDoubleBoxTemplate{Example:}{#1}}

\newcommand{\LaTeXexampleTemplate}[1]{\LaTeXDoubleBoxTemplate{Example:}{#1}}

\newcommand{\LaTeXPTPBoxTemplate}[1]{\LaTeXDoubleBoxTemplate{Points to ponder:}{#1}}

\newcommand{\LaTeXNOTETemplate}[2]{\LaTeXDoubleBoxTemplate{Note:}{#1 #2}}

\newcommand{\LaTeXNotizTemplate}[1]{\LaTeXDoubleBoxTemplate{Notiz:}{#1}}

\newcommand{\LaTeXbodynoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Note:}{#1}}

\newcommand{\LaTeXcquoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Quote:}{#1}}

\newcommand{\LaTeXCquoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Quote:}{#1}}

\newcommand{\LaTeXSideNoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Note:}{#1}}

\newcommand{\LaTeXsideNoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Note:}{#1}}

\newcommand{\LaTeXExercisesTemplate}[1]{\LaTeXDoubleBoxTemplate{Exercises:}{#1}}

\newcommand{\LaTeXCppProgrammierungVorlageTippTemplate}[1]{\LaTeXDoubleBoxTemplate{Tip}{#1}}

\newcommand{\LaTeXTipTemplate}[1]{\LaTeXDoubleBoxTemplate{Tip}{#1}}
\newcommand{\LaTeXUnknownTemplate}[1]{unknown}

\newcommand{\LaTeXCppProgrammierungVorlageHinweisTemplate}[1]{\LaTeXDoubleBoxTemplate{Hinweis}{#1}}

\newcommand{\LaTeXCppProgrammierungVorlageSpaeterImBuchTemplate}[1]{\LaTeXDoubleBoxTemplate{Thema wird Sp\195\164ter n\195\164her erl\195\164utert...}{#1}}

\newcommand{\SGreen}[1]{This page uses material from Dr. Sheldon Green's Hypertext Help with LaTeX.}
\newcommand{\ARoberts}[1]{This page uses material from Andy Roberts' Getting to grips with LaTeX with permission from the author.}

\newcommand{\LaTeXCppProgrammierungVorlageAnderesBuchTemplate}[1]{\LaTeXDoubleBoxTemplate{Buchempfehlung}{#1}}

\newcommand{\LaTeXCppProgrammierungVorlageNichtNaeherBeschriebenTemplate}[1]{\LaTeXDoubleBoxTemplate{Nicht Thema dieses Buches...}{#1}}

\newcommand{\LaTeXPythonUnterLinuxVorlagenVorlageDetailsTemplate}[1]{\LaTeXDoubleBoxTemplate{Details}{#1}}

\newcommand{\LaTeXChapterTemplate}[1]{\chapter{#1}
\myminitoc
}

\newcommand{\Sample}[2]{
\begin{longtable}{|p{\linewidth}|}
\hline
#1 \\ \hline
#2 \\ \hline
\end{longtable}
}

\newcommand{\Syntax}[1]{
\LaTeXDoubleBoxTemplate{Syntax}{#1}}


\newcommand{\LaTeXTT}[1]{{\ttfamily #1}}
\newcommand{\LaTeXBF}[1]{{\bfseries #1}}
\newcommand{\LaTeXCenter}[1]{
\begin{center}
#1
\end{center}}


\newcommand{\BNPManual}[2]{The Blender Manual page on #1 at \url{http://wiki.blender.org/index.php/Doc:Manual/#1}}
\newcommand{\BNPWeb}[2]{#1 at \url{#2}}

\newcommand{\Noframecenter}[2]{
\begin{tablular}{p{\linewidth}}
#2\\ 
#1 
\end{tabluar}
}


\newcommand{\LaTeXTTUlineTemplate}[1]{\texttt{ \uline{#1}}
}

\newcommand{\PythonUnterLinuxDenulltails}[1]{
\begin{tabular}{|p{\linewidth}|}\hline
\textbf{Denulltails} \\ \hline
#1 \\ \hline 
\end{tabular}}

\newcommand{\GNURTip}[1]{
\begin{longtable}{|p{\linewidth}|}\hline
\textbf{Tip} \\ \hline
#1 \\ \hline 
\end{longtable}}

\newcommand{\PerlUebung}[1]{
\begin{longtable}{|p{\linewidth}|}\hline
#1 \\ \hline 
\end{longtable}}

\newcommand{\PerlNotiz}[1]{
\begin{table}{|p{\linewidth}|}\hline
#1 \\ \hline 
\end{table}}

\newcommand{\ACFSZusatz}[1]{\textbf{ Zusatzinformation }}
\newcommand{\ACFSVorlageB}[1]{\textbf{ Beobachtung }}
\newcommand{\ACFSVorlageV}[1]{\textbf{ Versuchsbeschreibung }}
\newcommand{\TemplateHeaderSolutionUebung}[2]{\TemplateHeaderSolution{Übung}{#1}{#2}}
\newcommand{\TemplateHeaderExerciseUebung}[2]{\TemplateHeaderExercise{Übung}{#1}{#2}}

\newcommand{\ChemTemplate}[9]{\texttt{     
#1#2#3#4#5#6#7#8#9}}


\newcommand{\WaningTemplate}[1]{     
\begin{TemplateInfo}{\danger}{Warning}
#1
\end{TemplateInfo}}


\newcommand{\BlenderAlignedToViewIssue}[1]{     
\begin{TemplateInfo}{\danger}{Blender3d Aligned to view issue}
This tutorial relies on objects being created so that they are aligned to the view that you’re looking through. Versions 2.48 and above have changed the way this works. Visit Aligned (\url{http://en.wikibooks.org/wiki/Blender_3D:_Noob_to_Pro/Aligned_to_view_issue}) to view issue to understand the settings that need to be changed.
\end{TemplateInfo}}


\newcommand{\BlenderVersion}[1]{     
{\itshape Diese Seite bezieht sich auf }{\bfseries \quad Blender Version #1}}

\newcommand{\Literal}[1]{{\itshape #1}}

\newcommand{\JavaIllustration}[3]{
\begin{tablular}
{Figure #1: #2}
\\
#3
\end{ltablular}
}

\newcommand{\PDFLink}[1]{#1 PDF}

\newcommand{\Ja}[1]{\Checkmark {\bfseries Ja}}
\newcommand{\Nein}[1]{\XSolidBrush {\bfseries Nein}}

\newcommand{\SVGVersions}[8]{
{\scriptsize
\begin{tabular}{|p{0.45\linewidth}|p{0.13\linewidth}|}\hline
Squiggle (Batik) & #1 \\ \hline
Opera (Presto) & #2 \\ \hline
Firefox (Gecko; auch SeaMonkey, Iceape, Iceweasel etc) & #3 \\ \hline
Konqueror (KSVG) & #4 \\ \hline
Safari (Webkit) & #5 \\ \hline
Chrome (Webkit) & #6 \\ \hline
Microsoft Internet Explorer (Trident) & #7 \\ \hline
librsvg & #8 \\\hline
\end{tabular}}

}










headers/title.tex

\publishers{Wikibooks.org}
\title{C Programming}







headers/unicodes.tex



\renewcommand{\R}{\ensuremath{\mathbb{R}}}
\newcommand{\N}{\ensuremath{\mathbb{N}}}
\newcommand{\Z}{\ensuremath{\mathbb{Z}}}
\newcommand{\Q}{\ensuremath{\mathbb{Q}}}
\renewcommand{\C}{\ensuremath{\mathbb{C}}}
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\BOOKMARK [0][]{chapter.1}{\376\377\0001\000\040\000W\000h\000y\000\040\000l\000e\000a\000r\000n\000\040\000C\000?}{}
\BOOKMARK [0][]{chapter.2}{\376\377\0002\000\040\000H\000i\000s\000t\000o\000r\000y}{}
\BOOKMARK [0][]{chapter.3}{\376\377\0003\000\040\000W\000h\000a\000t\000\040\000y\000o\000u\000\040\000n\000e\000e\000d\000\040\000b\000e\000f\000o\000r\000e\000\040\000y\000o\000u\000\040\000c\000a\000n\000\040\000l\000e\000a\000r\000n}{}
\BOOKMARK [1][]{section.3.1}{\376\377\0003\000.\0001\000\040\000G\000e\000t\000t\000i\000n\000g\000\040\000S\000t\000a\000r\000t\000e\000d}{chapter.3}
\BOOKMARK [1][]{section.3.2}{\376\377\0003\000.\0002\000\040\000F\000o\000o\000t\000n\000o\000t\000e\000s}{chapter.3}
\BOOKMARK [0][]{chapter.4}{\376\377\0004\000\040\000U\000s\000i\000n\000g\000\040\000a\000\040\000C\000o\000m\000p\000i\000l\000e\000r}{}
\BOOKMARK [0][]{chapter.5}{\376\377\0005\000\040\000A\000\040\000t\000a\000s\000t\000e\000\040\000o\000f\000\040\000C}{}
\BOOKMARK [0][]{chapter.6}{\376\377\0006\000\040\000I\000n\000t\000r\000o\000\040\000e\000x\000e\000r\000c\000i\000s\000e}{}
\BOOKMARK [1][]{section.6.1}{\376\377\0006\000.\0001\000\040\000I\000n\000t\000r\000o\000d\000u\000c\000t\000o\000r\000y\000\040\000E\000x\000e\000r\000c\000i\000s\000e\000s}{chapter.6}
\BOOKMARK [0][]{chapter.7}{\376\377\0007\000\040\000B\000e\000g\000i\000n\000n\000i\000n\000g\000\040\000C}{}
\BOOKMARK [0][]{chapter.8}{\376\377\0008\000\040\000P\000r\000e\000l\000i\000m\000i\000n\000a\000r\000i\000e\000s}{}
\BOOKMARK [1][]{section.8.1}{\376\377\0008\000.\0001\000\040\000B\000a\000s\000i\000c\000\040\000C\000o\000n\000c\000e\000p\000t\000s}{chapter.8}
\BOOKMARK [1][]{section.8.2}{\376\377\0008\000.\0002\000\040\000B\000l\000o\000c\000k\000\040\000S\000t\000r\000u\000c\000t\000u\000r\000e\000,\000\040\000S\000t\000a\000t\000e\000m\000e\000n\000t\000s\000,\000\040\000W\000h\000i\000t\000e\000s\000p\000a\000c\000e\000,\000\040\000a\000n\000d\000\040\000S\000c\000o\000p\000e}{chapter.8}
\BOOKMARK [1][]{section.8.3}{\376\377\0008\000.\0003\000\040\000B\000a\000s\000i\000c\000s\000\040\000o\000f\000\040\000U\000s\000i\000n\000g\000\040\000F\000u\000n\000c\000t\000i\000o\000n\000s}{chapter.8}
\BOOKMARK [1][]{section.8.4}{\376\377\0008\000.\0004\000\040\000T\000h\000e\000\040\000S\000t\000a\000n\000d\000a\000r\000d\000\040\000L\000i\000b\000r\000a\000r\000y}{chapter.8}
\BOOKMARK [1][]{section.8.5}{\376\377\0008\000.\0005\000\040\000C\000o\000m\000m\000e\000n\000t\000s\000\040\000a\000n\000d\000\040\000C\000o\000d\000i\000n\000g\000\040\000S\000t\000y\000l\000e}{chapter.8}
\BOOKMARK [0][]{chapter.9}{\376\377\0009\000\040\000C\000o\000m\000p\000i\000l\000i\000n\000g}{}
\BOOKMARK [1][]{section.9.1}{\376\377\0009\000.\0001\000\040\000P\000r\000e\000p\000r\000o\000c\000e\000s\000s\000o\000r}{chapter.9}
\BOOKMARK [1][]{section.9.2}{\376\377\0009\000.\0002\000\040\000S\000y\000n\000t\000a\000x\000\040\000C\000h\000e\000c\000k\000i\000n\000g}{chapter.9}
\BOOKMARK [1][]{section.9.3}{\376\377\0009\000.\0003\000\040\000O\000b\000j\000e\000c\000t\000\040\000C\000o\000d\000e}{chapter.9}
\BOOKMARK [1][]{section.9.4}{\376\377\0009\000.\0004\000\040\000L\000i\000n\000k\000i\000n\000g}{chapter.9}
\BOOKMARK [1][]{section.9.5}{\376\377\0009\000.\0005\000\040\000A\000u\000t\000o\000m\000a\000t\000i\000o\000n}{chapter.9}
\BOOKMARK [0][]{chapter.10}{\376\377\0001\0000\000\040\000S\000t\000r\000u\000c\000t\000u\000r\000e\000\040\000a\000n\000d\000\040\000s\000t\000y\000l\000e}{}
\BOOKMARK [1][]{section.10.1}{\376\377\0001\0000\000.\0001\000\040\000C\000\040\000S\000t\000r\000u\000c\000t\000u\000r\000e\000\040\000a\000n\000d\000\040\000S\000t\000y\000l\000e}{chapter.10}
\BOOKMARK [1][]{section.10.2}{\376\377\0001\0000\000.\0002\000\040\000I\000n\000t\000r\000o\000d\000u\000c\000t\000i\000o\000n}{chapter.10}
\BOOKMARK [1][]{section.10.3}{\376\377\0001\0000\000.\0003\000\040\000L\000i\000n\000e\000\040\000B\000r\000e\000a\000k\000s\000\040\000a\000n\000d\000\040\000I\000n\000d\000e\000n\000t\000a\000t\000i\000o\000n}{chapter.10}
\BOOKMARK [1][]{section.10.4}{\376\377\0001\0000\000.\0004\000\040\000C\000o\000m\000m\000e\000n\000t\000s}{chapter.10}
\BOOKMARK [1][]{section.10.5}{\376\377\0001\0000\000.\0005\000\040\000L\000i\000n\000k\000s}{chapter.10}
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\DeclareUnicodeCharacter{00E9}{\@tabacckludge'e}
\DeclareUnicodeCharacter{00EA}{\^e}
\DeclareUnicodeCharacter{00EB}{\"e}
\DeclareUnicodeCharacter{00EC}{\@tabacckludge`\i}
\DeclareUnicodeCharacter{00ED}{\@tabacckludge'\i}
\DeclareUnicodeCharacter{00EE}{\^\i}
\DeclareUnicodeCharacter{00EF}{\"\i}
\DeclareUnicodeCharacter{00F0}{\dh}
\DeclareUnicodeCharacter{00F1}{\~n}
\DeclareUnicodeCharacter{00F2}{\@tabacckludge`o}
\DeclareUnicodeCharacter{00F3}{\@tabacckludge'o}
\DeclareUnicodeCharacter{00F4}{\^o}
\DeclareUnicodeCharacter{00F5}{\~o}
\DeclareUnicodeCharacter{00F6}{\"o}
\DeclareUnicodeCharacter{00F7}{\textdiv}
\DeclareUnicodeCharacter{00F8}{\o}
\DeclareUnicodeCharacter{00F9}{\@tabacckludge`u}
\DeclareUnicodeCharacter{00FA}{\@tabacckludge'u}
\DeclareUnicodeCharacter{00FB}{\^u}
\DeclareUnicodeCharacter{00FC}{\"u}
\DeclareUnicodeCharacter{00FD}{\@tabacckludge'y}
\DeclareUnicodeCharacter{00FE}{\th}
\DeclareUnicodeCharacter{00FF}{\"y}
\DeclareUnicodeCharacter{0102}{\u A}
\DeclareUnicodeCharacter{0103}{\u a}
\DeclareUnicodeCharacter{0104}{\k A}
\DeclareUnicodeCharacter{0105}{\k a}
\DeclareUnicodeCharacter{0106}{\@tabacckludge'C}
\DeclareUnicodeCharacter{0107}{\@tabacckludge'c}
\DeclareUnicodeCharacter{010C}{\v C}
\DeclareUnicodeCharacter{010D}{\v c}
\DeclareUnicodeCharacter{010E}{\v D}
\DeclareUnicodeCharacter{010F}{\v d}
\DeclareUnicodeCharacter{0110}{\DJ}
\DeclareUnicodeCharacter{0111}{\dj}
\DeclareUnicodeCharacter{0118}{\k E}
\DeclareUnicodeCharacter{0119}{\k e}
\DeclareUnicodeCharacter{011A}{\v E}
\DeclareUnicodeCharacter{011B}{\v e}
\DeclareUnicodeCharacter{011E}{\u G}
\DeclareUnicodeCharacter{011F}{\u g}
\DeclareUnicodeCharacter{0130}{\.I}
\DeclareUnicodeCharacter{0131}{\i}
\DeclareUnicodeCharacter{0132}{\IJ}
\DeclareUnicodeCharacter{0133}{\ij}
\DeclareUnicodeCharacter{0139}{\@tabacckludge'L}
\DeclareUnicodeCharacter{013A}{\@tabacckludge'l}
\DeclareUnicodeCharacter{013D}{\v L}
\DeclareUnicodeCharacter{013E}{\v l}
\DeclareUnicodeCharacter{0141}{\L}
\DeclareUnicodeCharacter{0142}{\l}
\DeclareUnicodeCharacter{0143}{\@tabacckludge'N}
\DeclareUnicodeCharacter{0144}{\@tabacckludge'n}
\DeclareUnicodeCharacter{0147}{\v N}
\DeclareUnicodeCharacter{0148}{\v n}
\DeclareUnicodeCharacter{014A}{\NG}
\DeclareUnicodeCharacter{014B}{\ng}
\DeclareUnicodeCharacter{0150}{\H O}
\DeclareUnicodeCharacter{0151}{\H o}
\DeclareUnicodeCharacter{0152}{\OE}
\DeclareUnicodeCharacter{0153}{\oe}
\DeclareUnicodeCharacter{0154}{\@tabacckludge'R}
\DeclareUnicodeCharacter{0155}{\@tabacckludge'r}
\DeclareUnicodeCharacter{0158}{\v R}
\DeclareUnicodeCharacter{0159}{\v r}
\DeclareUnicodeCharacter{015A}{\@tabacckludge'S}
\DeclareUnicodeCharacter{015B}{\@tabacckludge's}
\DeclareUnicodeCharacter{015E}{\c S}
\DeclareUnicodeCharacter{015F}{\c s}
\DeclareUnicodeCharacter{0160}{\v S}
\DeclareUnicodeCharacter{0161}{\v s}
\DeclareUnicodeCharacter{0162}{\c T}
\DeclareUnicodeCharacter{0163}{\c t}
\DeclareUnicodeCharacter{0164}{\v T}
\DeclareUnicodeCharacter{0165}{\v t}
\DeclareUnicodeCharacter{016E}{\r U}
\DeclareUnicodeCharacter{016F}{\r u}
\DeclareUnicodeCharacter{0170}{\H U}
\DeclareUnicodeCharacter{0171}{\H u}
\DeclareUnicodeCharacter{0178}{\"Y}
\DeclareUnicodeCharacter{0179}{\@tabacckludge'Z}
\DeclareUnicodeCharacter{017A}{\@tabacckludge'z}
\DeclareUnicodeCharacter{017B}{\.Z}
\DeclareUnicodeCharacter{017C}{\.z}
\DeclareUnicodeCharacter{017D}{\v Z}
\DeclareUnicodeCharacter{017E}{\v z}
\DeclareUnicodeCharacter{0192}{\textflorin}
\DeclareUnicodeCharacter{02C6}{\textasciicircum}
\DeclareUnicodeCharacter{02C7}{\textasciicaron}
\DeclareUnicodeCharacter{02DC}{\textasciitilde}
\DeclareUnicodeCharacter{02D8}{\textasciibreve}
\DeclareUnicodeCharacter{02DD}{\textacutedbl}
\DeclareUnicodeCharacter{0E3F}{\textbaht}
\DeclareUnicodeCharacter{200C}{\textcompwordmark}
\DeclareUnicodeCharacter{2013}{\textendash}
\DeclareUnicodeCharacter{2014}{\textemdash}
\DeclareUnicodeCharacter{2016}{\textbardbl}
\DeclareUnicodeCharacter{2018}{\textquoteleft}
\DeclareUnicodeCharacter{2019}{\textquoteright}
\DeclareUnicodeCharacter{201A}{\quotesinglbase}
\DeclareUnicodeCharacter{201C}{\textquotedblleft}
\DeclareUnicodeCharacter{201D}{\textquotedblright}
\DeclareUnicodeCharacter{201E}{\quotedblbase}
\DeclareUnicodeCharacter{2020}{\textdagger}
\DeclareUnicodeCharacter{2021}{\textdaggerdbl}
\DeclareUnicodeCharacter{2022}{\textbullet}
\DeclareUnicodeCharacter{2026}{\textellipsis}
\DeclareUnicodeCharacter{2030}{\textperthousand}
\DeclareUnicodeCharacter{2031}{\textpertenthousand}
\DeclareUnicodeCharacter{2039}{\guilsinglleft}
\DeclareUnicodeCharacter{203A}{\guilsinglright}
\DeclareUnicodeCharacter{203B}{\textreferencemark}
\DeclareUnicodeCharacter{203D}{\textinterrobang}
\DeclareUnicodeCharacter{2044}{\textfractionsolidus}
\DeclareUnicodeCharacter{204E}{\textasteriskcentered} % LOW ASTERISK
\DeclareUnicodeCharacter{2052}{\textdiscount}
\DeclareUnicodeCharacter{20A1}{\textcolonmonetary}
\DeclareUnicodeCharacter{20A4}{\textlira}
\DeclareUnicodeCharacter{20A6}{\textnaira}
\DeclareUnicodeCharacter{20A9}{\textwon}
\DeclareUnicodeCharacter{20AB}{\textdong}
\DeclareUnicodeCharacter{20AC}{\texteuro}
\DeclareUnicodeCharacter{20B1}{\textpeso}
\DeclareUnicodeCharacter{2103}{\textcelsius}
\DeclareUnicodeCharacter{2116}{\textnumero}
\DeclareUnicodeCharacter{2117}{\textcircledP}
\DeclareUnicodeCharacter{211E}{\textrecipe}
\DeclareUnicodeCharacter{2120}{\textservicemark}
\DeclareUnicodeCharacter{2122}{\texttrademark}
\DeclareUnicodeCharacter{2126}{\textohm}
\DeclareUnicodeCharacter{2127}{\textmho}
\DeclareUnicodeCharacter{212E}{\textestimated}
\DeclareUnicodeCharacter{2190}{\textleftarrow}
\DeclareUnicodeCharacter{2191}{\textuparrow}
\DeclareUnicodeCharacter{2192}{\textrightarrow}
\DeclareUnicodeCharacter{2193}{\textdownarrow}
\DeclareUnicodeCharacter{2329}{\textlangle}
\DeclareUnicodeCharacter{232A}{\textrangle}
\DeclareUnicodeCharacter{2422}{\textblank}
\DeclareUnicodeCharacter{2423}{\textvisiblespace}
\DeclareUnicodeCharacter{25E6}{\textopenbullet}
\DeclareUnicodeCharacter{25EF}{\textbigcircle}
\DeclareUnicodeCharacter{266A}{\textmusicalnote}

\endinput
%%
%% End of file `utf8enc.dfu'.
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main/main.log

This is pdfTeX, Version 3.1415926-1.40.10 (TeX Live 2009/Debian) (format=pdflatex 2012.4.24)  22 JUN 2012 09:51
entering extended mode
 %&-line parsing enabled.
**main.tex
(./main.tex
LaTeX2e <2009/09/24>
Babel <v3.8l> and hyphenation patterns for english, usenglishmax, dumylang, noh
yphenation, farsi, arabic, croatian, bulgarian, ukrainian, russian, czech, slov
ak, danish, dutch, finnish, french, basque, ngerman, german, german-x-2009-06-1
9, ngerman-x-2009-06-19, ibycus, monogreek, greek, ancientgreek, hungarian, san
skrit, italian, latin, latvian, lithuanian, mongolian2a, mongolian, bokmal, nyn
orsk, romanian, irish, coptic, serbian, turkish, welsh, esperanto, uppersorbian
, estonian, indonesian, interlingua, icelandic, kurmanji, slovenian, polish, po
rtuguese, spanish, galician, catalan, swedish, ukenglish, pinyin, loaded.
(/usr/share/texmf-texlive/tex/generic/oberdiek/hyphsubst.sty
Package: hyphsubst 2008/06/09 v0.2 Substitute hyphenation patterns (HO)

(/usr/share/texmf-texlive/tex/generic/oberdiek/infwarerr.sty
Package: infwarerr 2007/09/09 v1.2 Providing info/warning/message (HO)
))
(/usr/share/texmf-texlive/tex/latex/koma-script/scrbook.cls
Document Class: scrbook 2009/07/24 v3.04a KOMA-Script document class (book)
(/usr/share/texmf-texlive/tex/latex/koma-script/scrkbase.sty
Package: scrkbase 2009/07/24 v3.04a KOMA-Script package (KOMA-Script-dependent 
basics and keyval usage)

(/usr/share/texmf-texlive/tex/latex/koma-script/scrbase.sty
Package: scrbase 2009/07/24 v3.04a KOMA-Script package (KOMA-Script-independent
 basics and keyval usage)

(/usr/share/texmf-texlive/tex/latex/graphics/keyval.sty
Package: keyval 1999/03/16 v1.13 key=value parser (DPC)
\KV@toks@=\toks14
)
(/usr/share/texmf-texlive/tex/latex/koma-script/scrlfile.sty
Package: scrlfile 2009/03/25 v3.03 KOMA-Script package (loading files)

Package scrlfile, 2009/03/25 v3.03 KOMA-Script package (loading files)
                  Copyright (C) Markus Kohm

))) (/usr/share/texmf-texlive/tex/latex/koma-script/tocbasic.sty
Package: tocbasic 2009/06/08 v3.03b KOMA-Script package (handling toc-files)
)
Package tocbasic Info: omitting babel extension for `toc'
(tocbasic)             because of feature `nobabel' available
(tocbasic)             for `toc' on input line 117.
Package tocbasic Info: omitting babel extension for `lof'
(tocbasic)             because of feature `nobabel' available
(tocbasic)             for `lof' on input line 118.
Package tocbasic Info: omitting babel extension for `lot'
(tocbasic)             because of feature `nobabel' available
(tocbasic)             for `lot' on input line 119.
Class scrbook Info: File `scrsize11pt.clo' used to setup font sizes on input li
ne 1272.

(/usr/share/texmf-texlive/tex/latex/koma-script/scrsize11pt.clo
File: scrsize11pt.clo 2009/07/24 v3.04a KOMA-Script font size class option (11p
t)
)
(/usr/share/texmf-texlive/tex/latex/koma-script/typearea.sty
Package: typearea 2009/07/24 v3.04a KOMA-Script package (type area)

Package typearea, 2009/07/24 v3.04a KOMA-Script package (type area)
                  Copyright (C) Frank Neukam, 1992-1994
                  Copyright (C) Markus Kohm, 1994-

\ta@bcor=\skip41
\ta@div=\count79
\ta@hblk=\skip42
\ta@vblk=\skip43
\ta@temp=\skip44
Package typearea Info: These are the values describing the layout:
(typearea)             DIV  = 13
(typearea)             BCOR = 34.1433pt
(typearea)             \paperwidth      = 597.50793pt
(typearea)              \textwidth      = 433.35742pt
(typearea)              DIV departure   = -10%
(typearea)              \evensidemargin = 14.40149pt
(typearea)              \oddsidemargin  = 5.20905pt
(typearea)             \paperheight     = 845.04694pt
(typearea)              \textheight     = 650.20029pt
(typearea)              \topmargin      = -44.6664pt
(typearea)              \headheight     = 17.0pt
(typearea)              \headsep        = 20.40001pt
(typearea)              \topskip        = 11.0pt
(typearea)              \footskip       = 47.60002pt
(typearea)              \baselineskip   = 13.6pt
(typearea)              on input line 1115.
)
\c@part=\count80
\c@chapter=\count81
\c@section=\count82
\c@subsection=\count83
\c@subsubsection=\count84
\c@paragraph=\count85
\c@subparagraph=\count86
\abovecaptionskip=\skip45
\belowcaptionskip=\skip46
\c@pti@nb@sid@b@x=\box26
\c@figure=\count87
\c@table=\count88
\bibindent=\dimen102
) (../headers/paper.tex) (../headers/packages1.tex
(/usr/share/texmf-texlive/tex/latex/base/inputenc.sty
Package: inputenc 2008/03/30 v1.1d Input encoding file
\inpenc@prehook=\toks15
\inpenc@posthook=\toks16
 (./utf8plain.def
File: utf8.def 2008/04/05 v1.1m UTF-8 support for inputenc
Now handling font encoding OML ...
... no UTF-8 mapping file for font encoding OML
Now handling font encoding T1 ...
... no UTF-8 mapping file for font encoding T1
Now handling font encoding OT1 ...
... no UTF-8 mapping file for font encoding OT1
Now handling font encoding OMS ...
... no UTF-8 mapping file for font encoding OMS
Now handling font encoding OMX ...
... no UTF-8 mapping file for font encoding OMX
Now handling font encoding U ...
... no UTF-8 mapping file for font encoding U
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2423 (decimal 9251)
))
(/usr/share/texmf-texlive/tex/latex/graphics/color.sty
Package: color 2005/11/14 v1.0j Standard LaTeX Color (DPC)

(/etc/texmf/tex/latex/config/color.cfg
File: color.cfg 2007/01/18 v1.5 color configuration of teTeX/TeXLive
)
Package color Info: Driver file: pdftex.def on input line 130.

(/usr/share/texmf-texlive/tex/latex/pdftex-def/pdftex.def
File: pdftex.def 2010/03/12 v0.04p Graphics/color for pdfTeX
\Gread@gobject=\count89
))
(/usr/share/texmf-texlive/tex/latex/base/textcomp.sty
Package: textcomp 2005/09/27 v1.99g Standard LaTeX package
Package textcomp Info: Sub-encoding information:
(textcomp)               5 = only ISO-Adobe without \textcurrency
(textcomp)               4 = 5 + \texteuro
(textcomp)               3 = 4 + \textohm
(textcomp)               2 = 3 + \textestimated + \textcurrency
(textcomp)               1 = TS1 - \textcircled - \t
(textcomp)               0 = TS1 (full)
(textcomp)             Font families with sub-encoding setting implement
(textcomp)             only a restricted character set as indicated.
(textcomp)             Family '?' is the default used for unknown fonts.
(textcomp)             See the documentation for details.
Package textcomp Info: Setting ? sub-encoding to TS1/1 on input line 71.

(/usr/share/texmf-texlive/tex/latex/base/ts1enc.def
File: ts1enc.def 2001/06/05 v3.0e (jk/car/fm) Standard LaTeX file
Now handling font encoding TS1 ...
... processing UTF-8 mapping file for font encoding TS1
 (./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
))
LaTeX Info: Redefining \oldstylenums on input line 266.
Package textcomp Info: Setting cmr sub-encoding to TS1/0 on input line 281.
Package textcomp Info: Setting cmss sub-encoding to TS1/0 on input line 282.
Package textcomp Info: Setting cmtt sub-encoding to TS1/0 on input line 283.
Package textcomp Info: Setting cmvtt sub-encoding to TS1/0 on input line 284.
Package textcomp Info: Setting cmbr sub-encoding to TS1/0 on input line 285.
Package textcomp Info: Setting cmtl sub-encoding to TS1/0 on input line 286.
Package textcomp Info: Setting ccr sub-encoding to TS1/0 on input line 287.
Package textcomp Info: Setting ptm sub-encoding to TS1/4 on input line 288.
Package textcomp Info: Setting pcr sub-encoding to TS1/4 on input line 289.
Package textcomp Info: Setting phv sub-encoding to TS1/4 on input line 290.
Package textcomp Info: Setting ppl sub-encoding to TS1/3 on input line 291.
Package textcomp Info: Setting pag sub-encoding to TS1/4 on input line 292.
Package textcomp Info: Setting pbk sub-encoding to TS1/4 on input line 293.
Package textcomp Info: Setting pnc sub-encoding to TS1/4 on input line 294.
Package textcomp Info: Setting pzc sub-encoding to TS1/4 on input line 295.
Package textcomp Info: Setting bch sub-encoding to TS1/4 on input line 296.
Package textcomp Info: Setting put sub-encoding to TS1/5 on input line 297.
Package textcomp Info: Setting uag sub-encoding to TS1/5 on input line 298.
Package textcomp Info: Setting ugq sub-encoding to TS1/5 on input line 299.
Package textcomp Info: Setting ul8 sub-encoding to TS1/4 on input line 300.
Package textcomp Info: Setting ul9 sub-encoding to TS1/4 on input line 301.
Package textcomp Info: Setting augie sub-encoding to TS1/5 on input line 302.
Package textcomp Info: Setting dayrom sub-encoding to TS1/3 on input line 303.
Package textcomp Info: Setting dayroms sub-encoding to TS1/3 on input line 304.

Package textcomp Info: Setting pxr sub-encoding to TS1/0 on input line 305.
Package textcomp Info: Setting pxss sub-encoding to TS1/0 on input line 306.
Package textcomp Info: Setting pxtt sub-encoding to TS1/0 on input line 307.
Package textcomp Info: Setting txr sub-encoding to TS1/0 on input line 308.
Package textcomp Info: Setting txss sub-encoding to TS1/0 on input line 309.
Package textcomp Info: Setting txtt sub-encoding to TS1/0 on input line 310.
Package textcomp Info: Setting futs sub-encoding to TS1/4 on input line 311.
Package textcomp Info: Setting futx sub-encoding to TS1/4 on input line 312.
Package textcomp Info: Setting futj sub-encoding to TS1/4 on input line 313.
Package textcomp Info: Setting hlh sub-encoding to TS1/3 on input line 314.
Package textcomp Info: Setting hls sub-encoding to TS1/3 on input line 315.
Package textcomp Info: Setting hlst sub-encoding to TS1/3 on input line 316.
Package textcomp Info: Setting hlct sub-encoding to TS1/5 on input line 317.
Package textcomp Info: Setting hlx sub-encoding to TS1/5 on input line 318.
Package textcomp Info: Setting hlce sub-encoding to TS1/5 on input line 319.
Package textcomp Info: Setting hlcn sub-encoding to TS1/5 on input line 320.
Package textcomp Info: Setting hlcw sub-encoding to TS1/5 on input line 321.
Package textcomp Info: Setting hlcf sub-encoding to TS1/5 on input line 322.
Package textcomp Info: Setting pplx sub-encoding to TS1/3 on input line 323.
Package textcomp Info: Setting pplj sub-encoding to TS1/3 on input line 324.
Package textcomp Info: Setting ptmx sub-encoding to TS1/4 on input line 325.
Package textcomp Info: Setting ptmj sub-encoding to TS1/4 on input line 326.
)
(/usr/share/texmf-texlive/tex/latex/base/alltt.sty
Package: alltt 1997/06/16 v2.0g defines alltt environment
)
(/usr/share/texmf-texlive/tex/latex/mdwtools/syntax.sty
Package: syntax 1996/05/17 1.07 Syntax typesetting (MDW)
\grammarparsep=\skip47
\grammarindent=\dimen103
\sdstartspace=\skip48
\sdendspace=\skip49
\sdmidskip=\skip50
\sdtokskip=\skip51
\sdfinalskip=\skip52
\sdrulewidth=\dimen104
\sdcirclediam=\dimen105
\sdindent=\dimen106
)
(/usr/share/texmf-texlive/tex/latex/ltxmisc/parskip.sty
Package: parskip 2001/04/09 non-zero parskip adjustments
)
(/usr/share/texmf-texlive/tex/latex/ltxmisc/ulem.sty
\UL@box=\box27
\UL@hyphenbox=\box28
\UL@skip=\skip53
\UL@hook=\toks17
\UL@pe=\count90
\UL@pixel=\dimen107
\ULC@box=\box29
Package: ulem 2000/05/26
\ULdepth=\dimen108
)
(/usr/share/texmf-texlive/tex/latex/hyperref/hyperref.sty
Package: hyperref 2009/10/09 v6.79a Hypertext links for LaTeX

(/usr/share/texmf-texlive/tex/generic/oberdiek/ifpdf.sty
Package: ifpdf 2009/04/10 v2.0 Provides the ifpdf switch (HO)
Package ifpdf Info: pdfTeX in pdf mode detected.
)
(/usr/share/texmf-texlive/tex/generic/oberdiek/ifvtex.sty
Package: ifvtex 2008/11/04 v1.4 Switches for detecting VTeX and its modes (HO)
Package ifvtex Info: VTeX not detected.
)
(/usr/share/texmf-texlive/tex/generic/ifxetex/ifxetex.sty
Package: ifxetex 2009/01/23 v0.5 Provides ifxetex conditional
)
(/usr/share/texmf-texlive/tex/latex/oberdiek/hycolor.sty
Package: hycolor 2009/10/02 v1.5 Code for color options of hyperref/bookmark (H
O)

(/usr/share/texmf-texlive/tex/latex/oberdiek/xcolor-patch.sty
Package: xcolor-patch 2009/10/02 xcolor patch
))
\@linkdim=\dimen109
\Hy@linkcounter=\count91
\Hy@pagecounter=\count92

(/usr/share/texmf-texlive/tex/latex/hyperref/pd1enc.def
File: pd1enc.def 2009/10/09 v6.79a Hyperref: PDFDocEncoding definition (HO)
Now handling font encoding PD1 ...
... processing UTF-8 mapping file for font encoding PD1
 (./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
))
(/usr/share/texmf-texlive/tex/generic/oberdiek/etexcmds.sty
Package: etexcmds 2007/12/12 v1.2 Prefix for e-TeX command names (HO)
Package etexcmds Info: Could not find \expanded.
(etexcmds)             That can mean that you are not using pdfTeX 1.50 or
(etexcmds)             that some package has redefined \expanded.
(etexcmds)             In the latter case, load this package earlier.
)
(/usr/share/texmf-texlive/tex/latex/latexconfig/hyperref.cfg
File: hyperref.cfg 2002/06/06 v1.2 hyperref configuration of TeXLive
)
(/usr/share/texmf-texlive/tex/latex/oberdiek/kvoptions.sty
Package: kvoptions 2009/08/13 v3.4 Keyval support for LaTeX options (HO)

(/usr/share/texmf-texlive/tex/generic/oberdiek/kvsetkeys.sty
Package: kvsetkeys 2009/07/30 v1.5 Key value parser with default handler suppor
t (HO)
))
Package hyperref Info: Option `unicode' set `true' on input line 2864.

(/usr/share/texmf-texlive/tex/latex/hyperref/puenc.def
File: puenc.def 2009/10/09 v6.79a Hyperref: PDF Unicode definition (HO)
Now handling font encoding PU ...
... processing UTF-8 mapping file for font encoding PU
 (./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
))
Package hyperref Info: Hyper figures OFF on input line 2975.
Package hyperref Info: Link nesting OFF on input line 2980.
Package hyperref Info: Hyper index ON on input line 2983.
Package hyperref Info: Plain pages OFF on input line 2990.
Package hyperref Info: Backreferencing OFF on input line 2995.

Implicit mode ON; LaTeX internals redefined
Package hyperref Info: Bookmarks ON on input line 3191.
(/usr/share/texmf-texlive/tex/latex/ltxmisc/url.sty
\Urlmuskip=\muskip10
Package: url 2006/04/12  ver 3.3  Verb mode for urls, etc.
)
LaTeX Info: Redefining \url on input line 3428.

(/usr/share/texmf-texlive/tex/generic/oberdiek/bitset.sty
Package: bitset 2007/09/28 v1.0 Data type bit set (HO)

(/usr/share/texmf-texlive/tex/generic/oberdiek/intcalc.sty
Package: intcalc 2007/09/27 v1.1 Expandable integer calculations (HO)
)
(/usr/share/texmf-texlive/tex/generic/oberdiek/bigintcalc.sty
Package: bigintcalc 2007/11/11 v1.1 Expandable big integer calculations (HO)

(/usr/share/texmf-texlive/tex/generic/oberdiek/pdftexcmds.sty
Package: pdftexcmds 2009/09/23 v0.6 LuaTeX support for pdfTeX utility functions
 (HO)

(/usr/share/texmf-texlive/tex/generic/oberdiek/ifluatex.sty
Package: ifluatex 2009/04/17 v1.2 Provides the ifluatex switch (HO)
Package ifluatex Info: LuaTeX not detected.
)
(/usr/share/texmf-texlive/tex/generic/oberdiek/ltxcmds.sty
Package: ltxcmds 2009/08/05 v1.0 Some LaTeX kernel commands for general use (HO
)
)
Package pdftexcmds Info: LuaTeX not detected.
Package pdftexcmds Info: \pdf@primitive is available.
Package pdftexcmds Info: \pdf@ifprimitive is available.
)))
\Fld@menulength=\count93
\Field@Width=\dimen110
\Fld@charsize=\dimen111
\Field@toks=\toks18
Package hyperref Info: Hyper figures OFF on input line 4377.
Package hyperref Info: Link nesting OFF on input line 4382.
Package hyperref Info: Hyper index ON on input line 4385.
Package hyperref Info: backreferencing OFF on input line 4392.
Package hyperref Info: Link coloring OFF on input line 4397.
Package hyperref Info: Link coloring with OCG OFF on input line 4402.
Package hyperref Info: PDF/A mode OFF on input line 4407.

(/usr/share/texmf-texlive/tex/generic/oberdiek/atbegshi.sty
Package: atbegshi 2008/07/31 v1.9 At begin shipout hook (HO)
)
\Hy@abspage=\count94
\c@Item=\count95
\c@Hfootnote=\count96
)
*hyperref using driver hpdftex*
(/usr/share/texmf-texlive/tex/latex/hyperref/hpdftex.def
File: hpdftex.def 2009/10/09 v6.79a Hyperref driver for pdfTeX
\Fld@listcount=\count97
)
(/usr/share/texmf-texlive/tex/latex/paralist/paralist.sty
Package: paralist 2002/03/18 v2.3b Extended list environments (BS)
\pltopsep=\skip54
\plpartopsep=\skip55
\plitemsep=\skip56
\plparsep=\skip57
\pl@lab=\toks19
)
(/usr/share/texmf-texlive/tex/latex/tools/trace.sty
Package: trace 2003/04/30 v1.1c trace LaTeX code
)
(/usr/share/texmf-texlive/tex/latex/keystroke/keystroke.sty
Package: keystroke 2003/08/15 v1.5 3D keystrokes (SuSE GmbH/RN)

(/usr/share/texmf-texlive/tex/latex/graphics/graphics.sty
Package: graphics 2009/02/05 v1.0o Standard LaTeX Graphics (DPC,SPQR)

(/usr/share/texmf-texlive/tex/latex/graphics/trig.sty
Package: trig 1999/03/16 v1.09 sin cos tan (DPC)
)
(/etc/texmf/tex/latex/config/graphics.cfg
File: graphics.cfg 2009/08/28 v1.8 graphics configuration of TeX Live
)
Package graphics Info: Driver file: pdftex.def on input line 91.
)
\suse@key=\box30
\keystroke@left=\box31
\keystroke@right=\box32
\keystroke@middle=\box33

<keystroke_left.pdf, id=1, 42.1575pt x 195.73125pt>
File: keystroke_left.pdf Graphic file (type pdf)
 <use keystroke_left.pdf>
<keystroke_middle.pdf, id=2, 116.435pt x 195.73125pt>
File: keystroke_middle.pdf Graphic file (type pdf)

<use keystroke_middle.pdf>
<keystroke_right.pdf, id=3, 42.1575pt x 195.73125pt>
File: keystroke_right.pdf Graphic file (type pdf)
 <use keystroke_right.pdf>) (/usr/share/texmf-texlive/tex/latex/wrapfig/wrapfig
.sty
\wrapoverhang=\dimen112
\WF@size=\dimen113
\c@WF@wrappedlines=\count98
\WF@box=\box34
\WF@everypar=\toks20
Package: wrapfig 2003/01/31  v 3.6
))
(../headers/babel.tex (/var/lib/texmf/tex/generic/babel/babel.sty
Package: babel 2008/07/06 v3.8l The Babel package

(/usr/share/texmf-texlive/tex/generic/babel/english.ldf
Language: english 2005/03/30 v3.3o English support from the babel system

(/usr/share/texmf-texlive/tex/generic/babel/babel.def
File: babel.def 2008/07/06 v3.8l Babel common definitions
\babel@savecnt=\count99
\U@D=\dimen114
)
\l@canadian = a dialect from \language\l@american 
\l@australian = a dialect from \language\l@british 
\l@newzealand = a dialect from \language\l@british 
))) (../headers/svg.tex)
(../headers/packages2.tex
(/usr/share/texmf-texlive/tex/latex/psnfss/mathptmx.sty
Package: mathptmx 2005/04/12 PSNFSS-v9.2a Times w/ Math, improved (SPQR, WaS) 
LaTeX Font Info:    Redeclaring symbol font `operators' on input line 28.
LaTeX Font Info:    Overwriting symbol font `operators' in version `normal'
(Font)                  OT1/cmr/m/n --> OT1/ztmcm/m/n on input line 28.
LaTeX Font Info:    Overwriting symbol font `operators' in version `bold'
(Font)                  OT1/cmr/bx/n --> OT1/ztmcm/m/n on input line 28.
LaTeX Font Info:    Redeclaring symbol font `letters' on input line 29.
LaTeX Font Info:    Overwriting symbol font `letters' in version `normal'
(Font)                  OML/cmm/m/it --> OML/ztmcm/m/it on input line 29.
LaTeX Font Info:    Overwriting symbol font `letters' in version `bold'
(Font)                  OML/cmm/b/it --> OML/ztmcm/m/it on input line 29.
LaTeX Font Info:    Redeclaring symbol font `symbols' on input line 30.
LaTeX Font Info:    Overwriting symbol font `symbols' in version `normal'
(Font)                  OMS/cmsy/m/n --> OMS/ztmcm/m/n on input line 30.
LaTeX Font Info:    Overwriting symbol font `symbols' in version `bold'
(Font)                  OMS/cmsy/b/n --> OMS/ztmcm/m/n on input line 30.
LaTeX Font Info:    Redeclaring symbol font `largesymbols' on input line 31.
LaTeX Font Info:    Overwriting symbol font `largesymbols' in version `normal'
(Font)                  OMX/cmex/m/n --> OMX/ztmcm/m/n on input line 31.
LaTeX Font Info:    Overwriting symbol font `largesymbols' in version `bold'
(Font)                  OMX/cmex/m/n --> OMX/ztmcm/m/n on input line 31.
\symbold=\mathgroup4
\symitalic=\mathgroup5
LaTeX Font Info:    Redeclaring math alphabet \mathbf on input line 34.
LaTeX Font Info:    Overwriting math alphabet `\mathbf' in version `normal'
(Font)                  OT1/cmr/bx/n --> OT1/ptm/bx/n on input line 34.
LaTeX Font Info:    Overwriting math alphabet `\mathbf' in version `bold'
(Font)                  OT1/cmr/bx/n --> OT1/ptm/bx/n on input line 34.
LaTeX Font Info:    Redeclaring math alphabet \mathit on input line 35.
LaTeX Font Info:    Overwriting math alphabet `\mathit' in version `normal'
(Font)                  OT1/cmr/m/it --> OT1/ptm/m/it on input line 35.
LaTeX Font Info:    Overwriting math alphabet `\mathit' in version `bold'
(Font)                  OT1/cmr/bx/it --> OT1/ptm/m/it on input line 35.
LaTeX Info: Redefining \hbar on input line 50.
)
(/usr/share/texmf-texlive/tex/latex/psnfss/helvet.sty
Package: helvet 2005/04/12 PSNFSS-v9.2a (WaS) 
)
(/usr/share/texmf-texlive/tex/latex/psnfss/courier.sty
Package: courier 2005/04/12 PSNFSS-v9.2a (WaS) 
)
(/usr/share/texmf-texlive/tex/latex/base/fontenc.sty
Package: fontenc 2005/09/27 v1.99g Standard LaTeX package

(/usr/share/texmf-texlive/tex/latex/base/t1enc.def
File: t1enc.def 2005/09/27 v1.99g Standard LaTeX file
LaTeX Font Info:    Redeclaring font encoding T1 on input line 43.
))
(/usr/share/texmf-texlive/tex/latex/multirow/multirow.sty
\bigstrutjot=\dimen115
)
(/usr/share/texmf-texlive/tex/latex/tools/multicol.sty
Package: multicol 2008/12/05 v1.6h multicolumn formatting (FMi)
\c@tracingmulticols=\count100
\mult@box=\box35
\multicol@leftmargin=\dimen116
\c@unbalance=\count101
\c@collectmore=\count102
\doublecol@number=\count103
\multicoltolerance=\count104
\multicolpretolerance=\count105
\full@width=\dimen117
\page@free=\dimen118
\premulticols=\dimen119
\postmulticols=\dimen120
\multicolsep=\skip58
\multicolbaselineskip=\skip59
\partial@page=\box36
\last@line=\box37
\mult@rightbox=\box38
\mult@grightbox=\box39
\mult@gfirstbox=\box40
\mult@firstbox=\box41
\@tempa=\box42
\@tempa=\box43
\@tempa=\box44
\@tempa=\box45
\@tempa=\box46
\@tempa=\box47
\@tempa=\box48
\@tempa=\box49
\@tempa=\box50
\@tempa=\box51
\@tempa=\box52
\@tempa=\box53
\@tempa=\box54
\@tempa=\box55
\@tempa=\box56
\@tempa=\box57
\@tempa=\box58
\c@columnbadness=\count106
\c@finalcolumnbadness=\count107
\last@try=\dimen121
\multicolovershoot=\dimen122
\multicolundershoot=\dimen123
\mult@nat@firstbox=\box59
\colbreak@box=\box60
)
(/usr/share/texmf-texlive/tex/latex/tools/array.sty
Package: array 2008/09/09 v2.4c Tabular extension package (FMi)
\col@sep=\dimen124
\extrarowheight=\dimen125
\NC@list=\toks21
\extratabsurround=\skip60
\backup@length=\skip61
)
(/usr/share/texmf-texlive/tex/latex/ms/ragged2e.sty
Package: ragged2e 2009/05/21 v2.1 ragged2e Package (MS)

(/usr/share/texmf-texlive/tex/latex/ms/everysel.sty
Package: everysel 1999/06/08 v1.03 EverySelectfont Package (MS)
)
\CenteringLeftskip=\skip62
\RaggedLeftLeftskip=\skip63
\RaggedRightLeftskip=\skip64
\CenteringRightskip=\skip65
\RaggedLeftRightskip=\skip66
\RaggedRightRightskip=\skip67
\CenteringParfillskip=\skip68
\RaggedLeftParfillskip=\skip69
\RaggedRightParfillskip=\skip70
\JustifyingParfillskip=\skip71
\CenteringParindent=\skip72
\RaggedLeftParindent=\skip73
\RaggedRightParindent=\skip74
\JustifyingParindent=\skip75
)
(/usr/share/texmf-texlive/tex/latex/tools/longtable.sty
Package: longtable 2004/02/01 v4.11 Multi-page Table package (DPC)
\LTleft=\skip76
\LTright=\skip77
\LTpre=\skip78
\LTpost=\skip79
\LTchunksize=\count108
\LTcapwidth=\dimen126
\LT@head=\box61
\LT@firsthead=\box62
\LT@foot=\box63
\LT@lastfoot=\box64
\LT@cols=\count109
\LT@rows=\count110
\c@LT@tables=\count111
\c@LT@chunks=\count112
\LT@p@ftn=\toks22
)
Class scrbook Info: longtable captions redefined on input line 17.

(/usr/share/texmf-texlive/tex/latex/koma-script/scrpage2.sty
Package: scrpage2 2008/12/08 v2.3 LaTeX2e KOMA-Script package
LaTeX Info: Redefining \pagemark on input line 176.
)
(/usr/share/texmf-texlive/tex/latex/mdwtools/footnote.sty
Package: footnote 1997/01/28 1.13 Save footnotes around boxes
\fn@notes=\box65
\fn@width=\dimen127
)
(/usr/share/texmf-texlive/tex/latex/tools/verbatim.sty
Package: verbatim 2003/08/22 v1.5q LaTeX2e package for verbatim enhancements
\every@verbatim=\toks23
\verbatim@line=\toks24
\verbatim@in@stream=\read1
)
(/usr/share/texmf-texlive/tex/latex/ltxmisc/framed.sty
Package: framed 2007/10/04 v 0.95: framed or shaded text with page breaks
\fb@frw=\dimen128
\fb@frh=\dimen129
\FrameRule=\dimen130
\FrameSep=\dimen131
) (./mdframed.sty
Package: mdframed 2010/12/22  v0.6a: mdframed

(/usr/share/texmf-texlive/tex/latex/etex-pkg/etex.sty
Package: etex 1998/03/26 v2.0 eTeX basic definition package (PEB)
\et@xins=\count113
)
(/usr/share/texmf-texlive/tex/latex/tools/calc.sty
Package: calc 2007/08/22 v4.3 Infix arithmetic (KKT,FJ)
\calc@Acount=\count114
\calc@Bcount=\count115
\calc@Adimen=\dimen132
\calc@Bdimen=\dimen133
\calc@Askip=\skip80
\calc@Bskip=\skip81
LaTeX Info: Redefining \setlength on input line 76.
LaTeX Info: Redefining \addtolength on input line 77.
\calc@Ccount=\count116
\calc@Cskip=\skip82
) (./etoolbox.sty
Package: etoolbox 2011/01/03 v2.1 e-TeX tools for LaTeX
\etb@tempcnta=\count117
)
\md@templength=\skip83
\mdf@skipabove@length=\skip84
\mdf@skipbelow@length=\skip85
\mdf@leftmargin@length=\skip86
\mdf@rightmargin@length=\skip87
\mdf@margin@length=\skip88
\mdf@innerleftmargin@length=\skip89
\mdf@innerrightmargin@length=\skip90
\mdf@innertopmargin@length=\skip91
\mdf@innerbottommargin@length=\skip92
\mdf@splittopskip@length=\skip93
\mdf@splitbottomskip@length=\skip94
\mdf@linewidth@length=\skip95
\mdf@innerlinewidth@length=\skip96
\mdf@middlelinewidth@length=\skip97
\mdf@outerlinewidth@length=\skip98
\mdf@roundcorner@length=\skip99

(./md-frame-0.mdf
File: md-frame-3.mdf 2010/12/22  v0.6a: md-frame-0
)
\md@temp@skip@a=\skip100
\md@verticalmarginwhole@length=\skip101
\mdf@xmargin@length=\skip102
\mdf@ymargin@length=\skip103
\mdfboxheight=\skip104
\mdfboxwidth=\skip105
\mdfboundingboxheight=\skip106
\mdfboundingboxwidth=\skip107
\mdfpositionx=\skip108
\mdfpositiony=\skip109
\md@freevspace@length=\skip110
\md@horizontalspaceofbox=\skip111
\md@temp@frame@hsize=\skip112
\md@temp@frame@vsize=\skip113
) (/usr/share/texmf-texlive/tex/latex/listings/listings.sty
\lst@mode=\count118
\lst@gtempboxa=\box66
\lst@token=\toks25
\lst@length=\count119
\lst@currlwidth=\dimen134
\lst@column=\count120
\lst@pos=\count121
\lst@lostspace=\dimen135
\lst@width=\dimen136
\lst@newlines=\count122
\lst@lineno=\count123
\lst@maxwidth=\dimen137

(/usr/share/texmf-texlive/tex/latex/listings/lstmisc.sty
File: lstmisc.sty 2007/02/22 1.4 (Carsten Heinz)
\c@lstnumber=\count124
\lst@skipnumbers=\count125
\lst@framebox=\box67
)
(/usr/share/texmf-texlive/tex/latex/listings/listings.cfg
File: listings.cfg 2007/02/22 1.4 listings configuration
))
Package: listings 2007/02/22 1.4 (Carsten Heinz)

(/usr/share/texmf-texlive/tex/latex/lineno/lineno.sty
Package: lineno 2005/11/02 line numbers on paragraphs v4.41
\linenopenalty=\count126
\output=\toks26
\linenoprevgraf=\count127
\linenumbersep=\dimen138
\linenumberwidth=\dimen139
\c@linenumber=\count128
\c@pagewiselinenumber=\count129
\c@LN@truepage=\count130
\c@internallinenumber=\count131
\c@internallinenumbers=\count132
\quotelinenumbersep=\dimen140
\bframerule=\dimen141
\bframesep=\dimen142
\bframebox=\box68
LaTeX Info: Redefining \\ on input line 3056.
)
(/usr/share/texmf-texlive/tex/latex/amsmath/amsmath.sty
Package: amsmath 2000/07/18 v2.13 AMS math features
\@mathmargin=\skip114

For additional information on amsmath, use the `?' option.
(/usr/share/texmf-texlive/tex/latex/amsmath/amstext.sty
Package: amstext 2000/06/29 v2.01

(/usr/share/texmf-texlive/tex/latex/amsmath/amsgen.sty
File: amsgen.sty 1999/11/30 v2.0
\@emptytoks=\toks27
\ex@=\dimen143
))
(/usr/share/texmf-texlive/tex/latex/amsmath/amsbsy.sty
Package: amsbsy 1999/11/29 v1.2d
\pmbraise@=\dimen144
)
(/usr/share/texmf-texlive/tex/latex/amsmath/amsopn.sty
Package: amsopn 1999/12/14 v2.01 operator names
)
\inf@bad=\count133
LaTeX Info: Redefining \frac on input line 211.
\uproot@=\count134
\leftroot@=\count135
LaTeX Info: Redefining \overline on input line 307.
\classnum@=\count136
\DOTSCASE@=\count137
LaTeX Info: Redefining \ldots on input line 379.
LaTeX Info: Redefining \dots on input line 382.
LaTeX Info: Redefining \cdots on input line 467.
\Mathstrutbox@=\box69
\strutbox@=\box70
\big@size=\dimen145
LaTeX Font Info:    Redeclaring font encoding OML on input line 567.
LaTeX Font Info:    Redeclaring font encoding OMS on input line 568.
\macc@depth=\count138
\c@MaxMatrixCols=\count139
\dotsspace@=\muskip11
\c@parentequation=\count140
\dspbrk@lvl=\count141
\tag@help=\toks28
\row@=\count142
\column@=\count143
\maxfields@=\count144
\andhelp@=\toks29
\eqnshift@=\dimen146
\alignsep@=\dimen147
\tagshift@=\dimen148
\tagwidth@=\dimen149
\totwidth@=\dimen150
\lineht@=\dimen151
\@envbody=\toks30
\multlinegap=\skip115
\multlinetaggap=\skip116
\mathdisplay@stack=\toks31
LaTeX Info: Redefining \[ on input line 2666.
LaTeX Info: Redefining \] on input line 2667.
)
(/usr/share/texmf-texlive/tex/latex/amsfonts/amssymb.sty
Package: amssymb 2009/06/22 v3.00

(/usr/share/texmf-texlive/tex/latex/amsfonts/amsfonts.sty
Package: amsfonts 2009/06/22 v3.00 Basic AMSFonts support
\symAMSa=\mathgroup6
\symAMSb=\mathgroup7
LaTeX Font Info:    Overwriting math alphabet `\mathfrak' in version `bold'
(Font)                  U/euf/m/n --> U/euf/b/n on input line 96.
))
(/usr/share/texmf-texlive/tex/latex/psnfss/pifont.sty
Package: pifont 2005/04/12 PSNFSS-v9.2a Pi font support (SPQR) 
LaTeX Font Info:    Try loading font information for U+pzd on input line 63.

(/usr/share/texmf-texlive/tex/latex/psnfss/upzd.fd
File: upzd.fd 2001/06/04 font definitions for U/pzd.
)
LaTeX Font Info:    Try loading font information for U+psy on input line 64.

(/usr/share/texmf-texlive/tex/latex/psnfss/upsy.fd
File: upsy.fd 2001/06/04 font definitions for U/psy.
))
(/usr/share/texmf-texlive/tex/latex/marvosym/marvosym.sty
Package: marvosym 2006/05/11 v2.1 Martin Vogel's Symbols font definitions
)
(/usr/share/texmf-texlive/tex/latex/fourier/fourier-orns.sty
Package: fourier-orns 2004/01/30 1.1 fourier-ornaments package
)
(/usr/share/texmf-texlive/tex/latex/graphics/graphicx.sty
Package: graphicx 1999/02/16 v1.0f Enhanced LaTeX Graphics (DPC,SPQR)
\Gin@req@height=\dimen152
\Gin@req@width=\dimen153
)
(/usr/share/texmf-texlive/tex/latex/wasysym/wasysym.sty
Package: wasysym 2003/10/30 v2.0 Wasy-2 symbol support package
\symwasy=\mathgroup8
LaTeX Font Info:    Overwriting symbol font `wasy' in version `bold'
(Font)                  U/wasy/m/n --> U/wasy/b/n on input line 90.
)
(/usr/share/texmf-texlive/tex/latex/bbm-macros/bbm.sty
Package: bbm 1999/03/15 V 1.2 provides fonts for set symbols - TH
LaTeX Font Info:    Overwriting math alphabet `\mathbbm' in version `bold'
(Font)                  U/bbm/m/n --> U/bbm/bx/n on input line 33.
LaTeX Font Info:    Overwriting math alphabet `\mathbbmss' in version `bold'
(Font)                  U/bbmss/m/n --> U/bbmss/bx/n on input line 35.
)
(/usr/share/texmf-texlive/tex/latex/skull/skull.sty
Package: skull 2002/01/23 v0.1 (c) Henrik Christian Grove <grove@math.ku.dk>
\symSKULL=\mathgroup9
)
(/usr/share/texmf-texlive/tex/latex/arabtex/arabtex.sty
(/usr/share/texmf-texlive/tex/latex/arabtex/aconfig.sty
LaTeX2e detected 
BABEL detected
\a@moduledate=\count145
\a@maindate=\count146
)
(/usr/share/texmf-texlive/tex/latex/arabtex/arabaux.sty)
LaTeX Font Info:    Try loading font information for T1+ptm on input line 551.

(/usr/share/texmf-texlive/tex/latex/psnfss/t1ptm.fd)
(/usr/share/texmf-texlive/tex/latex/arabtex/acmd.sty)
(/usr/share/texmf-texlive/tex/latex/arabtex/afonts.sty
(/usr/share/texmf-texlive/tex/latex/arabtex/afonts2.sty))
(/usr/share/texmf-texlive/tex/latex/arabtex/ascan.sty
(ArabTeX) scanner for code `arabtex' installed.
(ArabTeX) input encoding set to ArabTeX standard conventions.)
(/usr/share/texmf-texlive/tex/latex/arabtex/aparse.sty)
(/usr/share/texmf-texlive/tex/latex/arabtex/awrite.sty
(/usr/share/texmf-texlive/tex/latex/arabtex/xarbsymb.sty)
(/usr/share/texmf-texlive/tex/latex/arabtex/arabskel.sty)
(/usr/share/texmf-texlive/tex/latex/arabtex/xarbskel.sty)
(/usr/share/texmf-texlive/tex/latex/arabtex/aboxes.sty)
(/usr/share/texmf-texlive/tex/latex/arabtex/arabtoks.sty)
(/usr/share/texmf-texlive/tex/latex/arabtex/arabchrs.sty))
(/usr/share/texmf-texlive/tex/latex/arabtex/aligs.sty)
(/usr/share/texmf-texlive/tex/latex/arabtex/aoutput.sty)
(/usr/share/texmf-texlive/tex/latex/arabtex/abidir.sty)
(/usr/share/texmf-texlive/tex/latex/arabtex/atrans.sty
(ArabTeX) ZDMG transliteration.)
(/usr/share/texmf-texlive/tex/latex/arabtex/alatex.sty
(/usr/share/texmf-texlive/tex/latex/arabtex/afoot.sty))
(/usr/share/texmf-texlive/tex/latex/arabtex/abjad.sty)
(/usr/share/texmf-texlive/tex/latex/arabtex/apatch.sty
(/usr/share/texmf-texlive/tex/latex/arabtex/alists.sty)
(/usr/share/texmf-texlive/tex/latex/arabtex/asect.sty)
(/usr/share/texmf-texlive/tex/latex/arabtex/atabg.sty)
(/usr/share/texmf-texlive/tex/latex/arabtex/alocal.sty
(ArabTeX) 3.11 local stub, 26.02.2006))
Arabic processor `ArabTeX' [20060702 patch level 3.11s (02.07.2006)]
(ArabTeX) ... now be patient ... ) (/usr/share/texmf/tex/latex/tipa/tipa.sty
Package: tipa 2002/08/08 TIPA version 1.1

(/usr/share/texmf-texlive/tex/latex/base/fontenc.sty
Package: fontenc 2005/09/27 v1.99g Standard LaTeX package

(/usr/share/texmf/tex/latex/tipa/t3enc.def
File: t3enc.def 2001/12/31 T3 encoding
Now handling font encoding T3 ...
... processing UTF-8 mapping file for font encoding T3
 (./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
LaTeX Font Info:    Font shape `T1/ptm/bx/it' in size <10.95> not available
(Font)              Font shape `T1/ptm/b/it' tried instead on input line 356.
LaTeX Font Info:    Try loading font information for T1+phv on input line 357.

(/usr/share/texmf-texlive/tex/latex/psnfss/t1phv.fd
File: t1phv.fd 2001/06/04 scalable font definitions for T1/phv.
)
LaTeX Font Info:    Font shape `T1/phv/m/it' in size <10.95> not available
(Font)              Font shape `T1/phv/m/sl' tried instead on input line 357.
LaTeX Font Info:    Font shape `T1/phv/m/sl' will be
(Font)              scaled to size 10.07397pt on input line 357.
)
(/usr/share/texmf-texlive/tex/latex/base/t1enc.def
File: t1enc.def 2005/09/27 v1.99g Standard LaTeX file
LaTeX Font Info:    Redeclaring font encoding T1 on input line 43.
)))
(/usr/share/texmf-texlive/tex/latex/fancyvrb/fancyvrb.sty
Package: fancyvrb 2008/02/07

Style option: `fancyvrb' v2.7a, with DG/SPQR fixes, and firstline=lastline fix 
<2008/02/07> (tvz)
\FV@CodeLineNo=\count176
\FV@InFile=\read2
\FV@TabBox=\box86
\c@FancyVerbLine=\count177
\FV@StepNumber=\count178
\FV@OutFile=\write5
) (/usr/share/texmf-texlive/tex/latex/bbding/bbding.sty
Package: bbding 1999/04/15 v1.01 Dingbats symbols
)
(/usr/share/texmf/tex/latex/xcolor/xcolor.sty
Package: xcolor 2007/01/21 v2.11 LaTeX color extensions (UK)

(/etc/texmf/tex/latex/config/color.cfg
File: color.cfg 2007/01/18 v1.5 color configuration of teTeX/TeXLive
)
Package xcolor Info: Driver file: pdftex.def on input line 225.

(/usr/share/texmf-texlive/tex/latex/colortbl/colortbl.sty
Package: colortbl 2001/02/13 v0.1j Color table columns (DPC)
\everycr=\toks52
\minrowclearance=\skip119
)
LaTeX Info: Redefining \color on input line 702.
\rownum=\count179
Package xcolor Info: Model `cmy' substituted by `cmy0' on input line 1337.
Package xcolor Info: Model `hsb' substituted by `rgb' on input line 1341.
Package xcolor Info: Model `RGB' extended on input line 1353.
Package xcolor Info: Model `HTML' substituted by `rgb' on input line 1355.
Package xcolor Info: Model `Hsb' substituted by `hsb' on input line 1356.
Package xcolor Info: Model `tHsb' substituted by `hsb' on input line 1357.
Package xcolor Info: Model `HSB' substituted by `hsb' on input line 1358.
Package xcolor Info: Model `Gray' substituted by `gray' on input line 1359.
Package xcolor Info: Model `wave' substituted by `hsb' on input line 1360.
)
(/usr/share/texmf-texlive/tex/latex/microtype/microtype.sty
Package: microtype 2009/03/27 v2.3d Micro-typography with pdfTeX (RS)
\MT@toks=\toks53
\MT@count=\count180
LaTeX Info: Redefining \lsstyle on input line 1608.
LaTeX Info: Redefining \lslig on input line 1608.
\MT@outer@space=\skip120
LaTeX Info: Redefining \textls on input line 1616.
\MT@outer@kern=\dimen176
LaTeX Info: Redefining \textmicrotypecontext on input line 2167.
Package microtype Info: Loading configuration file microtype.cfg.

(/usr/share/texmf-texlive/tex/latex/microtype/microtype.cfg
File: microtype.cfg 2009/03/27 v2.3d microtype main configuration file (RS)
))
(/usr/share/texmf-texlive/tex/latex/graphics/lscape.sty
Package: lscape 2000/10/22 v3.01 Landscape Pages (DPC)
))
(../headers/defaultcolors.tex) (../headers/hyphenation.tex)
(../headers/commands.tex
\mylength=\skip121
\myhight=\skip122
\myshadingheight=\skip123
) (../headers/title.tex) (../headers/options.tex

Package typearea Warning: Bad type area settings!
(typearea)                The detected line width is about 18%
(typearea)                larger than the heuristically detected line width.
(typearea)                You should e.g. decrease DIV, increase fontsize
(typearea)                or change papersize.

Package typearea Info: These are the values describing the layout:
(typearea)             DIV  = 13
(typearea)             BCOR = 34.1433pt
(typearea)             \paperwidth      = 597.50793pt
(typearea)              \textwidth      = 433.35742pt
(typearea)              DIV departure   = -18%
(typearea)              \evensidemargin = 14.40149pt
(typearea)              \oddsidemargin  = 5.20905pt
(typearea)             \paperheight     = 845.04694pt
(typearea)              \textheight     = 650.20029pt
(typearea)              \topmargin      = -44.6664pt
(typearea)              \headheight     = 17.0pt
(typearea)              \headsep        = 20.40001pt
(typearea)              \topskip        = 11.0pt
(typearea)              \footskip       = 47.60002pt
(typearea)              \baselineskip   = 13.6pt
(typearea)              on input line 13.
) (../headers/formattings.tex
Package hyperref Info: Option `breaklinks' set `true' on input line 17.
Package hyperref Info: Option `colorlinks' set `false' on input line 17.
Package hyperref Info: Option `bookmarksopen' set `true' on input line 17.
Package hyperref Info: Option `bookmarksnumbered' set `true' on input line 17.
Package hyperref Info: Option `frenchlinks' set `false' on input line 17.
) (../headers/unicodes.tex)
(../headers/templates.tex
\wbtemplengtha=\skip124
\wbtemplengthb=\skip125
\wbtemplengthc=\skip126
\wbtemplengthd=\skip127
\wbtemplengthe=\skip128
\wbtempcounta=\count181
\wbtempcountb=\count182
\wbtempcountc=\count183
) (../headers/templates-dirk.tex)
(../headers/templates-chemie.tex)
(/usr/share/texmf/tex/latex/cm-super/type1ec.sty
Package: type1ec 2002/09/07 v1.1 Type1 EC font definitions (for CM-Super fonts)


(/usr/share/texmf-texlive/tex/latex/base/t1cmr.fd
File: t1cmr.fd 1999/05/25 v2.5h Standard LaTeX font definitions
))
(/usr/share/texmf/tex/latex/CJK/CJKutf8.sty
Package: CJKutf8 2008/12/29 4.8.2


! LaTeX Error: Option clash for package inputenc.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.34 \RequirePackage
                    [encapsulated]{CJK}
The package inputenc has already been loaded with options:
  [utf8plain]
There has now been an attempt to load it with options
  [utf8]
Adding the global options:
  utf8plain,utf8
to your \documentclass declaration may fix this.
Try typing  <return>  to proceed.

(/usr/share/texmf/tex/latex/CJK/CJK.sty
Package: CJK 2008/12/29 4.8.2

(/usr/share/texmf/tex/latex/CJK/mule/MULEenc.sty
Package: MULEenc 2008/12/29 4.8.2
)
(/usr/share/texmf/tex/latex/CJK/CJK.enc
File: CJK.enc 2008/12/29 4.8.2
Now handling font encoding C00 ...
... processing UTF-8 mapping file for font encoding C00
 (./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding C05 ...
... processing UTF-8 mapping file for font encoding C05

(./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding C09 ...
... processing UTF-8 mapping file for font encoding C09
 (./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding C10 ...
... processing UTF-8 mapping file for font encoding C10
 (./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding C20 ...
... processing UTF-8 mapping file for font encoding C20

(./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding C19 ...
... processing UTF-8 mapping file for font encoding C19
 (./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding C40 ...
... processing UTF-8 mapping file for font encoding C40
 (./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding C42 ...
... processing UTF-8 mapping file for font encoding C42

(./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
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   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding C52 ...
... processing UTF-8 mapping file for font encoding C52

(./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding C49 ...
... processing UTF-8 mapping file for font encoding C49
 (./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding C60 ...
... processing UTF-8 mapping file for font encoding C60
 (./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding C61 ...
... processing UTF-8 mapping file for font encoding C61

(./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding C63 ...
... processing UTF-8 mapping file for font encoding C63
 (./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding C64 ...
... processing UTF-8 mapping file for font encoding C64
 (./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding C65 ...
... processing UTF-8 mapping file for font encoding C65

(./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding C70 ...
... processing UTF-8 mapping file for font encoding C70
 (./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding C31 ...
... processing UTF-8 mapping file for font encoding C31
 (./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding C32 ...
... processing UTF-8 mapping file for font encoding C32

(./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
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   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding C35 ...
... processing UTF-8 mapping file for font encoding C35

(./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding C36 ...
... processing UTF-8 mapping file for font encoding C36
 (./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding C37 ...
... processing UTF-8 mapping file for font encoding C37
 (./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding C80 ...
... processing UTF-8 mapping file for font encoding C80

(./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding C81 ...
... processing UTF-8 mapping file for font encoding C81
 (./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding C01 ...
... processing UTF-8 mapping file for font encoding C01
 (./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding C11 ...
... processing UTF-8 mapping file for font encoding C11
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   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
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   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
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   defining Unicode char U+011B (decimal 283)
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   defining Unicode char U+0139 (decimal 313)
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   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
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Now handling font encoding C21 ...
... processing UTF-8 mapping file for font encoding C21
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   defining Unicode char U+013E (decimal 318)
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   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
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... processing UTF-8 mapping file for font encoding C41
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   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding C62 ...
... processing UTF-8 mapping file for font encoding C62

(./utf8plainenc.dfu
File: utf8enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+2423 (decimal 9251)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
))
LaTeX Info: Redefining \selectfont on input line 756.
\CJK@indent=\box87
) (/usr/share/texmf-texlive/tex/latex/base/fontenc.sty
Package: fontenc 2005/09/27 v1.99g Standard LaTeX package
))
(/usr/share/texmf/tex/latex/CJK/ruby.sty
Package: ruby 2008/12/29 4.8.2
\ruby@width=\dimen177
)
(/usr/share/texmf/tex/latex/CJK/CJKulem.sty
Package: CJKulem 2008/12/29 4.8.2
\UL@lastkern=\dimen178
\CJK@skip=\skip129
) (./main.aux)
\openout1 = `main.aux'.

LaTeX Font Info:    Checking defaults for OML/cmm/m/it on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for T1/cmr/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for OT1/cmr/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for OMS/cmsy/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for OMX/cmex/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for U/cmr/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for TS1/cmr/m/n on input line 23.
LaTeX Font Info:    Try loading font information for TS1+cmr on input line 23.

(/usr/share/texmf-texlive/tex/latex/base/ts1cmr.fd
File: ts1cmr.fd 1999/05/25 v2.5h Standard LaTeX font definitions
)
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for PD1/pdf/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for PU/pdf/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for T3/cmr/m/n on input line 23.
LaTeX Font Info:    Try loading font information for T3+cmr on input line 23.

(/usr/share/texmf/tex/latex/tipa/t3cmr.fd
File: t3cmr.fd 2001/12/31 TIPA font definitions
)
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C00/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C05/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C09/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C10/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C20/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C19/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C40/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C42/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C43/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C50/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C52/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C49/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C60/mj/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C61/mj/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C63/mj/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C64/mj/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C65/mj/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C70/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C31/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C32/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C33/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C34/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C35/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C36/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C37/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C80/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C81/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C01/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C11/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C21/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C41/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C62/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.

(/usr/share/texmf-texlive/tex/context/base/supp-pdf.mkii
[Loading MPS to PDF converter (version 2006.09.02).]
\scratchcounter=\count184
\scratchdimen=\dimen179
\scratchbox=\box88
\nofMPsegments=\count185
\nofMParguments=\count186
\everyMPshowfont=\toks54
\MPscratchCnt=\count187
\MPscratchDim=\dimen180
\MPnumerator=\count188
\everyMPtoPDFconversion=\toks55
)
Package hyperref Info: Link coloring OFF on input line 23.
 (/usr/share/texmf-texlive/tex/latex/hyperref/nameref.sty
Package: nameref 2007/05/29 v2.31 Cross-referencing by name of section

(/usr/share/texmf-texlive/tex/latex/oberdiek/refcount.sty
Package: refcount 2008/08/11 v3.1 Data extraction from references (HO)
)
\c@section@level=\count189
)
LaTeX Info: Redefining \ref on input line 23.
LaTeX Info: Redefining \pageref on input line 23.
 (./main.out)
(./main.out)
\@outlinefile=\write6
\openout6 = `main.out'.

\AtBeginShipoutBox=\box89


LaTeX Warning: Command \selectfont   has changed.
               Check if current package is valid.

LaTeX Info: Redefining \selectfont on input line 23.
\c@lstlisting=\count190
LaTeX Info: Redefining \microtypecontext on input line 23.
Package microtype Info: Generating PDF output.
Package microtype Info: Character protrusion enabled (level 2).
Package microtype Info: Using default protrusion set `alltext'.
Package microtype Info: Automatic font expansion enabled (level 2),
(microtype)             stretch: 20, shrink: 20, step: 1, non-selected.
Package microtype Info: Using default expansion set `basictext'.
Package microtype Info: No tracking.
Package microtype Info: No adjustment of interword spacing.
Package microtype Info: No adjustment of character kerning.
(/usr/share/texmf-texlive/tex/latex/microtype/mt-ptm.cfg
File: mt-ptm.cfg 2006/04/20 v1.7 microtype config. file: Times (RS)
)
(/usr/share/texmf-texlive/tex/latex/arabtex/apatch.sty
\a@lines=\count191
\a@Lwidth=\dimen181
\a@displaywidth=\dimen182

(/usr/share/texmf-texlive/tex/latex/arabtex/alocal.sty
(ArabTeX) 3.11 local stub, 26.02.2006)
(ArabTeX) version 3.11s (02.07.2006): second phase of patching)
(/usr/share/texmf/tex/latex/CJK/UTF8/UTF8.bdg
File: UTF8.bdg 2008/12/29 4.8.2
)
(/usr/share/texmf/tex/latex/CJK/UTF8/UTF8.enc
File: UTF8.enc 2008/12/29 4.8.2
)
(/usr/share/texmf/tex/latex/CJK/UTF8/UTF8.chr
File: UTF8.chr 2008/12/29 4.8.2
)
LaTeX Font Info:    Font shape `T1/phv/m/n' will be
(Font)              scaled to size 10.07397pt on input line 34.
LaTeX Font Info:    Font shape `T1/phv/bx/n' in size <10.95> not available
(Font)              Font shape `T1/phv/b/n' tried instead on input line 34.
LaTeX Font Info:    Font shape `T1/phv/b/n' will be
(Font)              scaled to size 10.07397pt on input line 34.
LaTeX Font Info:    Font shape `T1/ptm/bx/n' in size <10.95> not available
(Font)              Font shape `T1/ptm/b/n' tried instead on input line 34.
LaTeX Font Info:    Font shape `T1/ptm/bx/n' in size <20.74> not available
(Font)              Font shape `T1/ptm/b/n' tried instead on input line 34.
LaTeX Font Info:    Try loading font information for OT1+ztmcm on input line 34
.

(/usr/share/texmf-texlive/tex/latex/psnfss/ot1ztmcm.fd
File: ot1ztmcm.fd 2000/01/03 Fontinst v1.801 font definitions for OT1/ztmcm.
)
LaTeX Font Info:    Try loading font information for OML+ztmcm on input line 34
.

(/usr/share/texmf-texlive/tex/latex/psnfss/omlztmcm.fd
File: omlztmcm.fd 2000/01/03 Fontinst v1.801 font definitions for OML/ztmcm.
)
LaTeX Font Info:    Try loading font information for OMS+ztmcm on input line 34
.

(/usr/share/texmf-texlive/tex/latex/psnfss/omsztmcm.fd
File: omsztmcm.fd 2000/01/03 Fontinst v1.801 font definitions for OMS/ztmcm.
)
LaTeX Font Info:    Try loading font information for OMX+ztmcm on input line 34
.

(/usr/share/texmf-texlive/tex/latex/psnfss/omxztmcm.fd
File: omxztmcm.fd 2000/01/03 Fontinst v1.801 font definitions for OMX/ztmcm.
)
LaTeX Font Info:    Try loading font information for OT1+ptm on input line 34.

(/usr/share/texmf-texlive/tex/latex/psnfss/ot1ptm.fd
File: ot1ptm.fd 2001/06/04 font definitions for OT1/ptm.
)
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <14.4> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 34.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <10.95> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 34.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <8> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 34.

(/usr/share/texmf-texlive/tex/latex/microtype/mt-msa.cfg
File: mt-msa.cfg 2006/02/04 v1.1 microtype config. file: AMS symbols (a) (RS)
)
(/usr/share/texmf-texlive/tex/latex/microtype/mt-msb.cfg
File: mt-msb.cfg 2005/06/01 v1.0 microtype config. file: AMS symbols (b) (RS)
)
LaTeX Font Info:    Try loading font information for U+wasy on input line 34.

(/usr/share/texmf-texlive/tex/latex/wasysym/uwasy.fd
File: uwasy.fd 2003/10/30 v2.0 Wasy-2 symbol font definitions
)

LaTeX Warning: No \author given.

[1



{/var/lib/texmf/fonts/map/pdftex/updmap/pdftex.map}]
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <10> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 34.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <7.4> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 34.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <6> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 34.
LaTeX Font Info:    Try loading font information for T1+pcr on input line 34.

(/usr/share/texmf-texlive/tex/latex/psnfss/t1pcr.fd
File: t1pcr.fd 2001/06/04 font definitions for T1/pcr.
) [2

] (./main.toc
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 2.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 5.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 6.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 9.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 13.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 15.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 19.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 20.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 26.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 32.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 43.
 [3


]
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 47.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 71.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 81.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 100.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 127.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 142.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 151.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 165.

[4]
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 167.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 175.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 222.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 235.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 236.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 239.
 [5]
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 251.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 260.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 293.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 299.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 307.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 313.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 314.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 316.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 325.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 326.
 [6]
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 327.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 328.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 329.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 336.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 339.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 340.
Class scrbook Info: You've told me to use the font selection of the element
(scrbook)           `sectioning' that is an alias of element `disposition'
(scrbook)            on input line 341.
)
\tf@toc=\write7
\openout7 = `main.toc'.

 [1] [2


]
Chapter 1.

Class scrbook Warning: \float@addtolists detected!
(scrbook)              You should use the features of package `tocbasic'
(scrbook)              instead of \float@addtolists.
(scrbook)              Support for \float@addtolists may be removed from
(scrbook)              `scrbook' soon .

LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <9> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 61.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <7> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 61.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <5> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 61.
LaTeX Font Info:    Try loading font information for TS1+ptm on input line 63.
(/usr/share/texmf-texlive/tex/latex/psnfss/ts1ptm.fd
File: ts1ptm.fd 2001/06/04 font definitions for TS1/ptm.
)
LaTeX Font Info:    Font shape `T1/ptm/bx/n' in size <12> not available
(Font)              Font shape `T1/ptm/b/n' tried instead on input line 64.
 [3] [4]
Chapter 2.
[5


] [6]
Chapter 3.
LaTeX Font Info:    Font shape `T1/ptm/bx/n' in size <14.4> not available
(Font)              Font shape `T1/ptm/b/n' tried instead on input line 124.
LaTeX Font Info:    Font shape `T1/ptm/bx/n' in size <8> not available
(Font)              Font shape `T1/ptm/b/n' tried instead on input line 128.
LaTeX Font Info:    Font shape `T1/ptm/bx/n' in size <9> not available
(Font)              Font shape `T1/ptm/b/n' tried instead on input line 130.
[7


] [8

] [9

] [10

] [11] [12] [13

] [14


]
Chapter 4.

Underfull \hbox (badness 10000) in paragraph at lines 194--195

 []


Underfull \hbox (badness 10000) in paragraph at lines 198--199

 []

[15]
LaTeX Font Info:    Font shape `TS1/ptm/bx/n' in size <10.95> not available
(Font)              Font shape `TS1/ptm/b/n' tried instead on input line 210.
LaTeX Font Info:    Font shape `T1/pcr/m/it' in size <10.95> not available
(Font)              Font shape `T1/pcr/m/sl' tried instead on input line 216.
 [16] [17] [18]
Chapter 5.
LaTeX Font Info:    Font shape `T1/pcr/bx/n' in size <8> not available
(Font)              Font shape `T1/pcr/b/n' tried instead on input line 298.

Underfull \hbox (badness 10000) in paragraph at lines 312--314

 []

[19


] [20]
Chapter 6.

Underfull \hbox (badness 10000) in paragraph at lines 353--355

 []


Underfull \hbox (badness 10000) in paragraph at lines 359--361

 []


Underfull \hbox (badness 10000) in paragraph at lines 365--367

 []

LaTeX Font Info:    Font shape `T1/pcr/bx/n' in size <10.95> not available
(Font)              Font shape `T1/pcr/b/n' tried instead on input line 378.
[21


]
Underfull \hbox (badness 10000) in paragraph at lines 402--405
[]\T1/pcr/b/n/10.95 -W -Wall -fno-common -Wcast-align -Wredundant-decls
 []


Underfull \hbox (badness 10000) in paragraph at lines 402--405
\T1/pcr/b/n/10.95 -Wbad-function-cast -Wwrite-strings -Waggregate-return
 []

[22]
Chapter 7.
[23


] [24


]
Chapter 8.

Underfull \hbox (badness 10000) in paragraph at lines 448--450

 []


Underfull \hbox (badness 10000) in paragraph at lines 454--456

 []


Underfull \hbox (badness 10000) in paragraph at lines 461--463

 []

[25] [26] [27] [28


]
Chapter 9.
[29] [30]
Underfull \hbox (badness 10000) in paragraph at lines 576--576
[][][][]$\T1/pcr/m/n/9 http : / / fr . wikibooks . org / wiki / Programmation %
 20C-[]C % 252B % 252B % 2FModularit % E9 %
 []


Underfull \hbox (badness 10000) in paragraph at lines 577--577
[][][][]$\T1/pcr/m/n/9 http : / / it . wikibooks . org / wiki / C % 2FCompilato
re % 20e % 20precompilatore %
 []


Underfull \hbox (badness 10000) in paragraph at lines 578--578
[][][][]$\T1/pcr/m/n/9 http : / / pt . wikibooks . org / wiki / Programar % 20e
m % 20C % 2FUtilizando % 20um %
 []


Underfull \hbox (badness 10000) in paragraph at lines 573--579
[]\T1/ptm/m/n/10.95 (+20) de:C-Programmierung: Kom-pilierung[][][] es:Programac
ión_-en_-C/Compilar_-un_-programa[][][]
 []


Underfull \hbox (badness 1635) in paragraph at lines 573--579
\T1/ptm/m/n/10.95 (+20) et:Programmeerimiskeel C/Kom-pileer-im-ine[][][] fr:Pro
grammation C-C%2B%2B/Modularité et
 []

[31] [32


]
Chapter 10.
[33]
LaTeX Font Info:    Try loading font information for U+futs on input line 637.
 (/usr/share/texmf-texlive/tex/latex/fourier/ufuts.fd
File: ufuts.fd 2004/03/26 Fontinst v1.926 font definitions for U/futs.
) [34]
Underfull \hbox (badness 10000) in paragraph at lines 731--731
[]\T1/ptm/m/n/9 (+20) Other pro-gram-mers dis-agree. []$\T1/pcr/m/n/9 http : / 
/ diagrammes-[]modernes . blogspot . com / 2006 / 04 /
 []

[35]
! FancyVerb Error:
  Extraneous input `\newline ' between \begin{Highlighting}[<key=value>] and li
ne end
.
\FV@Error ... {FancyVerb Error:
\space \space #1
}
                                                  
l.776 \begin{Highlighting}[]\newline
                                    
This input will be discarded. Hit <return> to continue.

LaTeX Font Info:    Font shape `T1/pcr/m/it' in size <8> not available
(Font)              Font shape `T1/pcr/m/sl' tried instead on input line 777.
LaTeX Font Info:    Font shape `T1/pcr/m/it' in size <6> not available
(Font)              Font shape `T1/pcr/m/sl' tried instead on input line 777.
LaTeX Font Info:    Font shape `T1/pcr/m/it' in size <5> not available
(Font)              Font shape `T1/pcr/m/sl' tried instead on input line 777.
[36]
LaTeX Font Info:    Try loading font information for TS1+pcr on input line 824.

 (/usr/share/texmf-texlive/tex/latex/psnfss/ts1pcr.fd
File: ts1pcr.fd 2001/06/04 font definitions for TS1/pcr.
)
LaTeX Font Info:    Font shape `TS1/pcr/m/it' in size <8> not available
(Font)              Font shape `TS1/pcr/m/sl' tried instead on input line 824.
 [37]
Underfull \hbox (badness 10000) in paragraph at lines 944--944
\T1/pcr/m/n/9 programming + comment + block + waste + time + lining + up&source
 = bl&ots = TUpTMIHBnh&sig =
 []


Underfull \hbox (badness 10000) in paragraph at lines 944--944
\T1/pcr/m/n/9 NeZm23WPmvnw2aKMnIRUeQoHmJg&hl = en&ei = pri3SevGIYGyNMn9jd4K&sa 
= X&oi = book _
 []

[38] [39] [40


]
Chapter 11.
[41] [42] [43] [44


]
Chapter 12.
[45]
! FancyVerb Error:
  Extraneous input `\newline ' between \begin{Highlighting}[<key=value>] and li
ne end
.
\FV@Error ... {FancyVerb Error:
\space \space #1
}
                                                  
l.1172 \begin{Highlighting}[]\newline
                                     
This input will be discarded. Hit <return> to continue.

[46]
LaTeX Font Info:    Font shape `T1/pcr/bx/n' in size <12> not available
(Font)              Font shape `T1/pcr/b/n' tried instead on input line 1234.
 [47] [48]
LaTeX Font Info:    Font shape `T1/pcr/bx/n' in size <14.4> not available
(Font)              Font shape `T1/pcr/b/n' tried instead on input line 1297.
 [49] [50] [51]
Underfull \hbox (badness 10000) in paragraph at lines 1410--1412

 []


Underfull \hbox (badness 10000) in paragraph at lines 1413--1414

 []


Underfull \hbox (badness 10000) in paragraph at lines 1415--1416

 []

[52]
Underfull \hbox (badness 10000) in paragraph at lines 1481--1482

 []


Underfull \hbox (badness 10000) in paragraph at lines 1494--1495

 []

[53]
Underfull \hbox (badness 10000) in paragraph at lines 1511--1512

 []


Underfull \hbox (badness 10000) in paragraph at lines 1525--1526

 []

[54]
Underfull \hbox (badness 10000) in paragraph at lines 1558--1558
[][][][]$\T1/pcr/m/n/9 http : / / it . wikibooks . org / wiki / C % 2FVariabili
 % 2C % 20operatori % 20e % 20costanti %
 []

[55] [56


]
Chapter 13.
[57]
Underfull \hbox (badness 10000) in paragraph at lines 1641--1643

 []


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.1648 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


Underfull \hbox (badness 10000) in paragraph at lines 1655--1657

 []

[58]
Underfull \hbox (badness 10000) in paragraph at lines 1677--1678

 []


Underfull \hbox (badness 10000) in paragraph at lines 1688--1689

 []


Underfull \hbox (badness 10000) in paragraph at lines 1716--1718

 []

[59]
Underfull \hbox (badness 10000) in paragraph at lines 1722--1724

 []


Underfull \hbox (badness 10000) in paragraph at lines 1732--1734

 []


Underfull \hbox (badness 10000) in paragraph at lines 1738--1740

 []

[60]
Underfull \hbox (badness 10000) in paragraph at lines 1776--1777

 []


Underfull \hbox (badness 10000) in paragraph at lines 1781--1782

 []


Underfull \hbox (badness 10000) in paragraph at lines 1798--1798
[][][][]$\T1/pcr/m/n/9 http : / / pl . wikibooks . org / wiki / C % 2FPodstawow
e % 20procedury % 20wej % 01 % 5Bcia % 20i %
 []


Underfull \hbox (badness 10000) in paragraph at lines 1799--1799
[][][][]$\T1/pcr/m/n/9 http : / / pt . wikibooks . org / wiki / Programar % 20e
m % 20C % 2FEntrada % 20e % 20sa % EDda %
 []

[61] [62


]
Chapter 14.
[63]
Underfull \hbox (badness 10000) in paragraph at lines 1844--1846

 []

[64]
Underfull \hbox (badness 10000) in paragraph at lines 1945--1945

 []


Underfull \hbox (badness 10000) in paragraph at lines 1952--1952
[][][][]$\T1/pcr/m/n/9 http : / / en . wikibooks . org / wiki / Microprocessor 
% 20Design % 2FShift % 20and % 20Rotate %
 []

[65]
Underfull \hbox (badness 7415) in paragraph at lines 2004--2004
[][][]  \T1/ptm/m/n/9 (+20) "re-place pri-vate copy of bit ro-ta-tion rou-tines
" ^^B{[]$\T1/pcr/m/n/9 http : / / kerneltrap . org / mailarchive /
 []

[66]
Underfull \hbox (badness 10000) in paragraph at lines 2048--2049

 []

[67] [68]
Chapter 15.
LaTeX Font Info:    Try loading font information for C70+megafont on input line
 2086.
(/usr/share/texmf-texlive/tex/misc/c70megafont.fd
File: c70megafont.fd 
) [69


] [70] [71] [72] [73]
[74] [75] [76]
Underfull \hbox (badness 10000) in paragraph at lines 2565--2569

 []

[77] [78


]
Chapter 16.
[79] [80]
Underfull \hbox (badness 10000) in paragraph at lines 2730--2731

 []


Underfull \hbox (badness 10000) in paragraph at lines 2736--2739

 []

LaTeX Font Info:    Font shape `T1/ptm/bx/n' in size <6> not available
(Font)              Font shape `T1/ptm/b/n' tried instead on input line 2746.

Underfull \hbox (badness 10000) in paragraph at lines 2746--2749

 []

[81] [82] [83]
Underfull \hbox (badness 10000) in paragraph at lines 2894--2896

 []


Underfull \hbox (badness 10000) in paragraph at lines 2901--2903

 []

[84] [85] [86]
Underfull \hbox (badness 10000) in paragraph at lines 3122--3124

 []

[87]
Underfull \hbox (badness 10000) in paragraph at lines 3165--3166

 []


Underfull \hbox (badness 10000) in paragraph at lines 3185--3186

 []

[88] [89] [90]
Underfull \hbox (badness 10000) in paragraph at lines 3374--3379
\T1/ptm/m/n/10.95 (+20) de:C-Programmierung: Kon-troll-struk-turen[][][] et:Pro
grammeerimiskeel C/-Kee-lestruk-tu-urid[][][]
 []

[91] [92


]
Chapter 17.
[93] [94]
Underfull \hbox (badness 10000) in paragraph at lines 3513--3514

 []

[95] [96]
Underfull \hbox (badness 2653) in paragraph at lines 3664--3665
[] 
 []


Overfull \hbox (4.46188pt too wide) in paragraph at lines 3664--3665
\T1/pcr/m/n/10.95 <assert.h>[][][]  
 []


Underfull \hbox (badness 2653) in paragraph at lines 3671--3672
[] 
 []


Overfull \hbox (4.70189pt too wide) in paragraph at lines 3671--3672
\T1/pcr/m/n/10.95 <limits.h>[][][]  
 []


Underfull \hbox (badness 2653) in paragraph at lines 3672--3673
[] 
 []


Overfull \hbox (4.70189pt too wide) in paragraph at lines 3672--3673
\T1/pcr/m/n/10.95 <locale.h>[][][]  
 []


Underfull \hbox (badness 2653) in paragraph at lines 3674--3675
[] 
 []


Overfull \hbox (4.70189pt too wide) in paragraph at lines 3674--3675
\T1/pcr/m/n/10.95 <setjmp.h>[][][]  
 []


Underfull \hbox (badness 2653) in paragraph at lines 3678--3679
[] 
 []


Overfull \hbox (4.70189pt too wide) in paragraph at lines 3678--3679
\T1/pcr/m/n/10.95 <signal.h>[][][]  
 []


Underfull \hbox (badness 2653) in paragraph at lines 3679--3680
[] 
 []


Overfull \hbox (9.50189pt too wide) in paragraph at lines 3679--3680
\T1/pcr/m/n/10.95 <stdarg.h>[][][]  
 []


Underfull \hbox (badness 2653) in paragraph at lines 3680--3681
[] 
 []


Overfull \hbox (9.26189pt too wide) in paragraph at lines 3680--3681
\T1/pcr/m/n/10.95 <stddef.h>[][][]  
 []


Underfull \hbox (badness 2653) in paragraph at lines 3681--3682
[] 
 []


Overfull \hbox (2.9319pt too wide) in paragraph at lines 3681--3682
\T1/pcr/m/n/10.95 <stdio.h>[][][]  
 []


Underfull \hbox (badness 2653) in paragraph at lines 3685--3686
[] 
 []


Overfull \hbox (9.50189pt too wide) in paragraph at lines 3685--3686
\T1/pcr/m/n/10.95 <stdlib.h>[][][]  
 []


Underfull \hbox (badness 2653) in paragraph at lines 3686--3687
[] 
 []


Overfull \hbox (9.26189pt too wide) in paragraph at lines 3686--3687
\T1/pcr/m/n/10.95 <string.h>[][][]  
 []


Underfull \hbox (badness 2653) in paragraph at lines 3688--3689
[] 
 []


Overfull \hbox (16.07188pt too wide) in paragraph at lines 3688--3689
\T1/pcr/m/n/10.95 <complex.h>[][][]  
 []


Underfull \hbox (badness 1721) in paragraph at lines 3795--3796
[]\T1/ptm/m/n/10.95 (+20) double 
 []


Underfull \hbox (badness 1895) in paragraph at lines 3802--3803
[]\T1/ptm/m/n/10.95 (+20) time_-t 
 []


Underfull \vbox (badness 10000) detected at line 3849
 []

[97] [98] [99] [100] [101] [102] [103] [104


]
Chapter 18.

Underfull \hbox (badness 10000) in paragraph at lines 3986--3988

 []

[105]
Underfull \hbox (badness 10000) in paragraph at lines 3996--3998

 []

[106]
Underfull \hbox (badness 10000) in paragraph at lines 4084--4086

 []

[107]
Underfull \hbox (badness 10000) in paragraph at lines 4103--4104

 []


Underfull \hbox (badness 10000) in paragraph at lines 4123--4125

 []

[108]
Underfull \hbox (badness 10000) in paragraph at lines 4136--4138

 []


Underfull \hbox (badness 10000) in paragraph at lines 4188--4190

 []

[109]
Underfull \hbox (badness 10000) in paragraph at lines 4194--4196

 []


Underfull \hbox (badness 10000) in paragraph at lines 4200--4202

 []


Underfull \hbox (badness 10000) in paragraph at lines 4206--4208

 []


Underfull \hbox (badness 10000) in paragraph at lines 4215--4217

 []


Underfull \hbox (badness 10000) in paragraph at lines 4221--4223

 []


Underfull \hbox (badness 10000) in paragraph at lines 4229--4231

 []


Underfull \hbox (badness 10000) in paragraph at lines 4236--4238

 []


Underfull \hbox (badness 10000) in paragraph at lines 4243--4245

 []

[110]
Underfull \hbox (badness 10000) in paragraph at lines 4251--4253

 []


Underfull \hbox (badness 10000) in paragraph at lines 4261--4263

 []


Underfull \hbox (badness 10000) in paragraph at lines 4292--4292

 []

[111]
Underfull \hbox (badness 10000) in paragraph at lines 4309--4311

 []


Underfull \hbox (badness 10000) in paragraph at lines 4328--4328

 []


Underfull \hbox (badness 10000) in paragraph at lines 4353--4353

 []

[112]
Underfull \hbox (badness 10000) in paragraph at lines 4357--4359

 []


Underfull \hbox (badness 10000) in paragraph at lines 4363--4365

 []


Underfull \hbox (badness 10000) in paragraph at lines 4371--4373

 []


Underfull \hbox (badness 10000) in paragraph at lines 4377--4379

 []


Underfull \hbox (badness 5245) in paragraph at lines 4388--4388
[][][]  \T1/ptm/m/n/9 (+20) C++ ref-er-ence: Pre-de-fined pre-pro-ces-sor vari-
ables ^^B{[]$\T1/pcr/m/n/9 http : / / www . cppreference . com / wiki /
 []


Underfull \hbox (badness 10000) in paragraph at lines 4391--4392

 []


Underfull \hbox (badness 10000) in paragraph at lines 4393--4394

 []


Underfull \hbox (badness 10000) in paragraph at lines 4395--4396

 []


Underfull \hbox (badness 10000) in paragraph at lines 4397--4398

 []

[113]
Underfull \hbox (badness 10000) in paragraph at lines 4399--4400

 []


Underfull \hbox (badness 10000) in paragraph at lines 4401--4402

 []


Underfull \hbox (badness 10000) in paragraph at lines 4403--4404

 []


Underfull \hbox (badness 10000) in paragraph at lines 4405--4406

 []

[114] [115] [116] [117]
Underfull \hbox (badness 10000) in paragraph at lines 4711--4711
[][][][]$\T1/pcr/m/n/9 http : / / it . wikibooks . org / wiki / C % 2FCompilato
re % 20e % 20precompilatore %
 []

[118]
Chapter 19.

Underfull \hbox (badness 10000) in paragraph at lines 4729--4731

 []


Underfull \hbox (badness 10000) in paragraph at lines 4735--4737

 []


Underfull \hbox (badness 10000) in paragraph at lines 4741--4743

 []

[119


] [120]
Underfull \hbox (badness 10000) in paragraph at lines 4876--4876
[][][][]$\T1/pcr/m/n/9 http : / / www . piclist . com / techref / postbot . asp
 ? by = time&id = piclist \ T1 \
 []


Underfull \hbox (badness 10000) in paragraph at lines 4876--4876
\T1/pcr/m/n/9 textbackslash{}2007 \ T1 \ textbackslash{}10 \ T1 \ textbackslash
{}25 \ T1 \
 []

[121] [122]
Chapter 20.
[123


]
Underfull \hbox (badness 10000) in paragraph at lines 4936--4936
[][][]$\T1/pcr/m/n/9 http : / / en . wikibooks . org / wiki / C % 2B % 2B % 20P
rogramming % 2FCode % 2FStandard % 20C %
 []


Underfull \vbox (badness 10000) detected at line 4945
 []

[124] [125] [126] [127] [128


]
Chapter 21.
[129] [130]

! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5039 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


Underfull \hbox (badness 10000) in paragraph at lines 5047--5049

 []

[131]

! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5073 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5081 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5095 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.

[132]

! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5103 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5117 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.

[133]

! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5134 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5152 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


Underfull \hbox (badness 10000) in paragraph at lines 5157--5159

 []

[134]

! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5166 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5173 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5180 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5187 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5198 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.

[135]

! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5208 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5218 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5228 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.

[136]

! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5246 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5256 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.

[137]

! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5291 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5301 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5311 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.

[138]

! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5323 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.

[139] [140]

! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5385 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5395 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.

[141] [142]
LaTeX Font Info:    Font shape `T1/pcr/bx/n' in size <6> not available
(Font)              Font shape `T1/pcr/b/n' tried instead on input line 5478.
 [143]

! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5530 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.

[144]

! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5538 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5546 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5554 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5562 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5570 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.

[145]

! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5578 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.

[146] [147] [148] [149] [150] [151] [152]
Chapter 22.

Underfull \hbox (badness 10000) in paragraph at lines 5858--5858

 []


Underfull \hbox (badness 10000) in paragraph at lines 5858--5858

 []

[153


]
Underfull \hbox (badness 10000) in paragraph at lines 5892--5892

 []


Underfull \hbox (badness 10000) in paragraph at lines 5933--5933

 []


Underfull \hbox (badness 10000) in paragraph at lines 5933--5933

 []


Underfull \hbox (badness 10000) in paragraph at lines 5933--5933

 []


Underfull \hbox (badness 10000) in paragraph at lines 5933--5933

 []


Underfull \hbox (badness 10000) in paragraph at lines 5933--5933

 []

[154]
Underfull \hbox (badness 10000) in paragraph at lines 5961--5961

 []


Underfull \hbox (badness 10000) in paragraph at lines 5990--5990

 []

Runaway argument?
 
! Paragraph ended before \FV@BeginScanning was complete.
<to be read again> 
                   \par 
l.5990 }
        
I suspect you've forgotten a `}', causing me to apply this
control sequence to too much text. How can we recover?
My plan is to forget the whole thing and hope for the best.

! Misplaced alignment tab character &.
<argument> ,&
             var);\ensuremath {\text { }}\ensuremath {\text { }}\ensuremath ...
l.5990 }
        
I can't figure out why you would want to use a tab mark
here. If you just want an ampersand, the remedy is
simple: Just type `I\&' now. But if some right brace
up above has ended a previous alignment prematurely,
you're probably due for more error messages, and you
might try typing `S' now just to see what is salvageable.

! Misplaced alignment tab character &.
<argument> ,&
             var);\ensuremath {\text { }}\ensuremath {\text { }}\ensuremath ...
l.5990 }
        
I can't figure out why you would want to use a tab mark
here. If you just want an ampersand, the remedy is
simple: Just type `I\&' now. But if some right brace
up above has ended a previous alignment prematurely,
you're probably due for more error messages, and you
might try typing `S' now just to see what is salvageable.

! Misplaced alignment tab character &.
<argument> ,\ensuremath {\text { }}&
                                    var);\ensuremath {\text { }}\ensuremath ...
l.5990 }
        
I can't figure out why you would want to use a tab mark
here. If you just want an ampersand, the remedy is
simple: Just type `I\&' now. But if some right brace
up above has ended a previous alignment prematurely,
you're probably due for more error messages, and you
might try typing `S' now just to see what is salvageable.

! FancyVerb Error:
  Empty verbatim environment
.
\FV@Error ... {FancyVerb Error:
\space \space #1
}
                                                  
l.5990 }
        
This error message was generated by an \errmessage
command, so I can't give any explicit help.
Pretend that you're Hercule Poirot: Examine all clues,
and deduce the truth by order and method.


! LaTeX Error: Something's wrong--perhaps a missing \item.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5990 }
        
Try typing  <return>  to proceed.
If that doesn't work, type  X <return>  to quit.


! LaTeX Error: Something's wrong--perhaps a missing \item.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.5990 }
        
Try typing  <return>  to proceed.
If that doesn't work, type  X <return>  to quit.


Underfull \hbox (badness 10000) in paragraph at lines 5990--5990

 []

Runaway argument?
 
! Paragraph ended before \FV@BeginScanning was complete.
<to be read again> 
                   \par 
l.6025 }
        
I suspect you've forgotten a `}', causing me to apply this
control sequence to too much text. How can we recover?
My plan is to forget the whole thing and hope for the best.

! You can't use `macro parameter character #' in internal vertical mode.
<argument> ##
             include\ensuremath {\text { }}<stdio.h>
l.6025 }
        
Sorry, but I'm not programmed to handle this case;
I'll just pretend that you didn't ask for it.
If you're in the wrong mode, you might be able to
return to the right one by typing `I}' or `I$' or `I\par'.

! You can't use `macro parameter character #' in horizontal mode.
<argument> ##
             include\ensuremath {\text { }}<string.h>
l.6025 }
        
Sorry, but I'm not programmed to handle this case;
I'll just pretend that you didn't ask for it.
If you're in the wrong mode, you might be able to
return to the right one by typing `I}' or `I$' or `I\par'.

! FancyVerb Error:
  Empty verbatim environment
.
\FV@Error ... {FancyVerb Error:
\space \space #1
}
                                                  
l.6025 }
        
(That was another \errmessage.)


! LaTeX Error: Something's wrong--perhaps a missing \item.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.6025 }
        
Try typing  <return>  to proceed.
If that doesn't work, type  X <return>  to quit.


! LaTeX Error: Something's wrong--perhaps a missing \item.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.6025 }
        
Try typing  <return>  to proceed.
If that doesn't work, type  X <return>  to quit.


Underfull \hbox (badness 10000) in paragraph at lines 6025--6025

 []

[155]
Runaway argument?
 
! Paragraph ended before \FV@BeginScanning was complete.
<to be read again> 
                   \par 
l.6060 }
        
I suspect you've forgotten a `}', causing me to apply this
control sequence to too much text. How can we recover?
My plan is to forget the whole thing and hope for the best.

! You can't use `macro parameter character #' in internal vertical mode.
<argument> ##
             include\ensuremath {\text { }}<stdio.h>
l.6060 }
        
Sorry, but I'm not programmed to handle this case;
I'll just pretend that you didn't ask for it.
If you're in the wrong mode, you might be able to
return to the right one by typing `I}' or `I$' or `I\par'.

! Misplaced alignment tab character &.
<argument> (\ensuremath {\text { }}sscanf(&
                                           s[idx],\ensuremath {\text { }}
l.6060 }
        
I can't figure out why you would want to use a tab mark
here. If you just want an ampersand, the remedy is
simple: Just type `I\&' now. But if some right brace
up above has ended a previous alignment prematurely,
you're probably due for more error messages, and you
might try typing `S' now just to see what is salvageable.

! Misplaced alignment tab character &.
<argument> ...xt { }}word,\ensuremath {\text { }}&
                                                  n)\ensuremath {\text { }}>...
l.6060 }
        
I can't figure out why you would want to use a tab mark
here. If you just want an ampersand, the remedy is
simple: Just type `I\&' now. But if some right brace
up above has ended a previous alignment prematurely,
you're probably due for more error messages, and you
might try typing `S' now just to see what is salvageable.

! FancyVerb Error:
  Empty verbatim environment
.
\FV@Error ... {FancyVerb Error:
\space \space #1
}
                                                  
l.6060 }
        
(That was another \errmessage.)


! LaTeX Error: Something's wrong--perhaps a missing \item.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.6060 }
        
Try typing  <return>  to proceed.
If that doesn't work, type  X <return>  to quit.


! LaTeX Error: Something's wrong--perhaps a missing \item.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.6060 }
        
Try typing  <return>  to proceed.
If that doesn't work, type  X <return>  to quit.


Underfull \hbox (badness 10000) in paragraph at lines 6060--6060

 []

[156]
Underfull \hbox (badness 10000) in paragraph at lines 6071--6071

 []

Runaway argument?
 
! Paragraph ended before \FV@BeginScanning was complete.
<to be read again> 
                   \par 
l.6091 }
        
I suspect you've forgotten a `}', causing me to apply this
control sequence to too much text. How can we recover?
My plan is to forget the whole thing and hope for the best.

! FancyVerb Error:
  Empty verbatim environment
.
\FV@Error ... {FancyVerb Error:
\space \space #1
}
                                                  
l.6091 }
        
(That was another \errmessage.)


! LaTeX Error: Something's wrong--perhaps a missing \item.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.6091 }
        
Try typing  <return>  to proceed.
If that doesn't work, type  X <return>  to quit.


! LaTeX Error: Something's wrong--perhaps a missing \item.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.6091 }
        
Try typing  <return>  to proceed.
If that doesn't work, type  X <return>  to quit.


Underfull \hbox (badness 10000) in paragraph at lines 6091--6091

 []


Underfull \hbox (badness 10000) in paragraph at lines 6101--6101

 []

Runaway argument?
 
! Paragraph ended before \FV@BeginScanning was complete.
<to be read again> 
                   \par 
l.6127 }
        
I suspect you've forgotten a `}', causing me to apply this
control sequence to too much text. How can we recover?
My plan is to forget the whole thing and hope for the best.

! FancyVerb Error:
  Empty verbatim environment
.
\FV@Error ... {FancyVerb Error:
\space \space #1
}
                                                  
l.6127 }
        
(That was another \errmessage.)


! LaTeX Error: Something's wrong--perhaps a missing \item.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.6127 }
        
Try typing  <return>  to proceed.
If that doesn't work, type  X <return>  to quit.


! LaTeX Error: Something's wrong--perhaps a missing \item.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.6127 }
        
Try typing  <return>  to proceed.
If that doesn't work, type  X <return>  to quit.


Underfull \hbox (badness 10000) in paragraph at lines 6127--6127

 []


Underfull \vbox (badness 1281) detected at line 6127
 []

[157]
Underfull \hbox (badness 10000) in paragraph at lines 6137--6137

 []

Runaway argument?
 
! Paragraph ended before \FV@BeginScanning was complete.
<to be read again> 
                   \par 
l.6159 }
        
I suspect you've forgotten a `}', causing me to apply this
control sequence to too much text. How can we recover?
My plan is to forget the whole thing and hope for the best.

! FancyVerb Error:
  Empty verbatim environment
.
\FV@Error ... {FancyVerb Error:
\space \space #1
}
                                                  
l.6159 }
        
(That was another \errmessage.)


! LaTeX Error: Something's wrong--perhaps a missing \item.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.6159 }
        
Try typing  <return>  to proceed.
If that doesn't work, type  X <return>  to quit.


! LaTeX Error: Something's wrong--perhaps a missing \item.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.6159 }
        
Try typing  <return>  to proceed.
If that doesn't work, type  X <return>  to quit.


Underfull \hbox (badness 10000) in paragraph at lines 6159--6159

 []

[158]
Runaway argument?
 
! Paragraph ended before \FV@BeginScanning was complete.
<to be read again> 
                   \par 
l.6242 }
        
I suspect you've forgotten a `}', causing me to apply this
control sequence to too much text. How can we recover?
My plan is to forget the whole thing and hope for the best.

! You can't use `macro parameter character #' in horizontal mode.
<argument> ##
             include\ensuremath {\text { }}<math.h>\ensuremath {\text { }}\e...
l.6242 }
        
Sorry, but I'm not programmed to handle this case;
I'll just pretend that you didn't ask for it.
If you're in the wrong mode, you might be able to
return to the right one by typing `I}' or `I$' or `I\par'.

! You can't use `macro parameter character #' in horizontal mode.
<argument> ##
             include\ensuremath {\text { }}<stdio.h>
l.6242 }
        
Sorry, but I'm not programmed to handle this case;
I'll just pretend that you didn't ask for it.
If you're in the wrong mode, you might be able to
return to the right one by typing `I}' or `I$' or `I\par'.

! Misplaced alignment tab character &.
<argument> ,\ensuremath {\text { }}&
                                    var);
l.6242 }
        
I can't figure out why you would want to use a tab mark
here. If you just want an ampersand, the remedy is
simple: Just type `I\&' now. But if some right brace
up above has ended a previous alignment prematurely,
you're probably due for more error messages, and you
might try typing `S' now just to see what is salvageable.

! FancyVerb Error:
  Empty verbatim environment
.
\FV@Error ... {FancyVerb Error:
\space \space #1
}
                                                  
l.6242 }
        
(That was another \errmessage.)


! LaTeX Error: Something's wrong--perhaps a missing \item.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.6242 }
        
Try typing  <return>  to proceed.
If that doesn't work, type  X <return>  to quit.


! LaTeX Error: Something's wrong--perhaps a missing \item.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.6242 }
        
Try typing  <return>  to proceed.
If that doesn't work, type  X <return>  to quit.


Underfull \hbox (badness 10000) in paragraph at lines 6242--6242

 []

[159]
Underfull \hbox (badness 10000) in paragraph at lines 6256--6256
[][][][]$\T1/pcr/m/n/9 http : / / pl . wikibooks . org / wiki / C % 2F % 01 % 0
6wiczenia % 20dla % 20pocz % 01 % 05tkuj % 01 %
 []

[160]
Chapter 23.
[161


] [162


]
Chapter 24.
[163]
Underfull \hbox (badness 10000) in paragraph at lines 6388--6389

 []

[164] <../images/1.png, id=2789, 1244.65pt x 193.72375pt>
File: ../images/1.png Graphic file (type png)

<use ../images/1.png> [165 <../images/1.png (PNG copy)>] [166]
Chapter 25.
<../images/2.png, id=2814, 236.885pt x 314.17375pt>
File: ../images/2.png Graphic file (type png)
 <use ../images/2.png>
[167


 <../images/2.png (PNG copy)>]
Underfull \hbox (badness 10000) in paragraph at lines 6578--6580

 []

Runaway argument?
 
! Paragraph ended before \FV@BeginScanning was complete.
<to be read again> 
                   \par 
l.6589 }
        
I suspect you've forgotten a `}', causing me to apply this
control sequence to too much text. How can we recover?
My plan is to forget the whole thing and hope for the best.

! FancyVerb Error:
  Empty verbatim environment
.
\FV@Error ... {FancyVerb Error:
\space \space #1
}
                                                  
l.6589 }
        
(That was another \errmessage.)


! LaTeX Error: Something's wrong--perhaps a missing \item.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.6589 }
        
Try typing  <return>  to proceed.
If that doesn't work, type  X <return>  to quit.


! LaTeX Error: Something's wrong--perhaps a missing \item.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.6589 }
        
Try typing  <return>  to proceed.
If that doesn't work, type  X <return>  to quit.


Underfull \hbox (badness 10000) in paragraph at lines 6589--6589

 []


Underfull \hbox (badness 10000) in paragraph at lines 6592--6594

 []

[168] <../images/3.png, id=2835, 1244.65pt x 378.41376pt>
File: ../images/3.png Graphic file (type png)

<use ../images/3.png> [169] [170 <../images/3.png (PNG copy)>]
! FancyVerb Error:
  Extraneous input `\newline ' between \begin{Highlighting}[<key=value>] and li
ne end
.
\FV@Error ... {FancyVerb Error:
\space \space #1
}
                                                  
l.6762 \begin{Highlighting}[]\newline
                                     
This input will be discarded. Hit <return> to continue.

[171]
! FancyVerb Error:
  Extraneous input `\newline ' between \begin{Highlighting}[<key=value>] and li
ne end
.
\FV@Error ... {FancyVerb Error:
\space \space #1
}
                                                  
l.6798 \begin{Highlighting}[]\newline
                                     
This input will be discarded. Hit <return> to continue.

[172]
Underfull \hbox (badness 10000) in paragraph at lines 6889--6891

 []

[173]
Underfull \hbox (badness 10000) in paragraph at lines 6895--6898

 []


Underfull \hbox (badness 10000) in paragraph at lines 6902--6904

 []


Underfull \hbox (badness 10000) in paragraph at lines 6909--6911

 []

[174] [175] [176]
Underfull \hbox (badness 10000) in paragraph at lines 7146--7148

 []

[177] [178] [179]
Underfull \hbox (badness 10000) in paragraph at lines 7327--7327
[][][][]$\T1/pcr/m/n/9 http : / / www . digilife . be / quickreferences / QRC /
 C % 20Reference % 20Card % 20(ANSI ) %202 .
 []


Underfull \hbox (badness 10000) in paragraph at lines 7330--7330
[][][][]$\T1/pcr/m/n/9 http : / / en . wikibooks . org / wiki / %3AFile % 3APoi
nter % 20Fun % 20with % 20Binky % 20 % 28C %
 []


Underfull \hbox (badness 10000) in paragraph at lines 7335--7335
[][][][]$\T1/pcr/m/n/9 http : / / it . wikibooks . org / wiki / C % 2FVettori %
 20e % 20puntatori %
 []

[180] [181] [182


]
Chapter 26.
[183] [184]
! FancyVerb Error:
  Extraneous input `\newline ' between \begin{Highlighting}[<key=value>] and li
ne end
.
\FV@Error ... {FancyVerb Error:
\space \space #1
}
                                                  
l.7450 \begin{Highlighting}[]\newline
                                     
This input will be discarded. Hit <return> to continue.

[185]
LaTeX Font Info:    Font shape `TS1/ptm/bx/n' in size <12> not available
(Font)              Font shape `TS1/ptm/b/n' tried instead on input line 7505.
 [186]
Chapter 27.
[187


] [188] [189]
Underfull \hbox (badness 10000) in paragraph at lines 7704--7706

 []

[190] [191]
Underfull \hbox (badness 10000) in paragraph at lines 7816--7817
\T1/pcr/m/n/10.95 char *strncat(char *restrict s1, const char *restrict s2, siz
e_-t
 []

[192]
Underfull \hbox (badness 10000) in paragraph at lines 7890--7891
\T1/pcr/m/n/10.95 char *strncpy(char *restrict s1, const char *restrict s2, siz
e_-t
 []

[193] [194]
Underfull \hbox (badness 1024) in paragraph at lines 7984--7986
[] \T1/pcr/m/n/10.95 void *memcpy(void * restrict s1, const void * restrict s2,
 size_-t
 []

[195] [196] [197] [198] [199] [200]
Underfull \hbox (badness 10000) in paragraph at lines 8361--8361
[][][][]$\T1/pcr/m/n/9 http : / / en . wikibooks . org / wiki / A % 20Little % 
20C % 20Primer % 2FC % 20String %
 []


Underfull \hbox (badness 10000) in paragraph at lines 8362--8362
[][][][]$\T1/pcr/m/n/9 http : / / en . wikibooks . org / wiki / C % 2B % 2B % 2
0Programming % 2FCode % 2FIO % 2FStreams %
 []


Underfull \hbox (badness 10000) in paragraph at lines 8364--8364
[][][][]$\T1/pcr/m/n/9 http : / / openwall . info / wiki / people / solar / sof
tware / public-[]domain-[]source-[]code /
 []

[201] [202]
Chapter 28.

Underfull \hbox (badness 10000) in paragraph at lines 8398--8400

 []


Underfull \hbox (badness 10000) in paragraph at lines 8405--8407

 []


Underfull \hbox (badness 10000) in paragraph at lines 8410--8413

 []


Underfull \hbox (badness 10000) in paragraph at lines 8418--8419

 []

[203


]
Underfull \hbox (badness 10000) in paragraph at lines 8425--8428

 []


Underfull \hbox (badness 10000) in paragraph at lines 8437--8438

 []


Underfull \hbox (badness 10000) in paragraph at lines 8442--8443

 []


Underfull \hbox (badness 10000) in paragraph at lines 8449--8450

 []


Underfull \hbox (badness 10000) in paragraph at lines 8454--8455

 []


Underfull \hbox (badness 10000) in paragraph at lines 8466--8468

 []

[204] [205] [206


]
Chapter 29.
[207] [208] [209] [210]

LaTeX Font Warning: Font shape `C70/megafont/m/it' undefined
(Font)              using `C70/megafont/m/n' instead on input line 8773.

[211] [212]
Chapter 30.

! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.8853 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.

[213


] [214]
Underfull \hbox (badness 10000) in paragraph at lines 8925--8927

 []


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.8934 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


Underfull \hbox (badness 10000) in paragraph at lines 8946--8948

 []


Underfull \hbox (badness 10000) in paragraph at lines 8958--8960

 []


Underfull \hbox (badness 10000) in paragraph at lines 8970--8974

 []

[215]
Underfull \hbox (badness 10000) in paragraph at lines 8978--8979

 []


Underfull \hbox (badness 10000) in paragraph at lines 8982--8983

 []

[216] [217] [218


]
Chapter 31.
[219] [220


]
Chapter 32.
[221] [222


]
Chapter 33.

Underfull \hbox (badness 10000) in paragraph at lines 9097--9097
[][][][]$\T1/pcr/m/n/9 http : / / en . wikibooks . org / wiki / Embedded % 20Sy
stems % 2FMixed % 20C % 20and %
 []


Underfull \hbox (badness 1205) in paragraph at lines 9100--9100
[][][] \T1/ptm/m/n/9 (+20) Cg Bumpmap-ping by Raz-van Sur-d-ulescu at GameDev ^
^B{[]$\T1/pcr/m/n/9 http : / / www . gamedev . net / reference /
 []


Underfull \hbox (badness 10000) in paragraph at lines 9103--9103

 []

[223]
Underfull \hbox (badness 10000) in paragraph at lines 9132--9133

 []


Underfull \hbox (badness 10000) in paragraph at lines 9149--9149
[][][][]$\T1/pcr/m/n/9 http : / / en . wikibooks . org / wiki / Embedded % 20Sy
stems % 2FMixed % 20C % 20and %
 []


Underfull \hbox (badness 10000) in paragraph at lines 9157--9157
[][][][]$\T1/pcr/m/n/9 http : / / pl . wikibooks . org / wiki / C % 2F % 01 % 4
1 % 01 % 05czenie % 20z % 20innymi % 20j % 01 %
 []

[224]
Chapter 34.
[225


] [226


]
Chapter 35.
[227] [228


]
Chapter 36.

! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.9232 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.9236 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.

[229] [230


]
Chapter 37.
[231] [232


]
Chapter 38.

Underfull \hbox (badness 1616) in paragraph at lines 9321--9322
[]\T1/pcr/b/n/10.95 _- 
 []


Underfull \hbox (badness 10000) in paragraph at lines 9336--9336
[][][][]$\T1/pcr/m/n/9 http : / / publib . boulder . ibm . com / infocenter / c
omphelp / v7v91 / topic / com . ibm .
 []


Underfull \hbox (badness 2653) in paragraph at lines 9344--9345
[] 
 []


Overfull \hbox (4.70189pt too wide) in paragraph at lines 9344--9345
\T1/pcr/m/n/10.95 <assert.h>[][][]  
 []


Underfull \hbox (badness 2653) in paragraph at lines 9351--9352
[] 
 []


Overfull \hbox (4.46188pt too wide) in paragraph at lines 9351--9352
\T1/pcr/m/n/10.95 <limits.h>[][][]  
 []


Underfull \hbox (badness 2653) in paragraph at lines 9352--9353
[] 
 []


Overfull \hbox (4.70189pt too wide) in paragraph at lines 9352--9353
\T1/pcr/m/n/10.95 <locale.h>[][][]  
 []


Underfull \hbox (badness 2653) in paragraph at lines 9354--9355
[] 
 []


Overfull \hbox (9.50189pt too wide) in paragraph at lines 9354--9355
\T1/pcr/m/n/10.95 <setjmp.h>[][][]  
 []


Underfull \hbox (badness 2653) in paragraph at lines 9358--9359
[] 
 []


Overfull \hbox (9.26189pt too wide) in paragraph at lines 9358--9359
\T1/pcr/m/n/10.95 <signal.h>[][][]  
 []


Underfull \hbox (badness 2653) in paragraph at lines 9359--9360
[] 
 []


Overfull \hbox (9.50189pt too wide) in paragraph at lines 9359--9360
\T1/pcr/m/n/10.95 <stdarg.h>[][][]  
 []


Underfull \hbox (badness 2653) in paragraph at lines 9360--9361
[] 
 []


Overfull \hbox (9.50189pt too wide) in paragraph at lines 9360--9361
\T1/pcr/m/n/10.95 <stddef.h>[][][]  
 []


Underfull \hbox (badness 2653) in paragraph at lines 9361--9362
[] 
 []


Overfull \hbox (2.6919pt too wide) in paragraph at lines 9361--9362
\T1/pcr/m/n/10.95 <stdio.h>[][][]  
 []


Underfull \hbox (badness 2653) in paragraph at lines 9365--9366
[] 
 []


Overfull \hbox (9.50189pt too wide) in paragraph at lines 9365--9366
\T1/pcr/m/n/10.95 <stdlib.h>[][][]  
 []


Underfull \hbox (badness 2653) in paragraph at lines 9366--9367
[] 
 []


Overfull \hbox (9.50189pt too wide) in paragraph at lines 9366--9367
\T1/pcr/m/n/10.95 <string.h>[][][]  
 []

[233]
Underfull \hbox (badness 4144) in paragraph at lines 9437--9437
[]|| \T1/ptm/m/n/10.95 (+20) post- 
 []


Underfull \hbox (badness 4913) in paragraph at lines 9438--9438
[]|| \T1/ptm/m/n/10.95 (+20) pre- 
 []

[234]
Underfull \hbox (badness 1748) in paragraph at lines 9471--9471
[]|| \T1/pcr/m/n/10.95 bits & 
 []

[235] [236]
Underfull \hbox (badness 10000) in paragraph at lines 9507--9508

 []

[237]
LaTeX Font Info:    Font shape `T1/ptm/bx/n' in size <5> not available
(Font)              Font shape `T1/ptm/b/n' tried instead on input line 9633.


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.9635 \newline
               {}
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.9645 \newline
               {}
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


Underfull \hbox (badness 4366) in paragraph at lines 9653--9653
[]|| \T1/pcr/m/sl/8 type 
 []


Underfull \hbox (badness 2343) in paragraph at lines 9653--9653
\T1/pcr/m/sl/8 list of 
 []


! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.9654 \newline
               {}
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.

[238] [239] [240] [241] [242]
Chapter 39.
[243


] [244]
Chapter 40.
[245


] [246] [247] [248] [249] [250] [251] [252] [253] [254] [255]
Underfull \hbox (badness 10000) in paragraph at lines 10052--10052
[][][]$\T1/pcr/m/n/9 http : / / en . wikibooks . org / w / index . php ? title 
= User : %D0 % 90 % D0 % BB % D0 % B5 % D0 % BA % D1 %
 []


Underfull \hbox (badness 10000) in paragraph at lines 10053--10053
[][][]$\T1/pcr/m/n/9 http : / / en . wikibooks . org / w / index . php ? title 
= User : %E3 % 82 % BF % E3 % 83 % 81 % E3 % 82 % B3 %
 []

[256] [257] [258


] (./main.lof)
\tf@lof=\write8
\openout8 = `main.lof'.


Underfull \hbox (badness 2460) in paragraph at lines 10059--10060
[]\T1/ptm/m/n/10.95 (+20) cc-by-sa-3.0: Cre-ative Com-mons At-tri-bu-tion Share
-Alike 3.0 Li-cense. []$\T1/pcr/m/n/10.95 http : / /
 []


Underfull \hbox (badness 2460) in paragraph at lines 10060--10061
[]\T1/ptm/m/n/10.95 (+20) cc-by-sa-2.5: Cre-ative Com-mons At-tri-bu-tion Share
-Alike 2.5 Li-cense. []$\T1/pcr/m/n/10.95 http : / /
 []


Underfull \hbox (badness 2460) in paragraph at lines 10061--10062
[]\T1/ptm/m/n/10.95 (+20) cc-by-sa-2.0: Cre-ative Com-mons At-tri-bu-tion Share
-Alike 2.0 Li-cense. []$\T1/pcr/m/n/10.95 http : / /
 []


Underfull \hbox (badness 2460) in paragraph at lines 10062--10063
[]\T1/ptm/m/n/10.95 (+20) cc-by-sa-1.0: Cre-ative Com-mons At-tri-bu-tion Share
-Alike 1.0 Li-cense. []$\T1/pcr/m/n/10.95 http : / /
 []


Underfull \hbox (badness 3009) in paragraph at lines 10074--10075
[]\T1/ptm/m/n/10.95 (+20) EPL: Eclipse Pub-lic Li-cense. []$\T1/pcr/m/n/10.95 h
ttp : / / www . eclipse . org / org / documents /
 []

[259] [260]
Underfull \vbox (badness 10000) detected at line 10094
 []

[261]

Class scrbook Warning: Using fallback calculation to setup font sizes
(scrbook)              for basic size `9pt' on input line 10095.


Package typearea Warning: \typearea used at group level 2.
(typearea)                Using \typearea inside any group, e.g.
(typearea)                environments, math mode, boxes, etc. may result in
(typearea)                many type setting problems. Because of this you
(typearea)                should never do this. You should move the \typearea
(typearea)                outside all groups on input line 10095.


Package typearea Warning: Bad type area settings!
(typearea)                The detected line width is about 83%
(typearea)                larger than the heuristically detected line width.
(typearea)                You should e.g. decrease DIV, increase fontsize
(typearea)                or change papersize.

Package typearea Info: These are the values describing the layout:
(typearea)             DIV  = 90
(typearea)             BCOR = 34.1433pt
(typearea)             \paperwidth      = 597.50793pt
(typearea)              \textwidth      = 544.58585pt
(typearea)              DIV departure   = -83%
(typearea)              \evensidemargin = -59.7508pt
(typearea)              \oddsidemargin  = -31.8671pt
(typearea)             \paperheight     = 845.04694pt
(typearea)              \textheight     = 818.99794pt
(typearea)              \topmargin      = -92.58049pt
(typearea)              \headheight     = 13.49995pt
(typearea)              \headsep        = 16.19995pt
(typearea)              \topskip        = 9.0pt
(typearea)              \footskip       = 37.7999pt
(typearea)              \baselineskip   = 10.79997pt
(typearea)              on input line 10095.

Package typearea Warning: Typearea changed!
(typearea)                You should do this only at preamble, because only
(typearea)                \begin{document} calculates output dimensions!
(typearea)                Trying to calculate new output dimensions, but
(typearea)                this is only a dirty hack on input line 10095.


Package typearea Warning: \typearea used at group level 2.
(typearea)                Using \typearea inside any group, e.g.
(typearea)                environments, math mode, boxes, etc. may result in
(typearea)                many type setting problems. Because of this you
(typearea)                should never do this. You should move the \typearea
(typearea)                outside all groups on input line 10095.


Package typearea Warning: Bad type area settings!
(typearea)                The detected line width is about 94%
(typearea)                larger than the heuristically detected line width.
(typearea)                You should e.g. decrease DIV, increase fontsize
(typearea)                or change papersize.

Package typearea Info: These are the values describing the layout:
(typearea)             DIV  = 90
(typearea)             BCOR = 0.0pt
(typearea)             \paperwidth      = 597.50793pt
(typearea)              \textwidth      = 577.591pt
(typearea)              DIV departure   = -94%
(typearea)              \evensidemargin = -58.99203pt
(typearea)              \oddsidemargin  = -65.63101pt
(typearea)             \paperheight     = 845.04694pt
(typearea)              \textheight     = 818.99794pt
(typearea)              \topmargin      = -92.58049pt
(typearea)              \headheight     = 13.49995pt
(typearea)              \headsep        = 16.19995pt
(typearea)              \topskip        = 9.0pt
(typearea)              \footskip       = 37.7999pt
(typearea)              \baselineskip   = 10.79997pt
(typearea)              on input line 10095.

Package typearea Warning: Typearea changed!
(typearea)                You should do this only at preamble, because only
(typearea)                \begin{document} calculates output dimensions!
(typearea)                Trying to calculate new output dimensions, but
(typearea)                this is only a dirty hack on input line 10095.

[262


]
Chapter 41.
LaTeX Font Info:    Font shape `T1/phv/m/n' will be
(Font)              scaled to size 8.27998pt on input line 10097.
LaTeX Font Info:    Font shape `T1/phv/bx/n' in size <9> not available
(Font)              Font shape `T1/phv/b/n' tried instead on input line 10097.
LaTeX Font Info:    Font shape `T1/phv/b/n' will be
(Font)              scaled to size 8.27998pt on input line 10097.
LaTeX Font Info:    Font shape `T1/ptm/bx/n' in size <18.66605> not available
(Font)              Font shape `T1/ptm/b/n' tried instead on input line 10097.
LaTeX Font Info:    Font shape `T1/phv/m/n' will be
(Font)              scaled to size 4.13998pt on input line 10100.
LaTeX Font Info:    Font shape `T1/phv/bx/n' in size <4.5> not available
(Font)              Font shape `T1/phv/b/n' tried instead on input line 10100.
LaTeX Font Info:    Font shape `T1/phv/b/n' will be
(Font)              scaled to size 4.13998pt on input line 10100.
LaTeX Font Info:    Font shape `T1/ptm/bx/n' in size <4.5> not available
(Font)              Font shape `T1/ptm/b/n' tried instead on input line 10100.
LaTeX Font Info:    Font shape `T1/ptm/bx/n' in size <12.96002> not available
(Font)              Font shape `T1/ptm/b/n' tried instead on input line 10100.
[263] [264] [265] (./main.aux)

 *File List*
hyphsubst.sty    2008/06/09 v0.2 Substitute hyphenation patterns (HO)
infwarerr.sty    2007/09/09 v1.2 Providing info/warning/message (HO)
 scrbook.cls    2009/07/24 v3.04a KOMA-Script document class (book)
scrkbase.sty    2009/07/24 v3.04a KOMA-Script package (KOMA-Script-dependent ba
sics and keyval usage)
 scrbase.sty    2009/07/24 v3.04a KOMA-Script package (KOMA-Script-independent 
basics and keyval usage)
  keyval.sty    1999/03/16 v1.13 key=value parser (DPC)
scrlfile.sty    2009/03/25 v3.03 KOMA-Script package (loading files)
tocbasic.sty    2009/06/08 v3.03b KOMA-Script package (handling toc-files)
scrsize11pt.clo    2009/07/24 v3.04a KOMA-Script font size class option (11pt)
typearea.sty    2009/07/24 v3.04a KOMA-Script package (type area)
../headers/paper.tex
../headers/packages1.tex
inputenc.sty    2008/03/30 v1.1d Input encoding file
utf8plain.def
   color.sty    1999/02/16
   color.cfg    2007/01/18 v1.5 color configuration of teTeX/TeXLive
  pdftex.def    2010/03/12 v0.04p Graphics/color for pdfTeX
textcomp.sty    2005/09/27 v1.99g Standard LaTeX package
  ts1enc.def    2001/06/05 v3.0e (jk/car/fm) Standard LaTeX file
utf8plainenc.dfu
   alltt.sty    1997/06/16 v2.0g defines alltt environment
  syntax.sty    1996/05/17 1.07 Syntax typesetting (MDW)
 parskip.sty    2001/04/09 non-zero parskip adjustments
    ulem.sty    2000/05/26
hyperref.sty    2009/10/09 v6.79a Hypertext links for LaTeX
   ifpdf.sty    2009/04/10 v2.0 Provides the ifpdf switch (HO)
  ifvtex.sty    2008/11/04 v1.4 Switches for detecting VTeX and its modes (HO)
 ifxetex.sty    2009/01/23 v0.5 Provides ifxetex conditional
 hycolor.sty    2009/10/02 v1.5 Code for color options of hyperref/bookmark (HO
)
xcolor-patch.sty    2009/10/02 xcolor patch
  pd1enc.def    2009/10/09 v6.79a Hyperref: PDFDocEncoding definition (HO)
utf8plainenc.dfu
etexcmds.sty    2007/12/12 v1.2 Prefix for e-TeX command names (HO)
hyperref.cfg    2002/06/06 v1.2 hyperref configuration of TeXLive
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pdfTeX warning (dest): name{Hfootnote.244} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.243} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.242} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.241} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.240} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.239} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.238} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.237} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.236} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.235} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.234} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.233} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.232} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.224} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.223} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.222} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.221} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.220} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.219} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.218} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.217} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.216} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.215} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.214} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.213} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.212} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.211} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.210} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.209} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.83} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.82} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.81} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.80} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.79} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.78} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.77} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.76} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.75} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.74} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.73} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.72} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.71} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.70} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.69} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.68} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.67} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.66} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.65} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.64} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.63} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.62} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.61} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.60} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.59} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.57} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.56} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.55} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.54} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.53} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.52} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.51} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.50} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.49} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.48} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.47} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.46} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.45} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.44} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.43} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.42} has been referenced but does not exis
t, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.41} has been referenced but does not exis
t, replaced by a fixed one

 </home/dirk/.texmf-var/fonts/pk/modeless/megafont/megafont30.657pk> </home/dir
k/.texmf-var/fonts/pk/modeless/megafont/megafont04.657pk> </home/dirk/.texmf-va
r/fonts/pk/modeless/megafont/megafont22.480pk> </home/dirk/.texmf-var/fonts/pk/
modeless/megafont/megafont22.657pk> </home/dirk/.texmf-var/fonts/pk/modeless/me
gafont/megafont03.657pk>{/usr/share/texmf-texlive/fonts/enc/dvips/base/8r.enc}<
/usr/share/texmf-texlive/fonts/type1/public/amsfonts/cm/cmmi10.pfb></usr/share/
texmf-texlive/fonts/type1/public/amsfonts/cm/cmr10.pfb></usr/share/texmf-texliv
e/fonts/type1/public/amsfonts/cm/cmsy10.pfb></usr/share/texmf-texlive/fonts/typ
e1/public/fourier/fourier-orns.pfb></usr/share/texmf-texlive/fonts/type1/urw/co
urier/ucrb8a.pfb></usr/share/texmf-texlive/fonts/type1/urw/courier/ucrr8a.pfb><
/usr/share/texmf-texlive/fonts/type1/urw/courier/ucrro8a.pfb></usr/share/texmf-
texlive/fonts/type1/urw/symbol/usyr.pfb></usr/share/texmf-texlive/fonts/type1/u
rw/times/utmb8a.pfb></usr/share/texmf-texlive/fonts/type1/urw/times/utmbi8a.pfb
></usr/share/texmf-texlive/fonts/type1/urw/times/utmr8a.pfb></usr/share/texmf-t
exlive/fonts/type1/urw/times/utmri8a.pfb>
Output written on main.pdf (271 pages, 1430604 bytes).
PDF statistics:
 5027 PDF objects out of 5155 (max. 8388607)
 1449 named destinations out of 1728 (max. 500000)
 70031 words of extra memory for PDF output out of 74296 (max. 10000000)
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headers/texput.log

This is pdfTeX, Version 3.1415926-1.40.10 (TeX Live 2009/Debian) (format=pdflatex 2012.4.24)  19 MAY 2012 14:17
entering extended mode
 %&-line parsing enabled.
**main.tex

! Emergency stop.
<*> main.tex
            
End of file on the terminal!

 
Here is how much of TeX's memory you used:
 4 strings out of 493848
 106 string characters out of 1152823
 47808 words of memory out of 3000000
 3381 multiletter control sequences out of 15000+50000
 3640 words of font info for 14 fonts, out of 3000000 for 9000
 714 hyphenation exceptions out of 8191
 0i,0n,0p,12b,6s stack positions out of 5000i,500n,10000p,200000b,50000s
!  ==> Fatal error occurred, no output PDF file produced!







main/etoolbox.sty

% $Id: etoolbox.sty,v 2.1 2011/01/03 19:14:10 lehman stable $

% Copyright (c) 2007-2011 Philipp Lehman.
%
% Permission is granted to copy, distribute and/or modify this
% software under the terms of the LaTeX Project Public License
% (LPPL), version 1.3.
%
% The LPPL maintenance status of this software is
% 'author-maintained'.
%
% This software is provided 'as is', without warranty of any kind,
% either expressed or implied, including, but not limited to, the
% implied warranties of merchantability and fitness for a
% particular purpose.

\def\etb@rcsid$#1: #2 #3 #4 #5${#4 v#3}

\NeedsTeXFormat{LaTeX2e}
\ProvidesPackage{etoolbox}
[\etb@rcsid $Id: etoolbox.sty,v 2.1 2011/01/03 19:14:10 lehman stable $
 e-TeX tools for LaTeX]

\begingroup
\@ifundefined{eTeXversion}
  {\PackageError{etoolbox}
     {Not running under e-TeX}
     {This package requires e-TeX. Try compiling the document
      with\MessageBreak 'elatex' instead of 'latex'. When using
      pdfTeX, try 'pdfelatex'\MessageBreak instead of 'pdflatex'.
      This is a fatal error. I'm aborting now.}%
   \aftergroup\endinput}
  {}
\endgroup

\RequirePackage{etex}

\def\etb@catcodes{\do\&\do\|\do\:\do\-\do\=\do\<\do\>}
\def\do#1{\catcode\number`#1=\the\catcode`#1\relax}
\edef\etb@catcodes{\etb@catcodes}
\let\do\noexpand
\AtEndOfPackage{\etb@catcodes\undef\etb@catcodes}

\catcode`\&=3
\catcode`\|=3
\@makeother\:
\@makeother\-
\@makeother\=
\@makeother\<
\@makeother\>

\protected\def\etb@error{\PackageError{etoolbox}}
\protected\def\etb@warning{\PackageWarning{etoolbox}}
\protected\def\etb@info{\PackageInfo{etoolbox}}
\newcount\etb@tempcnta

% {<cstoken>}[<arguments>][<optarg default>]{<definition>}

\newcommand*{\newrobustcmd}{}
\protected\def\newrobustcmd{\@star@or@long\etb@new@command}

\def\etb@new@command#1{\@testopt{\etb@newcommand#1}0}

\def\etb@newcommand#1[#2]{%
  \@ifnextchar[%]
    {\etb@xargdef#1[#2]}
    {\ifx\l@ngrel@x\relax
       \let\l@ngrel@x\protected
     \else
       \protected\def\l@ngrel@x{\protected\long}%
     \fi
     \@argdef#1[#2]}}

\long\def\etb@xargdef#1[#2][#3]#4{%
  \@ifdefinable#1{%
    \expandafter\protected
    \expandafter\def
    \expandafter#1%
    \expandafter{%
      \expandafter\@testopt
      \csname\string#1\endcsname{#3}}%
    \expandafter\@yargdef\csname\string#1\endcsname\tw@{#2}{#4}}}

% {<cstoken>}[<arguments>][<optarg default>]{<definition>}

\newrobustcmd*{\renewrobustcmd}{\@star@or@long\etb@renew@command}

\def\etb@renew@command#1{%
  \ifundef{#1}
     {\etb@error{\string#1 undefined}\@ehc}
     {}%
  \let\@ifdefinable\@rc@ifdefinable
  \etb@new@command#1}

% {<cstoken>}[<arguments>][<optarg default>]{<definition>}

\newrobustcmd*{\providerobustcmd}{\@star@or@long\etb@provide@command}

\def\etb@provide@command#1{%
  \ifundef{#1}
    {\def\reserved@a{\etb@new@command#1}}
    {\def\reserved@a{\etb@renew@command\reserved@a}}%
  \reserved@a}

% {<csname>}

\newrobustcmd*{\csshow}[1]{%
  \begingroup\expandafter\endgroup
  \expandafter\show\csname#1\endcsname}

% {<cstoken>}{<true>}{<false>}

\newcommand{\ifdef}[1]{%
  \ifdefined#1%
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<cstoken>}{<true>}{<false>}

\newcommand{\ifundef}[1]{%
  \ifdefined#1%
    \ifx#1\relax
      \expandafter\expandafter
      \expandafter\@firstoftwo
    \else
      \expandafter\expandafter
      \expandafter\@secondoftwo
    \fi
  \else
    \expandafter\@firstoftwo
  \fi}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsdef}[1]{%
  \ifcsname#1\endcsname
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsundef}[1]{%
  \ifcsname#1\endcsname
    \expandafter\ifx\csname#1\endcsname\relax
      \expandafter\expandafter
      \expandafter\@firstoftwo
    \else
      \expandafter\expandafter
      \expandafter\@secondoftwo
    \fi
  \else
    \expandafter\@firstoftwo
  \fi}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefmacro}{}
\long\edef\ifdefmacro#1{%
  \noexpand\expandafter\noexpand\etb@ifdefmacro
  \noexpand\meaning#1\detokenize{macro}:&}
\edef\etb@ifdefmacro{%
  \def\noexpand\etb@ifdefmacro##1\detokenize{macro}:##2&}
\etb@ifdefmacro{\notblank{#2}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsmacro}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefmacro\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefprefix}[1]{%
  \ifdefmacro{#1}
    {\etb@ifdefprefix{#1}}
    {\@secondoftwo}}
\long\edef\etb@ifdefprefix#1{%
  \noexpand\expandafter\noexpand\etb@ifdefprefix@i
  \noexpand\meaning#1\detokenize{macro}:&}
\edef\etb@ifdefprefix@i{%
  \def\noexpand\etb@ifdefprefix@i##1\detokenize{macro}:##2&}
\etb@ifdefprefix@i{\notblank{#1}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsprefix}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefprefix\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefparam}{}
\long\edef\ifdefparam#1{%
  \noexpand\expandafter\noexpand\etb@ifdefparam
  \noexpand\meaning#1\detokenize{macro}:->&}
\edef\etb@ifdefparam{%
  \def\noexpand\etb@ifdefparam##1\detokenize{macro}:##2->##3&}
\etb@ifdefparam{\notblank{#2}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsparam}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefparam\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefprotected}{}
\long\edef\ifdefprotected#1{%
  \noexpand\expandafter\noexpand\etb@ifdefprotected
  \noexpand\meaning#1\string\protected&}
\edef\etb@ifdefprotected{%
  \def\noexpand\etb@ifdefprotected##1\string\protected##2&}
\etb@ifdefprotected{\notblank{#2}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsprotected}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefprotected\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newrobustcmd{\ifdefltxprotect}[1]{%
  \begingroup
  \edef\etb@resrvda{%
    \noexpand\protect\expandafter\noexpand
    \csname\expandafter\@gobble\string#1 \endcsname}%
  \expandafter\endgroup\ifx#1\etb@resrvda
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<csname>}{<true>}{<false>}

\newrobustcmd*{\ifcsltxprotect}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefltxprotect\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true>}{<false>}

\newcommand{\ifdefempty}[1]{%
  \ifundef{#1}
    {\@secondoftwo}
    {\ifdefmacro{#1}
       {\ifdefparam{#1}
	  {\@secondoftwo}
	  {\etb@ifdefempty{#1}}}
       {\@secondoftwo}}}

\def\etb@ifdefempty#1{%
  \expandafter\expandafter
  \expandafter\ifblank
  \expandafter\expandafter
  \expandafter{%
  \expandafter\strip@prefix\meaning#1}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsempty}[1]{%
  \ifcsundef{#1}
    {\@secondoftwo}
    {\expandafter\ifdefparam\csname#1\endcsname
       {\@secondoftwo}
       {\expandafter\etb@ifdefempty\csname#1\endcsname}}}

% {<cstoken>}{<true>}{<false>}

\newcommand{\ifdefvoid}[1]{%
  \ifundef{#1}
    {\@firstoftwo}
    {\ifdefmacro{#1}
       {\ifdefparam{#1}
	  {\@secondoftwo}
	  {\etb@ifdefempty{#1}}}
       {\@secondoftwo}}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsvoid}[1]{%
  \ifcsundef{#1}
    {\@firstoftwo}
    {\expandafter\ifdefparam\csname#1\endcsname
       {\@secondoftwo}
       {\expandafter\etb@ifdefempty\csname#1\endcsname}}}

% {<cstoken1>}{<cstoken2>}{<true>}{<false>}

\newcommand{\ifdefequal}[2]{%
  \ifundef{#1}
    {\@secondoftwo}
    {\ifundef{#2}
       {\@secondoftwo}
       {\ifx#1#2%
          \expandafter\@firstoftwo
        \else
          \expandafter\@secondoftwo
        \fi}}}

% {<csname1>}{<csname2>}{<true>}{<false>}

\newcommand*{\ifcsequal}[2]{%
  \ifcsundef{#1}
    {\@secondoftwo}
    {\ifcsundef{#2}
       {\@secondoftwo}
       {\expandafter\ifx
        \csname#1\expandafter\endcsname
        \csname#2\endcsname
          \expandafter\@firstoftwo
        \else
          \expandafter\@secondoftwo
        \fi}}}

% {<cstoken1>}{<cstoken2>}{<true>}{<false>}

\newrobustcmd{\ifdefstrequal}[2]{%
  \ifdefmacro{#1}
    {\ifdefmacro{#2}
       {\begingroup
	\edef\etb@tempa{\expandafter\strip@prefix\meaning#1}%
	\edef\etb@tempb{\expandafter\strip@prefix\meaning#2}%
	\ifx\etb@tempa\etb@tempb
	  \aftergroup\@firstoftwo
	\else
	  \aftergroup\@secondoftwo
	\fi
	\endgroup}
       {\@secondoftwo}}
    {\@secondoftwo}}

% {<csname1>}{<csname2>}{<true>}{<false>}

\newcommand*{\ifcsstrequal}[2]{%
  \ifcsundef{#1}
    {\@secondoftwo}
    {\ifcsundef{#2}
       {\@secondoftwo}
       {\expandafter\ifdefstrequal
        \csname#1\expandafter\endcsname
	\csname#2\endcsname}}}

% {<cstoken>}{<string>}{<true>}{<false>}

\newrobustcmd{\ifdefstring}[2]{%
  \ifdefmacro{#1}
    {\begingroup
     \edef\etb@tempa{\expandafter\strip@prefix\meaning#1}%
     \edef\etb@tempb{\detokenize{#2}}%
     \ifx\etb@tempa\etb@tempb
       \aftergroup\@firstoftwo
     \else
       \aftergroup\@secondoftwo
     \fi
     \endgroup}
    {\@secondoftwo}}

% {<csname>}{<string>}{<true>}{<false>}

\newrobustcmd{\ifcsstring}[2]{%
  \ifcsundef{#1}
    {\@secondoftwo}
    {\expandafter\ifdefstring\csname#1\endcsname{#2}}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefcounter}[1]{\etb@ifcounter#1&}
\long\def\etb@ifcounter#1#2&{%
  \ifx\count#1%
    \expandafter\@secondoftwo
  \else
    \expandafter\etb@ifcounter@i\meaning#1:%
  \fi}
\edef\etb@ifcounter@i#1:#2\fi{\noexpand\fi
  \noexpand\etb@ifcounter@ii#1\string\count&}
\edef\etb@ifcounter@ii{%
  \def\noexpand\etb@ifcounter@ii##1\string\count##2&}
\etb@ifcounter@ii{\ifblank{#1}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcscounter}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefcounter\csname#1\endcsname}
    {\@secondoftwo}}

% {<name>}{<true>}{<false>}

\newcommand*{\ifltxcounter}[1]{%
  \ifcsdef{c@#1}
    {\expandafter\ifdefcounter\csname c@#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdeflength}[1]{\etb@iflength#1&}
\long\def\etb@iflength#1#2&{%
  \ifx\skip#1%
    \expandafter\@secondoftwo
  \else
    \expandafter\etb@iflength@i\meaning#1:%
  \fi}
\edef\etb@iflength@i#1:#2\fi{\noexpand\fi
  \noexpand\etb@iflength@ii#1\string\skip&}
\edef\etb@iflength@ii{%
  \def\noexpand\etb@iflength@ii##1\string\skip##2&}
\etb@iflength@ii{\ifblank{#1}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcslength}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdeflength\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefdimen}[1]{\etb@ifdimen#1&}
\long\def\etb@ifdimen#1#2&{%
  \ifx\dimen#1%
    \expandafter\@secondoftwo
  \else
    \expandafter\etb@ifdimen@i\meaning#1:%
  \fi}
\edef\etb@ifdimen@i#1:#2\fi{\noexpand\fi
  \noexpand\etb@ifdimen@ii#1\string\dimen&}
\edef\etb@ifdimen@ii{%
  \def\noexpand\etb@ifdimen@ii##1\string\dimen##2&}
\etb@ifdimen@ii{\ifblank{#1}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsdimen}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefdimen\csname#1\endcsname}
    {\@secondoftwo}}

% {<string1>}{<string2>}{<true>}{<false>}

\newrobustcmd{\ifstrequal}[2]{%
  \begingroup
  \edef\etb@tempa{\detokenize{#1}}%
  \edef\etb@tempb{\detokenize{#2}}%
  \ifx\etb@tempa\etb@tempb
    \aftergroup\@firstoftwo
  \else
    \aftergroup\@secondoftwo
  \fi
  \endgroup}

% {<string>}{<true>}{<false>}

\newcommand{\ifstrempty}[1]{%
  \expandafter\ifx\expandafter&\detokenize{#1}&%
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<string>}{<true>}{<false>}

\newcommand{\ifblank}[1]{% from url.sty
  \etb@ifblank@i#1&&\@secondoftwo\@firstoftwo:}
\long\def\etb@ifblank@i#1#2&#3#4#5:{#4}

\newcommand{\notblank}[1]{%
  \etb@ifblank@i#1&&\@firstoftwo\@secondoftwo:}

% {<numexpr>}{<comp>}{<numexpr>}{<true>}{<false>}

\newcommand*{\ifnumcomp}[3]{%
  \ifnum\numexpr#1\relax#2\numexpr#3\relax
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<numexpr>}{<numexpr>}{<true>}{<false>}

\newcommand*{\ifnumequal}[1]{%
  \ifnumcomp{#1}=}

\newcommand*{\ifnumgreater}[1]{%
  \ifnumcomp{#1}>}

\newcommand*{\ifnumless}[1]{%
  \ifnumcomp{#1}<}

% {<numexpr>}{<true>}{<false>}

\newcommand*{\ifnumodd}[1]{%
  \ifodd\numexpr#1\relax
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<dimexpr>}{<comp>}{<dimexpr>}{<true>}{<false>}

\newcommand*{\ifdimcomp}[3]{%
  \ifdim\dimexpr#1\relax#2\dimexpr#3\relax
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<dimexpr>}{<dimexpr>}{<true>}{<false>}

\newcommand*{\ifdimequal}[1]{%
  \ifdimcomp{#1}=}

\newcommand*{\ifdimgreater}[1]{%
  \ifdimcomp{#1}>}

\newcommand*{\ifdimless}[1]{%
  \ifdimcomp{#1}<}

% {<expr>}{<true>}{<false>}

\newcommand{\ifboolexpe}[1]{%
  \etb@be@beg\etb@be@bgroup#1(&\etb@be@end}

\let\etb@be@true\@empty
\def\etb@be@false{-\@ne}

\def\etb@be@beg{%
  \ifnum\numexpr\z@\ifnum\numexpr\z@}

\def\etb@be@end{%
  <\z@
    \expandafter\etb@be@false
  \fi
  <\z@
    \expandafter\@secondoftwo
  \else
    \expandafter\@firstoftwo
  \fi}

\long\def\etb@be@bgroup#1(#2&{%
  \etb@be@egroup#1)&%
  \ifblank{#2}
    {}
    {\etb@be@beg
     \etb@be@bgroup#2&}}

\long\def\etb@be@egroup#1)#2&{%
  \etb@be@and#1and&%
  \ifblank{#2}
    {}
    {\etb@be@end\etb@be@true\etb@be@false
     \etb@be@egroup#2&}}

\long\def\etb@be@and#1and#2&{%
  \etb@be@or#1or&%
  \ifblank{#2}
    {}
    {<\z@
       \expandafter\@firstofone
     \else
       \expandafter\@gobble
     \fi
     {=\z@\fi\ifnum\numexpr\m@ne}%
     \ifnum\numexpr\z@
     \etb@be@and#2&}}

\long\def\etb@be@or#1or#2&{%
  \etb@be@not#1not&%
  \ifblank{#2}
    {}
    {<\z@
       \expandafter\@secondoftwo
     \else
       \expandafter\@firstoftwo
     \fi
     {=\z@\fi\ifnum\numexpr\z@
      \ifnum\numexpr\@ne}
     {=\z@\fi\ifnum\numexpr\z@
      \ifnum\numexpr\z@}%
     \etb@be@or#2&}}

\long\def\etb@be@not#1not#2&{%
  \etb@be@togl#1togl&%
  \ifblank{#2}
    {}
    {>\z@
       \expandafter\@firstoftwo
     \else
       \expandafter\@secondoftwo
     \fi
     {\unless\ifnum\numexpr\m@ne}
     {\unless\ifnum\numexpr\z@}%
     \etb@be@not#2&}}

\long\def\etb@be@togl#1togl#2&{%
  \etb@be@bool#1bool&%
  \ifblank{#2}
    {}
    {\etb@be@togl@i#2&}}

\long\def\etb@be@togl@i#1#2&{%
  \ifcsdef{etb@tgl@#1}
    {\csname etb@tgl@#1\endcsname\etb@be@true\etb@be@false}
    {\etb@be@err{Toggle '#1' undefined}{}}%
  \etb@be@togl#2&}

\long\def\etb@be@bool#1bool#2&{%
  \etb@be@test#1test&%
  \ifblank{#2}
    {}
    {\etb@be@bool@i#2&}}

\long\def\etb@be@bool@i#1#2&{%
  \ifcsundef{if#1}
    {\etb@be@err{Boolean '#1' undefined}{}}
    {\csname if#1\endcsname
     \else
       \etb@be@false
     \fi}%
  \etb@be@bool#2&}

\long\def\etb@be@test#1test#2&{%
  \ifblank{#1}
    {}
    {\etb@be@err{The invalid part is: '\detokenize{#1}'}{}}%
  \ifblank{#2}
    {}
    {\etb@be@test@i#2&}}

\long\def\etb@be@test@i#1#2&{%
  #1\etb@be@true\etb@be@false
  \etb@be@test#2&}

\long\def\etb@be@err#1#2{%
  \expandafter\ifnum\the\numexpr
    \expandafter\ifnum\the\currentiftype=-3
      \expandafter\thr@@
    \else
      \expandafter\currentiftype
    \fi
  =\thr@@
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi
  {=\z@\fi
   \etb@be@err{#1}{#2\ifnum\numexpr\m@ne}}
  {\etb@err@expr{#1}#2}}

% {<expr>}{<true>}{<false>}

\newrobustcmd{\ifboolexpr}[1]{\etb@boolexpr{#1}}

\long\def\etb@boolexpr#1{%
  \begingroup
  \let\etb@br@neg\@firstoftwo
  \etb@tempcnta\z@
  \etb@br@beg
  \etb@br@bgroup#1(&%
  \etb@br@end
  \etb@br@eval}

\def\etb@br@beg{%
  \begingroup
  \let\etb@br@neg\@firstoftwo
  \etb@tempcnta\z@}

\def\etb@br@end{%
  \etb@br@eval\etb@br@true\etb@br@false}

\def\etb@br@eval{%
  \ifnum\etb@tempcnta<\z@
    \aftergroup\@secondoftwo
  \else
    \aftergroup\@firstoftwo
  \fi
  \endgroup}

\def\etb@br@true{%
  \advance\etb@tempcnta\etb@br@neg\z@\m@ne
  \let\etb@br@neg\@firstoftwo}

\def\etb@br@false{%
  \advance\etb@tempcnta\etb@br@neg\m@ne\z@
  \let\etb@br@neg\@firstoftwo}

\long\def\etb@br@bgroup#1(#2&{%
  \etb@br@egroup#1)&%
  \ifblank{#2}
    {}
    {\etb@br@beg
     \etb@br@bgroup#2&}}

\long\def\etb@br@egroup#1)#2&{%
  \etb@br@and#1and&%
  \ifblank{#2}
    {}
    {\etb@br@end
     \etb@br@egroup#2&}}

\long\def\etb@br@and#1and#2&{%
  \etb@br@or#1or&%
  \ifblank{#2}
    {}
    {\ifnum\etb@tempcnta<\z@
       \etb@tempcnta\m@ne
     \else
       \etb@tempcnta\z@
     \fi
     \etb@br@and#2&}}

\long\def\etb@br@or#1or#2&{%
  \etb@br@not#1not&%
  \ifblank{#2}
    {}
    {\ifnum\etb@tempcnta<\z@
       \etb@tempcnta\z@
     \else
       \etb@tempcnta\@ne
     \fi
     \etb@br@or#2&}}

\long\def\etb@br@not#1not#2&{%
  \etb@br@togl#1togl&%
  \ifblank{#2}
    {}
    {\let\etb@br@neg\@secondoftwo
     \etb@br@not#2&}}

\long\def\etb@br@togl#1togl#2&{%
  \etb@br@bool#1bool&%
  \ifblank{#2}
    {}
    {\etb@br@togl@i#2&}}

\long\def\etb@br@togl@i#1#2&{%
  \ifcsdef{etb@tgl@#1}
    {\csname etb@tgl@#1\endcsname\etb@br@true\etb@br@false}
    {\etb@err@expr{Toggle '#1' undefined}\etb@br@false}%
  \etb@br@togl#2&}

\long\def\etb@br@bool#1bool#2&{%
  \etb@br@test#1test&%
  \ifblank{#2}
    {}
    {\etb@br@bool@i#2&}}

\long\def\etb@br@bool@i#1#2&{%
  \ifcsundef{if#1}
    {\etb@err@expr{Boolean '#1' undefined}\etb@br@false}
    {\csname if#1\endcsname
       \etb@br@true
     \else
       \etb@br@false
     \fi}%
  \etb@br@bool#2&}

\long\def\etb@br@test#1test#2&{%
  \ifblank{#1}
    {}
    {\etb@err@expr{The invalid part is: '\detokenize{#1}'}}%
  \ifblank{#2}
    {}
    {\etb@br@test@i#2&}}

\long\def\etb@br@test@i#1#2&{%
  \ignorespaces#1\etb@br@true\etb@br@false
  \etb@br@test#2&}

\long\def\etb@err@expr#1{%
  \etb@error
    {Invalid boolean expression}
    {#1.}}

% {<expr>}{<code>}

\newrobustcmd{\whileboolexpr}[2]{%
  \etb@boolexpr{#1}{#2\whileboolexpr{#1}{#2}}{}}

% {<expr>}{<code>}

\newrobustcmd{\unlessboolexpr}[2]{%
  \etb@boolexpr{#1}{}{#2\unlessboolexpr{#1}{#2}}}

% {<cstoken>}

\newcommand{\expandonce}[1]{%
  \unexpanded\expandafter{#1}}

% {<csname>}

\newcommand*{\csexpandonce}[1]{%
  \expandafter\expandonce\csname#1\endcsname}

% {<code>}

\newcommand*{\protecting}{}
\def\protecting#{%
  \ifx\protect\@typeset@protect
    \etb@protecting\@firstofone
  \fi
  \ifx\protect\@unexpandable@protect
    \etb@protecting\etb@unexpandable
  \fi
  \ifx\protect\noexpand
    \etb@protecting\unexpanded
  \fi
  \ifx\protect\string
    \etb@protecting\detokenize
  \fi
  \relax\@firstofone}

\def\etb@protecting#1#2\relax\@firstofone{\fi#1}
\long\def\etb@unexpandable#1{\unexpanded{\protecting{#1}}}

% {<csname>}

\newrobustcmd*{\csdef}[1]{\expandafter\def\csname#1\endcsname}
\newrobustcmd*{\csedef}[1]{\expandafter\edef\csname#1\endcsname}
\newrobustcmd*{\csgdef}[1]{\expandafter\gdef\csname#1\endcsname}
\newrobustcmd*{\csxdef}[1]{\expandafter\xdef\csname#1\endcsname}
\newrobustcmd*{\protected@csedef}{\etb@protected\csedef}
\newrobustcmd*{\protected@csxdef}{\etb@protected\csxdef}

\def\etb@protected{%
  \let\@@protect\protect
  \let\protect\@unexpandable@protect
  \afterassignment\restore@protect}

% {<csname>}{<cstoken>}

\newrobustcmd{\cslet}[2]{%
  \expandafter\let\csname#1\endcsname#2}

% {<cstoken>}{<csname>}

\newrobustcmd{\letcs}[2]{%
  \ifcsdef{#2}
    {\expandafter\let\expandafter#1\csname#2\endcsname}
    {\undef#1}}

% {<csname>}{<csname>}

\newrobustcmd*{\csletcs}[2]{%
  \ifcsdef{#2}
    {\expandafter\let
     \csname#1\expandafter\endcsname
     \csname#2\endcsname}
    {\csundef{#1}}}

% {<csname>}

\newcommand*{\csuse}[1]{%
  \ifcsname#1\endcsname
    \csname#1\expandafter\endcsname
  \fi}

% {<cstoken>}

\newrobustcmd{\undef}[1]{\let#1\etb@undefined}

% {<csname>}

\newrobustcmd*{\csundef}[1]{\cslet{#1}\etb@undefined}

% {<cstoken>}{<code>}

\newrobustcmd{\appto}[2]{%
  \ifundef{#1}
    {\edef#1{\unexpanded{#2}}}
    {\edef#1{\expandonce#1\unexpanded{#2}}}}
\newrobustcmd{\eappto}[2]{%
  \ifundef{#1}
    {\edef#1{#2}}
    {\edef#1{\expandonce#1#2}}}
\newrobustcmd{\gappto}[2]{%
  \ifundef{#1}
    {\xdef#1{\unexpanded{#2}}}
    {\xdef#1{\expandonce#1\unexpanded{#2}}}}
\newrobustcmd{\xappto}[2]{%
  \ifundef{#1}
    {\xdef#1{#2}}
    {\xdef#1{\expandonce#1#2}}}

\newrobustcmd*{\protected@eappto}{\etb@protected\eappto}
\newrobustcmd*{\protected@xappto}{\etb@protected\xappto}

% {<cstoken>}{<code>}

\newrobustcmd{\preto}[2]{%
  \ifundef{#1}
    {\edef#1{\unexpanded{#2}}}
    {\edef#1{\unexpanded{#2}\expandonce#1}}}
\newrobustcmd{\epreto}[2]{%
  \ifundef{#1}
    {\edef#1{#2}}
    {\edef#1{#2\expandonce#1}}}
\newrobustcmd{\gpreto}[2]{%
  \ifundef{#1}
    {\xdef#1{\unexpanded{#2}}}
    {\xdef#1{\unexpanded{#2}\expandonce#1}}}
\newrobustcmd{\xpreto}[2]{%
  \ifundef{#1}
    {\xdef#1{#2}}
    {\xdef#1{#2\expandonce#1}}}

\newrobustcmd*{\protected@epreto}{\etb@protected\epreto}
\newrobustcmd*{\protected@xpreto}{\etb@protected\xpreto}

% {<csname>}{<code>}

\newrobustcmd*{\csappto}[1]{\expandafter\appto\csname#1\endcsname}
\newrobustcmd*{\cseappto}[1]{\expandafter\eappto\csname#1\endcsname}
\newrobustcmd*{\csgappto}[1]{\expandafter\gappto\csname#1\endcsname}
\newrobustcmd*{\csxappto}[1]{\expandafter\xappto\csname#1\endcsname}
\newrobustcmd*{\protected@cseappto}{\etb@protected\cseappto}
\newrobustcmd*{\protected@csxappto}{\etb@protected\csxappto}

% {<csname>}{<code>}

\newrobustcmd*{\cspreto}[1]{\expandafter\preto\csname#1\endcsname}
\newrobustcmd*{\csepreto}[1]{\expandafter\epreto\csname#1\endcsname}
\newrobustcmd*{\csgpreto}[1]{\expandafter\gpreto\csname#1\endcsname}
\newrobustcmd*{\csxpreto}[1]{\expandafter\xpreto\csname#1\endcsname}
\newrobustcmd*{\protected@csepreto}{\etb@protected\csepreto}
\newrobustcmd*{\protected@csxpreto}{\etb@protected\csxpreto}

% {<cstoken>}{<numexpr>}

\newrobustcmd*{\numdef}[2]{%
  \ifundef#1{\let#1\z@}{}%
  \edef#1{\the\numexpr#2}}
\newrobustcmd*{\numgdef}[2]{%
  \ifundef#1{\let#1\z@}{}%
  \xdef#1{\the\numexpr#2}}

% {<csname>}{<numexpr>}

\newrobustcmd*{\csnumdef}[1]{%
  \expandafter\numdef\csname#1\endcsname}
\newrobustcmd*{\csnumgdef}[1]{%
  \expandafter\numgdef\csname#1\endcsname}

% {<cstoken>}{<dimexpr>}

\newrobustcmd*{\dimdef}[2]{%
  \ifundef#1{\let#1\z@}{}%
  \edef#1{\the\dimexpr#2}}
\newrobustcmd*{\dimgdef}[2]{%
  \ifundef#1{\let#1\z@}{}%
  \xdef#1{\the\dimexpr#2}}

% {<csname>}{<dimexpr>}

\newrobustcmd*{\csdimdef}[1]{%
  \expandafter\dimdef\csname#1\endcsname}
\newrobustcmd*{\csdimgdef}[1]{%
  \expandafter\dimgdef\csname#1\endcsname}

% {<cstoken>}{<glueexpr>}

\newrobustcmd*{\gluedef}[2]{%
  \ifundef#1{\let#1\z@skip}{}%
  \edef#1{\the\glueexpr#2}}
\newrobustcmd*{\gluegdef}[2]{%
  \ifundef#1{\let#1\z@skip}{}%
  \xdef#1{\the\glueexpr#2}}

% {<csname>}{<glueexpr>}

\newrobustcmd*{\csgluedef}[1]{%
  \expandafter\gluedef\csname#1\endcsname}
\newrobustcmd*{\csgluegdef}[1]{%
  \expandafter\gluegdef\csname#1\endcsname}

% {<cstoken>}{<muexpr>}

\newrobustcmd*{\mudef}[2]{%
  \ifundef#1{\def#1{0mu}}{}%
  \edef#1{\the\muexpr#2}}
\newrobustcmd*{\mugdef}[2]{%
  \ifundef#1{\let#1\z@}{}%
  \xdef#1{\the\muexpr#2}}

% {<csname>}{<muexpr>}

\newrobustcmd*{\csmudef}[1]{%
  \expandafter\mudef\csname#1\endcsname}
\newrobustcmd*{\csmugdef}[1]{%
  \expandafter\mugdef\csname#1\endcsname}

% {<counter>}{<numexpr>}

\newrobustcmd*{\defcounter}[2]{%
  \ifcsundef{c@#1}
    {\etb@noglobal\@nocounterr{#1}}%
    {\csname c@#1\endcsname\numexpr#2\relax}}

% {<length>}{<glueexpr>}

\newrobustcmd*{\deflength}[2]{%
  \ifundef{#1}
    {\etb@noglobal\etb@err@nolen{#1}}%
    {#1\glueexpr#2\relax}}

\protected\def\etb@err@nolen#1{%
  \etb@error{Length '\string#1' undefined}\@eha}

% {<name>}

\newrobustcmd*{\newbool}[1]{%
  \expandafter\@ifdefinable\csname if#1\endcsname{%
    \expandafter\newif\csname if#1\endcsname}}

% {<name>}

\newrobustcmd*{\providebool}[1]{%
  \ifcsundef{if#1}
    {\expandafter\newif\csname if#1\endcsname}
    {\begingroup
     \edef\@tempa{\expandafter\meaning\csname if#1\endcsname}%
     \ifx\@tempa\etb@isfalse
     \else
       \ifx\@tempa\etb@istrue
       \else
         \etb@error{\@backslashchar if#1 not a boolean}\@eha
       \fi
     \fi
     \endgroup}}

% {<name>}{<true>|<false>}

\newrobustcmd*{\setbool}[2]{%
  \ifcsundef{if#1}
    {\etb@noglobal\etb@err@nobool{#1}}
    {\ifcsundef{#1#2}
       {\etb@noglobal\etb@err@boolval{#2}}
       {\csname#1#2\endcsname}}}

% {<name>}

\newrobustcmd*{\booltrue}[1]{%
  \ifcsundef{if#1}
    {\etb@noglobal\etb@err@nobool{#1}}
    {\csname#1true\endcsname}}

% {<name>}

\newrobustcmd*{\boolfalse}[1]{%
  \ifcsundef{if#1}
    {\etb@noglobal\etb@err@nobool{#1}}
    {\csname#1false\endcsname}}

\edef\etb@istrue{\meaning\iftrue}
\edef\etb@isfalse{\meaning\iffalse}
\protected\def\etb@noglobal{\let\relax\relax}

% {<name>}{<true}{<false>}

\newcommand*{\ifbool}[1]{%
  \ifcsundef{if#1}
    {\etb@err@nobool{#1}\@gobbletwo}
    {\csname if#1\endcsname
       \expandafter\@firstoftwo
     \else
       \expandafter\@secondoftwo
     \fi}}

% {<name>}{<not true}{<not false>}

\newcommand*{\notbool}[1]{%
  \ifcsundef{if#1}
    {\etb@err@nobool{#1}\@gobbletwo}
    {\csname if#1\endcsname
       \expandafter\@secondoftwo
     \else
       \expandafter\@firstoftwo
     \fi}}

\protected\def\etb@err@nobool#1{%
  \etb@error{Boolean '\@backslashchar if#1' undefined}\@eha}

\def\etb@err@boolval#1{%
  \etb@error
    {Invalid boolean value '#1'}
    {Valid boolean values are 'true' and 'false'.}}

% {<name>}

\newrobustcmd*{\newtoggle}[1]{%
  \ifcsdef{etb@tgl@#1}
    {\etb@error{Toggle '#1' already defined}\@eha}
    {\cslet{etb@tgl@#1}\@secondoftwo}}

% {<name>}

\newrobustcmd*{\providetoggle}[1]{%
  \ifcsdef{etb@tgl@#1}
    {}
    {\cslet{etb@tgl@#1}\@secondoftwo}}

% {<name>}{<true>|<false>}

\newrobustcmd*{\settoggle}[2]{%
  \ifcsdef{etb@tgl@#1}
    {\ifcsdef{etb@toggle#2}
       {\csletcs{etb@tgl@#1}{etb@toggle#2}}
       {\etb@noglobal\etb@err@boolval{#2}}}
    {\etb@noglobal\etb@err@notoggle{#1}}}

% {<name>}

\newrobustcmd*{\toggletrue}[1]{%
  \ifcsdef{etb@tgl@#1}
    {\cslet{etb@tgl@#1}\etb@toggletrue}
    {\etb@noglobal\etb@err@notoggle{#1}}}

% {<name>}

\newrobustcmd*{\togglefalse}[1]{%
  \ifcsdef{etb@tgl@#1}
    {\cslet{etb@tgl@#1}\etb@togglefalse}
    {\etb@noglobal\etb@err@notoggle{#1}}}

\let\etb@toggletrue\@firstoftwo
\let\etb@togglefalse\@secondoftwo

% {<name>}{<true}{<false>}

\newcommand*{\iftoggle}[1]{%
  \ifcsdef{etb@tgl@#1}
    {\csname etb@tgl@#1\endcsname}
    {\etb@err@notoggle{#1}\@gobbletwo}}

% {<name>}{<not true}{<not false>}

\newcommand*{\nottoggle}[1]{%
  \ifcsdef{etb@tgl@#1}
    {\csname etb@tgl@#1\endcsname\@secondoftwo\@firstoftwo}
    {\etb@err@notoggle{#1}\@gobbletwo}}

\protected\def\etb@err@notoggle#1{%
  \etb@error{Toggle '#1' undefined}\@eha}

% {<cstoken>}{<true}{<false>}

\protected\def\etb@ifscanable#1{%
  \begingroup
  \edef\etb@resrvda{%
    \def\noexpand\etb@resrvda####1\detokenize{macro}:####2->####3&{%
      ####1\def\string\etb@resrvda####2{####3}}%
    \edef\noexpand\etb@resrvda{\noexpand\etb@resrvda\meaning#1&}}%
  \etb@resrvda
  \makeatletter
  \scantokens\expandafter{\etb@resrvda}%
  \expandafter\endgroup\ifx#1\etb@resrvda
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<cstoken>}{<search>}{<true}{<false>}

\protected\long\def\etb@ifpattern#1#2{%
  \begingroup
  \edef\etb@resrvda{%
    \def\noexpand\etb@resrvda####1\detokenize{#2}####2&{%
      \endgroup\noexpand\noexpand\noexpand\ifblank{####2}}%
    \edef\noexpand\etb@resrvda{\noexpand\etb@resrvda
      \expandafter\strip@prefix\meaning#1\detokenize{#2}&}%
    \noexpand\etb@resrvda}
  \etb@resrvda\@secondoftwo\@firstoftwo}

% {<string>}{<true}{<false>}

\protected\long\def\etb@ifhashcheck#1{%
  \begingroup
  \edef\etb@resrvda{\detokenize{#1}}%
  \expandafter\endgroup
  \expandafter\etb@ifhashcheck@i\meaning\etb@resrvda&}

\edef\etb@ifhashcheck@i#1&{%
  \noexpand\expandafter
  \noexpand\etb@ifhashcheck@ii
  \noexpand\strip@prefix#1\string#\string#&}

\edef\etb@ifhashcheck@ii{%
  \def\noexpand\etb@ifhashcheck@ii##1\string#\string###2&}
\etb@ifhashcheck@ii{\ifblank{#2}}

% {<cstoken>}

\newrobustcmd*{\robustify}[1]{%
  \ifundef{#1}
    {\etb@error{\string#1 undefined}\@eha}
    {\ifdefmacro{#1}
       {\ifdefltxprotect{#1}
          {\letcs\etb@resrvda{\expandafter\@gobble\string#1 }%
           \@tempswatrue}
          {\let\etb@resrvda#1%
           \@tempswafalse}%
        \ifdefparam\etb@resrvda
          {\etb@ifscanable\etb@resrvda
             {\etb@robustify\etb@resrvda
              \let#1\etb@resrvda}
             {\etb@error{Failed to robustify \string#1}
                {The command is special and cannot be
                 handled by \string\robustify.}%
              \@tempswafalse}}
          {\protected\edef#1{\expandonce\etb@resrvda}}
        \if@tempswa
          \ifcsdef{\string#1 }
            {}
            {\csundef{\expandafter\@gobble\string#1 }}%
        \fi
        \undef\etb@resrvda}
       {\etb@error{\string#1 not a macro}\@eha}}}

\def\etb@robustify#1{%
  \begingroup
  \edef\etb@resrvdb{%
    \def\noexpand\etb@resrvdb####1\detokenize{macro}:####2->####3&{%
      \protected####1\def\string#1\space####2{####3}}%
    \edef\noexpand\etb@resrvdb{%
      \noexpand\etb@resrvdb\meaning#1&}}%
  \etb@resrvdb
  \etb@patchcmd@scantoks\etb@resrvdb}

%  {<cstoken>}{<search>}{<true}{<false>}
% *{<cstoken>}{<true}{<false>}

\newrobustcmd{\ifpatchable}{%
  \etb@dbg@trce\ifpatchable
  \begingroup
  \@makeother\#%
  \@ifstar\etb@ifpatchable@i\etb@ifpatchable}

\long\def\etb@ifpatchable#1#2{%
  \endgroup
  \etb@dbg@init#1%
  \ifundef{#1}
    {\etb@dbg@fail{def}\@secondoftwo}
    {\etb@dbg@info{def}%
     \ifdefmacro{#1}
       {\etb@dbg@info{mac}%
        \etb@ifscanable{#1}
          {\etb@ifhashcheck{#2}
             {\etb@dbg@info{tok}%
              \etb@ifpattern#1{#2}
                 {\etb@dbg@info{pat}%
                  \etb@dbg@info{pos}\@firstoftwo}
                 {\etb@dbg@fail{pat}\@secondoftwo}}
             {\etb@dbg@fail{hsh}\@secondoftwo}}
          {\etb@dbg@fail{tok}\@secondoftwo}}
       {\etb@dbg@fail{mac}\@secondoftwo}}}

\long\def\etb@ifpatchable@i#1{%
  \endgroup
  \etb@dbg@init#1%
  \ifundef{#1}
    {\etb@dbg@fail{def}\@secondoftwo}
    {\etb@dbg@info{def}%
     \ifdefmacro{#1}
       {\etb@dbg@info{mac}%
        \ifdefparam{#1}
          {\etb@dbg@info{prm}%
           \etb@ifscanable{#1}
             {\etb@dbg@info{tok}%
              \etb@dbg@info{pos}\@firstoftwo}
             {\etb@dbg@fail{tok}\@secondoftwo}}
          {\etb@dbg@info{prl}%
           \ifdefprotected{#1}
             {\etb@dbg@info{pro}}
             {}%
           \etb@dbg@info{pos}\@firstoftwo}}
       {\etb@dbg@fail{mac}\@secondoftwo}}}

% [<prefix>]{<cstoken>}{<search>}{<replace>}{<success>}{<failure>}

\newrobustcmd*{\patchcmd}{%
  \etb@dbg@trce\patchcmd
  \begingroup
  \@makeother\#%
  \etb@patchcmd}

\newcommand{\etb@patchcmd}[4][########1]{%
  \etb@ifpatchable#2{#3}
    {\etb@dbg@succ{ret}%
     \begingroup
     \edef\etb@resrvda{%
       \def\noexpand\etb@resrvda####1\detokenize{macro:}####2->####3&{%
         #1\def\string\etb@resrvda\space####2{\noexpand\etb@resrvdb####3&}}%
       \def\noexpand\etb@resrvdb####1\detokenize{#3}####2&{%
         ####1\detokenize{#4}####2}%
       \edef\noexpand\etb@resrvda{%
         \noexpand\etb@resrvda\meaning#2&}}%
     \etb@resrvda
     \etb@patchcmd@scantoks\etb@resrvda
     \let#2\etb@resrvda
     \undef\etb@resrvda
     \@firstoftwo}
    {\@secondoftwo}}

\def\etb@patchcmd@scantoks#1{%
  \edef\etb@resrvda{\endgroup
    \unexpanded{\makeatletter\scantokens}{#1}%
    \catcode\number`\@=\the\catcode`\@\relax}%
  \etb@resrvda}

% {<cstoken>}{<code>}{<success>}{<failure>}

\newrobustcmd*{\apptocmd}{%
  \etb@dbg@trce\apptocmd
  \begingroup
  \@makeother\#%
  \etb@hooktocmd\etb@append}

\newrobustcmd*{\pretocmd}{%
  \etb@dbg@trce\pretocmd
  \begingroup
  \@makeother\#%
  \etb@hooktocmd\etb@prepend}

\long\def\etb@hooktocmd#1#2#3{%
  \endgroup
  \etb@dbg@init#2%
  \ifundef{#2}
    {\etb@dbg@fail{def}\@secondoftwo}
    {\etb@dbg@info{def}%
     \ifdefmacro{#2}
       {\etb@dbg@info{mac}%
        \ifdefparam{#2}
          {\etb@dbg@info{prm}%
           \etb@ifscanable{#2}
             {\etb@ifhashcheck{#3}
                {\etb@dbg@info{tok}%
                 \etb@dbg@succ{ret}%
                 \etb@hooktocmd@i#1#2{#3}%
                 \@firstoftwo}
                {\etb@dbg@fail{hsh}\@secondoftwo}}
             {\etb@dbg@fail{tok}\@secondoftwo}}
          {\etb@dbg@info{prl}%
           \ifdefprotected{#2}
             {\etb@dbg@info{pro}%
              \etb@dbg@succ{red}%
              \protected}
             {\etb@dbg@succ{red}}%
           \edef#2{#1{\expandonce#2}{\unexpanded{#3}}}%
           \@firstoftwo}}
       {\etb@dbg@fail{mac}\@secondoftwo}}}

\long\def\etb@hooktocmd@i#1#2#3{%
  \begingroup
  \edef\etb@resrvda{%
    \def\noexpand\etb@resrvda####1\detokenize{macro}:####2->####3&{%
      ####1\def\string\etb@resrvda\space####2{#1{####3}{\detokenize{#3}}}}%
    \edef\noexpand\etb@resrvda{%
      \noexpand\etb@resrvda\meaning#2&}}%
  \etb@resrvda
  \etb@patchcmd@scantoks\etb@resrvda
  \let#2\etb@resrvda
  \undef\etb@resrvda}

\long\def\etb@append#1#2{#1#2}
\long\def\etb@prepend#1#2{#2#1}

\newrobustcmd*{\tracingpatches}{%
  \etb@info{Enabling tracing}%
  \input{etoolbox.def}%
  \global\let\tracingpatches\relax}
\@onlypreamble\tracingpatches

\let\etb@dbg@trce\@gobble
\let\etb@dbg@init\@gobble
\let\etb@dbg@info\@gobble
\let\etb@dbg@succ\@gobble
\let\etb@dbg@fail\@gobble

% {<numeral>}

\newcommand{\rmntonum}[1]{%
  \ifblank{#1}
    {}
    {\expandafter\etb@rti@end\number\numexpr
     \expandafter\etb@rti@prs\detokenize{#1}&\relax}}

\def\etb@rti@prs#1#2{%
  \ifx&#1%
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi
  {#1#2}
  {\ifx&#2%
     \expandafter\@firstoftwo
   \else
     \expandafter\@secondoftwo
   \fi
   {\etb@rti@chk#1+\etb@rti@num#1#2}
   {\etb@rti@chk#1\etb@rti@chk#2%
    \ifnum\etb@rti@num#1<\etb@rti@num#2 %
      \expandafter\@firstoftwo
    \else
      \expandafter\@secondoftwo
    \fi
    {+\etb@rti@num#2-\etb@rti@num#1\etb@rti@prs}
    {+\etb@rti@num#1\etb@rti@prs#2}}}}

\def\etb@rti@chk#1{%
  \ifcsname etb@rmn@#1\endcsname
  \else
    \expandafter\etb@rti@brk
  \fi}

\def\etb@rti@brk#1&{+\z@&-1}
\def\etb@rti@end#1&#2\relax{\ifblank{#2}{#1}{#2}}
\def\etb@rti@num#1{\csname etb@rmn@#1\endcsname}

\chardef\etb@rmn@i=1
\chardef\etb@rmn@I=1
\chardef\etb@rmn@v=5
\chardef\etb@rmn@V=5
\chardef\etb@rmn@x=10
\chardef\etb@rmn@X=10
\chardef\etb@rmn@l=50
\chardef\etb@rmn@L=50
\chardef\etb@rmn@c=100
\chardef\etb@rmn@C=100
\mathchardef\etb@rmn@d=500
\mathchardef\etb@rmn@D=500
\mathchardef\etb@rmn@m=1000
\mathchardef\etb@rmn@M=1000

% {<numeral>}{<true>}{<false>}

\newcommand{\ifrmnum}[1]{%
  \ifblank{#1}
    {\@secondoftwo}
    {\expandafter\etb@ifr@prs\detokenize{#1}\relax}}

\def\etb@ifr@prs#1{%
  \ifx\relax#1%
    \expandafter\@firstoftwo
  \else
    \ifcsname etb@rmn@#1\endcsname
      \expandafter\expandafter
      \expandafter\etb@ifr@prs
    \else
      \expandafter\expandafter
      \expandafter\etb@ifr@brk
    \fi
  \fi}

\def\etb@ifr@brk#1\relax{\@secondoftwo}

% <*>{<command>}{<separator>}

\newrobustcmd*{\DeclareListParser}{%
  \@ifstar
    {\etb@defparser\etb@defparser@arg}
    {\etb@defparser\etb@defparser@do}}

\def\etb@defparser#1#2#3{%
  \@ifdefinable#2{#1{#2}{#3}}}

\def\etb@defparser@do#1#2{%
  \begingroup
  \edef\@tempa{\endgroup
    \long\def\noexpand#1####1{%
      \expandafter\noexpand
      \csname etb@lst@\expandafter\@gobble\string#1\endcsname
      \space####1\noexpand#2&}%
    \long\csdef{etb@lst@\expandafter\@gobble\string#1}####1\noexpand#2####2&{%
      \noexpand\etb@listitem\noexpand\do{####1}%
      \noexpand\ifblank{####2}
        {\noexpand\listbreak}
        {\expandafter\noexpand
         \csname etb@lst@\expandafter\@gobble\string#1\endcsname
	 \space####2}&}}%
  \@tempa}

\def\etb@defparser@arg#1#2{%
  \begingroup
  \edef\@tempa{\endgroup
    \long\def\noexpand#1####1####2{%
      \expandafter\noexpand
      \csname etb@lst@\expandafter\@gobble\string#1\endcsname
      {####1}\space####2\noexpand#2&}%
    \long\csdef{etb@lst@\expandafter\@gobble\string#1}####1####2\noexpand#2####3&{%
      \noexpand\etb@listitem{####1}{####2}%
      \noexpand\ifblank{####3}
        {\noexpand\listbreak}
        {\expandafter\noexpand
         \csname etb@lst@\expandafter\@gobble\string#1\endcsname
	 {####1}\space####3}&}}%
  \@tempa}

\long\def\etb@listitem#1#2{%
  \ifblank{#2}
    {}
    {\expandafter\etb@listitem@i
     \expandafter{\@firstofone#2}{#1}}}
\long\def\etb@listitem@i#1#2{#2{#1}}

\newcommand*{\listbreak}{}
\long\def\listbreak#1&{}

% {<item1>,<item2>,...} => \do{<item1>}\do{<item2>}...

\DeclareListParser{\docsvlist}{,}

% {<handler>}{<item1>,<item2>,...} => <handler>{<item1>}<handler>{<item2>}...

\DeclareListParser*{\forcsvlist}{,}

% {<listmacro>}{<string>}

\newrobustcmd{\listadd}[2]{%
  \ifblank{#2}{}{\appto#1{#2|}}}
\newrobustcmd{\listeadd}[2]{%
  \begingroup
  \edef\etb@tempa{\endgroup\noexpand\ifblank{#2}}%
  \etb@tempa{}{\eappto#1{#2|}}}
\newrobustcmd{\listgadd}[2]{%
  \ifblank{#2}{}{\gappto#1{#2|}}}
\newrobustcmd{\listxadd}[2]{%
  \begingroup
  \edef\etb@tempa{\endgroup\noexpand\ifblank{#2}}%
  \etb@tempa{}{\xappto#1{#2|}}}

% {<listcsname>}{<string>}

\newrobustcmd{\listcsadd}[1]{%
  \expandafter\listadd\csname#1\endcsname}
\newrobustcmd{\listcseadd}[1]{%
  \expandafter\listeadd\csname#1\endcsname}
\newrobustcmd{\listcsgadd}[1]{%
  \expandafter\listgadd\csname#1\endcsname}
\newrobustcmd{\listcsxadd}[1]{%
  \expandafter\listxadd\csname#1\endcsname}

% {<string>}{<listmacro>}{<true>}{<false>}

\newrobustcmd{\ifinlist}[2]{%
  \begingroup
  \def\etb@tempa##1|#1|##2&{\endgroup
    \ifblank{##2}\@secondoftwo\@firstoftwo}%
  \expandafter\etb@tempa\expandafter|#2|#1|&}

\newrobustcmd{\xifinlist}[1]{%
  \begingroup
  \edef\etb@tempa{\endgroup\ifinlist{#1}}%
  \etb@tempa}

% {<string>}{<listcsname>}{<true>}{<false>}

\newrobustcmd{\ifinlistcs}[2]{%
  \expandafter\etb@ifinlistcs@i\csname #2\endcsname{#1}}
\long\def\etb@ifinlistcs@i#1#2{\ifinlist{#2}{#1}}

\newrobustcmd{\xifinlistcs}[1]{%
  \begingroup
  \edef\etb@tempa{\endgroup\ifinlistcs{#1}}%
  \etb@tempa}

% {<handler>}{<listmacro>} => <handler>{<item1>}<handler>{<item2>}...

\newcommand*{\forlistloop}[2]{%
  \expandafter\etb@forlistloop\expandafter{#2}{#1}}

\long\def\etb@forlistloop#1#2{\etb@forlistloop@i{#2}#1|&}

\long\def\etb@forlistloop@i#1#2|#3&{%
  \ifblank{#2}
    {}
    {#1{#2}}%
  \ifblank{#3}
    {\listbreak}
    {\etb@forlistloop@i{#1}#3}%
  &}

% {<handler>}{<listcsname>} => <handler>{<item1>}<handler>{<item2>}...

\newcommand*{\forlistcsloop}[2]{%
  \expandafter\expandafter\expandafter\etb@forlistloop
  \expandafter\expandafter\expandafter{\csname#2\endcsname}{#1}}

% {<listmacro>} => \do{<item1>}\do{<item2>}...

\newcommand*{\dolistloop}{\forlistloop\do}

% {<listcsname>} => \do{<item1>}\do{<item2>}...

\newcommand*{\dolistcsloop}{\forlistcsloop\do}

% {<code>}

\newrobustcmd*{\AtEndPreamble}{\gappto\@endpreamblehook}
\newcommand*{\@endpreamblehook}{}

\preto\document{%
  \endgroup
  \let\AtEndPreamble\@firstofone
  \@endpreamblehook
  \protected\def\AtEndPreamble{\@notprerr\@gobble}%
  \undef\@endpreamblehook
  \begingroup}

% {<code>}

\newrobustcmd*{\AfterPreamble}{\AtBeginDocument}
\AtEndPreamble{\let\AfterPreamble\@firstofone}

% {<code>}

\newrobustcmd*{\AfterEndPreamble}{\gappto\@afterendpreamblehook}
\newcommand*{\@afterendpreamblehook}{}

\appto\document{%
  \let\AfterEndPreamble\@firstofone
  \@afterendpreamblehook
  \protected\def\AfterEndPreamble{\@notprerr\@gobble}%
  \undef\@afterendpreamblehook
  \ignorespaces}

\AtEndDocument{\let\AfterEndPreamble\@gobble}

% {<code>}

\newrobustcmd*{\AfterEndDocument}{\gappto\@afterenddocumenthook}
\newcommand*{\@afterenddocumenthook}{}

\patchcmd\enddocument
  {\deadcycles}
  {\let\AfterEndDocument\@firstofone
   \@afterenddocumenthook
   \deadcycles}
  {}
  {\let\etb@@end\@@end
   \def\@@end{%
     \let\AfterEndDocument\@firstofone
     \@afterenddocumenthook
     \etb@@end}}

% {<environment>}{<code>}

\newrobustcmd{\AtBeginEnvironment}[1]{%
  \csgappto{@begin@#1@hook}}

\patchcmd\begin
  {\csname #1\endcsname}
  {\csuse{@begin@#1@hook}%
   \csname #1\endcsname}
  {}
  {\etb@warning{%
     Patching '\string\begin' failed!\MessageBreak
     '\string\AtBeginEnvironment' will not work\@gobble}}

% {<environment>}{<code>}

\newrobustcmd{\AtEndEnvironment}[1]{%
  \csgappto{@end@#1@hook}}

\patchcmd\end
  {\csname end#1\endcsname}
  {\csuse{@end@#1@hook}%
   \csname end#1\endcsname}
  {}
  {\etb@warning{%
     Patching '\string\end' failed!\MessageBreak
     '\string\AtEndEnvironment' will not work\@gobble}}

% {<environment>}{<code>}

\newrobustcmd{\BeforeBeginEnvironment}[1]{%
  \csgappto{@beforebegin@#1@hook}}

\pretocmd\begin
  {\csuse{@beforebegin@#1@hook}}
  {}
  {\etb@warning{%
     Patching '\string\begin' failed!\MessageBreak
     '\string\BeforeBeginEnvironment' will not work\@gobble}}

% {<environment>}{<code>}

\newrobustcmd{\AfterEndEnvironment}[1]{%
  \csgappto{@afterend@#1@hook}}

\patchcmd\end
  {\if@ignore}
  {\csuse{@afterend@#1@hook}%
   \if@ignore}
  {}
  {\etb@warning{%
     Patching '\string\end' failed!\MessageBreak
     '\string\AfterEndEnvironment' will not work\@gobble}}

\endinput
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%%========Is based on the idea of framed.sty========%%
%%==================================================%%
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%%$Id: mdframed.sty 103 2010-12-22 16:46:10Z marco $
%%$Rev: 103 $
%%$Author: marco $
%%$Date: 2010-12-22 17:46:10 +0100 (Mi, 22. Dez 2010) $

%% Allgemeine Angaben
\def\mdversion{v0.6a}
\def\mdframedpackagename{mdframed}
\def\md@maindate@svn$#1: #2 #3 #4-#5-#6 #7 #8${#4/#5/#6\space }
\NeedsTeXFormat{LaTeX2e}
\ProvidesPackage{mdframed}[\md@maindate@svn$Id: mdframed.sty 103 2010-12-22 16:46:10Z marco $ \mdversion: \mdframedpackagename]

%%==================================================%%
%%=============== Benoetigte Pakete ================%%
%%==================================================%%

\newcommand*\md@PackageWarning[1]{\PackageWarning{\mdframedpackagename}{#1}}
\newcommand*\md@PackageInfo[1]{\PackageInfo{\mdframedpackagename}{#1}}
\newcommand*\md@LoadFile@IfExist[1]{%
 \IfFileExists{#1.sty}{%
          \RequirePackage{#1}%
        }{%
        \md@PackageWarning{The package #1 does not exist\MessageBreak
                           but it is required by \mdframedpackagename}%
       }
}
\md@LoadFile@IfExist{kvoptions}

\md@LoadFile@IfExist{etex}

\md@LoadFile@IfExist{calc}

\md@LoadFile@IfExist{color}


%Eingearbeitet in Optionen
%\md@LoadFile@IfExist{pstricks}
%\md@LoadFile@IfExist{pstricks}

\md@LoadFile@IfExist{etoolbox}

\SetupKeyvalOptions{family=mdf,prefix=mdf@}

%%==================================================%%
%%========Hilfsmakro zur Bestimmung ob Laenge=======%%
%%============= IDEE: Martin Scharrer ==============%%
%%==================================================%%

%%%\md@iflength{<EINGABE>}{<IST LAENGE>}{<IST KEINE LAENGE>}
\newlength{\md@templength}
\def\md@iflength#1{%
  \afterassignment\md@iflength@check%
  \md@templength=#1\mdf@defaultunit\relax\relax
  \expandafter\endgroup\next
}
\def\md@iflength@check#1{%
  \begingroup
  \ifx\relax#1\@empty
    \def\next{\@secondoftwo}
  \else
    \def\next{\@firstoftwo}
    \expandafter\md@iflength@cleanup
  \fi
}
\def\md@iflength@cleanup#1\relax{}

%%\def\md@@iflength#1{
%%       \begingroup
%%       \def\@tempa{#1}
%%       \md@iflength{\@tempa}{%
%%             \expandafter\global\expandafter%
%%             \edef\csname #1\endcsname{\the\md@templength}%
%%            }{%
%%             \expandafter\global\expandafter%
%%             \edef\csname #1\endcsname{\the\md@templength}%
%%            }%
%%       \endgroup%
%%}

%%==================================================%%
%%==================== Optionen ====================%%
%%==================================================%%


%Festlegung welcher Stildatei
%% 0 := tex-Kommandos -- rule
%% 1 := tikz
%% 2 := tikz-erweitert
%% 3 := pstricks-einfach
%% 4 := pstricks-erweitert

\DeclareStringOption[0]{style}

\define@key{mdf}{globalstyle}[\mdf@style]{%
      \renewcommand*{\do}[1]{%
          \def\@tempa{##1}
          \ifcase\number\@tempa\relax
             %0 <- kein Grafikpaket
          \or
             \md@LoadFile@IfExist{tikz}
             %1 <- tikz wird benoetigt
          \or
             \md@LoadFile@IfExist{tikz}
             %2 <- tikz wird benoetigt
          \or
             \md@LoadFile@IfExist{pstricks-add}
             %3 <- pstricks wird benoetigt
          \or
             \md@LoadFile@IfExist{pstricks-add}
             %4 <- pstricks wird benoetigt
          \else
            \md@PackageWarning{Unknown global style \@tempa}
          \fi
      }%
      \docsvlist{\mdf@style,#1}%
 }

%%%%Optionen mit Laengen

\newcommand*\mdf@skipabove{\z@}
\newcommand*\mdfl@skipabove{}
\newlength\mdf@skipabove@length
\deflength\mdf@skipabove@length{\z@}
\define@key{mdf}{skipabove}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@skipabove{\the\md@templength}}%
            {\global\edef\mdfl@skipabove{\the\md@templength}}
\let\mdf@skipabove\mdfl@skipabove
\setlength\mdf@skipabove@length{\mdf@skipabove}
}

\newcommand*\mdf@skipbelow{\z@}
\newcommand*\mdfl@skipbelow{}
\newlength\mdf@skipbelow@length
\deflength\mdf@skipbelow@length{\z@}
\define@key{mdf}{skipbelow}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@skipbelow{\the\md@templength}}%
            {\global\edef\mdfl@skipbelow{\the\md@templength}}
\let\mdf@skipbelow\mdfl@skipbelow
\setlength\mdf@skipbelow@length{\mdf@skipbelow}
}

\newcommand*\mdf@leftmargin{\z@}
\newcommand*\mdfl@leftmargin{}
\newlength\mdf@leftmargin@length
\deflength\mdf@leftmargin@length{\z@}
\define@key{mdf}{leftmargin}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@leftmargin{\the\md@templength}}%
            {\global\edef\mdfl@leftmargin{\the\md@templength}}
\let\mdf@leftmargin\mdfl@leftmargin
\setlength\mdf@leftmargin@length{\mdf@leftmargin}
}

\newcommand*\mdf@rightmargin{\z@}
\newcommand*\mdfl@rightmargin{}
\newlength\mdf@rightmargin@length
\deflength\mdf@rightmargin@length{\z@}
\define@key{mdf}{rightmargin}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@rightmargin{\the\md@templength}}%
            {\global\edef\mdfl@rightmargin{\the\md@templength}}
\let\mdf@rightmargin\mdfl@rightmargin
\setlength\mdf@rightmargin@length{\mdf@rightmargin}
}

\newcommand*\mdf@margin{20pt}
\newcommand*\mdfl@margin{}
\newlength\mdf@margin@length
\deflength\mdf@margin@length{20pt}
\define@key{mdf}{margin}[20pt]{%
     \md@PackageWarning{The option margin is obsolote and no longer used\MessageBreak
                        use instead innerleftmargin and innerrightmargin\MessageBreak
                        For more details look at the documentation \mdframedpackagename}%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@margin{\the\md@templength}}%
            {\global\edef\mdfl@margin{\the\md@templength}}
\let\mdf@margin\mdfl@margin
\setlength\mdf@margin@length{\mdf@margin}
}

\newcommand*\mdf@innerleftmargin{10pt}
\newcommand*\mdfl@innerleftmargin{}
\newlength\mdf@innerleftmargin@length
\deflength\mdf@innerleftmargin@length{10pt}
\define@key{mdf}{innerleftmargin}[10pt]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@innerleftmargin{\the\md@templength}}%
            {\global\edef\mdfl@innerleftmargin{\the\md@templength}}
\let\mdf@innerleftmargin\mdfl@innerleftmargin
\setlength\mdf@innerleftmargin@length{\mdf@innerleftmargin}
}

\newcommand*\mdf@innerrightmargin{10pt}
\newcommand*\mdfl@innerrightmargin{}
\newlength\mdf@innerrightmargin@length
\deflength\mdf@innerrightmargin@length{10pt}
\define@key{mdf}{innerrightmargin}[10pt]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@innerrightmargin{\the\md@templength}}%
            {\global\edef\mdfl@innerrightmargin{\the\md@templength}}
\let\mdf@innerrightmargin\mdfl@innerrightmargin
\setlength\mdf@innerrightmargin@length{\mdf@innerrightmargin}
}



\newcommand*\mdf@innertopmargin{0.4\baselineskip}
\newcommand*\mdfl@innertopmargin{}
\newlength\mdf@innertopmargin@length
\deflength\mdf@innertopmargin@length{0.4\baselineskip}
\define@key{mdf}{innertopmargin}[0.4\baselineskip]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@innertopmargin{\the\md@templength}}%
            {\global\edef\mdfl@innertopmargin{\the\md@templength}}
\let\mdf@innertopmargin\mdfl@innertopmargin
\setlength\mdf@innertopmargin@length{\mdf@innertopmargin}
}

\newcommand*\mdf@innerbottommargin{0.4\baselineskip}
\newcommand*\mdfl@innerbottommargin{}
\newlength\mdf@innerbottommargin@length
\deflength\mdf@innerbottommargin@length{0.4\baselineskip}
\define@key{mdf}{innerbottommargin}[0.4\baselineskip]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@innerbottommargin{\the\md@templength}}%
            {\global\edef\mdfl@innerbottommargin{\the\md@templength}}
\let\mdf@innerbottommargin\mdfl@innerbottommargin
\setlength\mdf@innerbottommargin@length{\mdf@innerbottommargin}
}


\newcommand*\mdf@splittopskip{\z@}
\newcommand*\mdfl@splittopskip{}
\newlength\mdf@splittopskip@length
\deflength\mdf@splittopskip@length{\z@}
\define@key{mdf}{splittopskip}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@splittopskip{\the\md@templength}}%
            {\global\edef\mdfl@splittopskip{\the\md@templength}}
\let\mdf@splittopskip\mdfl@splittopskip
\setlength\mdf@splittopskip@length{\mdf@splittopskip}
}



\newcommand*\mdf@splitbottomskip{\z@}
\newcommand*\mdfl@splitbottomskip{}
\newlength\mdf@splitbottomskip@length
\deflength\mdf@splitbottomskip@length{\z@}
\define@key{mdf}{splitbottomskip}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@splitbottomskip{\the\md@templength}}%
            {\global\edef\mdfl@splitbottomskip{\the\md@templength}}
\let\mdf@splitbottomskip\mdfl@splitbottomskip
\setlength\mdf@splitbottomskip@length{\mdf@splitbottomskip}
}


%% Linienstaerken
\newcommand*\mdf@linewidth{0.4pt}
\newcommand*\mdfl@linewidth{}
\newlength\mdf@linewidth@length
\deflength\mdf@linewidth@length{0.4pt}
\define@key{mdf}{linewidth}[0.4pt]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@linewidth{\the\md@templength}}%
            {\global\edef\mdfl@linewidth{\the\md@templength}}
\let\mdf@linewidth\mdfl@linewidth
\setlength\mdf@linewidth@length{\mdf@linewidth}%
\ifnumequal{\mdf@style}{1}{%
\deflength\mdf@middlelinewidth@length{\mdf@linewidth@length}%
}{}%
}

\newcommand*\mdf@innerlinewidth{\z@}
\newcommand*\mdfl@innerlinewidth{}
\newlength\mdf@innerlinewidth@length
\deflength\mdf@innerlinewidth@length{\z@}
\define@key{mdf}{innerlinewidth}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@innerlinewidth{\the\md@templength}}%
            {\global\edef\mdfl@innerlinewidth{\the\md@templength}}
\let\mdf@innerlinewidth\mdfl@innerlinewidth
\setlength\mdf@innerlinewidth@length{\mdf@innerlinewidth}
}

\newcommand*\mdf@middlelinewidth{\mdf@linewidth}
\newcommand*\mdfl@middlelinewidth{}
\newlength\mdf@middlelinewidth@length
\deflength\mdf@middlelinewidth@length{\mdf@linewidth@length}
\define@key{mdf}{middlelinewidth}[\mdf@linewidth]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@middlelinewidth{\the\md@templength}}%
            {\global\edef\mdfl@middlelinewidth{\the\md@templength}}
\let\mdf@middlelinewidth\mdfl@middlelinewidth
\setlength\mdf@middlelinewidth@length{\mdf@middlelinewidth}
}

\newcommand*\mdf@outerlinewidth{\z@}
\newcommand*\mdfl@outerlinewidth{}
\newlength\mdf@outerlinewidth@length
\deflength\mdf@outerlinewidth@length{\z@}
\define@key{mdf}{outerlinewidth}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@outerlinewidth{\the\md@templength}}%
            {\global\edef\mdfl@outerlinewidth{\the\md@templength}}
\let\mdf@outerlinewidth\mdfl@outerlinewidth
\setlength\mdf@outerlinewidth@length{\mdf@outerlinewidth}
}

\newcommand*\mdf@roundcorner{\z@}
\newcommand*\mdfl@roundcorner{}
\newlength\mdf@roundcorner@length
\deflength\mdf@roundcorner@length{\z@}
\define@key{mdf}{roundcorner}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@roundcorner{\the\md@templength}}%
            {\global\edef\mdfl@roundcorner{\the\md@templength}}
\let\mdf@roundcorner\mdfl@roundcorner
\setlength\mdf@roundcorner@length{\mdf@roundcorner}
}

%Unterstuetzung der Optionen fuer pstricks
\def\mdf@psset@local{}
\define@key{mdf}{pstrickssetting}{%
  \def\mdf@psset@local{#1}
}


%%Defaulunit
\DeclareStringOption[pt]{defaultunit}

%%mdframed umfasst ntheorem-Umgebung ja/nein
\DeclareBoolOption{ntheorem}

\DeclareBoolOption[true]{topline}
\DeclareBoolOption[true]{leftline}
\DeclareBoolOption[true]{bottomline}
\DeclareBoolOption[true]{rightline}


%%FARBEN
\DeclareStringOption[none]{xcolor}
\DeclareStringOption[black]{linecolor}
\DeclareStringOption[white]{backgroundcolor}
\DeclareStringOption[black]{fontcolor}
\DeclareStringOption[\mdf@linecolor]{innerlinecolor}
\DeclareStringOption[\mdf@linecolor]{outerlinecolor}
\DeclareStringOption[\mdf@backgroundcolor]{middlelinecolor}


\DeclareDefaultOption{%
   \md@PackageWarning{Unknown Option '\CurrentOption' for mdframed}}


%%==================================================%%
%%========== ENDE DER OPTIONENDEKLARATION ==========%%
%%==================================================%%

\ProcessKeyvalOptions*
\newcommand*{\mdfsetup}{\setkeys{mdf}}
\mdfsetup{globalstyle=0}

%%==================================================%%
%%========Sicherstellen der key-value-Syntax========%%
%%==================================================%%
\AtBeginDocument{
 \@ifpackageloaded{xcolor}{%
    \let\mdf@xcolor\@empty %ignoriere die Eingabe der Optionen
    }{%
     \def\@tempa{none}
    \ifx\mdf@xcolor\@tempa
    \else
     \PassOptionsToPackage{\mdf@xcolor}{xcolor}
     \RequirePackage{xcolor}
   \fi
 }
}



%%Farbabkuerzungen:
\newcommand*\mdf@@linecolor{\color{\mdf@linecolor}}
\newcommand*\mdf@@backgroundcolor{
    \ifx\mdf@backgroundcolor\@empty
    \else
         \color{\mdf@backgroundcolor}
    \fi}
\newcommand*\mdf@@fontcolor{\color{\mdf@fontcolor}}
\newcommand*\mdf@@innerlinecolor{\color{\mdf@innerlinecolor}}
\newcommand*\mdf@@outerlinecolor{\color{\mdf@outerlinecolor}}
\newcommand*\mdf@@middlelinecolor{\color{\mdf@middlelinecolor}}

%%==================================================%%
%%======= Laden der gewuenschten Style-Datei =======%%
%%==================================================%%
\ifcase\mdf@style\relax%
        \input{md-frame-0.mdf}%
      \or%
        \input{md-frame-1.mdf}%
      \or%        
        \md@PackageWarning{The style number\mdf@style does not exist\MessageBreak
                           mdframed ues instead style=0 \mdframedpackagename}%
        \input{md-frame-1.mdf}%
      \or% 
        \input{md-frame-3.mdf}%
      \else%
       \IfFileExists{md-frame-\mdf@style.mdf}{%
             \input{md-frame-\mdf@style.mdf}%
           }{%
            \input{md-frame-1.mdf}%
            \md@PackageWarning{The style number \mdf@style does not exist\MessageBreak
                           mdframed ues instead style=0 \mdframedpackagename}%
          }%
\fi%


%%==================================================%%
%%===Globale Umgebung -- noch keine Modifikation ===%%
%%==================================================%%
\def\md@margin@startenv{% latex.ltx -> \@startsection
    \if@noskipsec \leavevmode  \fi
    \par%\kern-\lastskip%
    \@tempskipa -\mdf@skipabove@length\relax
    \@afterindenttrue
    \ifdim \@tempskipa < \z@
      \@tempskipa -\@tempskipa \@afterindentfalse%
    \fi
    \if@nobreak
      \everypar{}%
    \else
      \addpenalty\@secpenalty\addvspace\@tempskipa%
      \par\kern-\ht\strutbox
    \fi%
}%


\def\mdframed{%
   \@ifnextchar[%]
       \mdframed@i\mdframed@ii}%

\def\mdframed@ii{\mdframed@i[]}%
\def\mdframed@i[#1]{% default-Umgebung
   \mdfsetup{#1}%%
   \md@margin@startenv%
   \ifmdf@ntheorem%       %%% Pruefen ob ntheorem gesetzt ist
   \ifundef{\theorempreskipamount}%
          {\md@PackageWarning{You have not loaded ntheorem yet}}%
          {\setlength{\theorempreskipamount}{0pt}%
           \setlength{\theorempostskipamount}{0pt}}%
   \fi%
   \ifnumequal{\mdf@style}{0}% 
   {\deflength{\mdf@innerlinewidth@length}{\z@}%
    \deflength{\mdf@middlelinewidth@length}{\mdf@linewidth@length}%
    \deflength{\mdf@outerlinewidth@length}{\z@}%
    \let\mdf@innerlinecolor\mdf@linecolor%
    \let\mdf@middlelinecolor\mdf@linecolor%
    \let\mdf@outerlinecolor\mdf@linecolor%
   }{}%
   \ifnumequal{\mdf@style}{3}% 
   {\deflength{\mdf@innerlinewidth@length}{\z@}%
   \deflength{\mdf@middlelinewidth@length}{\mdf@linewidth}%
    \deflength{\mdf@outerlinewidth@length}{\z@}%
    \let\mdf@innerlinecolor\mdf@linecolor%
   }{}%
   \mdframed@global@env%
   }%

\def\endmdframed{\endmdframed@global@env\endtrivlist%
\vspace{\mdf@skipbelow@length}}%

%%==================================================%%
%%==Deklaration diverser Eingabe und Hilfsparameter=%%
%%==================================================%%

\newskip\md@temp@skip@a      \md@temp@skip@a\z@    %% Hilfslaenge

\newlength\md@verticalmarginwhole@length

\newlength\mdf@xmargin@length%
\newlength\mdf@ymargin@length%
\newlength\mdfboxheight%                            %% Berechnungsvariable tikz
\newlength\mdfboxwidth%                             %% Berechnungsvariable tikz


\newlength\mdfboundingboxheight
\newlength\mdfboundingboxwidth
\newlength\mdfpositionx
\newlength\mdfpositiony



\providecommand*\ptTps{}


%%==================================================%%
%%=================== Kommentare ===================%%
%%==================================================%%

\chardef\md@arrayparboxrestore=\catcode`\|   % for debug
\catcode`\|=\catcode`\%                      % (debug: insert space after backslash)
%% Kommentare werden im Code mit | gekennzeichnet


%%==================================================%%
%%================= Platz auf Seite ================%%
%%==================================================%%
\newlength\md@freevspace@length
\def\md@freepagevspace{%
     \ifdimequal{\pagegoal}{\maxdimen}%
          {%
            \setlength{\md@freevspace@length}{\vsize}%
          }{
            \setlength{\md@freevspace@length}{\pagegoal}%
            \addtolength{\md@freevspace@length}{-\pagetotal}%
          }%
}

%%==================================================%%
%================= Breite der BOX =================%%
%%==================================================%%

% edge-leftmargin-outerlinewith-middlelinewidth-innerlinewidth-innerleftmargin-TEXTBREITE-
% innerrightmargin-innerlinewidth-middlelinewidth-outelinewith-edge
\newlength\md@horizontalspaceofbox
\def\md@horizontalmargin@equation{%
    \setlength{\md@horizontalspaceofbox}{\hsize}
    \addtolength{\md@horizontalspaceofbox}{%
                         -\mdf@leftmargin@length%
                         -\mdf@outerlinewidth@length%
                         -\mdf@middlelinewidth@length%
                         -\mdf@innerlinewidth@length%
                         -\mdf@innerleftmargin@length%
                         -\mdf@innerrightmargin@length%
                         -\mdf@innerlinewidth@length%
                         -\mdf@middlelinewidth@length%      
                         -\mdf@outerlinewidth@length%
                         -\mdf@rightmargin@length%
                        }%
  \ifboolexpr{ test {\ifnumequal{\mdf@style}{0}} or test {\ifnumequal{\mdf@style}{3}}}%
           {
           \notbool{mdf@leftline}{\addtolength{\md@horizontalspaceofbox}{%
                                    \mdf@innerlinewidth@length%
                                    +\mdf@middlelinewidth@length%      
                                    +\mdf@outerlinewidth@length%
                                 }}{}%
           \notbool{mdf@rightline}{\addtolength{\md@horizontalspaceofbox}{%
                                    \mdf@innerlinewidth@length%
                                    +\mdf@middlelinewidth@length%      
                                    +\mdf@outerlinewidth@length%
                                  }}{}%
    }{}%
    \advance\md@horizontalspaceofbox by - \width\md@arrayparboxrestore%
    %%% Beruecksichtigung, dass Auszaehlung bzw. list-Umgebung enthalten
    \ifdimless{\md@horizontalspaceofbox}{3cm}{\md@PackageWarning{You have only a width of 3cm}}{}
    \hsize=\md@horizontalspaceofbox%
}




%%==================================================%%
%%========= Seitenparameter und Strafpunkte ========%%
%%==================================================%%
\def\md@penalty@startenv{%
 \begingroup%
   \skip@\lastskip%                             %%% lastskip nur ungleich null nach section, list, figure, usw.
   \if@nobreak%
   \else 
      \penalty9999 % updates \page parameters <-pruefen
      \ifdim\pagefilstretch=\z@                 %%% pagefilstretch ist ein internes Register fuer den
                                                %%% Seitenumbruch. Es entaehlt den akkumulierten (gespeicherten) fil-Anteil
                                                %%% auf der aktuellen Seite
         \ifdim\pagefillstretch=\z@             %%% pagefillstretch ist ein internes Register fuer den
                                                %%% Seitenumbruch. Es entaehlt den akkumulierten (gespeicherten) fill-Anteil
                                                %%% auf der aktuellen Seite
            %%% nicht unendlich dehnbar, so hier foerdern eines Seitenumbruches
            \edef\@tempa{\the\skip@}%
            \edef\@tempb{\the\z@skip}%
            \ifx\@tempa\@tempb                  %%% ???????
                  \penalty-30%
            \else
                  \vskip-\skip@%
                  \penalty-30%
                  \vskip\skip@%
            \fi
         \fi
      \fi
    \penalty\z@%
    % Give a stretchy breakpoint that will always be taken in preference
    % to the \penalty 9999 used to update page parameters.  The cube root
    % of 10000/100 indicates a multiplier of 0.21545, but the maximum 
    % calculated badness is really 8192, not 10000, so the multiplier
    % is 0.2301. 
    \advance\skip@ \z@ plus-.5\baselineskip%
    \advance\skip@ \z@ plus-.231\height%
    \advance\skip@ \z@ plus-.231\skip@%
    \advance\skip@ \z@ plus-.231\topsep%
    \vskip-\skip@ \penalty 1800 \vskip\skip@%
  \fi
 \addvspace{\topsep}%
 \endgroup%
 % clear out pending page break
 \nobreak \vskip 2\baselineskip \vskip\height%     %%%\@M=10000
 \penalty9999 \vskip -2\baselineskip \vskip-\height%
 \penalty9999 % updates \pagetotal
}%


%%==================================================%%
%%============Start der globalen Umgebung===========%%
%%==================================================%%
\newskip\md@temp@frame@hsize \md@temp@frame@hsize=0pt%
\newskip\md@temp@frame@vsize \md@temp@frame@vsize=0pt%

\def\mdframed@global@env{\relax%
   \let\width\z@%
   \let\height\z@%
   \md@penalty@startenv%
   \def\@doendpe{\@endpetrue%                      %%% SIEHE LATEX.ltx -- ersten Absatz ignorieren
                 \def\par{\@restorepar\par\@endpefalse}%
                 \everypar{{\setbox\z@\lastbox}\everypar{}\@endpefalse}%
                }%
   \md@horizontalmargin@equation%
   \setbox\@tempboxa%
       \vbox\bgroup\@doendpe%
                 \begingroup%                %%% zweites begingroup noetig, dass fontcolor gesetzt werden kann
                 \mdf@@fontcolor%            %%% Setzen der Schriftfarbe
                 \textwidth\md@horizontalspaceofbox \columnwidth\md@horizontalspaceofbox%
}%

\def\endmdframed@global@env{\par%
     \kern\z@%
     \hrule\@width\md@horizontalspaceofbox\@height\z@%   
     \penalty-100 % put depth into height
   \endgroup%
 \egroup%
 \begingroup%
  \mdf@@fontcolor%
  \setbox\@tempboxa\vbox{\unvbox\@tempboxa}
  \md@put@frame%
 \endgroup%
}

%%==================================================%%
%%===========Ausgaberoutine -> Berechnung===========%%
%%==================================================%%

%% \md@put@frame nimmt den Inhalt der \@tempboxa und packt alles oder nur einen Teil
%% auf die Seite mit dem Rahmen.
%% Es ist rekursiv, solange alles von der \@tempboxa aufgebraucht ist (\@tempboxa muss die Tiefe 0 haben.)
%% Erste Iteration: Versuche alles in einen Rahmen zu bekommen. Falls es nicht passt, 
%% splitte es fuer die erste Rahmenumgebung
%% Spaetere Iteration: Versuche alles in den letzten Rahmen zu bekommen. Falls es nicht passt,
%% splitte es erneut. (Versuchsstadium -- Da bisher nur Anfang und Ende enthalten)



\def\md@put@frame{\relax%
   \md@freepagevspace
   \ifdimless{\md@freevspace@length}{1.999\baselineskip}
             {\md@PackageInfo{Not enough space on this page}%die Seite hat nur noch minimal Platz
              \clearpage%
              \md@put@frame
             }{%
               %Hier berechnung Box-Inhalt+Rahmen oben und unten
              \setlength{\md@verticalmarginwhole@length}{\ht\@tempboxa+\dp\@tempboxa}%
              \addtolength{\md@verticalmarginwhole@length}{%
                 \mdf@outerlinewidth@length%
                +\mdf@middlelinewidth@length%
                +\mdf@innerlinewidth@length%
                +\mdf@innertopmargin@length%
                +\mdf@innerbottommargin@length%
                +\mdf@innerlinewidth@length%
                +\mdf@middlelinewidth@length%
                +\mdf@outerlinewidth@length%
                }%
                \ifnumequal{\mdf@style}{0}%
                {\ifbool{mdf@topline}{}%
                   {\addtolength{\md@verticalmarginwhole@length}{-\mdf@middlelinewidth@length}%
                   }%
                 \ifbool{mdf@bottomline}{}%
                   {\addtolength{\md@verticalmarginwhole@length}{-\mdf@middlelinewidth@length}%
                   }%
                }{}              
                \ifnumequal{\mdf@style}{3}%
                {\ifbool{mdf@topline}{}%
                   {\addtolength{\md@verticalmarginwhole@length}{-\mdf@middlelinewidth@length}%
                   }%
                 \ifbool{mdf@bottomline}{}%
                   {\addtolength{\md@verticalmarginwhole@length}{-\mdf@middlelinewidth@length}%
                   }%
                }{}
                \ifdimless{\md@verticalmarginwhole@length}{\md@freevspace@length}%
                {\md@putbox@single}%passt auf Seite
                {\md@put@frame@i}%passt nicht auf Seite
             }
}

\def\md@put@frame@i{%Box muss gesplittet werden -- Ausgabe der ersten Teilbox
      %Berechnung der Splittgroesse -- Linien und Abstand oben
      \md@freepagevspace
      \setlength{\dimen@}{\md@freevspace@length}%
      \addtolength{\dimen@}{%
                -\mdf@outerlinewidth@length%
                -\mdf@middlelinewidth@length%
                -\mdf@innerlinewidth@length%
                -\mdf@innertopmargin@length%
                -\mdf@splitbottomskip@length%
                }%
      \ifnumequal{\mdf@style}{0}%
                {\ifbool{mdf@topline}{}%
                   {\addtolength{\dimen@}{+\mdf@middlelinewidth@length}%
                   }%
                }{}
       \ifnumequal{\mdf@style}{3}%
                {\ifbool{mdf@topline}{}%
                   {\addtolength{\dimen@}{\mdf@middlelinewidth@length}%
                   }%
                }{}
       \ifdimless{\ht\@tempboxa+\dp\@tempboxa}{\dimen@}%
         {\md@PackageWarning{You got a bad break\MessageBreak
                             you have to change it manually\MessageBreak
                             by changing the text, the space\MessageBreak
                             or something else}%
         \addtolength{\dimen@}{-1.8\baselineskip}
         }{}%
         \addtolength{\dimen@}{-\pageshrink}%Box darf nicht zu GroÃ� werden.
         \boxmaxdepth\z@ \splittopskip\mdf@splittopskip@length%
         \setbox\tw@\vsplit\@tempboxa to \dimen@
         \setbox\tw@\vbox{\unvbox\tw@}%
         \ifdimgreater{\ht\tw@+\dp\tw@}{\dimen@}{%Falsch gesplittet
             \setlength\dimen@i{\dimen@}
             \addtolength{\dimen@}{-\ht\tw@-\dp\tw@}
             \addtolength\dimen@i{0.5\dimen@}
             \boxmaxdepth\z@ \splittopskip\z@%
             \setbox\@tempboxa\vbox{\unvbox\tw@\unvbox\@tempboxa}
             \boxmaxdepth\z@ \splittopskip\mdf@splittopskip@length%
             \setbox\tw@\vsplit\@tempboxa to \dimen@i
             \setbox\tw@\vbox{\unvbox\tw@}%
             }{}%
         \setbox\@tempboxa\vbox{\unvbox\@tempboxa}%PRUEFEN!!!!
         \ifvoid\@tempboxa
           \md@PackageWarning{You got a bad break\MessageBreak
                               because the splittet box is empty\MessageBreak
                               You have to change the page settings\MessageBreak
                               like enlargethispage or something else}%
         \fi
         \ifdimequal{\wd\tw@}{0pt}%%pruefe, ob erste Box leer ist
            {\clearpage%
             \md@put@frame}%
          {\md@putbox@first%%Groesse des Splittens passt
           \eject%\clearpage%
           \md@put@frame@ii}%
}


\def\md@put@frame@ii{%Ausgabe der mittleren Box(en) wenn vorhanden
  \setlength{\md@freevspace@length}{\vsize}%
  \setlength{\dimen@}{\ht\@tempboxa+\dp\@tempboxa}%
  \addtolength{\dimen@}{%%Addition der Linien unten
                 \mdf@outerlinewidth@length%
                +\mdf@middlelinewidth@length%
                +\mdf@innerlinewidth@length%
                +\mdf@innerbottommargin@length%
                }%
   \ifboolexpr{( bool {mdf@bottomline} )
               and
               (  test {\ifnumequal{\mdf@style}{0}} 
                  or
                  test {\ifnumequal{\mdf@style}{3}}
              )
              }%
              {}{\addtolength{\dimen@}{-\mdf@middlelinewidth@length}}%
    \ifdimgreater{\dimen@}{\md@freevspace@length}%
    {%
        \addtolength{\md@freevspace@length}{%%Abzug der Linien unten
                    -\mdf@splitbottomskip@length%
                    }%
        \boxmaxdepth\z@ \splittopskip\mdf@splittopskip@length%
        \setbox\tw@\vsplit\@tempboxa to \md@freevspace@length%
        \setbox\tw@\vbox{\unvbox\tw@}%PRUEFEN!!!
        \setbox\@tempboxa\vbox{\unvbox\@tempboxa}%PRUEFEN!!!!
        \ifvoid\@tempboxa\relax%
           \md@PackageWarning{You got a bad break\MessageBreak
                               because the splittet box is empty\MessageBreak
                               You have to change the settings}%
         \fi%
        \md@putbox@middle%
        \clearpage\md@put@frame@ii%
     }%Hier die Ausgabe der mittleren Box
     {\ifdimequal{\wd\@tempboxa}{\z@}{\md@PackageWarning{You got a bad break\MessageBreak
                               because the splittet box is empty\MessageBreak
                               You have to change the settings}%
                   }{}%
      \md@putbox@second}%Hier kommt die Ausgabe der letzten Box
}




\catcode`\|=\md@arrayparboxrestore  %%%????




% \md@arrayparboxrestore has parts of \@parboxrestore, performing a similar but 
% less complete restoration of a default layout.  See how it is used in the 
% "settings" argument of \MakeFrame.  Though not a parameter, \hsize 
% should be set to the desired total line width available inside the
% frame before invoking \md@arrayparboxrestore.  
\def\md@arrayparboxrestore{%
   %%%AUS ltboxes.dtx -> \@arrayparboxrestore
   \let\if@nobreak\iffalse
   \let\if@noskipsec\iffalse  
   \let\-\@dischyph                         %%%Default \let\@dischyph=\-
   \let\'\@acci\let\`\@accii\let\=\@acciii  %%%Default: \let\@acci\' \let\@accii\` \let\@acciii\= <- Sicher gehen
                                            %%%dass Defaultwerte erhalten sind
                                            %%%Scheinen Mathesymbole zu sein ???
   % Test ob Listenumgebung enthalten ist
   \ifnum \ifdim\@totalleftmargin>\z@ 1\fi  %%%In latex.ltx->totalleftmargin=\z@, ausser in list-Umgebung:
                                            %%%\advance\@totalleftmargin \leftmargin
          \ifdim\rightmargin     >\z@ 1\fi  %%%Default \rightmargin=\z@, Ausnahme: quote usw.
          \ifnum\@listdepth      >0   1\fi  %%%Zaehler fuer Listentiefe -> Keine Liste \@listdepth=0 sonst, je Ebene +1
           0>\z@                            %%%Ist ein Parameter erfuellt, dann ist es eine Listenumgebung
     \@setminipage                          %%%Passform rund um das Element
     % Nun wird versucht, Aenderungen der Breite von \hsize entsprechend der Listenparameter zu uebergeben.
     % Dies ist defizitaer, denn eine erweiterte Moeglichkeit, Aenderungen der Textdimension anzugegeben
     % ist (noch) nicht vorgesehen, insbesondere keine getrennte linke / rechte Einstellung.
     \advance\linewidth-\columnwidth \advance\linewidth\md@horizontalspaceofbox
     \parshape\@ne \@totalleftmargin \linewidth %%% parshape definiert das Aussehen  eines Absatzes Zeile fuer Zeile.
                                                %%% Seine Parameterversorgung geschieht mittels der folgenden Syntax:
                                                %%% \parshape = n i1 l1 i2 l2 ... in ln.
                                                %%% Dabei gibt der Parameter n an, fuer wieviele Zeilen Definitionspaare folgen.
                                                %%% Jedes Definitionspaar besteht aus der Angabe i_j fuer den Einzug und
                                                %%% der Laengenangabe l_j fuer die entsprechende Zeile. Sind mehr als n Zeilen
                                                %%% vorhanden, so wird die letzte Angabe stets weiter verwendet
   \else % Not in list
     \linewidth=\md@horizontalspaceofbox
   \fi
   \sloppy
}

%%==================================================%%
%%= Sicherstellen, dass Optionen nur global setzbar=%%
%%==================================================%%

\DisableKeyvalOption[%  
  action=warning,  
  package=mdframed,    
]{mdf}{globalstyle}%


\DisableKeyvalOption[%  
  action=warning,  
  package=mdframed,    
]{mdf}{xcolor}%


\endinput
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
EOF
EOF
EOF
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% Syntax Highlightling

%\DefineShortVerb[commandchars=\\\{\}]{\|}
\DefineVerbatimEnvironment{Highlighting}{Verbatim}{commandchars=\\\{\}}
% Add ',fontsize=\small' for more characters per line
\newenvironment{Shaded}{\begin{scriptsize}}{\end{scriptsize}}
\newcommand{\KeywordTok}[1]{\textbf{{#1}}}
\newcommand{\DataTypeTok}[1]{\underline{{#1}}}
\newcommand{\DecValTok}[1]{{#1}}
\newcommand{\BaseNTok}[1]{{#1}}
\newcommand{\FloatTok}[1]{{#1}}
\newcommand{\CharTok}[1]{{#1}}
\newcommand{\StringTok}[1]{{#1}}
\newcommand{\CommentTok}[1]{\textit{{#1}}}
\newcommand{\OtherTok}[1]{{#1}}
\newcommand{\AlertTok}[1]{\textbf{{#1}}}
\newcommand{\FunctionTok}[1]{{#1}}
\newcommand{\RegionMarkerTok}[1]{{#1}}
\newcommand{\ErrorTok}[1]{\textbf{{#1}}}
\newcommand{\NormalTok}[1]{{#1}}
\newcommand{\myfigurewithoutcaption}[1]{{\bfseries \myfigurebabel{ }#1}}
\newcommand{\myfigurewithcaption}[2]{{\bfseries \myfigurebabel{ }#1{\quad}}#2}

% Definition der Fussnoten
% ------------------------
%\KOMAoptions{footnotes=multiple}


\DeclareTextSymbol{\textlongs}{TS1}{115} 

\deffootnote[2.2em]{2.2em}{0em}{\makebox[2.2em][l]{\thefootnotemark}}

\newcommand{\badchar}[1]
{\textbf{?}}


\newcommand{\myplainurl}[1]
{{\ttfamily  \url{#1}}}


\newcommand{\myfnhref}[2]
{{#2} \^{}{\{\ttfamily  \url{#1}\}} }

\newcommand{\mymchref}[2]
{}


\newcommand{\mytabhref}[2]
{{#2}\protect\footnote{\ttfamily \url{#1} }}
%{\textsc{#2}}


\newcommand{\myfnlref}[2]
{{#2} \^{}\{\mychapterbabel \ref{#1} \mypagebabel {$\text{}$} \pageref{#1}\}}

\newcommand{\myhref}[2]
{{#2}\protect\footnote{\ttfamily \url{#1} }} 

\newcommand{\mylref}[2]
{{#2}\protect\footnote{\mychapterbabel {$\text{}$} \ref{#1} \mypagebabel {$\text{}$} \pageref{#1}}}

\newcommand{\myfnsref}[2]
{\text{#2} \^{}\{\text{#1} \}}

\newcommand{\mysref}[2]
{\text{#2}\protect\footnote{#1}}

\newcommand{\TickYes}{\checkmark}


% Kompatibilität, damit myfootnote nichts ins Leere läuft
\newcommand{\myfootnote}[1]
%{\footnote{\quad{}#1}}
{\footnote{#1}}


% Auflistungen
% ------------
% Standardvorschlag für itemize
%\newenvironment{myitemize}{\begin{itemize}}{\end{itemize}}
%\newenvironment{myenumerate}{\begin{enumerate}}{\end{enumerate}}
\newenvironment{myquote}{\begin{itemize}[{}]}{\end{itemize}}
\newenvironment{myblockquote}{\begin{itemize}[{\quad}]}{\end{itemize}}

\newenvironment{mydescription}{

\begin{inparablank}}{\end{inparablank}} 
% Alternativen ohne Einrückung
\newenvironment{myitemize}{\begin{compactitem}[\textbullet]}{\end{compactitem}}
\newenvironment{myenumerate}{\begin{compactenum}}{\end{compactenum}}

% einige weitere Festlegungen
% ---------------------------
% \breakslash is used for URLs to allow linebreaking
\newcommand{\mybreakslash}{\discretionary{/}{}{/}}

\newlength{\mylength}
\newlength{\myhight}
\newlength{\myshadingheight}
\newcommand{\myoverline}[1]
{\settowidth{\mylength}{#1} \settoheight{\myhight}{#1}
\makebox[-3pt][l]{#1}
\rule[\myhight+1pt]{\mylength}{0.15mm}}

% Teile von Büchern
\newcommand{\mypart}[1]
%{\part{#1}}
{\addtocontents{toc}{\protect\vspace{7.5mm} \textbf{\Large {#1}}}}

% minitoc vorbereiten, aber standardmäßig unterdrücken
\newcommand{\myminitoc}{}

% Haupttitel
% ----------
%\newcommand{\mymaintitle}[1]
%{\definecolor{shadecolor}{gray}{0.9}\begin{shaded}
%\begin{center}
%\Huge \bfseries 
%#1 
%\end{center}
%\end{shaded}}

%\newcommand{\mysubtitle}[1]
%{\begin{center}
%\LARGE \bfseries 
%#1
%\end{center}}

\newcommand{\mysubtitle}[1]{\subtitle{#1}}
\newcommand{\mymaintitle}[1]{\title{#1}}
\newcommand{\myauthor}[1]{\author{#1}}


% Metadaten
% ---------
\newcommand{\fetchurlcaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Adresse der elektronischen Ressource zur Abholung (O)}.}{URL zur Abholung}}

\newcommand{\bookcaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Adresse der elektronischen Ressource (O)}.}{Buch (Hauptseite)}}

\newcommand{\functionalgroupcaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Angaben zum Inhalt: DDC-Sachgruppe der Deutschen Nationalbibliografie oder Warengruppen-Systematik des Deutschen Buchhandels (O)}.}{Sachgruppe(n)} }

\newcommand{\futhertopicscaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Angaben zum Inhalt: weitere Klassifikationen / Thesauri (F)}.}{Weitere Themen}}

\newcommand{\mainauthorscaption}[0]
{Hauptautor(en)}

\newcommand{\projecttexniciancaption}[0]
{Betreuer}

\newcommand{\organizationscaptions}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Beteiligte Organisationen (F)}.}{Organisation(en)}}

\newcommand{\datecaption}[0]
{Erscheinungsdatum}

\newcommand{\issuecaption}[0]
{Ausgabebezeichnung}

\newcommand{\standardcodecaption}[0]
{Standardnummer }

\newcommand{\maintitlecaption}[0]
{Haupttitel}

\newcommand{\publishercaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Verlag / Verlegende Stelle (O)}.}{Verlegende Stelle} }

\newcommand{\publishercitycaption}[0]
{Verlagsort}

\newcommand{\shelfcaption}[0]
{Wikibooks-Regal}

\newcommand{\sizecaption}[0]
{Umfang}


\newcommand{\Alpha}{\mathrm{A}}
\newcommand{\Beta}{\mathrm{B}}
\newcommand{\Epsilon}{\mathrm{E}}
\newcommand{\Zeta}{\mathrm{Z}}
\newcommand{\Eta}{\mathrm{H}}
\newcommand{\Iota}{\mathrm{I}}
\newcommand{\Kappa}{\mathrm{K}}
\newcommand{\Mu}{\mathrm{M}}
\newcommand{\Nu}{\mathrm{N}}
\newcommand{\Rho}{\mathrm{P}}
\newcommand{\Tau}{\mathrm{T}}
\newcommand{\Chi}{\mathrm{X}}
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			\definecolor{AliceBlue}{rgb}{0.941176470588			0.972549019608			1.0}


			\definecolor{aliceblue}{rgb}{0.941176470588			0.972549019608			1.0}


			\definecolor{AntiqueWhite}{rgb}{0.980392156863			0.921568627451			0.843137254902}


			\definecolor{antiquewhite}{rgb}{0.980392156863			0.921568627451			0.843137254902}


			\definecolor{Aqua}{rgb}{0.0			1.0			1.0}


			\definecolor{aqua}{rgb}{0.0			1.0			1.0}


			\definecolor{Aquamarine}{rgb}{0.498039215686			1.0			0.83137254902}


			\definecolor{aquamarine}{rgb}{0.498039215686			1.0			0.83137254902}


			\definecolor{Azure}{rgb}{0.941176470588			1.0			1.0}


			\definecolor{azure}{rgb}{0.941176470588			1.0			1.0}


			\definecolor{Beige}{rgb}{0.960784313725			0.960784313725			0.862745098039}


			\definecolor{beige}{rgb}{0.960784313725			0.960784313725			0.862745098039}


			\definecolor{Bisque}{rgb}{1.0			0.894117647059			0.76862745098}


			\definecolor{bisque}{rgb}{1.0			0.894117647059			0.76862745098}


			\definecolor{Black}{rgb}{0.0			0.0			0.0}


			\definecolor{black}{rgb}{0.0			0.0			0.0}


			\definecolor{BlanchedAlmond}{rgb}{1.0			0.921568627451			0.803921568627}


			\definecolor{blanchedalmond}{rgb}{1.0			0.921568627451			0.803921568627}


			\definecolor{Blue}{rgb}{0.0			0.0			1.0}


			%\definecolor{blue}{rgb}{0.0			0.0			1.0}


			\definecolor{BlueViolet}{rgb}{0.541176470588			0.16862745098			0.886274509804}


			\definecolor{blueviolet}{rgb}{0.541176470588			0.16862745098			0.886274509804}


			\definecolor{Brown}{rgb}{0.647058823529			0.164705882353			0.164705882353}


			\definecolor{brown}{rgb}{0.647058823529			0.164705882353			0.164705882353}


			\definecolor{BurlyWood}{rgb}{0.870588235294			0.721568627451			0.529411764706}


			\definecolor{burlywood}{rgb}{0.870588235294			0.721568627451			0.529411764706}


			\definecolor{CadetBlue}{rgb}{0.372549019608			0.619607843137			0.627450980392}


			\definecolor{cadetblue}{rgb}{0.372549019608			0.619607843137			0.627450980392}


			\definecolor{Chartreuse}{rgb}{0.498039215686			1.0			0.0}


			\definecolor{chartreuse}{rgb}{0.498039215686			1.0			0.0}


			\definecolor{Chocolate}{rgb}{0.823529411765			0.411764705882			0.117647058824}


			\definecolor{chocolate}{rgb}{0.823529411765			0.411764705882			0.117647058824}


			\definecolor{Coral}{rgb}{1.0			0.498039215686			0.313725490196}


			\definecolor{coral}{rgb}{1.0			0.498039215686			0.313725490196}


			\definecolor{CornflowerBlue}{rgb}{0.392156862745			0.58431372549			0.929411764706}


			\definecolor{cornflowerblue}{rgb}{0.392156862745			0.58431372549			0.929411764706}


			\definecolor{Cornsilk}{rgb}{1.0			0.972549019608			0.862745098039}


			\definecolor{cornsilk}{rgb}{1.0			0.972549019608			0.862745098039}


			\definecolor{Crimson}{rgb}{0.862745098039			0.078431372549			0.235294117647}


			\definecolor{crimson}{rgb}{0.862745098039			0.078431372549			0.235294117647}


			\definecolor{Cyan}{rgb}{0.0			1.0			1.0}


			%\definecolor{cyan}{rgb}{0.0			1.0			1.0}


			\definecolor{DarkBlue}{rgb}{0.0			0.0			0.545098039216}


			\definecolor{darkblue}{rgb}{0.0			0.0			0.545098039216}


			\definecolor{DarkCyan}{rgb}{0.0			0.545098039216			0.545098039216}


			\definecolor{darkcyan}{rgb}{0.0			0.545098039216			0.545098039216}


			\definecolor{DarkGoldenRod}{rgb}{0.721568627451			0.525490196078			0.043137254902}


			\definecolor{darkgoldenrod}{rgb}{0.721568627451			0.525490196078			0.043137254902}


			\definecolor{DarkGray}{rgb}{0.662745098039			0.662745098039			0.662745098039}


			\definecolor{darkgray}{rgb}{0.662745098039			0.662745098039			0.662745098039}


			\definecolor{DarkGreen}{rgb}{0.0			0.392156862745			0.0}


			\definecolor{darkgreen}{rgb}{0.0			0.392156862745			0.0}


			\definecolor{DarkKhaki}{rgb}{0.741176470588			0.717647058824			0.419607843137}


			\definecolor{darkkhaki}{rgb}{0.741176470588			0.717647058824			0.419607843137}


			\definecolor{DarkMagenta}{rgb}{0.545098039216			0.0			0.545098039216}


			\definecolor{darkmagenta}{rgb}{0.545098039216			0.0			0.545098039216}


			\definecolor{DarkOliveGreen}{rgb}{0.333333333333			0.419607843137			0.18431372549}


			\definecolor{darkolivegreen}{rgb}{0.333333333333			0.419607843137			0.18431372549}


			\definecolor{Darkorange}{rgb}{1.0			0.549019607843			0.0}


			\definecolor{darkorange}{rgb}{1.0			0.549019607843			0.0}


			\definecolor{DarkOrchid}{rgb}{0.6			0.196078431373			0.8}


			\definecolor{darkorchid}{rgb}{0.6			0.196078431373			0.8}


			\definecolor{DarkRed}{rgb}{0.545098039216			0.0			0.0}


			\definecolor{darkred}{rgb}{0.545098039216			0.0			0.0}


			\definecolor{DarkSalmon}{rgb}{0.913725490196			0.588235294118			0.478431372549}


			\definecolor{darksalmon}{rgb}{0.913725490196			0.588235294118			0.478431372549}


			\definecolor{DarkSeaGreen}{rgb}{0.560784313725			0.737254901961			0.560784313725}


			\definecolor{darkseagreen}{rgb}{0.560784313725			0.737254901961			0.560784313725}


			\definecolor{DarkSlateBlue}{rgb}{0.282352941176			0.239215686275			0.545098039216}


			\definecolor{darkslateblue}{rgb}{0.282352941176			0.239215686275			0.545098039216}


			\definecolor{DarkSlateGray}{rgb}{0.18431372549			0.309803921569			0.309803921569}


			\definecolor{darkslategray}{rgb}{0.18431372549			0.309803921569			0.309803921569}


			\definecolor{DarkTurquoise}{rgb}{0.0			0.807843137255			0.819607843137}


			\definecolor{darkturquoise}{rgb}{0.0			0.807843137255			0.819607843137}


			\definecolor{DarkViolet}{rgb}{0.580392156863			0.0			0.827450980392}


			\definecolor{darkviolet}{rgb}{0.580392156863			0.0			0.827450980392}


			\definecolor{DeepPink}{rgb}{1.0			0.078431372549			0.576470588235}


			\definecolor{deeppink}{rgb}{1.0			0.078431372549			0.576470588235}


			\definecolor{DeepSkyBlue}{rgb}{0.0			0.749019607843			1.0}


			\definecolor{deepskyblue}{rgb}{0.0			0.749019607843			1.0}


			\definecolor{DimGray}{rgb}{0.411764705882			0.411764705882			0.411764705882}


			\definecolor{dimgray}{rgb}{0.411764705882			0.411764705882			0.411764705882}


			\definecolor{DodgerBlue}{rgb}{0.117647058824			0.564705882353			1.0}


			\definecolor{dodgerblue}{rgb}{0.117647058824			0.564705882353			1.0}


			\definecolor{FireBrick}{rgb}{0.698039215686			0.133333333333			0.133333333333}


			\definecolor{firebrick}{rgb}{0.698039215686			0.133333333333			0.133333333333}


			\definecolor{FloralWhite}{rgb}{1.0			0.980392156863			0.941176470588}


			\definecolor{floralwhite}{rgb}{1.0			0.980392156863			0.941176470588}


			\definecolor{ForestGreen}{rgb}{0.133333333333			0.545098039216			0.133333333333}


			\definecolor{forestgreen}{rgb}{0.133333333333			0.545098039216			0.133333333333}


			\definecolor{Fuchsia}{rgb}{1.0			0.0			1.0}


			\definecolor{fuchsia}{rgb}{1.0			0.0			1.0}


			\definecolor{Gainsboro}{rgb}{0.862745098039			0.862745098039			0.862745098039}


			\definecolor{gainsboro}{rgb}{0.862745098039			0.862745098039			0.862745098039}


			\definecolor{GhostWhite}{rgb}{0.972549019608			0.972549019608			1.0}


			\definecolor{ghostwhite}{rgb}{0.972549019608			0.972549019608			1.0}


			\definecolor{Gold}{rgb}{1.0			0.843137254902			0.0}


			\definecolor{gold}{rgb}{1.0			0.843137254902			0.0}


			\definecolor{GoldenRod}{rgb}{0.854901960784			0.647058823529			0.125490196078}


			\definecolor{goldenrod}{rgb}{0.854901960784			0.647058823529			0.125490196078}


			\definecolor{Gray}{rgb}{0.501960784314			0.501960784314			0.501960784314}


			\definecolor{gray}{rgb}{0.501960784314			0.501960784314			0.501960784314}


			\definecolor{Green}{rgb}{0.0			0.501960784314			0.0}


			%\definecolor{green}{rgb}{0.0			0.501960784314			0.0}


			\definecolor{GreenYellow}{rgb}{0.678431372549			1.0			0.18431372549}


			\definecolor{greenyellow}{rgb}{0.678431372549			1.0			0.18431372549}


			\definecolor{HoneyDew}{rgb}{0.941176470588			1.0			0.941176470588}


			\definecolor{honeydew}{rgb}{0.941176470588			1.0			0.941176470588}


			\definecolor{HotPink}{rgb}{1.0			0.411764705882			0.705882352941}


			\definecolor{hotpink}{rgb}{1.0			0.411764705882			0.705882352941}


			\definecolor{IndianRed}{rgb}{0.803921568627			0.360784313725			0.360784313725}


			\definecolor{indianred}{rgb}{0.803921568627			0.360784313725			0.360784313725}


			\definecolor{Indigo}{rgb}{0.294117647059			0.0			0.509803921569}


			\definecolor{indigo}{rgb}{0.294117647059			0.0			0.509803921569}


			\definecolor{Ivory}{rgb}{1.0			1.0			0.941176470588}


			\definecolor{ivory}{rgb}{1.0			1.0			0.941176470588}


			\definecolor{Khaki}{rgb}{0.941176470588			0.901960784314			0.549019607843}


			\definecolor{khaki}{rgb}{0.941176470588			0.901960784314			0.549019607843}


			\definecolor{Lavender}{rgb}{0.901960784314			0.901960784314			0.980392156863}


			\definecolor{lavender}{rgb}{0.901960784314			0.901960784314			0.980392156863}


			\definecolor{LavenderBlush}{rgb}{1.0			0.941176470588			0.960784313725}


			\definecolor{lavenderblush}{rgb}{1.0			0.941176470588			0.960784313725}


			\definecolor{LawnGreen}{rgb}{0.486274509804			0.988235294118			0.0}


			\definecolor{lawngreen}{rgb}{0.486274509804			0.988235294118			0.0}


			\definecolor{LemonChiffon}{rgb}{1.0			0.980392156863			0.803921568627}


			\definecolor{lemonchiffon}{rgb}{1.0			0.980392156863			0.803921568627}


			\definecolor{LightBlue}{rgb}{0.678431372549			0.847058823529			0.901960784314}


			\definecolor{lightblue}{rgb}{0.678431372549			0.847058823529			0.901960784314}


			\definecolor{LightCoral}{rgb}{0.941176470588			0.501960784314			0.501960784314}


			\definecolor{lightcoral}{rgb}{0.941176470588			0.501960784314			0.501960784314}


			\definecolor{LightCyan}{rgb}{0.878431372549			1.0			1.0}


			\definecolor{lightcyan}{rgb}{0.878431372549			1.0			1.0}


			\definecolor{LightGoldenRodYellow}{rgb}{0.980392156863			0.980392156863			0.823529411765}


			\definecolor{lightgoldenrodyellow}{rgb}{0.980392156863			0.980392156863			0.823529411765}


			\definecolor{LightGrey}{rgb}{0.827450980392			0.827450980392			0.827450980392}


			\definecolor{lightgrey}{rgb}{0.827450980392			0.827450980392			0.827450980392}


			\definecolor{LightGreen}{rgb}{0.564705882353			0.933333333333			0.564705882353}


			\definecolor{lightgreen}{rgb}{0.564705882353			0.933333333333			0.564705882353}


			\definecolor{LightPink}{rgb}{1.0			0.713725490196			0.756862745098}


			\definecolor{lightpink}{rgb}{1.0			0.713725490196			0.756862745098}


			\definecolor{LightSalmon}{rgb}{1.0			0.627450980392			0.478431372549}


			\definecolor{lightsalmon}{rgb}{1.0			0.627450980392			0.478431372549}


			\definecolor{LightSeaGreen}{rgb}{0.125490196078			0.698039215686			0.666666666667}


			\definecolor{lightseagreen}{rgb}{0.125490196078			0.698039215686			0.666666666667}


			\definecolor{LightSkyBlue}{rgb}{0.529411764706			0.807843137255			0.980392156863}


			\definecolor{lightskyblue}{rgb}{0.529411764706			0.807843137255			0.980392156863}


			\definecolor{LightSlateGray}{rgb}{0.466666666667			0.533333333333			0.6}


			\definecolor{lightslategray}{rgb}{0.466666666667			0.533333333333			0.6}


			\definecolor{LightSteelBlue}{rgb}{0.690196078431			0.76862745098			0.870588235294}


			\definecolor{lightsteelblue}{rgb}{0.690196078431			0.76862745098			0.870588235294}


			\definecolor{LightYellow}{rgb}{1.0			1.0			0.878431372549}


			\definecolor{lightyellow}{rgb}{1.0			1.0			0.878431372549}


			\definecolor{Lime}{rgb}{0.0			1.0			0.0}


			\definecolor{lime}{rgb}{0.0			1.0			0.0}


			\definecolor{LimeGreen}{rgb}{0.196078431373			0.803921568627			0.196078431373}


			\definecolor{limegreen}{rgb}{0.196078431373			0.803921568627			0.196078431373}


			\definecolor{Linen}{rgb}{0.980392156863			0.941176470588			0.901960784314}


			\definecolor{linen}{rgb}{0.980392156863			0.941176470588			0.901960784314}


			\definecolor{Magenta}{rgb}{1.0			0.0			1.0}


			%\definecolor{magenta}{rgb}{1.0			0.0			1.0}


			\definecolor{Maroon}{rgb}{0.501960784314			0.0			0.0}


			\definecolor{maroon}{rgb}{0.501960784314			0.0			0.0}


			\definecolor{MediumAquaMarine}{rgb}{0.4			0.803921568627			0.666666666667}


			\definecolor{mediumaquamarine}{rgb}{0.4			0.803921568627			0.666666666667}


			\definecolor{MediumBlue}{rgb}{0.0			0.0			0.803921568627}


			\definecolor{mediumblue}{rgb}{0.0			0.0			0.803921568627}


			\definecolor{MediumOrchid}{rgb}{0.729411764706			0.333333333333			0.827450980392}


			\definecolor{mediumorchid}{rgb}{0.729411764706			0.333333333333			0.827450980392}


			\definecolor{MediumPurple}{rgb}{0.576470588235			0.439215686275			0.847058823529}


			\definecolor{mediumpurple}{rgb}{0.576470588235			0.439215686275			0.847058823529}


			\definecolor{MediumSeaGreen}{rgb}{0.235294117647			0.701960784314			0.443137254902}


			\definecolor{mediumseagreen}{rgb}{0.235294117647			0.701960784314			0.443137254902}


			\definecolor{MediumSlateBlue}{rgb}{0.482352941176			0.407843137255			0.933333333333}


			\definecolor{mediumslateblue}{rgb}{0.482352941176			0.407843137255			0.933333333333}


			\definecolor{MediumSpringGreen}{rgb}{0.0			0.980392156863			0.603921568627}


			\definecolor{mediumspringgreen}{rgb}{0.0			0.980392156863			0.603921568627}


			\definecolor{MediumTurquoise}{rgb}{0.282352941176			0.819607843137			0.8}


			\definecolor{mediumturquoise}{rgb}{0.282352941176			0.819607843137			0.8}


			\definecolor{MediumVioletRed}{rgb}{0.780392156863			0.0823529411765			0.521568627451}


			\definecolor{mediumvioletred}{rgb}{0.780392156863			0.0823529411765			0.521568627451}


			\definecolor{MidnightBlue}{rgb}{0.0980392156863			0.0980392156863			0.439215686275}


			\definecolor{midnightblue}{rgb}{0.0980392156863			0.0980392156863			0.439215686275}


			\definecolor{MintCream}{rgb}{0.960784313725			1.0			0.980392156863}


			\definecolor{mintcream}{rgb}{0.960784313725			1.0			0.980392156863}


			\definecolor{MistyRose}{rgb}{1.0			0.894117647059			0.882352941176}


			\definecolor{mistyrose}{rgb}{1.0			0.894117647059			0.882352941176}


			\definecolor{Moccasin}{rgb}{1.0			0.894117647059			0.709803921569}


			\definecolor{moccasin}{rgb}{1.0			0.894117647059			0.709803921569}


			\definecolor{NavajoWhite}{rgb}{1.0			0.870588235294			0.678431372549}


			\definecolor{navajowhite}{rgb}{1.0			0.870588235294			0.678431372549}


			\definecolor{Navy}{rgb}{0.0			0.0			0.501960784314}


			\definecolor{navy}{rgb}{0.0			0.0			0.501960784314}


			\definecolor{OldLace}{rgb}{0.992156862745			0.960784313725			0.901960784314}


			\definecolor{oldlace}{rgb}{0.992156862745			0.960784313725			0.901960784314}


			\definecolor{Olive}{rgb}{0.501960784314			0.501960784314			0.0}


			\definecolor{olive}{rgb}{0.501960784314			0.501960784314			0.0}


			\definecolor{OliveDrab}{rgb}{0.419607843137			0.556862745098			0.137254901961}


			\definecolor{olivedrab}{rgb}{0.419607843137			0.556862745098			0.137254901961}


			\definecolor{Orange}{rgb}{1.0			0.647058823529			0.0}


			\definecolor{orange}{rgb}{1.0			0.647058823529			0.0}


			\definecolor{OrangeRed}{rgb}{1.0			0.270588235294			0.0}


			\definecolor{orangered}{rgb}{1.0			0.270588235294			0.0}


			\definecolor{Orchid}{rgb}{0.854901960784			0.439215686275			0.839215686275}


			\definecolor{orchid}{rgb}{0.854901960784			0.439215686275			0.839215686275}


			\definecolor{PaleGoldenRod}{rgb}{0.933333333333			0.909803921569			0.666666666667}


			\definecolor{palegoldenrod}{rgb}{0.933333333333			0.909803921569			0.666666666667}


			\definecolor{PaleGreen}{rgb}{0.596078431373			0.98431372549			0.596078431373}


			\definecolor{palegreen}{rgb}{0.596078431373			0.98431372549			0.596078431373}


			\definecolor{PaleTurquoise}{rgb}{0.686274509804			0.933333333333			0.933333333333}


			\definecolor{paleturquoise}{rgb}{0.686274509804			0.933333333333			0.933333333333}


			\definecolor{PaleVioletRed}{rgb}{0.847058823529			0.439215686275			0.576470588235}


			\definecolor{palevioletred}{rgb}{0.847058823529			0.439215686275			0.576470588235}


			\definecolor{PapayaWhip}{rgb}{1.0			0.937254901961			0.835294117647}


			\definecolor{papayawhip}{rgb}{1.0			0.937254901961			0.835294117647}


			\definecolor{PeachPuff}{rgb}{1.0			0.854901960784			0.725490196078}


			\definecolor{peachpuff}{rgb}{1.0			0.854901960784			0.725490196078}


			\definecolor{Peru}{rgb}{0.803921568627			0.521568627451			0.247058823529}


			\definecolor{peru}{rgb}{0.803921568627			0.521568627451			0.247058823529}


			\definecolor{Pink}{rgb}{1.0			0.752941176471			0.796078431373}


			\definecolor{pink}{rgb}{1.0			0.752941176471			0.796078431373}


			\definecolor{Plum}{rgb}{0.866666666667			0.627450980392			0.866666666667}


			\definecolor{plum}{rgb}{0.866666666667			0.627450980392			0.866666666667}


			\definecolor{PowderBlue}{rgb}{0.690196078431			0.878431372549			0.901960784314}


			\definecolor{powderblue}{rgb}{0.690196078431			0.878431372549			0.901960784314}


			\definecolor{Purple}{rgb}{0.501960784314			0.0			0.501960784314}


			\definecolor{purple}{rgb}{0.501960784314			0.0			0.501960784314}


			\definecolor{Red}{rgb}{1.0			0.0			0.0}


			%\definecolor{red}{rgb}{1.0			0.0			0.0}


			\definecolor{RosyBrown}{rgb}{0.737254901961			0.560784313725			0.560784313725}


			\definecolor{rosybrown}{rgb}{0.737254901961			0.560784313725			0.560784313725}


			\definecolor{RoyalBlue}{rgb}{0.254901960784			0.411764705882			0.882352941176}


			\definecolor{royalblue}{rgb}{0.254901960784			0.411764705882			0.882352941176}


			\definecolor{SaddleBrown}{rgb}{0.545098039216			0.270588235294			0.0745098039216}


			\definecolor{saddlebrown}{rgb}{0.545098039216			0.270588235294			0.0745098039216}


			\definecolor{Salmon}{rgb}{0.980392156863			0.501960784314			0.447058823529}


			\definecolor{salmon}{rgb}{0.980392156863			0.501960784314			0.447058823529}


			\definecolor{SandyBrown}{rgb}{0.956862745098			0.643137254902			0.376470588235}


			\definecolor{sandybrown}{rgb}{0.956862745098			0.643137254902			0.376470588235}


			\definecolor{SeaGreen}{rgb}{0.180392156863			0.545098039216			0.341176470588}


			\definecolor{seagreen}{rgb}{0.180392156863			0.545098039216			0.341176470588}


			\definecolor{SeaShell}{rgb}{1.0			0.960784313725			0.933333333333}


			\definecolor{seashell}{rgb}{1.0			0.960784313725			0.933333333333}


			\definecolor{Sienna}{rgb}{0.627450980392			0.321568627451			0.176470588235}


			\definecolor{sienna}{rgb}{0.627450980392			0.321568627451			0.176470588235}


			\definecolor{Silver}{rgb}{0.752941176471			0.752941176471			0.752941176471}


			\definecolor{silver}{rgb}{0.752941176471			0.752941176471			0.752941176471}


			\definecolor{SkyBlue}{rgb}{0.529411764706			0.807843137255			0.921568627451}


			\definecolor{skyblue}{rgb}{0.529411764706			0.807843137255			0.921568627451}


			\definecolor{SlateBlue}{rgb}{0.41568627451			0.352941176471			0.803921568627}


			\definecolor{slateblue}{rgb}{0.41568627451			0.352941176471			0.803921568627}


			\definecolor{SlateGray}{rgb}{0.439215686275			0.501960784314			0.564705882353}


			\definecolor{slategray}{rgb}{0.439215686275			0.501960784314			0.564705882353}


			\definecolor{Snow}{rgb}{1.0			0.980392156863			0.980392156863}


			\definecolor{snow}{rgb}{1.0			0.980392156863			0.980392156863}


			\definecolor{SpringGreen}{rgb}{0.0			1.0			0.498039215686}


			\definecolor{springgreen}{rgb}{0.0			1.0			0.498039215686}


			\definecolor{SteelBlue}{rgb}{0.274509803922			0.509803921569			0.705882352941}


			\definecolor{steelblue}{rgb}{0.274509803922			0.509803921569			0.705882352941}


			\definecolor{Tan}{rgb}{0.823529411765			0.705882352941			0.549019607843}


			\definecolor{tan}{rgb}{0.823529411765			0.705882352941			0.549019607843}


			\definecolor{Teal}{rgb}{0.0			0.501960784314			0.501960784314}


			\definecolor{teal}{rgb}{0.0			0.501960784314			0.501960784314}


			\definecolor{Thistle}{rgb}{0.847058823529			0.749019607843			0.847058823529}


			\definecolor{thistle}{rgb}{0.847058823529			0.749019607843			0.847058823529}


			\definecolor{Tomato}{rgb}{1.0			0.388235294118			0.278431372549}


			\definecolor{tomato}{rgb}{1.0			0.388235294118			0.278431372549}


			\definecolor{Turquoise}{rgb}{0.250980392157			0.878431372549			0.81568627451}


			\definecolor{turquoise}{rgb}{0.250980392157			0.878431372549			0.81568627451}


			\definecolor{Violet}{rgb}{0.933333333333			0.509803921569			0.933333333333}


			\definecolor{violet}{rgb}{0.933333333333			0.509803921569			0.933333333333}


			\definecolor{Wheat}{rgb}{0.960784313725			0.870588235294			0.701960784314}


			\definecolor{wheat}{rgb}{0.960784313725			0.870588235294			0.701960784314}


			\definecolor{White}{rgb}{1.0			1.0			1.0}


			%\definecolor{white}{rgb}{1.0			1.0			1.0}


			\definecolor{WhiteSmoke}{rgb}{0.960784313725			0.960784313725			0.960784313725}


			\definecolor{whitesmoke}{rgb}{0.960784313725			0.960784313725			0.960784313725}


			\definecolor{Yellow}{rgb}{1.0			1.0			0.0}


			%\definecolor{yellow}{rgb}{1.0			1.0			0.0}


			\definecolor{YellowGreen}{rgb}{0.603921568627			0.803921568627			0.196078431373}


			\definecolor{yellowgreen}{rgb}{0.603921568627			0.803921568627			0.196078431373}


			


			\definecolor{shadecolor}{gray}{0.9}


			\definecolor{mydarkgreen}{rgb}{0.0			0.5625			0.0} 


			









main/.svn/text-base/etoolbox.sty.svn-base

% $Id: etoolbox.sty,v 2.1 2011/01/03 19:14:10 lehman stable $

% Copyright (c) 2007-2011 Philipp Lehman.
%
% Permission is granted to copy, distribute and/or modify this
% software under the terms of the LaTeX Project Public License
% (LPPL), version 1.3.
%
% The LPPL maintenance status of this software is
% 'author-maintained'.
%
% This software is provided 'as is', without warranty of any kind,
% either expressed or implied, including, but not limited to, the
% implied warranties of merchantability and fitness for a
% particular purpose.

\def\etb@rcsid$#1: #2 #3 #4 #5${#4 v#3}

\NeedsTeXFormat{LaTeX2e}
\ProvidesPackage{etoolbox}
[\etb@rcsid $Id: etoolbox.sty,v 2.1 2011/01/03 19:14:10 lehman stable $
 e-TeX tools for LaTeX]

\begingroup
\@ifundefined{eTeXversion}
  {\PackageError{etoolbox}
     {Not running under e-TeX}
     {This package requires e-TeX. Try compiling the document
      with\MessageBreak 'elatex' instead of 'latex'. When using
      pdfTeX, try 'pdfelatex'\MessageBreak instead of 'pdflatex'.
      This is a fatal error. I'm aborting now.}%
   \aftergroup\endinput}
  {}
\endgroup

\RequirePackage{etex}

\def\etb@catcodes{\do\&\do\|\do\:\do\-\do\=\do\<\do\>}
\def\do#1{\catcode\number`#1=\the\catcode`#1\relax}
\edef\etb@catcodes{\etb@catcodes}
\let\do\noexpand
\AtEndOfPackage{\etb@catcodes\undef\etb@catcodes}

\catcode`\&=3
\catcode`\|=3
\@makeother\:
\@makeother\-
\@makeother\=
\@makeother\<
\@makeother\>

\protected\def\etb@error{\PackageError{etoolbox}}
\protected\def\etb@warning{\PackageWarning{etoolbox}}
\protected\def\etb@info{\PackageInfo{etoolbox}}
\newcount\etb@tempcnta

% {<cstoken>}[<arguments>][<optarg default>]{<definition>}

\newcommand*{\newrobustcmd}{}
\protected\def\newrobustcmd{\@star@or@long\etb@new@command}

\def\etb@new@command#1{\@testopt{\etb@newcommand#1}0}

\def\etb@newcommand#1[#2]{%
  \@ifnextchar[%]
    {\etb@xargdef#1[#2]}
    {\ifx\l@ngrel@x\relax
       \let\l@ngrel@x\protected
     \else
       \protected\def\l@ngrel@x{\protected\long}%
     \fi
     \@argdef#1[#2]}}

\long\def\etb@xargdef#1[#2][#3]#4{%
  \@ifdefinable#1{%
    \expandafter\protected
    \expandafter\def
    \expandafter#1%
    \expandafter{%
      \expandafter\@testopt
      \csname\string#1\endcsname{#3}}%
    \expandafter\@yargdef\csname\string#1\endcsname\tw@{#2}{#4}}}

% {<cstoken>}[<arguments>][<optarg default>]{<definition>}

\newrobustcmd*{\renewrobustcmd}{\@star@or@long\etb@renew@command}

\def\etb@renew@command#1{%
  \ifundef{#1}
     {\etb@error{\string#1 undefined}\@ehc}
     {}%
  \let\@ifdefinable\@rc@ifdefinable
  \etb@new@command#1}

% {<cstoken>}[<arguments>][<optarg default>]{<definition>}

\newrobustcmd*{\providerobustcmd}{\@star@or@long\etb@provide@command}

\def\etb@provide@command#1{%
  \ifundef{#1}
    {\def\reserved@a{\etb@new@command#1}}
    {\def\reserved@a{\etb@renew@command\reserved@a}}%
  \reserved@a}

% {<csname>}

\newrobustcmd*{\csshow}[1]{%
  \begingroup\expandafter\endgroup
  \expandafter\show\csname#1\endcsname}

% {<cstoken>}{<true>}{<false>}

\newcommand{\ifdef}[1]{%
  \ifdefined#1%
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<cstoken>}{<true>}{<false>}

\newcommand{\ifundef}[1]{%
  \ifdefined#1%
    \ifx#1\relax
      \expandafter\expandafter
      \expandafter\@firstoftwo
    \else
      \expandafter\expandafter
      \expandafter\@secondoftwo
    \fi
  \else
    \expandafter\@firstoftwo
  \fi}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsdef}[1]{%
  \ifcsname#1\endcsname
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsundef}[1]{%
  \ifcsname#1\endcsname
    \expandafter\ifx\csname#1\endcsname\relax
      \expandafter\expandafter
      \expandafter\@firstoftwo
    \else
      \expandafter\expandafter
      \expandafter\@secondoftwo
    \fi
  \else
    \expandafter\@firstoftwo
  \fi}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefmacro}{}
\long\edef\ifdefmacro#1{%
  \noexpand\expandafter\noexpand\etb@ifdefmacro
  \noexpand\meaning#1\detokenize{macro}:&}
\edef\etb@ifdefmacro{%
  \def\noexpand\etb@ifdefmacro##1\detokenize{macro}:##2&}
\etb@ifdefmacro{\notblank{#2}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsmacro}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefmacro\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefprefix}[1]{%
  \ifdefmacro{#1}
    {\etb@ifdefprefix{#1}}
    {\@secondoftwo}}
\long\edef\etb@ifdefprefix#1{%
  \noexpand\expandafter\noexpand\etb@ifdefprefix@i
  \noexpand\meaning#1\detokenize{macro}:&}
\edef\etb@ifdefprefix@i{%
  \def\noexpand\etb@ifdefprefix@i##1\detokenize{macro}:##2&}
\etb@ifdefprefix@i{\notblank{#1}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsprefix}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefprefix\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefparam}{}
\long\edef\ifdefparam#1{%
  \noexpand\expandafter\noexpand\etb@ifdefparam
  \noexpand\meaning#1\detokenize{macro}:->&}
\edef\etb@ifdefparam{%
  \def\noexpand\etb@ifdefparam##1\detokenize{macro}:##2->##3&}
\etb@ifdefparam{\notblank{#2}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsparam}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefparam\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefprotected}{}
\long\edef\ifdefprotected#1{%
  \noexpand\expandafter\noexpand\etb@ifdefprotected
  \noexpand\meaning#1\string\protected&}
\edef\etb@ifdefprotected{%
  \def\noexpand\etb@ifdefprotected##1\string\protected##2&}
\etb@ifdefprotected{\notblank{#2}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsprotected}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefprotected\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newrobustcmd{\ifdefltxprotect}[1]{%
  \begingroup
  \edef\etb@resrvda{%
    \noexpand\protect\expandafter\noexpand
    \csname\expandafter\@gobble\string#1 \endcsname}%
  \expandafter\endgroup\ifx#1\etb@resrvda
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<csname>}{<true>}{<false>}

\newrobustcmd*{\ifcsltxprotect}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefltxprotect\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true>}{<false>}

\newcommand{\ifdefempty}[1]{%
  \ifundef{#1}
    {\@secondoftwo}
    {\ifdefmacro{#1}
       {\ifdefparam{#1}
	  {\@secondoftwo}
	  {\etb@ifdefempty{#1}}}
       {\@secondoftwo}}}

\def\etb@ifdefempty#1{%
  \expandafter\expandafter
  \expandafter\ifblank
  \expandafter\expandafter
  \expandafter{%
  \expandafter\strip@prefix\meaning#1}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsempty}[1]{%
  \ifcsundef{#1}
    {\@secondoftwo}
    {\expandafter\ifdefparam\csname#1\endcsname
       {\@secondoftwo}
       {\expandafter\etb@ifdefempty\csname#1\endcsname}}}

% {<cstoken>}{<true>}{<false>}

\newcommand{\ifdefvoid}[1]{%
  \ifundef{#1}
    {\@firstoftwo}
    {\ifdefmacro{#1}
       {\ifdefparam{#1}
	  {\@secondoftwo}
	  {\etb@ifdefempty{#1}}}
       {\@secondoftwo}}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsvoid}[1]{%
  \ifcsundef{#1}
    {\@firstoftwo}
    {\expandafter\ifdefparam\csname#1\endcsname
       {\@secondoftwo}
       {\expandafter\etb@ifdefempty\csname#1\endcsname}}}

% {<cstoken1>}{<cstoken2>}{<true>}{<false>}

\newcommand{\ifdefequal}[2]{%
  \ifundef{#1}
    {\@secondoftwo}
    {\ifundef{#2}
       {\@secondoftwo}
       {\ifx#1#2%
          \expandafter\@firstoftwo
        \else
          \expandafter\@secondoftwo
        \fi}}}

% {<csname1>}{<csname2>}{<true>}{<false>}

\newcommand*{\ifcsequal}[2]{%
  \ifcsundef{#1}
    {\@secondoftwo}
    {\ifcsundef{#2}
       {\@secondoftwo}
       {\expandafter\ifx
        \csname#1\expandafter\endcsname
        \csname#2\endcsname
          \expandafter\@firstoftwo
        \else
          \expandafter\@secondoftwo
        \fi}}}

% {<cstoken1>}{<cstoken2>}{<true>}{<false>}

\newrobustcmd{\ifdefstrequal}[2]{%
  \ifdefmacro{#1}
    {\ifdefmacro{#2}
       {\begingroup
	\edef\etb@tempa{\expandafter\strip@prefix\meaning#1}%
	\edef\etb@tempb{\expandafter\strip@prefix\meaning#2}%
	\ifx\etb@tempa\etb@tempb
	  \aftergroup\@firstoftwo
	\else
	  \aftergroup\@secondoftwo
	\fi
	\endgroup}
       {\@secondoftwo}}
    {\@secondoftwo}}

% {<csname1>}{<csname2>}{<true>}{<false>}

\newcommand*{\ifcsstrequal}[2]{%
  \ifcsundef{#1}
    {\@secondoftwo}
    {\ifcsundef{#2}
       {\@secondoftwo}
       {\expandafter\ifdefstrequal
        \csname#1\expandafter\endcsname
	\csname#2\endcsname}}}

% {<cstoken>}{<string>}{<true>}{<false>}

\newrobustcmd{\ifdefstring}[2]{%
  \ifdefmacro{#1}
    {\begingroup
     \edef\etb@tempa{\expandafter\strip@prefix\meaning#1}%
     \edef\etb@tempb{\detokenize{#2}}%
     \ifx\etb@tempa\etb@tempb
       \aftergroup\@firstoftwo
     \else
       \aftergroup\@secondoftwo
     \fi
     \endgroup}
    {\@secondoftwo}}

% {<csname>}{<string>}{<true>}{<false>}

\newrobustcmd{\ifcsstring}[2]{%
  \ifcsundef{#1}
    {\@secondoftwo}
    {\expandafter\ifdefstring\csname#1\endcsname{#2}}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefcounter}[1]{\etb@ifcounter#1&}
\long\def\etb@ifcounter#1#2&{%
  \ifx\count#1%
    \expandafter\@secondoftwo
  \else
    \expandafter\etb@ifcounter@i\meaning#1:%
  \fi}
\edef\etb@ifcounter@i#1:#2\fi{\noexpand\fi
  \noexpand\etb@ifcounter@ii#1\string\count&}
\edef\etb@ifcounter@ii{%
  \def\noexpand\etb@ifcounter@ii##1\string\count##2&}
\etb@ifcounter@ii{\ifblank{#1}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcscounter}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefcounter\csname#1\endcsname}
    {\@secondoftwo}}

% {<name>}{<true>}{<false>}

\newcommand*{\ifltxcounter}[1]{%
  \ifcsdef{c@#1}
    {\expandafter\ifdefcounter\csname c@#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdeflength}[1]{\etb@iflength#1&}
\long\def\etb@iflength#1#2&{%
  \ifx\skip#1%
    \expandafter\@secondoftwo
  \else
    \expandafter\etb@iflength@i\meaning#1:%
  \fi}
\edef\etb@iflength@i#1:#2\fi{\noexpand\fi
  \noexpand\etb@iflength@ii#1\string\skip&}
\edef\etb@iflength@ii{%
  \def\noexpand\etb@iflength@ii##1\string\skip##2&}
\etb@iflength@ii{\ifblank{#1}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcslength}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdeflength\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefdimen}[1]{\etb@ifdimen#1&}
\long\def\etb@ifdimen#1#2&{%
  \ifx\dimen#1%
    \expandafter\@secondoftwo
  \else
    \expandafter\etb@ifdimen@i\meaning#1:%
  \fi}
\edef\etb@ifdimen@i#1:#2\fi{\noexpand\fi
  \noexpand\etb@ifdimen@ii#1\string\dimen&}
\edef\etb@ifdimen@ii{%
  \def\noexpand\etb@ifdimen@ii##1\string\dimen##2&}
\etb@ifdimen@ii{\ifblank{#1}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsdimen}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefdimen\csname#1\endcsname}
    {\@secondoftwo}}

% {<string1>}{<string2>}{<true>}{<false>}

\newrobustcmd{\ifstrequal}[2]{%
  \begingroup
  \edef\etb@tempa{\detokenize{#1}}%
  \edef\etb@tempb{\detokenize{#2}}%
  \ifx\etb@tempa\etb@tempb
    \aftergroup\@firstoftwo
  \else
    \aftergroup\@secondoftwo
  \fi
  \endgroup}

% {<string>}{<true>}{<false>}

\newcommand{\ifstrempty}[1]{%
  \expandafter\ifx\expandafter&\detokenize{#1}&%
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<string>}{<true>}{<false>}

\newcommand{\ifblank}[1]{% from url.sty
  \etb@ifblank@i#1&&\@secondoftwo\@firstoftwo:}
\long\def\etb@ifblank@i#1#2&#3#4#5:{#4}

\newcommand{\notblank}[1]{%
  \etb@ifblank@i#1&&\@firstoftwo\@secondoftwo:}

% {<numexpr>}{<comp>}{<numexpr>}{<true>}{<false>}

\newcommand*{\ifnumcomp}[3]{%
  \ifnum\numexpr#1\relax#2\numexpr#3\relax
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<numexpr>}{<numexpr>}{<true>}{<false>}

\newcommand*{\ifnumequal}[1]{%
  \ifnumcomp{#1}=}

\newcommand*{\ifnumgreater}[1]{%
  \ifnumcomp{#1}>}

\newcommand*{\ifnumless}[1]{%
  \ifnumcomp{#1}<}

% {<numexpr>}{<true>}{<false>}

\newcommand*{\ifnumodd}[1]{%
  \ifodd\numexpr#1\relax
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<dimexpr>}{<comp>}{<dimexpr>}{<true>}{<false>}

\newcommand*{\ifdimcomp}[3]{%
  \ifdim\dimexpr#1\relax#2\dimexpr#3\relax
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<dimexpr>}{<dimexpr>}{<true>}{<false>}

\newcommand*{\ifdimequal}[1]{%
  \ifdimcomp{#1}=}

\newcommand*{\ifdimgreater}[1]{%
  \ifdimcomp{#1}>}

\newcommand*{\ifdimless}[1]{%
  \ifdimcomp{#1}<}

% {<expr>}{<true>}{<false>}

\newcommand{\ifboolexpe}[1]{%
  \etb@be@beg\etb@be@bgroup#1(&\etb@be@end}

\let\etb@be@true\@empty
\def\etb@be@false{-\@ne}

\def\etb@be@beg{%
  \ifnum\numexpr\z@\ifnum\numexpr\z@}

\def\etb@be@end{%
  <\z@
    \expandafter\etb@be@false
  \fi
  <\z@
    \expandafter\@secondoftwo
  \else
    \expandafter\@firstoftwo
  \fi}

\long\def\etb@be@bgroup#1(#2&{%
  \etb@be@egroup#1)&%
  \ifblank{#2}
    {}
    {\etb@be@beg
     \etb@be@bgroup#2&}}

\long\def\etb@be@egroup#1)#2&{%
  \etb@be@and#1and&%
  \ifblank{#2}
    {}
    {\etb@be@end\etb@be@true\etb@be@false
     \etb@be@egroup#2&}}

\long\def\etb@be@and#1and#2&{%
  \etb@be@or#1or&%
  \ifblank{#2}
    {}
    {<\z@
       \expandafter\@firstofone
     \else
       \expandafter\@gobble
     \fi
     {=\z@\fi\ifnum\numexpr\m@ne}%
     \ifnum\numexpr\z@
     \etb@be@and#2&}}

\long\def\etb@be@or#1or#2&{%
  \etb@be@not#1not&%
  \ifblank{#2}
    {}
    {<\z@
       \expandafter\@secondoftwo
     \else
       \expandafter\@firstoftwo
     \fi
     {=\z@\fi\ifnum\numexpr\z@
      \ifnum\numexpr\@ne}
     {=\z@\fi\ifnum\numexpr\z@
      \ifnum\numexpr\z@}%
     \etb@be@or#2&}}

\long\def\etb@be@not#1not#2&{%
  \etb@be@togl#1togl&%
  \ifblank{#2}
    {}
    {>\z@
       \expandafter\@firstoftwo
     \else
       \expandafter\@secondoftwo
     \fi
     {\unless\ifnum\numexpr\m@ne}
     {\unless\ifnum\numexpr\z@}%
     \etb@be@not#2&}}

\long\def\etb@be@togl#1togl#2&{%
  \etb@be@bool#1bool&%
  \ifblank{#2}
    {}
    {\etb@be@togl@i#2&}}

\long\def\etb@be@togl@i#1#2&{%
  \ifcsdef{etb@tgl@#1}
    {\csname etb@tgl@#1\endcsname\etb@be@true\etb@be@false}
    {\etb@be@err{Toggle '#1' undefined}{}}%
  \etb@be@togl#2&}

\long\def\etb@be@bool#1bool#2&{%
  \etb@be@test#1test&%
  \ifblank{#2}
    {}
    {\etb@be@bool@i#2&}}

\long\def\etb@be@bool@i#1#2&{%
  \ifcsundef{if#1}
    {\etb@be@err{Boolean '#1' undefined}{}}
    {\csname if#1\endcsname
     \else
       \etb@be@false
     \fi}%
  \etb@be@bool#2&}

\long\def\etb@be@test#1test#2&{%
  \ifblank{#1}
    {}
    {\etb@be@err{The invalid part is: '\detokenize{#1}'}{}}%
  \ifblank{#2}
    {}
    {\etb@be@test@i#2&}}

\long\def\etb@be@test@i#1#2&{%
  #1\etb@be@true\etb@be@false
  \etb@be@test#2&}

\long\def\etb@be@err#1#2{%
  \expandafter\ifnum\the\numexpr
    \expandafter\ifnum\the\currentiftype=-3
      \expandafter\thr@@
    \else
      \expandafter\currentiftype
    \fi
  =\thr@@
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi
  {=\z@\fi
   \etb@be@err{#1}{#2\ifnum\numexpr\m@ne}}
  {\etb@err@expr{#1}#2}}

% {<expr>}{<true>}{<false>}

\newrobustcmd{\ifboolexpr}[1]{\etb@boolexpr{#1}}

\long\def\etb@boolexpr#1{%
  \begingroup
  \let\etb@br@neg\@firstoftwo
  \etb@tempcnta\z@
  \etb@br@beg
  \etb@br@bgroup#1(&%
  \etb@br@end
  \etb@br@eval}

\def\etb@br@beg{%
  \begingroup
  \let\etb@br@neg\@firstoftwo
  \etb@tempcnta\z@}

\def\etb@br@end{%
  \etb@br@eval\etb@br@true\etb@br@false}

\def\etb@br@eval{%
  \ifnum\etb@tempcnta<\z@
    \aftergroup\@secondoftwo
  \else
    \aftergroup\@firstoftwo
  \fi
  \endgroup}

\def\etb@br@true{%
  \advance\etb@tempcnta\etb@br@neg\z@\m@ne
  \let\etb@br@neg\@firstoftwo}

\def\etb@br@false{%
  \advance\etb@tempcnta\etb@br@neg\m@ne\z@
  \let\etb@br@neg\@firstoftwo}

\long\def\etb@br@bgroup#1(#2&{%
  \etb@br@egroup#1)&%
  \ifblank{#2}
    {}
    {\etb@br@beg
     \etb@br@bgroup#2&}}

\long\def\etb@br@egroup#1)#2&{%
  \etb@br@and#1and&%
  \ifblank{#2}
    {}
    {\etb@br@end
     \etb@br@egroup#2&}}

\long\def\etb@br@and#1and#2&{%
  \etb@br@or#1or&%
  \ifblank{#2}
    {}
    {\ifnum\etb@tempcnta<\z@
       \etb@tempcnta\m@ne
     \else
       \etb@tempcnta\z@
     \fi
     \etb@br@and#2&}}

\long\def\etb@br@or#1or#2&{%
  \etb@br@not#1not&%
  \ifblank{#2}
    {}
    {\ifnum\etb@tempcnta<\z@
       \etb@tempcnta\z@
     \else
       \etb@tempcnta\@ne
     \fi
     \etb@br@or#2&}}

\long\def\etb@br@not#1not#2&{%
  \etb@br@togl#1togl&%
  \ifblank{#2}
    {}
    {\let\etb@br@neg\@secondoftwo
     \etb@br@not#2&}}

\long\def\etb@br@togl#1togl#2&{%
  \etb@br@bool#1bool&%
  \ifblank{#2}
    {}
    {\etb@br@togl@i#2&}}

\long\def\etb@br@togl@i#1#2&{%
  \ifcsdef{etb@tgl@#1}
    {\csname etb@tgl@#1\endcsname\etb@br@true\etb@br@false}
    {\etb@err@expr{Toggle '#1' undefined}\etb@br@false}%
  \etb@br@togl#2&}

\long\def\etb@br@bool#1bool#2&{%
  \etb@br@test#1test&%
  \ifblank{#2}
    {}
    {\etb@br@bool@i#2&}}

\long\def\etb@br@bool@i#1#2&{%
  \ifcsundef{if#1}
    {\etb@err@expr{Boolean '#1' undefined}\etb@br@false}
    {\csname if#1\endcsname
       \etb@br@true
     \else
       \etb@br@false
     \fi}%
  \etb@br@bool#2&}

\long\def\etb@br@test#1test#2&{%
  \ifblank{#1}
    {}
    {\etb@err@expr{The invalid part is: '\detokenize{#1}'}}%
  \ifblank{#2}
    {}
    {\etb@br@test@i#2&}}

\long\def\etb@br@test@i#1#2&{%
  \ignorespaces#1\etb@br@true\etb@br@false
  \etb@br@test#2&}

\long\def\etb@err@expr#1{%
  \etb@error
    {Invalid boolean expression}
    {#1.}}

% {<expr>}{<code>}

\newrobustcmd{\whileboolexpr}[2]{%
  \etb@boolexpr{#1}{#2\whileboolexpr{#1}{#2}}{}}

% {<expr>}{<code>}

\newrobustcmd{\unlessboolexpr}[2]{%
  \etb@boolexpr{#1}{}{#2\unlessboolexpr{#1}{#2}}}

% {<cstoken>}

\newcommand{\expandonce}[1]{%
  \unexpanded\expandafter{#1}}

% {<csname>}

\newcommand*{\csexpandonce}[1]{%
  \expandafter\expandonce\csname#1\endcsname}

% {<code>}

\newcommand*{\protecting}{}
\def\protecting#{%
  \ifx\protect\@typeset@protect
    \etb@protecting\@firstofone
  \fi
  \ifx\protect\@unexpandable@protect
    \etb@protecting\etb@unexpandable
  \fi
  \ifx\protect\noexpand
    \etb@protecting\unexpanded
  \fi
  \ifx\protect\string
    \etb@protecting\detokenize
  \fi
  \relax\@firstofone}

\def\etb@protecting#1#2\relax\@firstofone{\fi#1}
\long\def\etb@unexpandable#1{\unexpanded{\protecting{#1}}}

% {<csname>}

\newrobustcmd*{\csdef}[1]{\expandafter\def\csname#1\endcsname}
\newrobustcmd*{\csedef}[1]{\expandafter\edef\csname#1\endcsname}
\newrobustcmd*{\csgdef}[1]{\expandafter\gdef\csname#1\endcsname}
\newrobustcmd*{\csxdef}[1]{\expandafter\xdef\csname#1\endcsname}
\newrobustcmd*{\protected@csedef}{\etb@protected\csedef}
\newrobustcmd*{\protected@csxdef}{\etb@protected\csxdef}

\def\etb@protected{%
  \let\@@protect\protect
  \let\protect\@unexpandable@protect
  \afterassignment\restore@protect}

% {<csname>}{<cstoken>}

\newrobustcmd{\cslet}[2]{%
  \expandafter\let\csname#1\endcsname#2}

% {<cstoken>}{<csname>}

\newrobustcmd{\letcs}[2]{%
  \ifcsdef{#2}
    {\expandafter\let\expandafter#1\csname#2\endcsname}
    {\undef#1}}

% {<csname>}{<csname>}

\newrobustcmd*{\csletcs}[2]{%
  \ifcsdef{#2}
    {\expandafter\let
     \csname#1\expandafter\endcsname
     \csname#2\endcsname}
    {\csundef{#1}}}

% {<csname>}

\newcommand*{\csuse}[1]{%
  \ifcsname#1\endcsname
    \csname#1\expandafter\endcsname
  \fi}

% {<cstoken>}

\newrobustcmd{\undef}[1]{\let#1\etb@undefined}

% {<csname>}

\newrobustcmd*{\csundef}[1]{\cslet{#1}\etb@undefined}

% {<cstoken>}{<code>}

\newrobustcmd{\appto}[2]{%
  \ifundef{#1}
    {\edef#1{\unexpanded{#2}}}
    {\edef#1{\expandonce#1\unexpanded{#2}}}}
\newrobustcmd{\eappto}[2]{%
  \ifundef{#1}
    {\edef#1{#2}}
    {\edef#1{\expandonce#1#2}}}
\newrobustcmd{\gappto}[2]{%
  \ifundef{#1}
    {\xdef#1{\unexpanded{#2}}}
    {\xdef#1{\expandonce#1\unexpanded{#2}}}}
\newrobustcmd{\xappto}[2]{%
  \ifundef{#1}
    {\xdef#1{#2}}
    {\xdef#1{\expandonce#1#2}}}

\newrobustcmd*{\protected@eappto}{\etb@protected\eappto}
\newrobustcmd*{\protected@xappto}{\etb@protected\xappto}

% {<cstoken>}{<code>}

\newrobustcmd{\preto}[2]{%
  \ifundef{#1}
    {\edef#1{\unexpanded{#2}}}
    {\edef#1{\unexpanded{#2}\expandonce#1}}}
\newrobustcmd{\epreto}[2]{%
  \ifundef{#1}
    {\edef#1{#2}}
    {\edef#1{#2\expandonce#1}}}
\newrobustcmd{\gpreto}[2]{%
  \ifundef{#1}
    {\xdef#1{\unexpanded{#2}}}
    {\xdef#1{\unexpanded{#2}\expandonce#1}}}
\newrobustcmd{\xpreto}[2]{%
  \ifundef{#1}
    {\xdef#1{#2}}
    {\xdef#1{#2\expandonce#1}}}

\newrobustcmd*{\protected@epreto}{\etb@protected\epreto}
\newrobustcmd*{\protected@xpreto}{\etb@protected\xpreto}

% {<csname>}{<code>}

\newrobustcmd*{\csappto}[1]{\expandafter\appto\csname#1\endcsname}
\newrobustcmd*{\cseappto}[1]{\expandafter\eappto\csname#1\endcsname}
\newrobustcmd*{\csgappto}[1]{\expandafter\gappto\csname#1\endcsname}
\newrobustcmd*{\csxappto}[1]{\expandafter\xappto\csname#1\endcsname}
\newrobustcmd*{\protected@cseappto}{\etb@protected\cseappto}
\newrobustcmd*{\protected@csxappto}{\etb@protected\csxappto}

% {<csname>}{<code>}

\newrobustcmd*{\cspreto}[1]{\expandafter\preto\csname#1\endcsname}
\newrobustcmd*{\csepreto}[1]{\expandafter\epreto\csname#1\endcsname}
\newrobustcmd*{\csgpreto}[1]{\expandafter\gpreto\csname#1\endcsname}
\newrobustcmd*{\csxpreto}[1]{\expandafter\xpreto\csname#1\endcsname}
\newrobustcmd*{\protected@csepreto}{\etb@protected\csepreto}
\newrobustcmd*{\protected@csxpreto}{\etb@protected\csxpreto}

% {<cstoken>}{<numexpr>}

\newrobustcmd*{\numdef}[2]{%
  \ifundef#1{\let#1\z@}{}%
  \edef#1{\the\numexpr#2}}
\newrobustcmd*{\numgdef}[2]{%
  \ifundef#1{\let#1\z@}{}%
  \xdef#1{\the\numexpr#2}}

% {<csname>}{<numexpr>}

\newrobustcmd*{\csnumdef}[1]{%
  \expandafter\numdef\csname#1\endcsname}
\newrobustcmd*{\csnumgdef}[1]{%
  \expandafter\numgdef\csname#1\endcsname}

% {<cstoken>}{<dimexpr>}

\newrobustcmd*{\dimdef}[2]{%
  \ifundef#1{\let#1\z@}{}%
  \edef#1{\the\dimexpr#2}}
\newrobustcmd*{\dimgdef}[2]{%
  \ifundef#1{\let#1\z@}{}%
  \xdef#1{\the\dimexpr#2}}

% {<csname>}{<dimexpr>}

\newrobustcmd*{\csdimdef}[1]{%
  \expandafter\dimdef\csname#1\endcsname}
\newrobustcmd*{\csdimgdef}[1]{%
  \expandafter\dimgdef\csname#1\endcsname}

% {<cstoken>}{<glueexpr>}

\newrobustcmd*{\gluedef}[2]{%
  \ifundef#1{\let#1\z@skip}{}%
  \edef#1{\the\glueexpr#2}}
\newrobustcmd*{\gluegdef}[2]{%
  \ifundef#1{\let#1\z@skip}{}%
  \xdef#1{\the\glueexpr#2}}

% {<csname>}{<glueexpr>}

\newrobustcmd*{\csgluedef}[1]{%
  \expandafter\gluedef\csname#1\endcsname}
\newrobustcmd*{\csgluegdef}[1]{%
  \expandafter\gluegdef\csname#1\endcsname}

% {<cstoken>}{<muexpr>}

\newrobustcmd*{\mudef}[2]{%
  \ifundef#1{\def#1{0mu}}{}%
  \edef#1{\the\muexpr#2}}
\newrobustcmd*{\mugdef}[2]{%
  \ifundef#1{\let#1\z@}{}%
  \xdef#1{\the\muexpr#2}}

% {<csname>}{<muexpr>}

\newrobustcmd*{\csmudef}[1]{%
  \expandafter\mudef\csname#1\endcsname}
\newrobustcmd*{\csmugdef}[1]{%
  \expandafter\mugdef\csname#1\endcsname}

% {<counter>}{<numexpr>}

\newrobustcmd*{\defcounter}[2]{%
  \ifcsundef{c@#1}
    {\etb@noglobal\@nocounterr{#1}}%
    {\csname c@#1\endcsname\numexpr#2\relax}}

% {<length>}{<glueexpr>}

\newrobustcmd*{\deflength}[2]{%
  \ifundef{#1}
    {\etb@noglobal\etb@err@nolen{#1}}%
    {#1\glueexpr#2\relax}}

\protected\def\etb@err@nolen#1{%
  \etb@error{Length '\string#1' undefined}\@eha}

% {<name>}

\newrobustcmd*{\newbool}[1]{%
  \expandafter\@ifdefinable\csname if#1\endcsname{%
    \expandafter\newif\csname if#1\endcsname}}

% {<name>}

\newrobustcmd*{\providebool}[1]{%
  \ifcsundef{if#1}
    {\expandafter\newif\csname if#1\endcsname}
    {\begingroup
     \edef\@tempa{\expandafter\meaning\csname if#1\endcsname}%
     \ifx\@tempa\etb@isfalse
     \else
       \ifx\@tempa\etb@istrue
       \else
         \etb@error{\@backslashchar if#1 not a boolean}\@eha
       \fi
     \fi
     \endgroup}}

% {<name>}{<true>|<false>}

\newrobustcmd*{\setbool}[2]{%
  \ifcsundef{if#1}
    {\etb@noglobal\etb@err@nobool{#1}}
    {\ifcsundef{#1#2}
       {\etb@noglobal\etb@err@boolval{#2}}
       {\csname#1#2\endcsname}}}

% {<name>}

\newrobustcmd*{\booltrue}[1]{%
  \ifcsundef{if#1}
    {\etb@noglobal\etb@err@nobool{#1}}
    {\csname#1true\endcsname}}

% {<name>}

\newrobustcmd*{\boolfalse}[1]{%
  \ifcsundef{if#1}
    {\etb@noglobal\etb@err@nobool{#1}}
    {\csname#1false\endcsname}}

\edef\etb@istrue{\meaning\iftrue}
\edef\etb@isfalse{\meaning\iffalse}
\protected\def\etb@noglobal{\let\relax\relax}

% {<name>}{<true}{<false>}

\newcommand*{\ifbool}[1]{%
  \ifcsundef{if#1}
    {\etb@err@nobool{#1}\@gobbletwo}
    {\csname if#1\endcsname
       \expandafter\@firstoftwo
     \else
       \expandafter\@secondoftwo
     \fi}}

% {<name>}{<not true}{<not false>}

\newcommand*{\notbool}[1]{%
  \ifcsundef{if#1}
    {\etb@err@nobool{#1}\@gobbletwo}
    {\csname if#1\endcsname
       \expandafter\@secondoftwo
     \else
       \expandafter\@firstoftwo
     \fi}}

\protected\def\etb@err@nobool#1{%
  \etb@error{Boolean '\@backslashchar if#1' undefined}\@eha}

\def\etb@err@boolval#1{%
  \etb@error
    {Invalid boolean value '#1'}
    {Valid boolean values are 'true' and 'false'.}}

% {<name>}

\newrobustcmd*{\newtoggle}[1]{%
  \ifcsdef{etb@tgl@#1}
    {\etb@error{Toggle '#1' already defined}\@eha}
    {\cslet{etb@tgl@#1}\@secondoftwo}}

% {<name>}

\newrobustcmd*{\providetoggle}[1]{%
  \ifcsdef{etb@tgl@#1}
    {}
    {\cslet{etb@tgl@#1}\@secondoftwo}}

% {<name>}{<true>|<false>}

\newrobustcmd*{\settoggle}[2]{%
  \ifcsdef{etb@tgl@#1}
    {\ifcsdef{etb@toggle#2}
       {\csletcs{etb@tgl@#1}{etb@toggle#2}}
       {\etb@noglobal\etb@err@boolval{#2}}}
    {\etb@noglobal\etb@err@notoggle{#1}}}

% {<name>}

\newrobustcmd*{\toggletrue}[1]{%
  \ifcsdef{etb@tgl@#1}
    {\cslet{etb@tgl@#1}\etb@toggletrue}
    {\etb@noglobal\etb@err@notoggle{#1}}}

% {<name>}

\newrobustcmd*{\togglefalse}[1]{%
  \ifcsdef{etb@tgl@#1}
    {\cslet{etb@tgl@#1}\etb@togglefalse}
    {\etb@noglobal\etb@err@notoggle{#1}}}

\let\etb@toggletrue\@firstoftwo
\let\etb@togglefalse\@secondoftwo

% {<name>}{<true}{<false>}

\newcommand*{\iftoggle}[1]{%
  \ifcsdef{etb@tgl@#1}
    {\csname etb@tgl@#1\endcsname}
    {\etb@err@notoggle{#1}\@gobbletwo}}

% {<name>}{<not true}{<not false>}

\newcommand*{\nottoggle}[1]{%
  \ifcsdef{etb@tgl@#1}
    {\csname etb@tgl@#1\endcsname\@secondoftwo\@firstoftwo}
    {\etb@err@notoggle{#1}\@gobbletwo}}

\protected\def\etb@err@notoggle#1{%
  \etb@error{Toggle '#1' undefined}\@eha}

% {<cstoken>}{<true}{<false>}

\protected\def\etb@ifscanable#1{%
  \begingroup
  \edef\etb@resrvda{%
    \def\noexpand\etb@resrvda####1\detokenize{macro}:####2->####3&{%
      ####1\def\string\etb@resrvda####2{####3}}%
    \edef\noexpand\etb@resrvda{\noexpand\etb@resrvda\meaning#1&}}%
  \etb@resrvda
  \makeatletter
  \scantokens\expandafter{\etb@resrvda}%
  \expandafter\endgroup\ifx#1\etb@resrvda
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<cstoken>}{<search>}{<true}{<false>}

\protected\long\def\etb@ifpattern#1#2{%
  \begingroup
  \edef\etb@resrvda{%
    \def\noexpand\etb@resrvda####1\detokenize{#2}####2&{%
      \endgroup\noexpand\noexpand\noexpand\ifblank{####2}}%
    \edef\noexpand\etb@resrvda{\noexpand\etb@resrvda
      \expandafter\strip@prefix\meaning#1\detokenize{#2}&}%
    \noexpand\etb@resrvda}
  \etb@resrvda\@secondoftwo\@firstoftwo}

% {<string>}{<true}{<false>}

\protected\long\def\etb@ifhashcheck#1{%
  \begingroup
  \edef\etb@resrvda{\detokenize{#1}}%
  \expandafter\endgroup
  \expandafter\etb@ifhashcheck@i\meaning\etb@resrvda&}

\edef\etb@ifhashcheck@i#1&{%
  \noexpand\expandafter
  \noexpand\etb@ifhashcheck@ii
  \noexpand\strip@prefix#1\string#\string#&}

\edef\etb@ifhashcheck@ii{%
  \def\noexpand\etb@ifhashcheck@ii##1\string#\string###2&}
\etb@ifhashcheck@ii{\ifblank{#2}}

% {<cstoken>}

\newrobustcmd*{\robustify}[1]{%
  \ifundef{#1}
    {\etb@error{\string#1 undefined}\@eha}
    {\ifdefmacro{#1}
       {\ifdefltxprotect{#1}
          {\letcs\etb@resrvda{\expandafter\@gobble\string#1 }%
           \@tempswatrue}
          {\let\etb@resrvda#1%
           \@tempswafalse}%
        \ifdefparam\etb@resrvda
          {\etb@ifscanable\etb@resrvda
             {\etb@robustify\etb@resrvda
              \let#1\etb@resrvda}
             {\etb@error{Failed to robustify \string#1}
                {The command is special and cannot be
                 handled by \string\robustify.}%
              \@tempswafalse}}
          {\protected\edef#1{\expandonce\etb@resrvda}}
        \if@tempswa
          \ifcsdef{\string#1 }
            {}
            {\csundef{\expandafter\@gobble\string#1 }}%
        \fi
        \undef\etb@resrvda}
       {\etb@error{\string#1 not a macro}\@eha}}}

\def\etb@robustify#1{%
  \begingroup
  \edef\etb@resrvdb{%
    \def\noexpand\etb@resrvdb####1\detokenize{macro}:####2->####3&{%
      \protected####1\def\string#1\space####2{####3}}%
    \edef\noexpand\etb@resrvdb{%
      \noexpand\etb@resrvdb\meaning#1&}}%
  \etb@resrvdb
  \etb@patchcmd@scantoks\etb@resrvdb}

%  {<cstoken>}{<search>}{<true}{<false>}
% *{<cstoken>}{<true}{<false>}

\newrobustcmd{\ifpatchable}{%
  \etb@dbg@trce\ifpatchable
  \begingroup
  \@makeother\#%
  \@ifstar\etb@ifpatchable@i\etb@ifpatchable}

\long\def\etb@ifpatchable#1#2{%
  \endgroup
  \etb@dbg@init#1%
  \ifundef{#1}
    {\etb@dbg@fail{def}\@secondoftwo}
    {\etb@dbg@info{def}%
     \ifdefmacro{#1}
       {\etb@dbg@info{mac}%
        \etb@ifscanable{#1}
          {\etb@ifhashcheck{#2}
             {\etb@dbg@info{tok}%
              \etb@ifpattern#1{#2}
                 {\etb@dbg@info{pat}%
                  \etb@dbg@info{pos}\@firstoftwo}
                 {\etb@dbg@fail{pat}\@secondoftwo}}
             {\etb@dbg@fail{hsh}\@secondoftwo}}
          {\etb@dbg@fail{tok}\@secondoftwo}}
       {\etb@dbg@fail{mac}\@secondoftwo}}}

\long\def\etb@ifpatchable@i#1{%
  \endgroup
  \etb@dbg@init#1%
  \ifundef{#1}
    {\etb@dbg@fail{def}\@secondoftwo}
    {\etb@dbg@info{def}%
     \ifdefmacro{#1}
       {\etb@dbg@info{mac}%
        \ifdefparam{#1}
          {\etb@dbg@info{prm}%
           \etb@ifscanable{#1}
             {\etb@dbg@info{tok}%
              \etb@dbg@info{pos}\@firstoftwo}
             {\etb@dbg@fail{tok}\@secondoftwo}}
          {\etb@dbg@info{prl}%
           \ifdefprotected{#1}
             {\etb@dbg@info{pro}}
             {}%
           \etb@dbg@info{pos}\@firstoftwo}}
       {\etb@dbg@fail{mac}\@secondoftwo}}}

% [<prefix>]{<cstoken>}{<search>}{<replace>}{<success>}{<failure>}

\newrobustcmd*{\patchcmd}{%
  \etb@dbg@trce\patchcmd
  \begingroup
  \@makeother\#%
  \etb@patchcmd}

\newcommand{\etb@patchcmd}[4][########1]{%
  \etb@ifpatchable#2{#3}
    {\etb@dbg@succ{ret}%
     \begingroup
     \edef\etb@resrvda{%
       \def\noexpand\etb@resrvda####1\detokenize{macro:}####2->####3&{%
         #1\def\string\etb@resrvda\space####2{\noexpand\etb@resrvdb####3&}}%
       \def\noexpand\etb@resrvdb####1\detokenize{#3}####2&{%
         ####1\detokenize{#4}####2}%
       \edef\noexpand\etb@resrvda{%
         \noexpand\etb@resrvda\meaning#2&}}%
     \etb@resrvda
     \etb@patchcmd@scantoks\etb@resrvda
     \let#2\etb@resrvda
     \undef\etb@resrvda
     \@firstoftwo}
    {\@secondoftwo}}

\def\etb@patchcmd@scantoks#1{%
  \edef\etb@resrvda{\endgroup
    \unexpanded{\makeatletter\scantokens}{#1}%
    \catcode\number`\@=\the\catcode`\@\relax}%
  \etb@resrvda}

% {<cstoken>}{<code>}{<success>}{<failure>}

\newrobustcmd*{\apptocmd}{%
  \etb@dbg@trce\apptocmd
  \begingroup
  \@makeother\#%
  \etb@hooktocmd\etb@append}

\newrobustcmd*{\pretocmd}{%
  \etb@dbg@trce\pretocmd
  \begingroup
  \@makeother\#%
  \etb@hooktocmd\etb@prepend}

\long\def\etb@hooktocmd#1#2#3{%
  \endgroup
  \etb@dbg@init#2%
  \ifundef{#2}
    {\etb@dbg@fail{def}\@secondoftwo}
    {\etb@dbg@info{def}%
     \ifdefmacro{#2}
       {\etb@dbg@info{mac}%
        \ifdefparam{#2}
          {\etb@dbg@info{prm}%
           \etb@ifscanable{#2}
             {\etb@ifhashcheck{#3}
                {\etb@dbg@info{tok}%
                 \etb@dbg@succ{ret}%
                 \etb@hooktocmd@i#1#2{#3}%
                 \@firstoftwo}
                {\etb@dbg@fail{hsh}\@secondoftwo}}
             {\etb@dbg@fail{tok}\@secondoftwo}}
          {\etb@dbg@info{prl}%
           \ifdefprotected{#2}
             {\etb@dbg@info{pro}%
              \etb@dbg@succ{red}%
              \protected}
             {\etb@dbg@succ{red}}%
           \edef#2{#1{\expandonce#2}{\unexpanded{#3}}}%
           \@firstoftwo}}
       {\etb@dbg@fail{mac}\@secondoftwo}}}

\long\def\etb@hooktocmd@i#1#2#3{%
  \begingroup
  \edef\etb@resrvda{%
    \def\noexpand\etb@resrvda####1\detokenize{macro}:####2->####3&{%
      ####1\def\string\etb@resrvda\space####2{#1{####3}{\detokenize{#3}}}}%
    \edef\noexpand\etb@resrvda{%
      \noexpand\etb@resrvda\meaning#2&}}%
  \etb@resrvda
  \etb@patchcmd@scantoks\etb@resrvda
  \let#2\etb@resrvda
  \undef\etb@resrvda}

\long\def\etb@append#1#2{#1#2}
\long\def\etb@prepend#1#2{#2#1}

\newrobustcmd*{\tracingpatches}{%
  \etb@info{Enabling tracing}%
  \input{etoolbox.def}%
  \global\let\tracingpatches\relax}
\@onlypreamble\tracingpatches

\let\etb@dbg@trce\@gobble
\let\etb@dbg@init\@gobble
\let\etb@dbg@info\@gobble
\let\etb@dbg@succ\@gobble
\let\etb@dbg@fail\@gobble

% {<numeral>}

\newcommand{\rmntonum}[1]{%
  \ifblank{#1}
    {}
    {\expandafter\etb@rti@end\number\numexpr
     \expandafter\etb@rti@prs\detokenize{#1}&\relax}}

\def\etb@rti@prs#1#2{%
  \ifx&#1%
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi
  {#1#2}
  {\ifx&#2%
     \expandafter\@firstoftwo
   \else
     \expandafter\@secondoftwo
   \fi
   {\etb@rti@chk#1+\etb@rti@num#1#2}
   {\etb@rti@chk#1\etb@rti@chk#2%
    \ifnum\etb@rti@num#1<\etb@rti@num#2 %
      \expandafter\@firstoftwo
    \else
      \expandafter\@secondoftwo
    \fi
    {+\etb@rti@num#2-\etb@rti@num#1\etb@rti@prs}
    {+\etb@rti@num#1\etb@rti@prs#2}}}}

\def\etb@rti@chk#1{%
  \ifcsname etb@rmn@#1\endcsname
  \else
    \expandafter\etb@rti@brk
  \fi}

\def\etb@rti@brk#1&{+\z@&-1}
\def\etb@rti@end#1&#2\relax{\ifblank{#2}{#1}{#2}}
\def\etb@rti@num#1{\csname etb@rmn@#1\endcsname}

\chardef\etb@rmn@i=1
\chardef\etb@rmn@I=1
\chardef\etb@rmn@v=5
\chardef\etb@rmn@V=5
\chardef\etb@rmn@x=10
\chardef\etb@rmn@X=10
\chardef\etb@rmn@l=50
\chardef\etb@rmn@L=50
\chardef\etb@rmn@c=100
\chardef\etb@rmn@C=100
\mathchardef\etb@rmn@d=500
\mathchardef\etb@rmn@D=500
\mathchardef\etb@rmn@m=1000
\mathchardef\etb@rmn@M=1000

% {<numeral>}{<true>}{<false>}

\newcommand{\ifrmnum}[1]{%
  \ifblank{#1}
    {\@secondoftwo}
    {\expandafter\etb@ifr@prs\detokenize{#1}\relax}}

\def\etb@ifr@prs#1{%
  \ifx\relax#1%
    \expandafter\@firstoftwo
  \else
    \ifcsname etb@rmn@#1\endcsname
      \expandafter\expandafter
      \expandafter\etb@ifr@prs
    \else
      \expandafter\expandafter
      \expandafter\etb@ifr@brk
    \fi
  \fi}

\def\etb@ifr@brk#1\relax{\@secondoftwo}

% <*>{<command>}{<separator>}

\newrobustcmd*{\DeclareListParser}{%
  \@ifstar
    {\etb@defparser\etb@defparser@arg}
    {\etb@defparser\etb@defparser@do}}

\def\etb@defparser#1#2#3{%
  \@ifdefinable#2{#1{#2}{#3}}}

\def\etb@defparser@do#1#2{%
  \begingroup
  \edef\@tempa{\endgroup
    \long\def\noexpand#1####1{%
      \expandafter\noexpand
      \csname etb@lst@\expandafter\@gobble\string#1\endcsname
      \space####1\noexpand#2&}%
    \long\csdef{etb@lst@\expandafter\@gobble\string#1}####1\noexpand#2####2&{%
      \noexpand\etb@listitem\noexpand\do{####1}%
      \noexpand\ifblank{####2}
        {\noexpand\listbreak}
        {\expandafter\noexpand
         \csname etb@lst@\expandafter\@gobble\string#1\endcsname
	 \space####2}&}}%
  \@tempa}

\def\etb@defparser@arg#1#2{%
  \begingroup
  \edef\@tempa{\endgroup
    \long\def\noexpand#1####1####2{%
      \expandafter\noexpand
      \csname etb@lst@\expandafter\@gobble\string#1\endcsname
      {####1}\space####2\noexpand#2&}%
    \long\csdef{etb@lst@\expandafter\@gobble\string#1}####1####2\noexpand#2####3&{%
      \noexpand\etb@listitem{####1}{####2}%
      \noexpand\ifblank{####3}
        {\noexpand\listbreak}
        {\expandafter\noexpand
         \csname etb@lst@\expandafter\@gobble\string#1\endcsname
	 {####1}\space####3}&}}%
  \@tempa}

\long\def\etb@listitem#1#2{%
  \ifblank{#2}
    {}
    {\expandafter\etb@listitem@i
     \expandafter{\@firstofone#2}{#1}}}
\long\def\etb@listitem@i#1#2{#2{#1}}

\newcommand*{\listbreak}{}
\long\def\listbreak#1&{}

% {<item1>,<item2>,...} => \do{<item1>}\do{<item2>}...

\DeclareListParser{\docsvlist}{,}

% {<handler>}{<item1>,<item2>,...} => <handler>{<item1>}<handler>{<item2>}...

\DeclareListParser*{\forcsvlist}{,}

% {<listmacro>}{<string>}

\newrobustcmd{\listadd}[2]{%
  \ifblank{#2}{}{\appto#1{#2|}}}
\newrobustcmd{\listeadd}[2]{%
  \begingroup
  \edef\etb@tempa{\endgroup\noexpand\ifblank{#2}}%
  \etb@tempa{}{\eappto#1{#2|}}}
\newrobustcmd{\listgadd}[2]{%
  \ifblank{#2}{}{\gappto#1{#2|}}}
\newrobustcmd{\listxadd}[2]{%
  \begingroup
  \edef\etb@tempa{\endgroup\noexpand\ifblank{#2}}%
  \etb@tempa{}{\xappto#1{#2|}}}

% {<listcsname>}{<string>}

\newrobustcmd{\listcsadd}[1]{%
  \expandafter\listadd\csname#1\endcsname}
\newrobustcmd{\listcseadd}[1]{%
  \expandafter\listeadd\csname#1\endcsname}
\newrobustcmd{\listcsgadd}[1]{%
  \expandafter\listgadd\csname#1\endcsname}
\newrobustcmd{\listcsxadd}[1]{%
  \expandafter\listxadd\csname#1\endcsname}

% {<string>}{<listmacro>}{<true>}{<false>}

\newrobustcmd{\ifinlist}[2]{%
  \begingroup
  \def\etb@tempa##1|#1|##2&{\endgroup
    \ifblank{##2}\@secondoftwo\@firstoftwo}%
  \expandafter\etb@tempa\expandafter|#2|#1|&}

\newrobustcmd{\xifinlist}[1]{%
  \begingroup
  \edef\etb@tempa{\endgroup\ifinlist{#1}}%
  \etb@tempa}

% {<string>}{<listcsname>}{<true>}{<false>}

\newrobustcmd{\ifinlistcs}[2]{%
  \expandafter\etb@ifinlistcs@i\csname #2\endcsname{#1}}
\long\def\etb@ifinlistcs@i#1#2{\ifinlist{#2}{#1}}

\newrobustcmd{\xifinlistcs}[1]{%
  \begingroup
  \edef\etb@tempa{\endgroup\ifinlistcs{#1}}%
  \etb@tempa}

% {<handler>}{<listmacro>} => <handler>{<item1>}<handler>{<item2>}...

\newcommand*{\forlistloop}[2]{%
  \expandafter\etb@forlistloop\expandafter{#2}{#1}}

\long\def\etb@forlistloop#1#2{\etb@forlistloop@i{#2}#1|&}

\long\def\etb@forlistloop@i#1#2|#3&{%
  \ifblank{#2}
    {}
    {#1{#2}}%
  \ifblank{#3}
    {\listbreak}
    {\etb@forlistloop@i{#1}#3}%
  &}

% {<handler>}{<listcsname>} => <handler>{<item1>}<handler>{<item2>}...

\newcommand*{\forlistcsloop}[2]{%
  \expandafter\expandafter\expandafter\etb@forlistloop
  \expandafter\expandafter\expandafter{\csname#2\endcsname}{#1}}

% {<listmacro>} => \do{<item1>}\do{<item2>}...

\newcommand*{\dolistloop}{\forlistloop\do}

% {<listcsname>} => \do{<item1>}\do{<item2>}...

\newcommand*{\dolistcsloop}{\forlistcsloop\do}

% {<code>}

\newrobustcmd*{\AtEndPreamble}{\gappto\@endpreamblehook}
\newcommand*{\@endpreamblehook}{}

\preto\document{%
  \endgroup
  \let\AtEndPreamble\@firstofone
  \@endpreamblehook
  \protected\def\AtEndPreamble{\@notprerr\@gobble}%
  \undef\@endpreamblehook
  \begingroup}

% {<code>}

\newrobustcmd*{\AfterPreamble}{\AtBeginDocument}
\AtEndPreamble{\let\AfterPreamble\@firstofone}

% {<code>}

\newrobustcmd*{\AfterEndPreamble}{\gappto\@afterendpreamblehook}
\newcommand*{\@afterendpreamblehook}{}

\appto\document{%
  \let\AfterEndPreamble\@firstofone
  \@afterendpreamblehook
  \protected\def\AfterEndPreamble{\@notprerr\@gobble}%
  \undef\@afterendpreamblehook
  \ignorespaces}

\AtEndDocument{\let\AfterEndPreamble\@gobble}

% {<code>}

\newrobustcmd*{\AfterEndDocument}{\gappto\@afterenddocumenthook}
\newcommand*{\@afterenddocumenthook}{}

\patchcmd\enddocument
  {\deadcycles}
  {\let\AfterEndDocument\@firstofone
   \@afterenddocumenthook
   \deadcycles}
  {}
  {\let\etb@@end\@@end
   \def\@@end{%
     \let\AfterEndDocument\@firstofone
     \@afterenddocumenthook
     \etb@@end}}

% {<environment>}{<code>}

\newrobustcmd{\AtBeginEnvironment}[1]{%
  \csgappto{@begin@#1@hook}}

\patchcmd\begin
  {\csname #1\endcsname}
  {\csuse{@begin@#1@hook}%
   \csname #1\endcsname}
  {}
  {\etb@warning{%
     Patching '\string\begin' failed!\MessageBreak
     '\string\AtBeginEnvironment' will not work\@gobble}}

% {<environment>}{<code>}

\newrobustcmd{\AtEndEnvironment}[1]{%
  \csgappto{@end@#1@hook}}

\patchcmd\end
  {\csname end#1\endcsname}
  {\csuse{@end@#1@hook}%
   \csname end#1\endcsname}
  {}
  {\etb@warning{%
     Patching '\string\end' failed!\MessageBreak
     '\string\AtEndEnvironment' will not work\@gobble}}

% {<environment>}{<code>}

\newrobustcmd{\BeforeBeginEnvironment}[1]{%
  \csgappto{@beforebegin@#1@hook}}

\pretocmd\begin
  {\csuse{@beforebegin@#1@hook}}
  {}
  {\etb@warning{%
     Patching '\string\begin' failed!\MessageBreak
     '\string\BeforeBeginEnvironment' will not work\@gobble}}

% {<environment>}{<code>}

\newrobustcmd{\AfterEndEnvironment}[1]{%
  \csgappto{@afterend@#1@hook}}

\patchcmd\end
  {\if@ignore}
  {\csuse{@afterend@#1@hook}%
   \if@ignore}
  {}
  {\etb@warning{%
     Patching '\string\end' failed!\MessageBreak
     '\string\AfterEndEnvironment' will not work\@gobble}}

\endinput
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% PDF-Links vorbereiten
\hypersetup{%a5paper,
	linkcolor=black,     % Für Links in der gleichen Seite
	urlcolor=black,      % Für Links auf URLs
	breaklinks=true,    % Links dürfen umgebrochen werden
	colorlinks=false,
	citebordercolor=0 0 0,  % Farbe für \cite
	filebordercolor=0 0 0,
	linkbordercolor=0 0 0,
	menubordercolor=0 0 0,
	urlbordercolor=0 0 0,
	pdfhighlight=/I,
	pdfborder=0 0 0,   % keine Box um die Links!
	bookmarksopen=true,
	bookmarksnumbered=true,
	frenchlinks=false
}

% nicht zu viele Silbentrennungen
\sloppy


% Waisen, Hurenkinder
\clubpenalty = 10000
\widowpenalty = 10000 
\displaywidowpenalty = 10000


% verschiedene Einstellungen
\addtolength{\skip\footins}{2ex} % Länge zwischen Fußnotenbereich und Text
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\hyphenation{NASA}
\hyphenation{Unter-schenkel-vorder-innen-seite}
\hyphenation{Unter-schenkel-vorder-au\ss en-seite}
\hyphenation{Auge}
\hyphenation{ohne}
\hyphenation{eine}
\hyphenation{come}
\hyphenation{zero}
\hyphenation{also}
\hyphenation{five}
\hyphenation{many}
\hyphenation{copy}
\hyphenation{year}
\hyphenation{same}
\hyphenation{make}
\hyphenation{time}
\hyphenation{made}
\hyphenation{glei-che}
\hyphenation{Zucker-wasser}
\hyphenation{Makro-phagen-stimulation}
\hyphenation{Revo-lution}
\hyphenation{Reich}
\hyphenation{Gebiet}
\hyphenation{ethnische}
\hyphenation{Sow-jet-uni-on}
\hyphenation{NATO}
\hyphenation{Amts-sprache}
\hyphenation{Amts-sprachen}
\hyphenation{Otto}
\hyphenation{Ab-sorptions-ko-effizient}
\hyphenation{Reich}
\hyphenation{Trier}
\hyphenation{Butter-worth}
\hyphenation{Rausch-unter-dr\"uckung}
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\begin{small}
Auf den folgenden Seiten stehen für alle Bilder die Quellen, Autoren und Lizenzen. Das Verzeichnis wurde erstellt mit Hilfe der \myhref{http://de.wikipedia.org/wiki/MediaWiki}{Wikimedia-Software} und an Layout und Gliederung dieses Buches angepasst.

Zu den Lizenzen gibt es hier weitere Informationen:

\begin{itemize}
\item GNU Free Documentation License (GFDL). Text dieser Lizenz: \newline{}\url{http://www.gnu.org/licenses/old-licenses/gpl-1.0.txt}

\item GNU General Public License Version 2 (GPL). Text dieser Lizenz: \newline{}\url{http://www.gnu.org/licenses/gpl-2.0.txt} 

\item Creative Commons Attribution ShareAlike 1.0 License (cc-by-sa-1.0). Text dieser Lizenz: \newline{}\url{http://creativecommons.org/licenses/by-sa/1.0/} 

\item Creative Commons Attribution ShareAlike 2.0 License (cc-by-sa-2.0). Damit werden auch die Versionen f\"ur andere Sprachen bezeichnet. Text der englischen Version: \newline{}\url{http://creativecommons.org/licenses/by-sa/2.0/}

\item Creative Commons Attribution ShareAlike 2.5 License (cc-by-sa-2.5). Text dieser Lizenz:\newline{}\url{http://creativecommons.org/licenses/by-sa/2.5/}

\item Creative Commons Attribution ShareAlike 3.0 License (cc-by-sa-3.0). Text dieser Lizenz:\newline{}\url{http://creativecommons.org/licenses/by-sa/3.0/}

\item Creative Commons Attribution 2.0 License (cc-by-2.0). Damit werden auch die Versionen f\"ur andere Sprachen bezeichnet. Text der englischen Version:\newline{}\url{http://creativecommons.org/licenses/by/2.0/}

\item Creative Commons Attribution 2.5 License (cc-by-2.5). Text dieser Lizenz:\newline{}\url{http://creativecommons.org/licenses/by/2.5/deed.en}

\item Creative Commons Attribution 3.0 License (cc-by-3.0). Text dieser Lizenz:\newline{}\url{http://creativecommons.org/licenses/by/2.5/deed.en}

\item Public Domain (PD): This image is in the public domain. Dieses Bild ist gemeinfrei.

\item ATTR:  The copyright holder of this file allows anyone to use it for any purpose, provided that the copyright holder is properly attributed. Redistribution, derivative work, commercial use, and all other use is permitted. 

\item EURO: This is the common (reverse) face of a euro coin. The copyright on the design of the common face of the euro coins belongs to the European Commission. Authorised is reproduction in a format without relief (drawings, paintings, films) provided they are not detrimental to the image of the euro.
\end{itemize}

Den an weiteren Einzelheiten interessierten Leser verweisen wir auf die Onlineversion dieses Buches und die Beschreibungsseiten der Dateien.

\end{small}

\pagebreak
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\chapter{Zu diesem Buch}
\section{Hinweise zu den Lizenzen}
\label{Lizenzhinweise}

Dieses Werk ist entstanden bei \myhref{http://de.wikibooks.org/wiki/Einf\%C3\%BChrung_in_SQL}{Wikibooks}, einer Online-Bibliothek im Internet mit Lehr-, Sach- und Fachbüchern. Jeder kann und darf diese Bücher frei nutzen und bearbeiten. Alle Inhalte stehen unter den Lizenzen „Creative Commons Attribution/Share-Alike“ (CC-BY-SA 3.0) und GNU-Lizenz für freie Dokumentation (GFDL). 

Das Konvertierungsprogramm \myhref{http://de.wikibooks.org/wiki/Benutzer:Dirk_Huenniger/wb2pdf}{wb2pdf} steht unter GNU General Public License (GPL).

Das Textsatzprogramm \myhref{http://de.wikipedia.org/wiki/LaTeX} {\LaTeX{}} steht unter der LaTeX Project Public License (LPPL).

Hinweise zur Nutzung und für Zitate sind zu finden unter:
\begin{itemize}
\item Originalversion der Lizenz CC-BY-SA 3.0 \newline \url{http://creativecommons.org/licenses/by-sa/3.0}
\item Deutsche Version der Lizenz mit Ergänzungen \newline{} \url{http://creativecommons.org/licenses/by-sa/3.0/deed.de}
\item Originalversion der Lizenz GFDL \newline{} \url{http://www.gnu.org/copyleft/fdl.html}
\item Originalversion der Lizenz GPL \newline{} \url{http://www.gnu.org/licenses/gpl-3.0.html}
\item Version der LaTeX PPL \newline{} \url{http://www.opensource.org/licenses/lppl}
\item Nutzungsbedingungen der Wikimedia Foundation (deutsch) \newline{} \url{http://wikimediafoundation.org/wiki/Nutzungsbedingungen}
\item Zitieren aus Wikibooks \newline{} \url{http://de.wikibooks.org/wiki/Hilfe:Zitieren#Zitieren_aus_Wikibooks}
\end{itemize}
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%%==================================================%%
%%= Ausgabe der Box nach Vorgabe der Ausgaberoutine=%%
%%==================================================%%
%% Styledatei fuer das Paket mdframed erstellt durch
%% Marco Daniel und Elke Schubert
%% 
%% This package may be distributed under the terms of the LaTeX Project
%% Public License, as described in lppl.txt in the base LaTeX distribution.
%% Either version 1.0 or, at your option, any later version.

%%$Id: md-frame-0.mdf 105 2010-12-22 16:50:44Z marco $
%%$Rev: 105 $
%%$Author: marco $
%%$Date: 2010-12-22 17:50:44 +0100 (Mi, 22. Dez 2010) $

\def\mdversion{v0.6a}
\def\mdframedOpackagename{md-frame-0}
\def\md@frameOdate@svn$#1: #2 #3 #4-#5-#6 #7 #8${#4/#5/#6\space }

\ProvidesFile{md-frame-3.mdf}[\md@frameOdate@svn$Id: md-frame-0.mdf 105 2010-12-22 16:50:44Z marco $ \mdversion: \mdframedOpackagename]


\let\md@textwidth\textwidth




%%=single=%%
\def\md@frame@background@single{%
        \rlap{\color{\mdf@backgroundcolor}%
             \setlength{\mdfboundingboxheight}{\ht\@tempboxa+\dp\@tempboxa}%
             \addtolength{\mdfboundingboxheight}{%
                   \mdf@innertopmargin@length%
                  +\mdf@innerbottommargin@length%
                  }%
              \rule[-\mdf@innerbottommargin@length]%
                     {\wd\@tempboxa%
                    +\mdf@innerleftmargin@length%
                    +\mdf@innerrightmargin@length%
                   }{\mdfboundingboxheight}%
              }%
}%
% 
\def\md@frame@leftandbottomandtopline@single{%
           \setlength{\mdfboundingboxheight}{\ht\@tempboxa+\dp\@tempboxa}%
           \addtolength{\mdfboundingboxheight}{%
                           \mdf@innertopmargin@length%
                          +\mdf@innerbottommargin@length%
                          +\mdf@middlelinewidth@length%
                          +\mdf@middlelinewidth@length%
                         }%
           \rlap{\color{\mdf@middlelinecolor}%
                 \ifbool{mdf@leftline}%
                     {\rule[-\mdf@innerbottommargin@length]%
                         {\mdf@middlelinewidth}{\mdfboundingboxheight-2\mdf@middlelinewidth@length}%
                     }{}%
               }%
           \rlap{\color{\mdf@middlelinecolor}%
                 \ifmdf@bottomline%
                     \ifboolexpr{ bool {mdf@leftline} and bool  {mdf@rightline} }%
                       {%\hspace*{\mdf@middlelinewidth@length}%
                       \rule[-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                        {\wd\@tempboxa%
                         +\mdf@innerleftmargin@length%
                         +\mdf@innerrightmargin@length%
                         +\mdf@middlelinewidth@length%
                         +\mdf@middlelinewidth@length%
                      }{\mdf@linewidth}% 
                       }{}%
                     \ifboolexpr{ bool {mdf@leftline} and not( bool  {mdf@rightline}) }%
                       {%\hspace*{\mdf@middlelinewidth@length}%
                       \rule[-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                        {\wd\@tempboxa%
                         +\mdf@innerleftmargin@length%
                         +\mdf@innerrightmargin@length%
                         +\mdf@middlelinewidth@length%
   %                      +\mdf@middlelinewidth@length%
                      }{\mdf@linewidth}% 
                       }{}%
                      \ifboolexpr{ not(bool {mdf@leftline}) and bool  {mdf@rightline} }%
                       {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                      {\wd\@tempboxa%
                       +\mdf@innerleftmargin@length%
                       +\mdf@innerrightmargin@length%
                       +\mdf@middlelinewidth@length%
   %                    +\mdf@middlelinewidth@length%
                      }{\mdf@linewidth}% 
                       }{}%                
                       \ifboolexpr{ not(bool {mdf@leftline}) and not( bool {mdf@rightline}) }%
                       {%\hspace*{\mdf@middlelinewidth@length}%
                        \rule[-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                         {\wd\@tempboxa%
                         +\mdf@innerleftmargin@length%
                         +\mdf@innerrightmargin@length%
   %                      +\mdf@middlelinewidth@length%
   %                      +\mdf@middlelinewidth@length%
                        }{\mdf@linewidth}% 
                       }{}%  
                 \fi%
               }%
          \rlap{\color{\mdf@middlelinecolor}%
                \ifmdf@topline%
                  \ifboolexpr{ bool {mdf@leftline} and bool  {mdf@rightline} }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[%
                       \mdf@innertopmargin@length
                       +\ht\@tempboxa+\dp\@tempboxa]%
                       {\wd\@tempboxa%
                        +\mdf@innerleftmargin@length%
                        +\mdf@innerrightmargin@length%
                        +\mdf@middlelinewidth@length%
                        +\mdf@middlelinewidth@length%
                       }{\mdf@linewidth}%
                    }{}%
                  \ifboolexpr{ bool {mdf@leftline} and not( bool  {mdf@rightline}) }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[%
                       \mdf@innertopmargin@length
                       +\ht\@tempboxa+\dp\@tempboxa]%
                       {\wd\@tempboxa%
                        +\mdf@innerleftmargin@length%
                        +\mdf@innerrightmargin@length%
%                        +\mdf@middlelinewidth@length%
                        +\mdf@middlelinewidth@length%
                       }{\mdf@linewidth}%
                    }{}%
                   \ifboolexpr{ not(bool {mdf@leftline}) and bool  {mdf@rightline} }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[%
                       \mdf@innertopmargin@length
                       +\ht\@tempboxa+\dp\@tempboxa]%
                       {\wd\@tempboxa%
                        +\mdf@innerleftmargin@length%
                        +\mdf@innerrightmargin@length%
%                        +\mdf@middlelinewidth@length%
                        +\mdf@middlelinewidth@length%
                       }{\mdf@linewidth}%
                    }{}%                
                    \ifboolexpr{ not(bool {mdf@leftline}) and not( bool {mdf@rightline}) }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[%
                       \mdf@innertopmargin@length
                       +\ht\@tempboxa+\dp\@tempboxa]%
                       {\wd\@tempboxa%
                        +\mdf@innerleftmargin@length%
                        +\mdf@innerrightmargin@length%
%                        +\mdf@middlelinewidth@length%
%                        +\mdf@middlelinewidth@length%
                       }{\mdf@linewidth}%
                    }{}%  
                \fi%
              }%
}%

\def\md@frame@rightline@single{%
         \llap{\color{\mdf@middlelinecolor}
               \ifmdf@rightline%
                \rule[-\mdf@innerbottommargin@length]%
                     {\mdf@linewidth}%
                     {\mdfboundingboxheight-2\mdf@middlelinewidth@length}%
               \fi%
              }%
}%


\def\md@putbox@single{%%%%% Ausgabe der ungesplitteten Gesamtbox
  \ifvoid\@tempboxa
  \else
      \leftline{%
        \null\hspace*{\mdf@leftmargin@length}%
        \md@frame@leftandbottomandtopline@single%
        \ifbool{mdf@leftline}%
        {\hspace*{\mdf@middlelinewidth@length}}{}%
        \md@frame@background@single%
        \hspace*{\mdf@innerleftmargin@length}%
        {\box\@tempboxa}%
        \hspace*{\mdf@innerrightmargin@length}%
        \hspace*{\mdf@middlelinewidth@length}%
        \md@frame@rightline@single%
        }%
  \fi
}


%%=first=%%

\def\md@frame@background@first{%
       \setlength{\mdfboundingboxheight}{\ht\tw@+\dp\tw@}%
       \addtolength{\mdfboundingboxheight}{%
                           \mdf@innertopmargin@length%
                           +\mdf@splitbottomskip@length%
                         }%
       \rlap{\color{\mdf@backgroundcolor}%
              \rule[-\dp\tw@-\mdf@splitbottomskip@length]%
                   {\wd\tw@+\mdf@innerleftmargin@length+\mdf@innerrightmargin@length}%
                   {\mdfboundingboxheight}%
              }%
}%
 
\def\md@frame@topandleftline@first{%
           \setlength{\mdfboundingboxheight}{\ht\tw@+\dp\tw@}%
           \addtolength{\mdfboundingboxheight}{%
                           1\mdf@innertopmargin@length%
                          +1\mdf@middlelinewidth@length%
                          +\mdf@splitbottomskip@length%
                         }%
            \rlap{\color{\mdf@middlelinecolor}
               \ifbool{mdf@leftline}%
                   {%
                     \rule[-\dp\tw@-\mdf@splitbottomskip@length]%
                            {\mdf@middlelinewidth@length}%
                               {\mdfboundingboxheight-\mdf@middlelinewidth@length}%
                   }{}%
             }%
            \rlap{\color{\mdf@middlelinecolor}%
             \ifmdf@topline
                 \ifboolexpr{ bool {mdf@leftline} and bool {mdf@rightline}}%
                    {\rule[\mdfboundingboxheight-\mdf@middlelinewidth@length-\dp\tw@-\mdf@splitbottomskip@length]%
                        {\wd\tw@%
                          +\mdf@innerleftmargin@length%
                          +\mdf@innerrightmargin@length%
                          +\mdf@middlelinewidth@length%
                          +\mdf@middlelinewidth@length%
                         }{\mdf@linewidth@length}%
                    }{}%
                 \ifboolexpr{ bool {mdf@leftline} and not(bool {mdf@rightline}) }%
                    {\rule[\mdfboundingboxheight-\mdf@middlelinewidth@length-\dp\tw@-\mdf@splitbottomskip@length]%
                        {\wd\tw@%
                          +\mdf@innerleftmargin@length%
                          +\mdf@innerrightmargin@length%
                          +\mdf@middlelinewidth@length%
%                          +\mdf@middlelinewidth@length%
                         }{\mdf@linewidth@length}%
                    }{}%
                 \ifboolexpr{ not (bool {mdf@leftline}) and bool {mdf@rightline} }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[\mdfboundingboxheight-\mdf@middlelinewidth@length-\dp\tw@-\mdf@splitbottomskip@length]%
                        {\wd\tw@%
                          +\mdf@innerleftmargin@length%
                          +\mdf@innerrightmargin@length%
                          +\mdf@middlelinewidth@length%
%                          +\mdf@middlelinewidth@length%
                         }{\mdf@linewidth@length}%
                    }{}%
                 \ifboolexpr{ not (bool {mdf@leftline}) and not( bool {mdf@rightline}) }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[\mdfboundingboxheight-\mdf@middlelinewidth@length-\dp\tw@-\mdf@splitbottomskip@length]%
                        {\wd\tw@%
                          +\mdf@innerleftmargin@length%
                          +\mdf@innerrightmargin@length%
%                          +\mdf@middlelinewidth@length%
%                          +\mdf@middlelinewidth@length%
                         }{\mdf@linewidth@length}%
                    }{}%
              \fi%
              \ifmdf@rightline
               \ifmdf@topline\else%
                 \deflength\@tempskipb{\wd\tw@%
                          +\mdf@innerleftmargin@length%
                          +\mdf@innerrightmargin@length%
                          +2\mdf@middlelinewidth@length%
                         }%
                 \hspace*{\@tempskipb}%
               \fi%
                  \llap{\color{\mdf@middlelinecolor}%
                         \rule[-\dp\tw@-\mdf@splitbottomskip@length]{\mdf@middlelinewidth@length}%
                                {\mdfboundingboxheight-\mdf@middlelinewidth@length}%
                    }%
              \fi%
            }%
}%




\def\md@putbox@first{%%%% Ausgabe der Teilbox 1
      \leftline{%
           \null\hspace*{\mdf@leftmargin@length}%
           \md@frame@topandleftline@first%
           \ifbool{mdf@leftline}%
           {\hspace*{\mdf@middlelinewidth@length}}{}%
           \md@frame@background@first%
           \hspace*{\mdf@innerleftmargin@length}%
           {\box\tw@}%
         }%
}

%%=second=%%

\def\md@frame@background@second{%
         \setlength{\mdfboundingboxheight}{\ht\@tempboxa+\dp\@tempboxa}%
         \addtolength{\mdfboundingboxheight}{%
                    +\mdf@innerbottommargin@length%
                }%
        \rlap{\color{\mdf@backgroundcolor}%
               \rule[\dp\@tempboxa-\mdf@innerbottommargin@length]%
                    {\wd\@tempboxa+\mdf@innerleftmargin@length%
                      +\mdf@innerrightmargin@length}%
                   {\mdfboundingboxheight}%
               }%
}%
 
\def\md@frame@lines@second{%
         \setlength{\mdfboundingboxheight}{\ht\@tempboxa+\dp\@tempboxa}%
         \addtolength{\mdfboundingboxheight}{%
                    +\mdf@innerbottommargin@length%
                    +\mdf@middlelinewidth@length%
                }%
          \rlap{\color{\mdf@middlelinecolor}%
               \ifbool{mdf@leftline}%
                 {\rule[\dp\@tempboxa-\mdf@innerbottommargin@length]%
                        {\mdf@middlelinewidth@length}%
                        {\mdfboundingboxheight-\mdf@middlelinewidth@length}%
                 }{}%
               }%
          \rlap{\color{\mdf@middlelinecolor}%
                \ifbool{mdf@bottomline}%
                 {%
                   \ifboolexpr{ bool {mdf@leftline} and bool {mdf@rightline} }%
                        {\rule[\dp\@tempboxa-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                           {\wd\@tempboxa+\mdf@innerleftmargin@length%
                            +\mdf@innerrightmargin@length+2\mdf@middlelinewidth@length}%
                           {\mdf@middlelinewidth@length}%
                       }{}%
                   \ifboolexpr{ not (bool {mdf@leftline}) and not(bool {mdf@rightline}) }%
                        {%
                          \rule[\dp\@tempboxa-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                           {\wd\@tempboxa+\mdf@innerleftmargin@length%
                            +\mdf@innerrightmargin@length}%
                           {\mdf@middlelinewidth@length}%
                       }{}%
                    \ifboolexpr{ bool {mdf@leftline} and not( bool {mdf@rightline}) }%
                        {%
                          \rule[\dp\@tempboxa-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                           {\wd\@tempboxa+\mdf@innerleftmargin@length%
                            +\mdf@innerrightmargin@length+\mdf@middlelinewidth@length}%
                           {\mdf@middlelinewidth@length}%
                       }{}%
                    \ifboolexpr{ not(bool {mdf@leftline}) and bool {mdf@rightline} }%
                        {%
                          \rule[\dp\@tempboxa-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                           {\wd\@tempboxa+\mdf@innerleftmargin@length%
                            +\mdf@innerrightmargin@length+\mdf@middlelinewidth@length}%
                           {\mdf@middlelinewidth@length}%
                       }{}%
                 }{}%
               \llap{\color{\mdf@middlelinecolor}%
                     \ifbool{mdf@rightline}%
                       {\rule[\dp\@tempboxa-\mdf@innerbottommargin@length]%
                             {\mdf@middlelinewidth@length}%
                             {\mdfboundingboxheight-\mdf@middlelinewidth@length}%
                        \ifbool{mdf@bottomline}{}%
                             {\deflength\@tempskipb{\wd\@tempboxa%
                                      +\mdf@innerleftmargin@length%
                                      +\mdf@innerrightmargin@length%
                                      +2\mdf@middlelinewidth@length%
                                     }%
                             \hspace*{-\@tempskipb}%
                            }%
                      }{}%
                    }%
               }%       
}%


\def\md@putbox@second{%%%%% Ausgabe der mittleren Teilbox
  \ifvoid\@tempboxa%
  \else
      \leftline{%
         \null\hspace*{\mdf@leftmargin@length}%
         \md@frame@lines@second%
         \ifbool{mdf@leftline}%
         {\hspace*{\mdf@middlelinewidth@length}}{}%
         \md@frame@background@second%
         \hspace*{\mdf@innerleftmargin@length}%
         {\box\@tempboxa}%
        }%
  \fi%
}%


%%=middle=%%

\def\md@frame@background@middle{%
         \setlength{\mdfboundingboxheight}{\ht\tw@+\dp\tw@}%
         \addtolength{\mdfboundingboxheight}{%
                  \mdf@splitbottomskip@length%
                  }%
        \rlap{\color{\mdf@backgroundcolor}%
              \rule[-\dp\tw@-\mdf@splitbottomskip@length]%
                    {\wd\tw@+\mdf@innerleftmargin@length+\mdf@innerrightmargin@length}%
                    {\mdfboundingboxheight}%
              }%
}%
 
\def\md@frame@lines@middle{%
         \setlength{\mdfboundingboxheight}{\ht\tw@+\dp\tw@}%
         \addtolength{\mdfboundingboxheight}{%
                  \mdf@splitbottomskip@length%
                  }%
        \rlap{\color{\mdf@middlelinecolor}%
            \ifbool{mdf@leftline}%
              {%
              \rule[-\dp\tw@-\mdf@splitbottomskip@length]{\mdf@middlelinewidth@length}{\mdfboundingboxheight}%
              }{}%
            \ifbool{mdf@rightline}%
                   {%
                   \deflength{\mdfpositionx}{\wd\tw@%
                                     +\mdf@innerleftmargin@length%
                                     +\mdf@innerrightmargin@length%
                                     +\mdf@middlelinewidth@length%
                                    }%
                   \hspace*{\mdfpositionx}%
                   \llap{\color{\mdf@middlelinecolor}%
                        \rule[-\dp\tw@-\mdf@splitbottomskip@length]{\mdf@middlelinewidth@length}{\mdfboundingboxheight}%
                        \ifbool{mdf@leftline}{}{}%
                        }%
                   }{}%
          }%
}%




\def\md@putbox@middle{%%%% Ausgabe der Teilbox 1
      \leftline{%
           \null\hspace*{\mdf@leftmargin@length}%
           \md@frame@lines@middle%
           \ifbool{mdf@leftline}%
           {\hspace*{\mdf@middlelinewidth@length}}{}%
           \md@frame@background@middle%
           \hspace*{\mdf@innerleftmargin@length}%
           {\box\tw@}%
        }%
}
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main/.svn/text-base/md-frame-1.mdf.svn-base

%%==================================================%%
%%= Ausgabe der Box nach Vorgabe der Ausgaberoutine=%%
%%==================================================%%
%% Styledatei fuer das Paket mdframed erstellt durch
%% Marco Daniel und Elke Schubert
%% 
%% This package may be distributed under the terms of the LaTeX Project
%% Public License, as described in lppl.txt in the base LaTeX distribution.
%% Either version 1.0 or, at your option, any later version.

%%$Id: md-frame-1.mdf 105 2010-12-22 16:50:44Z marco $
%%$Rev: 105 $
%%$Author: marco $
%%$Date: 2010-12-22 17:50:44 +0100 (Mi, 22. Dez 2010) $

\def\mdversion{v0.6a}
\def\mdframedIpackagename{md-frame-1}
\def\md@frameIdate@svn$#1: #2 #3 #4-#5-#6 #7 #8${#4/#5/#6\space }

\ProvidesFile{md-frame-1.mdf}[\md@frameIdate@svn$Id: md-frame-1.mdf 105 2010-12-22 16:50:44Z marco $ \mdversion: \mdframedIpackagename]

%%Allgemeine Einstellungen fuer tikz

\def\md@tikz@settings{%
          %wenn das Innere der Doppellinie 0pt breit ist,
          %muss Grenze zwischen innerer und aeusserer Linie
          %einer Farbe zugeordnet werden
          \ifdimequal{\mdf@middlelinewidth@length}{\z@}%
                       {\ifdimequal{\mdf@innerlinewidth@length}{\z@}%
                            {\ifdimequal{\mdf@outerlinewidth@length}{\z@}%
                              {\let\mdf@middlelinecolor\mdf@backgroundcolor}%
                              {\let\mdf@middlelinecolor\mdf@outerlinecolor}%
                            }%
                            {\let\mdf@middlelinecolor\mdf@innerlinecolor}%
                        }{}%
          \ifdimequal{\mdf@innerlinewidth@length}{\z@}%
                       {\ifdimequal{\mdf@outerlinewidth@length}{\z@}%
                            {\ifdimequal{\mdf@middlelinewidth@length}{\z@}%
                              {}%
                              {\let\mdf@middlelinecolor\mdf@linecolor}%
                            }%
                            {}%
                        }{}%
        \tikzset{mdftext/.style={inner sep=0pt,outer sep=0pt}}%
        \tikzset{mdfcorners/.style={rounded corners=\mdf@roundcorner@length}}%
        \tikzset{mdfbackground/.style={fill=\mdf@backgroundcolor}}%
        \ifdimgreater{\mdf@outerlinewidth@length}{\z@}%
            {\tikzset{mdfborderA/.style={%
                         draw=\mdf@outerlinecolor,%
                         line width=2\mdf@outerlinewidth@length+\mdf@middlelinewidth@length%
                         }%
                     }%
            }%
            {\tikzset{mdfborderA/.style={}}}%
        \ifdimgreater{\mdf@innerlinewidth@length}{\z@}%
            {\tikzset{mdfborderI/.style={%
                         draw=\mdf@innerlinecolor,%
                         line width=2\mdf@innerlinewidth@length+\mdf@middlelinewidth@length%
                         }%
                     }%
            }%
            {\tikzset{mdfborderI/.style={}}}%
       \tikzset{mdfmiddle/.style={draw=\mdf@middlelinecolor,line width=\mdf@middlelinewidth@length}}%
}%



\def\md@putbox@single{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
       \md@tikz@settings%
        \setlength\mdfboxwidth{\wd\@tempboxa}%
        \setlength\mdfboxheight{\ht\@tempboxa+\dp\@tempboxa}%
        \begin{tikzpicture}
	         \coordinate(O)at(0,0);
                 \pgfmathsetlengthmacro\x{\mdfboxwidth+\mdf@innerrightmargin@length%
                                          +\mdf@innerleftmargin@length+%
                                          2\mdf@innerlinewidth@length+\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\xp{\mdf@innerleftmargin@length+%
                                          1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\y{\mdfboxheight+\mdf@innertopmargin@length%
                                          +\mdf@innerbottommargin@length%
                                          +2*\mdf@innerlinewidth@length+\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\yp{\mdf@innerbottommargin@length%
                                          +1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \coordinate(P)at(\x,\y);
                 \begin{scope}
		      \clip[preaction=mdfborderA]%
                           [postaction={mdfbackground,mdfborderI}]%
                           [mdfcorners](O)--(O|-P)--(P)--(P|-O)--cycle;
	         \end{scope}
                 \path[mdfmiddle,mdfcorners](O)--(O|-P)--(P)--(P|-O)--cycle;
                 \node[mdftext,anchor=south west]at(\xp,\yp){\box\@tempboxa};
       \end{tikzpicture}%
     }%
}%

\def\md@putbox@first{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
       \md@tikz@settings%
        \setlength\mdfboxwidth{\wd\tw@}%
        \setlength\mdfboxheight{\ht\tw@+\dp\tw@}%
        \ifdimequal{\pagegoal}{\maxdimen}{\enlargethispage{\baselineskip}}{}%
        \begin{tikzpicture}
	         \coordinate(O) at (0,0);
                 \pgfmathsetlengthmacro\x{\mdfboxwidth+\mdf@innerrightmargin@length%
                                          +\mdf@innerleftmargin@length+%
                                          2*\mdf@innerlinewidth@length+1*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\xp{\mdf@innerleftmargin@length+%
                                          1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\y{-\mdfboxheight-\mdf@innertopmargin@length%
                                          -1*\mdf@innerlinewidth@length-0.5*\mdf@middlelinewidth@length+0.0cm}
                 \pgfmathsetlengthmacro\yp{-\mdf@innertopmargin@length%
                                           -1*\mdf@innerlinewidth@length-0.5*\mdf@middlelinewidth@length%
                                           -0.5\mdfboxheight}
                 \coordinate(P)at(\x,\y);
                 \clip(-\mdf@outerlinewidth@length-0.5*\mdf@middlelinewidth@length,%
                       \mdf@outerlinewidth@length+0.5*\mdf@middlelinewidth@length)%
                      rectangle(\x+\mdf@outerlinewidth@length+0.5*\mdf@middlelinewidth@length,\y);
                 \begin{scope}
                     \clip[preaction=mdfborderA]%
                          [postaction={mdfbackground,mdfborderI}]%
                          [mdfcorners](O|-P)--(O)--(P|-O)--(P);
                 \end{scope}
                 \path[mdfmiddle,mdfcorners,](O|-P)--(O)--(P|-O)--(P);
                 \node[mdftext,anchor=west,inner sep=0pt,outer sep=0pt]at(\xp,\yp){\box\tw@};
%                 \draw[fill] (0,0) circle (.1cm);
%                 \draw[fill,yellow] (\x,\y) circle (.1cm);
%                 \draw[fill,orange] (\xp,\yp) circle (.05cm);
     \end{tikzpicture}%
     }%
}%


\def\md@putbox@middle{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
        \md@tikz@settings%
        \setlength\mdfboxwidth{\wd\tw@}%
        \setlength\mdfboxheight{\ht\tw@}%
        \setlength{\mdf@ymargin@length}{0.4\baselineskip}%
        \begin{tikzpicture}
	         \coordinate(O)at(0,0);
                 \pgfmathsetlengthmacro\x{\mdfboxwidth+\mdf@innerrightmargin@length%
                                          +\mdf@innerleftmargin@length+%
                                          2*\mdf@innerlinewidth@length+1*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\xp{\mdf@innerleftmargin@length+%
                                          1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\y{\mdfboxheight}
                 \pgfmathsetlengthmacro\yp{0cm}
                 \coordinate(P)at(\x,\y);
                 \clip(-\mdf@outerlinewidth@length-0.5*\mdf@middlelinewidth@length,0)%
                       rectangle(\x+\mdf@outerlinewidth@length+0.5*\mdf@middlelinewidth@length,\y);
                 \begin{scope}
                 	\path[mdfborderA](O)--(O|-P)(P)--(P|-O);
                        \clip[postaction=mdfbackground](O)--(O|-P)--(P)--(P|-O);
                        \path[mdfborderI](O)--(O|-P)(P)--(P|-O);
                 \end{scope}
                 \path[mdfmiddle](O)--(O|-P)(P)--(P|-O);
                 \node[mdftext,anchor=south west]at(\xp,\yp){\box\tw@};
       \end{tikzpicture}%
     }
}

\def\md@putbox@second{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
       \md@tikz@settings%
        \setlength\mdfboxwidth{\wd\@tempboxa}%
        \setlength\mdfboxheight{\ht\@tempboxa}%
        \begin{tikzpicture}
                 \coordinate(O)at(0,0);
                 \pgfmathsetlengthmacro\x{\mdfboxwidth+\mdf@innerrightmargin@length%
                                          +\mdf@innerleftmargin@length+%
                                          2*\mdf@innerlinewidth@length+1*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\xp{\mdf@innerleftmargin@length+%
                                          1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\y{\mdfboxheight%
                                          +\mdf@innerbottommargin@length%
                                          +1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\yp{\mdf@innerbottommargin@length%
                                          +1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \coordinate(P)at(\x,\y);
                 \clip(-\mdf@outerlinewidth@length-0.5*\mdf@middlelinewidth@length,%
                       -\mdf@outerlinewidth@length-0.5*\mdf@middlelinewidth@length)%
                      rectangle(\x+\mdf@outerlinewidth@length+0.5*\mdf@middlelinewidth@length,\y);
                 \begin{scope}
                      \clip[preaction=mdfborderA]%
                      [postaction={mdfbackground,mdfborderI}]%
                      [mdfcorners](P-|O)--(O)--(O-|P)--(P);
                 \end{scope}
                 \path[mdfmiddle,mdfcorners](P-|O)--(O)--(O-|P)--(P);
                 \node[mdftext,anchor=south west] at (\xp,\yp){\box\@tempboxa};
       \end{tikzpicture}%
     }
}
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main/.svn/text-base/md-frame-3.mdf.svn-base

%%==================================================%%
%%= Ausgabe der Box nach Vorgabe der Ausgaberoutine=%%
%%==================================================%%
%% Styledatei fuer das Paket mdframed erstellt durch
%% Marco Daniel 

%% This package may be distributed under the terms of the LaTeX Project
%% Public License, as described in lppl.txt in the base LaTeX distribution.
%% Either version 1.0 or, at your option, any later version.

%%$Id: md-frame-3.mdf 105 2010-12-22 16:50:44Z marco $
%%$Rev: 105 $
%%$Author: marco $
%%$Date: 2010-12-22 17:50:44 +0100 (Mi, 22. Dez 2010) $


%%Allgemeine Einstellungen fuer pstricks
%%Hier nur einfacher Rahmen mit Einstellungen

\def\mdversion{v0.6a}
\def\mdframedIIIpackagename{md-frame-3}
\def\md@frameIIIdate@svn$#1: #2 #3 #4-#5-#6 #7 #8${#4/#5/#6\space }

\ProvidesFile{md-frame-3.mdf}[\md@frameIIIdate@svn$Id: md-frame-3.mdf 105 2010-12-22 16:50:44Z marco $ \mdversion: \mdframedIIIpackagename]

\def\md@ptlength@to@pscode#1{\pst@number{#1} \pst@number\psxunit div}
\let\ptTps\md@ptlength@to@pscode\relax


\def\md@putbox@single{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
        \setlength\mdfboxwidth{\wd\@tempboxa}%
        \setlength\mdfboxheight{\ht\@tempboxa+\dp\@tempboxa}%
        \setlength{\mdfboundingboxheight}{%
                     \mdfboxheight%
                    +\mdf@innertopmargin@length%
                    +\mdf@innerbottommargin@length%
%                    +\mdf@middlelinewidth@length%
%                    +\mdf@middlelinewidth@length%
                  }%
         \ifbool{mdf@topline}{\addtolength{\mdfboundingboxheight}{\mdf@middlelinewidth@length}}{}%
         \ifbool{mdf@bottomline}{\addtolength{\mdfboundingboxheight}{\mdf@middlelinewidth@length}}{}%
         \setlength{\mdfboundingboxwidth}{%
                     \mdfboxwidth%
                    +\mdf@innerleftmargin@length%
                    +\mdf@innerrightmargin@length%
%                    +\mdf@middlelinewidth@length%
%                    +\mdf@middlelinewidth@length%
                  }%
       \ifbool{mdf@leftline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
       \ifbool{mdf@rightline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
       \psset{linearc=\mdf@roundcorner@length,cornersize=absolute,}%
       \expandafter\psset\expandafter{\mdf@psset@local}%
        \psset{unit=1truecm}%
        \begin{pspicture}(0,0)(\mdfboundingboxwidth,\mdfboundingboxheight)
             \ifboolexpr{     bool {mdf@topline} and bool {mdf@bottomline}
                          and bool {mdf@leftline} and bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                      \psframe[linewidth=\mdf@middlelinewidth@length,
                               linecolor=\mdf@linecolor,
                                cornersize=absolute,
                                fillstyle=none,]%
                          (0,0)(\mdfboundingboxwidth,\mdfboundingboxheight)%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%
             \ifboolexpr{     bool {mdf@topline} and bool {mdf@bottomline}
                          and not (bool {mdf@leftline}) and bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! 0  %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! 0  %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       \rput(!\ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add  %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                      }{}%
              \ifboolexpr{     bool {mdf@topline} and bool {mdf@bottomline}
                          and bool {mdf@leftline} and not( bool {mdf@rightline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                     }{}% 
               \ifboolexpr{   not(  bool {mdf@topline}) and bool {mdf@bottomline}
                          and bool {mdf@leftline} and  bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%  
                      \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%     
                \ifboolexpr{  bool {mdf@topline} and not (bool {mdf@bottomline})
                          and bool {mdf@leftline} and  bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                           0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add  %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add  %Y-Koord
                       )%  
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                           0 %Y-Koord
                       )%
                      \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                     }{}% 
                 \ifboolexpr{ not( bool {mdf@topline}) and not (bool {mdf@bottomline})
                          and bool {mdf@leftline} and  bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                           0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}
                       )%
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%  
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                           0 %Y-Koord
                       )%
                      \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%    
             \ifboolexpr{     bool {mdf@topline} and bool {mdf@bottomline}
                          and not (bool {mdf@leftline}) and not(bool {mdf@rightline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! 0  %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! 0  %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       \rput(!\ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add  %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                      }{}%
              \ifboolexpr{ not( bool {mdf@topline}) and not (bool {mdf@bottomline})
                          and bool {mdf@leftline} and  not( bool {mdf@rightline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                           0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}
                       )%
                      \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%    
              \ifboolexpr{ not( bool {mdf@topline}) and not (bool {mdf@bottomline})
                          and not(bool {mdf@leftline}) and  bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (!0 0)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%  
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                           0 %Y-Koord
                       )%
                      \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                     }{}% 
             \ifboolexpr{    not( bool {mdf@topline}) and bool {mdf@bottomline}
                          and not (bool {mdf@leftline}) and not(bool {mdf@rightline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! 0  %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       \rput(!\ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add  %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                      }{}%
              \ifboolexpr{     bool {mdf@topline} and not (bool {mdf@bottomline})
                          and not (bool {mdf@leftline}) and not(bool {mdf@rightline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! 0  %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       \rput(!\ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add  %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                      }{}%  \psgrid
        \end{pspicture}%
     }%
}






\def\md@putbox@first{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
        \setlength\mdfboxwidth{\wd\tw@}%
        \setlength\mdfboxheight{\ht\tw@+\dp\tw@}%
        \setlength{\mdfboundingboxheight}{%
                    +\mdfboxheight%
                    +\mdf@innertopmargin@length%
                    +\mdf@splitbottomskip@length%
                  }%
         \ifbool{mdf@topline}{\addtolength{\mdfboundingboxheight}{\mdf@middlelinewidth@length}}{}%
         \setlength{\mdfboundingboxwidth}{%
                    +\mdf@innerleftmargin@length%
                    +\mdfboxwidth
                    +\mdf@innerrightmargin@length%
                  }%
         \ifbool{mdf@leftline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \ifbool{mdf@rightline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \psset{linearc=\mdf@roundcorner@length}%
         \expandafter\psset\expandafter{\mdf@psset@local}%
         \psset{unit=1truecm}%
         \ifdimgreater{\mdfboundingboxheight}{\vsize}
                {\begin{pspicture}(0,0)(\mdfboundingboxwidth,\vsize)}
                {\begin{pspicture}(0,0)(\mdfboundingboxwidth,\mdfboundingboxheight)}
              \ifboolexpr{     bool {mdf@topline} and bool {mdf@rightline}
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}%
              \ifboolexpr{    not( bool {mdf@topline}) and bool {mdf@rightline}
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}%       
               \ifboolexpr{    not( bool {mdf@topline}) and not(bool {mdf@rightline})
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}%  
               \ifboolexpr{    not( bool {mdf@topline}) and bool {mdf@rightline}
                          and not( bool {mdf@leftline} )
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       \rput(!\ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}%              
               \ifboolexpr{     bool {mdf@topline} and not(bool {mdf@rightline})
                          and not(bool {mdf@leftline} )
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! 0 %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}% 
                \ifboolexpr{    not(bool {mdf@topline}) and not(bool {mdf@rightline})
                          and not(bool {mdf@leftline} )
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}%  
           \end{pspicture}%
     }%
}



\def\md@putbox@middle{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
        \setlength\mdfboxwidth{\wd\tw@}%
        \setlength\mdfboxheight{\ht\tw@+\dp\tw@}%
        \setlength{\mdfboundingboxheight}{%
                    +\mdfboxheight%
                    +\mdf@splitbottomskip@length%
                  }%
         \setlength{\mdfboundingboxwidth}{%
                    +\mdf@innerleftmargin@length%
                    +\mdfboxwidth%
                    +\mdf@innerrightmargin@length%
                  }%
         \ifbool{mdf@leftline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \ifbool{mdf@rightline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \expandafter\psset\expandafter{\mdf@psset@local}%
         \psset{linearc=\mdf@roundcorner@length}%
         \psset{unit=1truecm}%
         \ifdimgreater{\mdfboundingboxheight}{\vsize}
                {\begin{pspicture}(0,0)(\mdfboundingboxwidth,\vsize)}
                {\begin{pspicture}(0,0)(\mdfboundingboxwidth,\mdfboundingboxheight)}
              \ifboolexpr{    bool {mdf@rightline} and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}  %Y-Koord
                       )%
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\tw@}
                     }{}%
               \ifboolexpr{    bool {mdf@rightline} and not(bool {mdf@leftline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\tw@}
                     }{}%  
               \ifboolexpr{   not( bool {mdf@rightline})  and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}  %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\tw@}
                     }{}%                    
                \ifboolexpr{(
                             not(bool {mdf@rightline}) and not(bool {mdf@leftline})
                             and bool {mdf@topline} and not( bool {mdf@bottomline})
                             )
                             or
                             (
                             not(bool {mdf@rightline}) and not(bool {mdf@leftline})
                             and not (bool {mdf@topline}) and not( bool {mdf@bottomline})
                             )
                             or
                             (
                             not(bool {mdf@rightline}) and not(bool {mdf@leftline})
                             and not (bool {mdf@topline}) and bool {mdf@bottomline}
                             )
                              or
                             (
                             not(bool {mdf@rightline}) and not(bool {mdf@leftline})
                             and bool {mdf@topline} and bool {mdf@bottomline}
                             )  
                       }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\tw@}
                     }{}%  
       \end{pspicture}%
     }%
}

\def\md@putbox@second{
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
        \setlength\mdfboxwidth{\wd\@tempboxa}%
        \setlength\mdfboxheight{\ht\@tempboxa+\dp\@tempboxa}%
        \setlength{\mdfboundingboxheight}{%
                    +\mdfboxheight%
                    +\mdf@innerbottommargin@length%
                  }%
         \ifbool{mdf@bottomline}{\addtolength{\mdfboundingboxheight}{\mdf@middlelinewidth@length}}{}%
         \setlength{\mdfboundingboxwidth}{%
                    +\mdf@innerleftmargin@length%
                    +\mdfboxwidth
                    +\mdf@innerrightmargin@length%
                  }%
         \ifbool{mdf@leftline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \ifbool{mdf@rightline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \expandafter\psset\expandafter{\mdf@psset@local}
         \psset{linearc=\mdf@roundcorner@length}%
         \psset{unit=1truecm}%
         \begin{pspicture}(0,0)(\mdfboundingboxwidth,\mdfboundingboxheight)
              \ifboolexpr{     bool {mdf@bottomline} and bool {mdf@rightline}
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%
               \ifboolexpr{   not( bool {mdf@bottomline}) and bool {mdf@rightline}
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%                    
               \ifboolexpr{   not( bool {mdf@bottomline}) and not(bool {mdf@rightline})
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%  
               \ifboolexpr{   not( bool {mdf@bottomline}) and bool {mdf@rightline}
                          and not(bool {mdf@leftline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%  
               \ifboolexpr{  bool {mdf@bottomline} and not(bool {mdf@rightline})
                          and not(bool {mdf@leftline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! 0 %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%  
                \ifboolexpr{  not(bool {mdf@bottomline}) and not(bool {mdf@rightline})
                          and not(bool {mdf@leftline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%  
       \end{pspicture}%
     }%
}

\endinput
%eof
%eof
%eof
%eof
%eof
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%%==================================================%%
%%========Is based on the idea of framed.sty========%%
%%==================================================%%
%%===== Currently the package has a beta-Status ====%%
%%==================================================%%
%% WITH THANKS TO (alphabetically):
%% ROLF NIEPRASCHK
%% HEIKO OBERDIEK
%% HERBERT VOSS

%% Copyright (c) 2010 Marco Daniel
%
%% This package may be distributed under the terms of the LaTeX Project
%% Public License, as described in lppl.txt in the base LaTeX distribution.
%% Either version 1.0 or, at your option, any later version.
%%
%%
%%==================================================%%
%% Erstellung eines Rahmens, der am Seitenende keine
%% horizontale Linie einfuegt
%%>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>%%
%%      _______________                            %%
%%      |    page 1   |                            %%  
%%      |    Text     |                            %%
%%      |  __Text__   |                            %%
%%      |  | Text |   |                            %%
%%     P A G E B R E A K                           %%
%%      |  | Text |   |                            %%
%%      |  |_Text_|   |                            %%
%%      |    Text     |                            %%
%%      |____page 2___|                            %%
%%                                                 %%
%%>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>%%


%%$Id: mdframed.sty 103 2010-12-22 16:46:10Z marco $
%%$Rev: 103 $
%%$Author: marco $
%%$Date: 2010-12-22 17:46:10 +0100 (Mi, 22. Dez 2010) $

%% Allgemeine Angaben
\def\mdversion{v0.6a}
\def\mdframedpackagename{mdframed}
\def\md@maindate@svn$#1: #2 #3 #4-#5-#6 #7 #8${#4/#5/#6\space }
\NeedsTeXFormat{LaTeX2e}
\ProvidesPackage{mdframed}[\md@maindate@svn$Id: mdframed.sty 103 2010-12-22 16:46:10Z marco $ \mdversion: \mdframedpackagename]

%%==================================================%%
%%=============== Benoetigte Pakete ================%%
%%==================================================%%

\newcommand*\md@PackageWarning[1]{\PackageWarning{\mdframedpackagename}{#1}}
\newcommand*\md@PackageInfo[1]{\PackageInfo{\mdframedpackagename}{#1}}
\newcommand*\md@LoadFile@IfExist[1]{%
 \IfFileExists{#1.sty}{%
          \RequirePackage{#1}%
        }{%
        \md@PackageWarning{The package #1 does not exist\MessageBreak
                           but it is required by \mdframedpackagename}%
       }
}
\md@LoadFile@IfExist{kvoptions}

\md@LoadFile@IfExist{etex}

\md@LoadFile@IfExist{calc}

\md@LoadFile@IfExist{color}


%Eingearbeitet in Optionen
%\md@LoadFile@IfExist{pstricks}
%\md@LoadFile@IfExist{pstricks}

\md@LoadFile@IfExist{etoolbox}

\SetupKeyvalOptions{family=mdf,prefix=mdf@}

%%==================================================%%
%%========Hilfsmakro zur Bestimmung ob Laenge=======%%
%%============= IDEE: Martin Scharrer ==============%%
%%==================================================%%

%%%\md@iflength{<EINGABE>}{<IST LAENGE>}{<IST KEINE LAENGE>}
\newlength{\md@templength}
\def\md@iflength#1{%
  \afterassignment\md@iflength@check%
  \md@templength=#1\mdf@defaultunit\relax\relax
  \expandafter\endgroup\next
}
\def\md@iflength@check#1{%
  \begingroup
  \ifx\relax#1\@empty
    \def\next{\@secondoftwo}
  \else
    \def\next{\@firstoftwo}
    \expandafter\md@iflength@cleanup
  \fi
}
\def\md@iflength@cleanup#1\relax{}

%%\def\md@@iflength#1{
%%       \begingroup
%%       \def\@tempa{#1}
%%       \md@iflength{\@tempa}{%
%%             \expandafter\global\expandafter%
%%             \edef\csname #1\endcsname{\the\md@templength}%
%%            }{%
%%             \expandafter\global\expandafter%
%%             \edef\csname #1\endcsname{\the\md@templength}%
%%            }%
%%       \endgroup%
%%}

%%==================================================%%
%%==================== Optionen ====================%%
%%==================================================%%


%Festlegung welcher Stildatei
%% 0 := tex-Kommandos -- rule
%% 1 := tikz
%% 2 := tikz-erweitert
%% 3 := pstricks-einfach
%% 4 := pstricks-erweitert

\DeclareStringOption[0]{style}

\define@key{mdf}{globalstyle}[\mdf@style]{%
      \renewcommand*{\do}[1]{%
          \def\@tempa{##1}
          \ifcase\number\@tempa\relax
             %0 <- kein Grafikpaket
          \or
             \md@LoadFile@IfExist{tikz}
             %1 <- tikz wird benoetigt
          \or
             \md@LoadFile@IfExist{tikz}
             %2 <- tikz wird benoetigt
          \or
             \md@LoadFile@IfExist{pstricks-add}
             %3 <- pstricks wird benoetigt
          \or
             \md@LoadFile@IfExist{pstricks-add}
             %4 <- pstricks wird benoetigt
          \else
            \md@PackageWarning{Unknown global style \@tempa}
          \fi
      }%
      \docsvlist{\mdf@style,#1}%
 }

%%%%Optionen mit Laengen

\newcommand*\mdf@skipabove{\z@}
\newcommand*\mdfl@skipabove{}
\newlength\mdf@skipabove@length
\deflength\mdf@skipabove@length{\z@}
\define@key{mdf}{skipabove}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@skipabove{\the\md@templength}}%
            {\global\edef\mdfl@skipabove{\the\md@templength}}
\let\mdf@skipabove\mdfl@skipabove
\setlength\mdf@skipabove@length{\mdf@skipabove}
}

\newcommand*\mdf@skipbelow{\z@}
\newcommand*\mdfl@skipbelow{}
\newlength\mdf@skipbelow@length
\deflength\mdf@skipbelow@length{\z@}
\define@key{mdf}{skipbelow}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@skipbelow{\the\md@templength}}%
            {\global\edef\mdfl@skipbelow{\the\md@templength}}
\let\mdf@skipbelow\mdfl@skipbelow
\setlength\mdf@skipbelow@length{\mdf@skipbelow}
}

\newcommand*\mdf@leftmargin{\z@}
\newcommand*\mdfl@leftmargin{}
\newlength\mdf@leftmargin@length
\deflength\mdf@leftmargin@length{\z@}
\define@key{mdf}{leftmargin}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@leftmargin{\the\md@templength}}%
            {\global\edef\mdfl@leftmargin{\the\md@templength}}
\let\mdf@leftmargin\mdfl@leftmargin
\setlength\mdf@leftmargin@length{\mdf@leftmargin}
}

\newcommand*\mdf@rightmargin{\z@}
\newcommand*\mdfl@rightmargin{}
\newlength\mdf@rightmargin@length
\deflength\mdf@rightmargin@length{\z@}
\define@key{mdf}{rightmargin}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@rightmargin{\the\md@templength}}%
            {\global\edef\mdfl@rightmargin{\the\md@templength}}
\let\mdf@rightmargin\mdfl@rightmargin
\setlength\mdf@rightmargin@length{\mdf@rightmargin}
}

\newcommand*\mdf@margin{20pt}
\newcommand*\mdfl@margin{}
\newlength\mdf@margin@length
\deflength\mdf@margin@length{20pt}
\define@key{mdf}{margin}[20pt]{%
     \md@PackageWarning{The option margin is obsolote and no longer used\MessageBreak
                        use instead innerleftmargin and innerrightmargin\MessageBreak
                        For more details look at the documentation \mdframedpackagename}%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@margin{\the\md@templength}}%
            {\global\edef\mdfl@margin{\the\md@templength}}
\let\mdf@margin\mdfl@margin
\setlength\mdf@margin@length{\mdf@margin}
}

\newcommand*\mdf@innerleftmargin{10pt}
\newcommand*\mdfl@innerleftmargin{}
\newlength\mdf@innerleftmargin@length
\deflength\mdf@innerleftmargin@length{10pt}
\define@key{mdf}{innerleftmargin}[10pt]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@innerleftmargin{\the\md@templength}}%
            {\global\edef\mdfl@innerleftmargin{\the\md@templength}}
\let\mdf@innerleftmargin\mdfl@innerleftmargin
\setlength\mdf@innerleftmargin@length{\mdf@innerleftmargin}
}

\newcommand*\mdf@innerrightmargin{10pt}
\newcommand*\mdfl@innerrightmargin{}
\newlength\mdf@innerrightmargin@length
\deflength\mdf@innerrightmargin@length{10pt}
\define@key{mdf}{innerrightmargin}[10pt]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@innerrightmargin{\the\md@templength}}%
            {\global\edef\mdfl@innerrightmargin{\the\md@templength}}
\let\mdf@innerrightmargin\mdfl@innerrightmargin
\setlength\mdf@innerrightmargin@length{\mdf@innerrightmargin}
}



\newcommand*\mdf@innertopmargin{0.4\baselineskip}
\newcommand*\mdfl@innertopmargin{}
\newlength\mdf@innertopmargin@length
\deflength\mdf@innertopmargin@length{0.4\baselineskip}
\define@key{mdf}{innertopmargin}[0.4\baselineskip]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@innertopmargin{\the\md@templength}}%
            {\global\edef\mdfl@innertopmargin{\the\md@templength}}
\let\mdf@innertopmargin\mdfl@innertopmargin
\setlength\mdf@innertopmargin@length{\mdf@innertopmargin}
}

\newcommand*\mdf@innerbottommargin{0.4\baselineskip}
\newcommand*\mdfl@innerbottommargin{}
\newlength\mdf@innerbottommargin@length
\deflength\mdf@innerbottommargin@length{0.4\baselineskip}
\define@key{mdf}{innerbottommargin}[0.4\baselineskip]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@innerbottommargin{\the\md@templength}}%
            {\global\edef\mdfl@innerbottommargin{\the\md@templength}}
\let\mdf@innerbottommargin\mdfl@innerbottommargin
\setlength\mdf@innerbottommargin@length{\mdf@innerbottommargin}
}


\newcommand*\mdf@splittopskip{\z@}
\newcommand*\mdfl@splittopskip{}
\newlength\mdf@splittopskip@length
\deflength\mdf@splittopskip@length{\z@}
\define@key{mdf}{splittopskip}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@splittopskip{\the\md@templength}}%
            {\global\edef\mdfl@splittopskip{\the\md@templength}}
\let\mdf@splittopskip\mdfl@splittopskip
\setlength\mdf@splittopskip@length{\mdf@splittopskip}
}



\newcommand*\mdf@splitbottomskip{\z@}
\newcommand*\mdfl@splitbottomskip{}
\newlength\mdf@splitbottomskip@length
\deflength\mdf@splitbottomskip@length{\z@}
\define@key{mdf}{splitbottomskip}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@splitbottomskip{\the\md@templength}}%
            {\global\edef\mdfl@splitbottomskip{\the\md@templength}}
\let\mdf@splitbottomskip\mdfl@splitbottomskip
\setlength\mdf@splitbottomskip@length{\mdf@splitbottomskip}
}


%% Linienstaerken
\newcommand*\mdf@linewidth{0.4pt}
\newcommand*\mdfl@linewidth{}
\newlength\mdf@linewidth@length
\deflength\mdf@linewidth@length{0.4pt}
\define@key{mdf}{linewidth}[0.4pt]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@linewidth{\the\md@templength}}%
            {\global\edef\mdfl@linewidth{\the\md@templength}}
\let\mdf@linewidth\mdfl@linewidth
\setlength\mdf@linewidth@length{\mdf@linewidth}%
\ifnumequal{\mdf@style}{1}{%
\deflength\mdf@middlelinewidth@length{\mdf@linewidth@length}%
}{}%
}

\newcommand*\mdf@innerlinewidth{\z@}
\newcommand*\mdfl@innerlinewidth{}
\newlength\mdf@innerlinewidth@length
\deflength\mdf@innerlinewidth@length{\z@}
\define@key{mdf}{innerlinewidth}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@innerlinewidth{\the\md@templength}}%
            {\global\edef\mdfl@innerlinewidth{\the\md@templength}}
\let\mdf@innerlinewidth\mdfl@innerlinewidth
\setlength\mdf@innerlinewidth@length{\mdf@innerlinewidth}
}

\newcommand*\mdf@middlelinewidth{\mdf@linewidth}
\newcommand*\mdfl@middlelinewidth{}
\newlength\mdf@middlelinewidth@length
\deflength\mdf@middlelinewidth@length{\mdf@linewidth@length}
\define@key{mdf}{middlelinewidth}[\mdf@linewidth]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@middlelinewidth{\the\md@templength}}%
            {\global\edef\mdfl@middlelinewidth{\the\md@templength}}
\let\mdf@middlelinewidth\mdfl@middlelinewidth
\setlength\mdf@middlelinewidth@length{\mdf@middlelinewidth}
}

\newcommand*\mdf@outerlinewidth{\z@}
\newcommand*\mdfl@outerlinewidth{}
\newlength\mdf@outerlinewidth@length
\deflength\mdf@outerlinewidth@length{\z@}
\define@key{mdf}{outerlinewidth}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@outerlinewidth{\the\md@templength}}%
            {\global\edef\mdfl@outerlinewidth{\the\md@templength}}
\let\mdf@outerlinewidth\mdfl@outerlinewidth
\setlength\mdf@outerlinewidth@length{\mdf@outerlinewidth}
}

\newcommand*\mdf@roundcorner{\z@}
\newcommand*\mdfl@roundcorner{}
\newlength\mdf@roundcorner@length
\deflength\mdf@roundcorner@length{\z@}
\define@key{mdf}{roundcorner}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@roundcorner{\the\md@templength}}%
            {\global\edef\mdfl@roundcorner{\the\md@templength}}
\let\mdf@roundcorner\mdfl@roundcorner
\setlength\mdf@roundcorner@length{\mdf@roundcorner}
}

%Unterstuetzung der Optionen fuer pstricks
\def\mdf@psset@local{}
\define@key{mdf}{pstrickssetting}{%
  \def\mdf@psset@local{#1}
}


%%Defaulunit
\DeclareStringOption[pt]{defaultunit}

%%mdframed umfasst ntheorem-Umgebung ja/nein
\DeclareBoolOption{ntheorem}

\DeclareBoolOption[true]{topline}
\DeclareBoolOption[true]{leftline}
\DeclareBoolOption[true]{bottomline}
\DeclareBoolOption[true]{rightline}


%%FARBEN
\DeclareStringOption[none]{xcolor}
\DeclareStringOption[black]{linecolor}
\DeclareStringOption[white]{backgroundcolor}
\DeclareStringOption[black]{fontcolor}
\DeclareStringOption[\mdf@linecolor]{innerlinecolor}
\DeclareStringOption[\mdf@linecolor]{outerlinecolor}
\DeclareStringOption[\mdf@backgroundcolor]{middlelinecolor}


\DeclareDefaultOption{%
   \md@PackageWarning{Unknown Option '\CurrentOption' for mdframed}}


%%==================================================%%
%%========== ENDE DER OPTIONENDEKLARATION ==========%%
%%==================================================%%

\ProcessKeyvalOptions*
\newcommand*{\mdfsetup}{\setkeys{mdf}}
\mdfsetup{globalstyle=0}

%%==================================================%%
%%========Sicherstellen der key-value-Syntax========%%
%%==================================================%%
\AtBeginDocument{
 \@ifpackageloaded{xcolor}{%
    \let\mdf@xcolor\@empty %ignoriere die Eingabe der Optionen
    }{%
     \def\@tempa{none}
    \ifx\mdf@xcolor\@tempa
    \else
     \PassOptionsToPackage{\mdf@xcolor}{xcolor}
     \RequirePackage{xcolor}
   \fi
 }
}



%%Farbabkuerzungen:
\newcommand*\mdf@@linecolor{\color{\mdf@linecolor}}
\newcommand*\mdf@@backgroundcolor{
    \ifx\mdf@backgroundcolor\@empty
    \else
         \color{\mdf@backgroundcolor}
    \fi}
\newcommand*\mdf@@fontcolor{\color{\mdf@fontcolor}}
\newcommand*\mdf@@innerlinecolor{\color{\mdf@innerlinecolor}}
\newcommand*\mdf@@outerlinecolor{\color{\mdf@outerlinecolor}}
\newcommand*\mdf@@middlelinecolor{\color{\mdf@middlelinecolor}}

%%==================================================%%
%%======= Laden der gewuenschten Style-Datei =======%%
%%==================================================%%
\ifcase\mdf@style\relax%
        \input{md-frame-0.mdf}%
      \or%
        \input{md-frame-1.mdf}%
      \or%        
        \md@PackageWarning{The style number\mdf@style does not exist\MessageBreak
                           mdframed ues instead style=0 \mdframedpackagename}%
        \input{md-frame-1.mdf}%
      \or% 
        \input{md-frame-3.mdf}%
      \else%
       \IfFileExists{md-frame-\mdf@style.mdf}{%
             \input{md-frame-\mdf@style.mdf}%
           }{%
            \input{md-frame-1.mdf}%
            \md@PackageWarning{The style number \mdf@style does not exist\MessageBreak
                           mdframed ues instead style=0 \mdframedpackagename}%
          }%
\fi%


%%==================================================%%
%%===Globale Umgebung -- noch keine Modifikation ===%%
%%==================================================%%
\def\md@margin@startenv{% latex.ltx -> \@startsection
    \if@noskipsec \leavevmode  \fi
    \par%\kern-\lastskip%
    \@tempskipa -\mdf@skipabove@length\relax
    \@afterindenttrue
    \ifdim \@tempskipa < \z@
      \@tempskipa -\@tempskipa \@afterindentfalse%
    \fi
    \if@nobreak
      \everypar{}%
    \else
      \addpenalty\@secpenalty\addvspace\@tempskipa%
      \par\kern-\ht\strutbox
    \fi%
}%


\def\mdframed{%
   \@ifnextchar[%]
       \mdframed@i\mdframed@ii}%

\def\mdframed@ii{\mdframed@i[]}%
\def\mdframed@i[#1]{% default-Umgebung
   \mdfsetup{#1}%%
   \md@margin@startenv%
   \ifmdf@ntheorem%       %%% Pruefen ob ntheorem gesetzt ist
   \ifundef{\theorempreskipamount}%
          {\md@PackageWarning{You have not loaded ntheorem yet}}%
          {\setlength{\theorempreskipamount}{0pt}%
           \setlength{\theorempostskipamount}{0pt}}%
   \fi%
   \ifnumequal{\mdf@style}{0}% 
   {\deflength{\mdf@innerlinewidth@length}{\z@}%
    \deflength{\mdf@middlelinewidth@length}{\mdf@linewidth@length}%
    \deflength{\mdf@outerlinewidth@length}{\z@}%
    \let\mdf@innerlinecolor\mdf@linecolor%
    \let\mdf@middlelinecolor\mdf@linecolor%
    \let\mdf@outerlinecolor\mdf@linecolor%
   }{}%
   \ifnumequal{\mdf@style}{3}% 
   {\deflength{\mdf@innerlinewidth@length}{\z@}%
   \deflength{\mdf@middlelinewidth@length}{\mdf@linewidth}%
    \deflength{\mdf@outerlinewidth@length}{\z@}%
    \let\mdf@innerlinecolor\mdf@linecolor%
   }{}%
   \mdframed@global@env%
   }%

\def\endmdframed{\endmdframed@global@env\endtrivlist%
\vspace{\mdf@skipbelow@length}}%

%%==================================================%%
%%==Deklaration diverser Eingabe und Hilfsparameter=%%
%%==================================================%%

\newskip\md@temp@skip@a      \md@temp@skip@a\z@    %% Hilfslaenge

\newlength\md@verticalmarginwhole@length

\newlength\mdf@xmargin@length%
\newlength\mdf@ymargin@length%
\newlength\mdfboxheight%                            %% Berechnungsvariable tikz
\newlength\mdfboxwidth%                             %% Berechnungsvariable tikz


\newlength\mdfboundingboxheight
\newlength\mdfboundingboxwidth
\newlength\mdfpositionx
\newlength\mdfpositiony



\providecommand*\ptTps{}


%%==================================================%%
%%=================== Kommentare ===================%%
%%==================================================%%

\chardef\md@arrayparboxrestore=\catcode`\|   % for debug
\catcode`\|=\catcode`\%                      % (debug: insert space after backslash)
%% Kommentare werden im Code mit | gekennzeichnet


%%==================================================%%
%%================= Platz auf Seite ================%%
%%==================================================%%
\newlength\md@freevspace@length
\def\md@freepagevspace{%
     \ifdimequal{\pagegoal}{\maxdimen}%
          {%
            \setlength{\md@freevspace@length}{\vsize}%
          }{
            \setlength{\md@freevspace@length}{\pagegoal}%
            \addtolength{\md@freevspace@length}{-\pagetotal}%
          }%
}

%%==================================================%%
%================= Breite der BOX =================%%
%%==================================================%%

% edge-leftmargin-outerlinewith-middlelinewidth-innerlinewidth-innerleftmargin-TEXTBREITE-
% innerrightmargin-innerlinewidth-middlelinewidth-outelinewith-edge
\newlength\md@horizontalspaceofbox
\def\md@horizontalmargin@equation{%
    \setlength{\md@horizontalspaceofbox}{\hsize}
    \addtolength{\md@horizontalspaceofbox}{%
                         -\mdf@leftmargin@length%
                         -\mdf@outerlinewidth@length%
                         -\mdf@middlelinewidth@length%
                         -\mdf@innerlinewidth@length%
                         -\mdf@innerleftmargin@length%
                         -\mdf@innerrightmargin@length%
                         -\mdf@innerlinewidth@length%
                         -\mdf@middlelinewidth@length%      
                         -\mdf@outerlinewidth@length%
                         -\mdf@rightmargin@length%
                        }%
  \ifboolexpr{ test {\ifnumequal{\mdf@style}{0}} or test {\ifnumequal{\mdf@style}{3}}}%
           {
           \notbool{mdf@leftline}{\addtolength{\md@horizontalspaceofbox}{%
                                    \mdf@innerlinewidth@length%
                                    +\mdf@middlelinewidth@length%      
                                    +\mdf@outerlinewidth@length%
                                 }}{}%
           \notbool{mdf@rightline}{\addtolength{\md@horizontalspaceofbox}{%
                                    \mdf@innerlinewidth@length%
                                    +\mdf@middlelinewidth@length%      
                                    +\mdf@outerlinewidth@length%
                                  }}{}%
    }{}%
    \advance\md@horizontalspaceofbox by - \width\md@arrayparboxrestore%
    %%% Beruecksichtigung, dass Auszaehlung bzw. list-Umgebung enthalten
    \ifdimless{\md@horizontalspaceofbox}{3cm}{\md@PackageWarning{You have only a width of 3cm}}{}
    \hsize=\md@horizontalspaceofbox%
}




%%==================================================%%
%%========= Seitenparameter und Strafpunkte ========%%
%%==================================================%%
\def\md@penalty@startenv{%
 \begingroup%
   \skip@\lastskip%                             %%% lastskip nur ungleich null nach section, list, figure, usw.
   \if@nobreak%
   \else 
      \penalty9999 % updates \page parameters <-pruefen
      \ifdim\pagefilstretch=\z@                 %%% pagefilstretch ist ein internes Register fuer den
                                                %%% Seitenumbruch. Es entaehlt den akkumulierten (gespeicherten) fil-Anteil
                                                %%% auf der aktuellen Seite
         \ifdim\pagefillstretch=\z@             %%% pagefillstretch ist ein internes Register fuer den
                                                %%% Seitenumbruch. Es entaehlt den akkumulierten (gespeicherten) fill-Anteil
                                                %%% auf der aktuellen Seite
            %%% nicht unendlich dehnbar, so hier foerdern eines Seitenumbruches
            \edef\@tempa{\the\skip@}%
            \edef\@tempb{\the\z@skip}%
            \ifx\@tempa\@tempb                  %%% ???????
                  \penalty-30%
            \else
                  \vskip-\skip@%
                  \penalty-30%
                  \vskip\skip@%
            \fi
         \fi
      \fi
    \penalty\z@%
    % Give a stretchy breakpoint that will always be taken in preference
    % to the \penalty 9999 used to update page parameters.  The cube root
    % of 10000/100 indicates a multiplier of 0.21545, but the maximum 
    % calculated badness is really 8192, not 10000, so the multiplier
    % is 0.2301. 
    \advance\skip@ \z@ plus-.5\baselineskip%
    \advance\skip@ \z@ plus-.231\height%
    \advance\skip@ \z@ plus-.231\skip@%
    \advance\skip@ \z@ plus-.231\topsep%
    \vskip-\skip@ \penalty 1800 \vskip\skip@%
  \fi
 \addvspace{\topsep}%
 \endgroup%
 % clear out pending page break
 \nobreak \vskip 2\baselineskip \vskip\height%     %%%\@M=10000
 \penalty9999 \vskip -2\baselineskip \vskip-\height%
 \penalty9999 % updates \pagetotal
}%


%%==================================================%%
%%============Start der globalen Umgebung===========%%
%%==================================================%%
\newskip\md@temp@frame@hsize \md@temp@frame@hsize=0pt%
\newskip\md@temp@frame@vsize \md@temp@frame@vsize=0pt%

\def\mdframed@global@env{\relax%
   \let\width\z@%
   \let\height\z@%
   \md@penalty@startenv%
   \def\@doendpe{\@endpetrue%                      %%% SIEHE LATEX.ltx -- ersten Absatz ignorieren
                 \def\par{\@restorepar\par\@endpefalse}%
                 \everypar{{\setbox\z@\lastbox}\everypar{}\@endpefalse}%
                }%
   \md@horizontalmargin@equation%
   \setbox\@tempboxa%
       \vbox\bgroup\@doendpe%
                 \begingroup%                %%% zweites begingroup noetig, dass fontcolor gesetzt werden kann
                 \mdf@@fontcolor%            %%% Setzen der Schriftfarbe
                 \textwidth\md@horizontalspaceofbox \columnwidth\md@horizontalspaceofbox%
}%

\def\endmdframed@global@env{\par%
     \kern\z@%
     \hrule\@width\md@horizontalspaceofbox\@height\z@%   
     \penalty-100 % put depth into height
   \endgroup%
 \egroup%
 \begingroup%
  \mdf@@fontcolor%
  \setbox\@tempboxa\vbox{\unvbox\@tempboxa}
  \md@put@frame%
 \endgroup%
}

%%==================================================%%
%%===========Ausgaberoutine -> Berechnung===========%%
%%==================================================%%

%% \md@put@frame nimmt den Inhalt der \@tempboxa und packt alles oder nur einen Teil
%% auf die Seite mit dem Rahmen.
%% Es ist rekursiv, solange alles von der \@tempboxa aufgebraucht ist (\@tempboxa muss die Tiefe 0 haben.)
%% Erste Iteration: Versuche alles in einen Rahmen zu bekommen. Falls es nicht passt, 
%% splitte es fuer die erste Rahmenumgebung
%% Spaetere Iteration: Versuche alles in den letzten Rahmen zu bekommen. Falls es nicht passt,
%% splitte es erneut. (Versuchsstadium -- Da bisher nur Anfang und Ende enthalten)



\def\md@put@frame{\relax%
   \md@freepagevspace
   \ifdimless{\md@freevspace@length}{1.999\baselineskip}
             {\md@PackageInfo{Not enough space on this page}%die Seite hat nur noch minimal Platz
              \clearpage%
              \md@put@frame
             }{%
               %Hier berechnung Box-Inhalt+Rahmen oben und unten
              \setlength{\md@verticalmarginwhole@length}{\ht\@tempboxa+\dp\@tempboxa}%
              \addtolength{\md@verticalmarginwhole@length}{%
                 \mdf@outerlinewidth@length%
                +\mdf@middlelinewidth@length%
                +\mdf@innerlinewidth@length%
                +\mdf@innertopmargin@length%
                +\mdf@innerbottommargin@length%
                +\mdf@innerlinewidth@length%
                +\mdf@middlelinewidth@length%
                +\mdf@outerlinewidth@length%
                }%
                \ifnumequal{\mdf@style}{0}%
                {\ifbool{mdf@topline}{}%
                   {\addtolength{\md@verticalmarginwhole@length}{-\mdf@middlelinewidth@length}%
                   }%
                 \ifbool{mdf@bottomline}{}%
                   {\addtolength{\md@verticalmarginwhole@length}{-\mdf@middlelinewidth@length}%
                   }%
                }{}              
                \ifnumequal{\mdf@style}{3}%
                {\ifbool{mdf@topline}{}%
                   {\addtolength{\md@verticalmarginwhole@length}{-\mdf@middlelinewidth@length}%
                   }%
                 \ifbool{mdf@bottomline}{}%
                   {\addtolength{\md@verticalmarginwhole@length}{-\mdf@middlelinewidth@length}%
                   }%
                }{}
                \ifdimless{\md@verticalmarginwhole@length}{\md@freevspace@length}%
                {\md@putbox@single}%passt auf Seite
                {\md@put@frame@i}%passt nicht auf Seite
             }
}

\def\md@put@frame@i{%Box muss gesplittet werden -- Ausgabe der ersten Teilbox
      %Berechnung der Splittgroesse -- Linien und Abstand oben
      \md@freepagevspace
      \setlength{\dimen@}{\md@freevspace@length}%
      \addtolength{\dimen@}{%
                -\mdf@outerlinewidth@length%
                -\mdf@middlelinewidth@length%
                -\mdf@innerlinewidth@length%
                -\mdf@innertopmargin@length%
                -\mdf@splitbottomskip@length%
                }%
      \ifnumequal{\mdf@style}{0}%
                {\ifbool{mdf@topline}{}%
                   {\addtolength{\dimen@}{+\mdf@middlelinewidth@length}%
                   }%
                }{}
       \ifnumequal{\mdf@style}{3}%
                {\ifbool{mdf@topline}{}%
                   {\addtolength{\dimen@}{\mdf@middlelinewidth@length}%
                   }%
                }{}
       \ifdimless{\ht\@tempboxa+\dp\@tempboxa}{\dimen@}%
         {\md@PackageWarning{You got a bad break\MessageBreak
                             you have to change it manually\MessageBreak
                             by changing the text, the space\MessageBreak
                             or something else}%
         \addtolength{\dimen@}{-1.8\baselineskip}
         }{}%
         \addtolength{\dimen@}{-\pageshrink}%Box darf nicht zu GroÃ� werden.
         \boxmaxdepth\z@ \splittopskip\mdf@splittopskip@length%
         \setbox\tw@\vsplit\@tempboxa to \dimen@
         \setbox\tw@\vbox{\unvbox\tw@}%
         \ifdimgreater{\ht\tw@+\dp\tw@}{\dimen@}{%Falsch gesplittet
             \setlength\dimen@i{\dimen@}
             \addtolength{\dimen@}{-\ht\tw@-\dp\tw@}
             \addtolength\dimen@i{0.5\dimen@}
             \boxmaxdepth\z@ \splittopskip\z@%
             \setbox\@tempboxa\vbox{\unvbox\tw@\unvbox\@tempboxa}
             \boxmaxdepth\z@ \splittopskip\mdf@splittopskip@length%
             \setbox\tw@\vsplit\@tempboxa to \dimen@i
             \setbox\tw@\vbox{\unvbox\tw@}%
             }{}%
         \setbox\@tempboxa\vbox{\unvbox\@tempboxa}%PRUEFEN!!!!
         \ifvoid\@tempboxa
           \md@PackageWarning{You got a bad break\MessageBreak
                               because the splittet box is empty\MessageBreak
                               You have to change the page settings\MessageBreak
                               like enlargethispage or something else}%
         \fi
         \ifdimequal{\wd\tw@}{0pt}%%pruefe, ob erste Box leer ist
            {\clearpage%
             \md@put@frame}%
          {\md@putbox@first%%Groesse des Splittens passt
           \eject%\clearpage%
           \md@put@frame@ii}%
}


\def\md@put@frame@ii{%Ausgabe der mittleren Box(en) wenn vorhanden
  \setlength{\md@freevspace@length}{\vsize}%
  \setlength{\dimen@}{\ht\@tempboxa+\dp\@tempboxa}%
  \addtolength{\dimen@}{%%Addition der Linien unten
                 \mdf@outerlinewidth@length%
                +\mdf@middlelinewidth@length%
                +\mdf@innerlinewidth@length%
                +\mdf@innerbottommargin@length%
                }%
   \ifboolexpr{( bool {mdf@bottomline} )
               and
               (  test {\ifnumequal{\mdf@style}{0}} 
                  or
                  test {\ifnumequal{\mdf@style}{3}}
              )
              }%
              {}{\addtolength{\dimen@}{-\mdf@middlelinewidth@length}}%
    \ifdimgreater{\dimen@}{\md@freevspace@length}%
    {%
        \addtolength{\md@freevspace@length}{%%Abzug der Linien unten
                    -\mdf@splitbottomskip@length%
                    }%
        \boxmaxdepth\z@ \splittopskip\mdf@splittopskip@length%
        \setbox\tw@\vsplit\@tempboxa to \md@freevspace@length%
        \setbox\tw@\vbox{\unvbox\tw@}%PRUEFEN!!!
        \setbox\@tempboxa\vbox{\unvbox\@tempboxa}%PRUEFEN!!!!
        \ifvoid\@tempboxa\relax%
           \md@PackageWarning{You got a bad break\MessageBreak
                               because the splittet box is empty\MessageBreak
                               You have to change the settings}%
         \fi%
        \md@putbox@middle%
        \clearpage\md@put@frame@ii%
     }%Hier die Ausgabe der mittleren Box
     {\ifdimequal{\wd\@tempboxa}{\z@}{\md@PackageWarning{You got a bad break\MessageBreak
                               because the splittet box is empty\MessageBreak
                               You have to change the settings}%
                   }{}%
      \md@putbox@second}%Hier kommt die Ausgabe der letzten Box
}




\catcode`\|=\md@arrayparboxrestore  %%%????




% \md@arrayparboxrestore has parts of \@parboxrestore, performing a similar but 
% less complete restoration of a default layout.  See how it is used in the 
% "settings" argument of \MakeFrame.  Though not a parameter, \hsize 
% should be set to the desired total line width available inside the
% frame before invoking \md@arrayparboxrestore.  
\def\md@arrayparboxrestore{%
   %%%AUS ltboxes.dtx -> \@arrayparboxrestore
   \let\if@nobreak\iffalse
   \let\if@noskipsec\iffalse  
   \let\-\@dischyph                         %%%Default \let\@dischyph=\-
   \let\'\@acci\let\`\@accii\let\=\@acciii  %%%Default: \let\@acci\' \let\@accii\` \let\@acciii\= <- Sicher gehen
                                            %%%dass Defaultwerte erhalten sind
                                            %%%Scheinen Mathesymbole zu sein ???
   % Test ob Listenumgebung enthalten ist
   \ifnum \ifdim\@totalleftmargin>\z@ 1\fi  %%%In latex.ltx->totalleftmargin=\z@, ausser in list-Umgebung:
                                            %%%\advance\@totalleftmargin \leftmargin
          \ifdim\rightmargin     >\z@ 1\fi  %%%Default \rightmargin=\z@, Ausnahme: quote usw.
          \ifnum\@listdepth      >0   1\fi  %%%Zaehler fuer Listentiefe -> Keine Liste \@listdepth=0 sonst, je Ebene +1
           0>\z@                            %%%Ist ein Parameter erfuellt, dann ist es eine Listenumgebung
     \@setminipage                          %%%Passform rund um das Element
     % Nun wird versucht, Aenderungen der Breite von \hsize entsprechend der Listenparameter zu uebergeben.
     % Dies ist defizitaer, denn eine erweiterte Moeglichkeit, Aenderungen der Textdimension anzugegeben
     % ist (noch) nicht vorgesehen, insbesondere keine getrennte linke / rechte Einstellung.
     \advance\linewidth-\columnwidth \advance\linewidth\md@horizontalspaceofbox
     \parshape\@ne \@totalleftmargin \linewidth %%% parshape definiert das Aussehen  eines Absatzes Zeile fuer Zeile.
                                                %%% Seine Parameterversorgung geschieht mittels der folgenden Syntax:
                                                %%% \parshape = n i1 l1 i2 l2 ... in ln.
                                                %%% Dabei gibt der Parameter n an, fuer wieviele Zeilen Definitionspaare folgen.
                                                %%% Jedes Definitionspaar besteht aus der Angabe i_j fuer den Einzug und
                                                %%% der Laengenangabe l_j fuer die entsprechende Zeile. Sind mehr als n Zeilen
                                                %%% vorhanden, so wird die letzte Angabe stets weiter verwendet
   \else % Not in list
     \linewidth=\md@horizontalspaceofbox
   \fi
   \sloppy
}

%%==================================================%%
%%= Sicherstellen, dass Optionen nur global setzbar=%%
%%==================================================%%

\DisableKeyvalOption[%  
  action=warning,  
  package=mdframed,    
]{mdf}{globalstyle}%


\DisableKeyvalOption[%  
  action=warning,  
  package=mdframed,    
]{mdf}{xcolor}%


\endinput
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
EOF
EOF
EOF








headers/.svn/text-base/options.tex.svn-base

% Festlegungen für minitoc
% \renewcommand{\myminitoc}{\minitoc}
% \renewcommand{\mtctitle}{Überblick}
% \setcounter{minitocdepth}{1}
% \dominitoc   % diese Zeile aktiviert das Erstellen der minitocs, sie muss vor \tableofcontents kommen

% Seitenformat
% ------------
%\KOMAoption{paper}{A5}          % zulässig: letter, legal, executive; A-, B-, C-, D-Reihen
\KOMAoption{open}{right}			% zulässig: right (jedes Kapitel beginnt rechts), left, any
\KOMAoption{numbers}{auto}
% Satzspiegel jetzt neu berechnen, damit er bei Kopf- und Fußzeilen beachtet wird
\KOMAoptions{DIV=13}

% Kopf- und Fusszeilen
% --------------------
% Breite und Trennlinie
%\setheadwidth[-6mm]{textwithmarginpar}
%\setheadsepline[textwithmarginpar]{0.4pt}
\setheadwidth{text}
\setheadsepline[text]{0.4pt}

% Variante 1: Kopf: links Kapitel, rechts Abschnitt (ohne Nummer); Fuß: außen die Seitenzahl
\ohead{\headmark}
\renewcommand{\chaptermark}[1]{\markleft{#1}{}}
\renewcommand{\sectionmark}[1]{\markright{#1}{}}
\ofoot[\pagemark]{\pagemark}

% Variante 2: Kopf außen die Seitenzahl, Fuß nichts
%\ohead{\pagemark}
%\ofoot{}

% Standardschriften
% -----------------
%\KOMAoption{fontsize}{18pt}
\addtokomafont{disposition}{\rmfamily}
\addtokomafont{title}{\rmfamily} 
\setkomafont{pageheadfoot}{\normalfont\rmfamily\mdseries}

% vertikaler Ausgleich
% -------------------- 
% nein -> \raggedbottom
% ja   -> \flushbottom    aber ungeeignet bei Fußnoten
%\raggedbottom
\flushbottom

% Tiefe des Inhaltsverzeichnisses bestimmen
% -----------------------------------------
% -1   nur \part{}
%  0   bis \chapter{}
%  1   bis \section{}
%  2   bis \subsection{} usw.
\newcommand{\mytocdepth}{1}

% mypart - Teile des Buches und Inhaltsverzeichnis
% ------------------------------------------------
% Standard: nur im Inhaltsverzeichnis, zusätzlicher Eintrag ohne Seitenzahl
% Variante: nur im Inhaltsverzeichnis, zusätzlicher Eintrag mit Seitenzahl 
%\renewcommand{\mypart}[1]{\addcontentsline{toc}{part}{#1}}
% Variante: mit eigener Seite vor dem ersten Kapitel, mit Eintrag und Seitenzahl im Inhaltsverzeichnis
\renewcommand{\mypart}[1]{\part{#1}}


% maketitle
% -----------------------------------------------
% Bestandteile des Innentitels
%\title{Einführung in SQL}
%\author{Jürgen Thomas}
%\subtitle{Datenbanken bearbeiten}
\date{}
% Bestandteile von Impressum und CR
% Bestandteile von Impressum und CR

\uppertitleback{
%Detaillierte Daten zu dieser Publikation sind bei Wikibooks zu erhalten:\newline{} \url{http://de.wikibooks.org/}
%Diese Publikation ist bei der Deutschen Nationalbibliothek registriert. Detaillierte Daten sind im Internet  zu erhalten: \newline{}\url{https://portal.d-nb.de/opac.htm?method=showSearchForm#top}
%Diese Publikation ist bei der Deutschen Nationalbibliothek registriert. Detaillierte Daten sind im Internet unter der Katalog-Nr. 1008575860 zu erhalten: \newline{}\url{http://d-nb.info/1008575860}

%Namen von Programmen und Produkten sowie sonstige Angaben sind häufig geschützt. Da es auch freie Bezeichnungen gibt, wird das Symbol \textregistered{} nicht verwendet.

%Erstellt am 
\today{}
}

\lowertitleback{
{\footnotesize
On the 28th of April 2012 the contents of the English as well as German Wikibooks and Wikipedia projects were licensed under Creative Commons Attribution-ShareAlike 3.0 Unported license. An URI to this license is given in the list of figures on page \pageref{ListOfFigures}. If this document is a derived work from the contents of one of these projects and the content was still licensed by the project under this license at the time of derivation this document has to be licensed under the same, a similar or a compatible license, as stated in section 4b of the license. The list of contributors is included in chapter Contributors on page \pageref{Contributors}. The licenses GPL, LGPL and GFDL are included in chapter Licenses on page \pageref{Licenses}, since this book and/or parts of it may or may not be licensed under one or more of these licenses, and thus require inclusion of these licenses. The licenses of the figures are given in the list of figures on page \pageref{ListOfFigures}. This PDF was generated by the \LaTeX{} typesetting  software. The \LaTeX{} source code is included as an attachment ({\tt source.7z.txt}) in this PDF file. To extract the source from the PDF file, we recommend the use of \url{http://www.pdflabs.com/tools/pdftk-the-pdf-toolkit/} utility or clicking the paper clip attachment symbol on the lower left of your PDF Viewer, selecting {\tt Save Attachment}. After extracting it from the PDF file you have to rename it to {\tt source.7z}. To uncompress the resulting archive we recommend the use of \url{http://www.7-zip.org/}. The \LaTeX{} source itself was generated by a program written by Dirk Hünniger, which is freely available under an open source license from \url{http://de.wikibooks.org/wiki/Benutzer:Dirk_Huenniger/wb2pdf}. This distribution also contains a configured version of the {\tt pdflatex 
} compiler with all necessary packages and fonts needed to compile the \LaTeX{} source included in this PDF file.
}}


\renewcommand{\mysubtitle}[1]{}
\renewcommand{\mymaintitle}[1]{}
\renewcommand{\myauthor}[1]{}

\newenvironment{myshaded}{%
  \def\FrameCommand{ \hskip-2pt \fboxsep=\FrameSep \colorbox{shadecolor}}%
  \MakeFramed {\advance\hsize-\width \FrameRestore}}%
 {\endMakeFramed}








headers/.svn/text-base/packages1.tex.svn-base

% Standard für Formatierung
\usepackage[utf8plain]{inputenc} 
%\usepackage[utf8]{inputenc} % use \usepackage[utf8]{inputenc} for tex4ht
\usepackage[usenames]{color}
\usepackage{textcomp} 
\usepackage{alltt} 
\usepackage{syntax}
\usepackage{parskip} 
\usepackage[normalem]{ulem}
\usepackage[pdftex,unicode=true]{hyperref}
%\usepackage{tocstyle}
\usepackage[defblank]{paralist}
\usepackage{trace}

% Minitoc
%\usepackage{minitoc}

% Keystroke
\usepackage{keystroke}

\usepackage{wrapfig}








headers/.svn/text-base/packages2.tex.svn-base

% für Zeichensätze


%replacemnt for pslatex
\usepackage{mathptmx}
\usepackage[scaled=.92]{helvet}
\usepackage{courier}


\usepackage[T1]{fontenc} % disable this line for tex4ht

% für Tabellen
\usepackage{multirow}
\usepackage{multicol}
\usepackage{array,ragged2e}
\usepackage{longtable}

% für Kopf- und Fußzeilen, Fußnoten
\usepackage{scrpage2}
\usepackage{footnote}

% für Rahmen
\usepackage{verbatim}
\usepackage{framed}
\usepackage{mdframed}
\usepackage{listings}
\usepackage{lineno}

% für Symbole
\usepackage{amsmath}
\usepackage{amssymb}
\usepackage{amsfonts}

\usepackage{pifont}
\usepackage{marvosym}
\let\Cross\undefined 
\usepackage{fourier-orns}  % disable this line for tex4ht   % für weitere Logos, z.B. \danger

% für Grafik-Einbindung
\usepackage[pdftex]{graphicx}
\usepackage{wasysym}
\let\Square\undefined 

% unklare Verwendung
\usepackage{bbm}
\usepackage{skull}

%arabtex
\usepackage{arabtex}
\usepackage[T1]{tipa}  % disable this line for tex4ht

\usepackage{fancyvrb}
\usepackage{bbding} 
\usepackage{textcomp}
\usepackage[table]{xcolor}
\usepackage{microtype}
\usepackage{lscape}








headers/.svn/text-base/templates-chemie.tex.svn-base

\newcommand{\TemplateEnergieerhaltung}[1]{
\begin{longtable}{|>{\RaggedRight}p{\linewidth}|} \hline
{\bfseries Gesetz von der Erhaltung der Energie}\\ \hline
{\bfseries Albert Einstein (14.3. 1879 - 18.4.1955)}: Umwandlung von Energie in Masse und von Masse in Energie ist möglich.\\ 
$E = m \cdot c^2$ (c = Lichtgeschwindigkeit = 300.000 km/s)\\ \hline
{\bfseries 
Bei einer chemischen Reaktion ist die Summe aus Masse und Energie der Ausgangsstoffe gleich der Summe aus Masse und Energie der Endstoffe.
}\\\hline
Wird Energie frei, tritt ein unwägbar kleiner Massenverlust auf. Wird Energie investiert, tritt Massenzunahme auf. Dieses kann allerdings mit herkömmlichen Waagen nicht gemessen werden. \\ \hline
\end{longtable}
}

\newcommand{\TemplatePeriodensystem}[1]{
Hier sollte das Periodensystem stehen. Ein solches wird sehr wahrscheinlich von Orlando Camargo Rodriguez frei zur Verfügung gestellt werden. Dateiname: tabela_periodica.tex ist bereits online. Lizenz aber noch nicht genau genug definiert.
}

\newcommand{\TemplateMassenerhaltung}[1]{
\begin{longtable}{|>{\RaggedRight}p{\linewidth}|} \hline
{\bfseries Gesetz von der Erhaltung der Masse}\\ \hline
{\bfseries Antoine Lavoisier (1743 - 1794)}: Rien ne se perd, rien ne se crée\\ 
Die Gesamtmasse ändert sich bei chemischen Reaktionen (im Rahmen der Messgenauigkeiten) nicht.\\ \hline
Masse der Ausgangsstoffe=Masse der Produkte \\ \hline
\end{longtable}
}

\newcommand{\TemplateDaltonsAtomhyposthese}[1]{
\begin{longtable}{|>{\RaggedRight}p{\linewidth}|} \hline
\begin{enumerate}
\item Materie besteht aus extrem kleinen, bei Reaktion ungeteilt bleibenden Teilchen, den Atomen.
\item Die Masse der Atome eines bestimmten Elements sind gleich (alle Atome eines Elements sind gleich). Die Atome verschiedener Elemente unterscheiden sich in ihren Eigenschaften (zum Beispiel in Größe, Masse, usw.).
\item Es existieren so viele Atomsorten wie Elemente.
\item Bei chemischen Reaktionen werden Atome in neuer Kombination vereinigt oder voneinander getrennt.
\item Eine bestimmte Verbindung wird von den Atomen der betreffenden Elemente in einem bestimmten, einfachen Zahlenverhältnis gebildet.
\end{enumerate}
\\ \hline
\end{longtable}
}

\newcommand{\TemplateUnveraenderlicheMassenverhaeltnisse}[1]{
\begin{longtable}{|>{\RaggedRight}p{\linewidth}|} \hline
{\bfseries Gesetz der unveränderlichen Massenverhältnisse}\\ \hline
Louis Proust (1799) \\ \hline
Bei chemischen Reaktionen, also Vereinigung beziehungsweise Zersetzung, reagieren die Reinstoffe immer in einem von der Natur vorgegebenen festen Verhältnis miteinander.
\\ \hline
\end{longtable}
}







headers/.svn/text-base/templates-dirk.tex.svn-base

\newenvironment{TemplateCodeInside}[6]
{
\def\leftbox{#5}
\def\rightbox{}
\def\framecolor{shadecolor}
\ifstr{#4}{e}{ \def\framecolor{red} 
               \def\rightbox{Falsch} } {}
\ifstr{#4}{v}{ \def\framecolor{mydarkgreen} 
               \def\rightbox{Richtig} } {}

\begin{scriptsize}
\begin{mdframed} [ 
backgroundcolor=shadecolor, linewidth=0pt, 
skipabove=#2, skipbelow=#3,
innertopmargin=0.5ex, innerbottommargin=0 ]
\ttfamily

\ifstr{\leftbox} {} {
  % Ausgabe nur, wenn rechte Box Inhalt hat, dann links mit Standardtext
  \ifstr{\rightbox}{}{}
  { \fbox{Quelltext} \hfill \textbf{\color{\framecolor} \fcolorbox{black}{white}{\rightbox} }
  }
} {
\fbox{\leftbox}
% und bei Bedarf zusätzlich rechts die zweite Box
  \ifstr{\rightbox}{}{}
  { \hfill \textbf{\color{\framecolor} \fcolorbox{black}{white}{\rightbox} }
  } 
}

\begin{flushleft}
}  % Ende der begin-Anweisungen, es folgen die end-Anweisungen
{\end{flushleft}\end{mdframed}\end{scriptsize} }

\newcommand{\TemplateCode}[9]
% **************************************************
{

\ifstr{#1}{}{~}{
\minisec{\normalfont \scriptsize \centering \textbf{\textit{#1}} \medskip } }

\begin{scriptsize}

% Code-Abschnitt mit #4
\begin{TemplateCodeInside} {} {0pt} {0pt} {#3} {#5} {}
#6
\end{TemplateCodeInside}

% Ausgabetext mit #4
#4
 
% #2   Fußzeile ausgeben, sofern vorgesehen
\ifstr{#2} {} {} { \centering \textit{#2} \medskip \\ } 

\end{scriptsize}
}








headers/.svn/text-base/templates-juetho.tex.svn-base

\newcommand{\wbtempcolora}{white}
\newcommand{\wbtempcolorb}{white}
\newcommand{\wbtempcolorc}{white}
\newcommand{\wbtemptexta}{}
\newcommand{\wbtemptextb}{}
\newcommand{\wbtemptextc}{}
\newlength{\wbtemplengtha}
\setlength{\wbtemplengtha}{0pt}
\newlength{\wbtemplengthb}
\setlength{\wbtemplengthb}{0pt}
\newlength{\wbtemplengthc}
\setlength{\wbtemplengthc}{0pt}
\newlength{\wbtemplengthd}
\setlength{\wbtemplengthd}{0pt}
\newlength{\wbtemplengthe}
\setlength{\wbtemplengthe}{0pt}
\newcount\wbtempcounta
\wbtempcounta=0
\newcount\wbtempcountb
\wbtempcountb=0
\newcount\wbtempcountc
\wbtempcountc=0

\newenvironment{TemplateCodeInside}[6]
% no more parameters
% **************************************************
% Template Code Inside
% Darstellung eines Code-Teils oder der Code-Ausgabe
% wird für folgende Wiki-Vorlagen benutzt:
%     Vorlage:Syntax
%     <source>...</source>
%     Regal:Programmierung: Vorlage:CodeIntern
% außerdem mehrfache Verwendung durch das Makro "Template Code"
%
% #1  leer   Anzeige als Code:    grauer Hintergrund, ohne Rahmen
%     sonst  Anzeige als Ausgabe: weißer Hintergrund, mit  Rahmen
% #2  Abstand vor dem Rahmen
%     0pt    als Standardwert
%     \baselineskip nur dann, wenn es der erste Teil innerhalb der Umgebung ist
%            und keine Kopfzeile vorgesehen ist
% #3  Abstand nach dem Rahmen
%     0pt    als Standardwert
%     \baselineskip nur dann, wenn es der letzte Teil innerhalb der Umgebung ist
%            und keine Fußzeile vorgesehen ist
% #4  spezieller Hinweis, verwendet für die Zusatzbox rechts
%     leer   als Standardwert
%     e      steht für error, also Zusatz 'Falsch' in rot
%     v      steht für valid, also Zusatz 'Richtig' in grün (genauer: jeder beliebige andere Inhalt)
% #5  spezieller Text für die Zusatzbox links
%     leer   als Standardwert
%     spezieller Hinweis: Wenn dieser Text leer ist, aber 'e' oder 'v' vorgesehen ist,
%            dann wird 'Quelltext' eingetragen
% #6  Zeilennummerierung *** funktioniert noch nicht, wird vorerst ignoriert ***
%     leer   als Standardwert -> ausschalten
%     true   als Spezialwert  -> einschalten
% **************************************************
% auch wenn die Variablen am Anfang dieser Datei nur lokal überschrieben werden,
% muss zwischen den Variablen von TemplateCode und TemplateCodeInside unterschieden werden.
% In TemplateCode werden die folgenden Variablen benutzt:
%      \wbtemplengthb für skipabove
%      \wbtemplengthc für skipbelow
%      \wbtempcounta  als Zwischenspeicher
%      \wbtemptexta   als Ausgabetext, der automatisch erzeugt wird
%
% In TemplateCodeInside werden die folgenden Variablen benutzt:
%      \wbtemplengtha für framelinewidth
%      \wbtemplengthd für innertopmargin
%      \wbtempcolorb  für die Schriftfarbe der rechten Box
% **************************************************
{
% Argumente für Hintergrund und Rahmen definieren
%      \wbtemplengtha für framelinewidth
\definecolor{framebackground}{gray}{0.9}
% Argumente mit Inhalt versehen
% #1 - Standard leer: als Code anzeigen
%        mit Inhalt: als Ausgabe anzeigen
\ifstr{#1}{}{\setlength{\wbtemplengtha}{0pt}}
{ \definecolor{framebackground}{rgb}{1.0,1.0,1.0}   
\setlength{\wbtemplengtha}{1pt}  }

% 2./3.Parameter in Variable übernehmen
%     es gelingt mir nicht, unten #2 und #3 direkt zuzuweisen
%\setlength{\wbtemplengthb}{#2}
%\setlength{\wbtemplengthc}{#3}

% 4./5.Parameter in Variable übernehmen
% der Box für den rechten Rahmen wird der richtige Text und die richtige Farbe zugewiesen
% Standard:     grün, 'Richtig'
% im Fall 'e':  rot,  'Falsch'
\renewcommand{\wbtempcolorb}{mydarkgreen}
\renewcommand{\wbtemptextb}{Richtig}
\ifstr{#4} {e} { \renewcommand{\wbtempcolorb}{red} \renewcommand{\wbtemptextb}{Falsch} } {} 

% Festlegen des oberen inneren Rands:
%    Standard als normaler Zeilenabstand
%    wenn es keine obere Box gibt, dann genügt der Standardabstand
\setlength{\wbtemplengthd}{0pt}
\ifstr{#4}{}{}{\setlength{\wbtemplengthd}{\baselineskip}}
\ifstr{#5}{}{}{\setlength{\wbtemplengthd}{\baselineskip}}

% Aufruf von mdframed mit den festgelegten Parametern
\begin{scriptsize}
%\begin{mdframed} [ backgroundcolor=framebackground, 
%linewidth=\wbtemplengtha, %skipabove=\wbtemplengthb, skipbelow=\wbtemplengthc, 
%splittopskip=5\baselineskip, splitbottomskip=5\baselineskip,
%skipabove=#2, skipbelow=#3, 
%innertopmargin=\wbtemplengthd, innerbottommargin=1ex ]
\begin{shaded}
\ttfamily 
% Anzeige der kleinen Boxen nur dann, wenn eine davon nicht leer ist
\ifstr{#5}{}
% wenn die rechte Box vorgesehen ist und die linke nicht, kommt links der Standardtext
{ \ifstr{#4}{}{}
   {\fbox{Quelltext} \hfill \textbf{\color{\wbtempcolorb} \fcolorbox{black}{white}{\wbtemptextb}} } 
}
% andernfalls kommt links auf jeden Fall die vorgesehene Box
{  \fbox{#5}
% und bei Bedarf zusätzlich rechts die zweite Box
   \ifstr{#4}{}{}{\hfill \textbf{\color{\wbtempcolorb} \fcolorbox{black}{white}{\wbtemptextb}}}
}

%\ifstr{#6}{true}{\linenumbers[1]}{}
%\begin{lstlisting}
\begin{flushleft}
}  % Ende der begin-Anweisungen, es folgen die end-Anweisungen
{\end{flushleft}
%\end{lstlisting}
%\end{mdframed}
\end{shaded}
\end{scriptsize}}


\newcommand{\TemplateCode}[9]
% no more parameters
% **************************************************
% Template Code
% Darstellung von Code (einzeln oder mehrfach, Kopf- und Fußzeile,
%      mit oder ohne Ausgabe)
% wird für folgende Wiki-Vorlagen benutzt:
%      Regal:Programmierung: Vorlage:Code
%      Regal:Programmierung: Vorlage:NETCode
%      Regal:Programmierung: Vorlage:MultiCode
%
% #1   Inhalt der Kopfzeile
%      kann auch leer sein
% #2   Inhalt der Fußzeile
%      kann auch leer sein
% #3   spezieller Hinweis, verwendet für die Zusatzbox rechts
%      leer   als Standardwert
%      e      steht für error, also Zusatz 'Falsch' in rot
%      v      steht für valid, also Zusatz 'Richtig' in grün (genauer: jeder beliebige andere Inhalt)
% #4   spezieller Text für die Zusatzbox links
%      leer   als Standardwert
%      spezieller Hinweis: Wenn dieser Text leer ist, aber 'e' oder 'v' vorgesehen ist,
%            dann wird 'Quelltext' eingetragen
%      spezieller Hinweis: Wenn der Text #6 vorgesehen ist und außerdem mindestens 
%                 einer der Texte #7/#8/#9, dann muss sinnvollerweise der Parameter #4 
%                 für den Text #6 verwendet werden
% #5   Inhalt für den Ausgabe-Teil
%      kann auch leer sein
% #6   Inhalt für den Quelltext 1
%      kann auch leer sein
%      bei NETCode und MultiCode der Text für C++
%      bei DualCode der Text für lang1
% #7   Inhalt für den Quelltext 2
%      kann auch leer sein
%      bei NETCode und MultiCode der Text für C#
%      bei DualCode der Text für lang2
% #8   Inhalt für den Quelltext 3
%      kann auch leer sein
%      bei NETCode und MultiCode der Text für VB.NET
% #9   Inhalt für den Quelltext 4
%      kann auch leer sein
%      bei MultiCode der Text für Delphi Prism
% **************************************************
% Hier werden die folgenden Variablen von wiki-templates.tex benutzt; 
% diese dürfen in TemplateCodeInside nicht benutzt werden, weil sie unter Umständen
% überschrieben werden könnten.
%      \wbtemplengthb für skipabove
%      \wbtemplengthc für skipbelow
%      \wbtempcounta  als Zwischenspeicher
%      \wbtemptexta   als Ausgabetext, der automatisch erzeugt wird
%
% **************************************************
{
% Die Umgebung Template Code Inside setzt die Schriftgröße ebenfalls fest,
% dies soll aber auch für Kopf- und Fußzeile gelten.
\begin{scriptsize}

% #1   Kopfzeile ausgeben, sofern vorgesehen
%      wenn sie nicht vorgesehen ist, muss der obere Abstand definiert werden
%      \wbtemplengthb für skipabove
\ifstr{#1}{}
{ \setlength{\wbtemplengthb}{\baselineskip} }
{ \minisec{\normalfont \scriptsize \centering \textbf{#1} \\[-0.5\baselineskip]}
  \setlength{\wbtemplengthb}{0pt} }

% #2   unterer Abstand ist standardmäßig 0 pt, aber beim letzten Abschnitt 
%      ohne Fußzeile ist der Abstand festzusetzen
\setlength{\wbtemplengthc}{0pt}
%      \wbtemplengthc für skipbelow
% \wbtempcounta als temp-Variable verwenden, welcher Abschnitt der letzte ist
\wbtempcounta=0
% prüfe zunächst, bei welcher Ausgabe der "Abstand nachher" auf \baselineskip gesetzt werden muss;
% in allen anderen Fällen bleibt es beim Standardwert 0pt
% * nur erforderlich, wenn keine Fußzeile vorgesehen ist
% * wenn Ausgabe   #4 vorgesehen ist, dann dort
% * wenn Quellcode #9 vorgesehen ist, dann dort
% * wenn Quellcode #8 vorgesehen ist, dann dort
% * wenn Quellcode #7 vorgesehen ist, dann dort
% * wenn Quellcode #6 vorgesehen ist, dann dort
% das einfachste Verfahren ist, dies vorwärts zu prüfen
\ifstr{#2}{}{}{
  \ifstr{#6}{}{}{\wbtempcounta=6 }
  \ifstr{#7}{}{}{\wbtempcounta=7 }
  \ifstr{#8}{}{}{\wbtempcounta=8 }
  \ifstr{#9}{}{}{\wbtempcounta=9 }
  \ifstr{#4}{}{}{\wbtempcounta=10 }
}
  
% nach der ersten Ausgabe wird der "Abstand vorher" immer auf 0 gesetzt
% Quelltext 1 mit #6
\ifstr{#6}{}{}{
  % Abstand dahinter anpassen, sofern bei diesem Abstand vorgemerkt
  \ifnum\wbtempcounta=6 \setlength{\wbtemplengthc}{\baselineskip} 
     \else \setlength{\wbtemplengthc}{0pt} \fi
  \begin{TemplateCodeInside} {} {\wbtemplengthb} {\wbtemplengthc} {#3} {#5} {}
#6
  \end{TemplateCodeInside}
  \setlength{\wbtemplengthb}{0pt}
}  

% in gleicher Weise werden die weiteren Teile ausgegeben, bei #7 #8 #9 gibt es Standardtexte
% Quelltext 2 mit #7
\ifstr{#7}{}{}{
  % Abstand dahinter anpassen, sofern bei diesem Abstand vorgemerkt
  \ifnum\wbtempcounta=7 \setlength{\wbtemplengthc}{\baselineskip} 
     \else \setlength{\wbtemplengthc}{0pt} \fi
  \ifstr{#5}{}{\renewcommand{\wbtemptexta}{}}{\renewcommand{\wbtemptexta}{C\#-Quelltext}}
  \begin{TemplateCodeInside} {} {\wbtemplengthb} {\wbtemplengthc} {#3} {\wbtemptexta} {}
#7
  \end{TemplateCodeInside}
  \setlength{\wbtemplengthb}{0pt}
}  

% Quelltext 3 mit #8
\ifstr{#8}{}{}{
  % Abstand dahinter anpassen, sofern bei diesem Abstand vorgemerkt
  \ifnum\wbtempcounta=8 \setlength{\wbtemplengthc}{\baselineskip} 
     \else \setlength{\wbtemplengthc}{0pt} \fi
  \ifstr{#5}{}{\renewcommand{\wbtemptexta}{}}{\renewcommand{\wbtemptexta}{VB.NET-Quelltext}}
  \begin{TemplateCodeInside} {} {\wbtemplengthb} {\wbtemplengthc} {#3} {\wbtemptexta} {}
#8
  \end{TemplateCodeInside}
  \setlength{\wbtemplengthb}{0pt}
}  

% Quelltext 4 mit #9
\ifstr{#9}{}{}{
  % Abstand dahinter anpassen, sofern bei diesem Abstand vorgemerkt
  \ifnum\wbtempcounta=9 \setlength{\wbtemplengthc}{\baselineskip} 
     \else \setlength{\wbtemplengthc}{0pt} \fi
  \ifstr{#5}{}{\renewcommand{\wbtemptexta}{}}{\renewcommand{\wbtemptexta}{C\#-Quelltext}}
  \begin{TemplateCodeInside} {} {\wbtemplengthb} {\wbtemplengthc} {#3} {\wbtemptexta} {}
#9
  \end{TemplateCodeInside}
  \setlength{\wbtemplengthb}{0pt}
}  

% Ausgabetext mit #4
\ifstr{#4}{}{}{
  % Abstand dahinter anpassen, sofern bei diesem Abstand vorgemerkt
  \ifnum\wbtempcounta=10 \setlength{\wbtemplengthc}{\baselineskip} 
     \else \setlength{\wbtemplengthc}{0pt} \fi
  \ifstr{#5}{}{\renewcommand{\wbtemptexta}{}}{\renewcommand{\wbtemptexta}{Ausgabe}}
  \begin{TemplateCodeInside} {x} {\wbtemplengthb} {\wbtemplengthc} {} {\wbtemptexta} {}
#4
  \end{TemplateCodeInside}
  \setlength{\wbtemplengthb}{0pt}
}  
 
% #2   Fußzeile ausgeben, sofern vorgesehen
%      wenn sie nicht vorgesehen ist, muss der obere Abstand definiert werden
\ifstr{#2}{}{}
{ \centering \textbf{#2} \medskip \\ }

\end{scriptsize}
}

\begin{comment}
\newcommand{\TemplatePreformat}[1]
{\begin{TemplateCodeInside}{x}{\baselineskip}{\baselineskip}{}{}{}
#1
\end{TemplateCodeInside}
}

\newcommand{\TemplateSpaceIndent}[1]
{\begin{TemplateCodeInside}{x}{\baselineskip}{\baselineskip}{}{}{}
#1
\end{TemplateCodeInside}
}
\end{comment}

\newcommand{\ubung}{\ding{228} \textbf{Aufgabe:}~}







headers/.svn/text-base/templates.tex.svn-base

\newcommand{\wbtempcolora}{white}
\newcommand{\wbtempcolorb}{white}
\newcommand{\wbtempcolorc}{white}
\newcommand{\wbtemptexta}{}
\newcommand{\wbtemptextb}{}
\newcommand{\wbtemptextc}{}
\newlength{\wbtemplengtha}
\setlength{\wbtemplengtha}{0pt}
\newlength{\wbtemplengthb}
\setlength{\wbtemplengthb}{0pt}
\newlength{\wbtemplengthc}
\setlength{\wbtemplengthc}{0pt}
\newlength{\wbtemplengthd}
\setlength{\wbtemplengthd}{0pt}
\newlength{\wbtemplengthe}
\setlength{\wbtemplengthe}{0pt}
\newcount\wbtempcounta
\wbtempcounta=0
\newcount\wbtempcountb
\wbtempcountb=0
\newcount\wbtempcountc
\wbtempcountc=0

\newcommand{\CPPAuthorsTemplate}[4]{
\LaTeXZeroBoxTemplate{
The following people are authors to this book:

#3

You can verify who has contributed to this book by examining the history logs at Wikibooks (http://en.wikibooks.org/).

Acknowledgment is given for using some contents from other works like #1, as from the authors #2.

The above authors release their work under the following license:

This work is licensed under the Creative Commons Attribution-Share Alike 3.0 Unported license. In short: you are free to share and to make derivatives of this work under the conditions that you appropriately attribute it, and that you only distribute it under the same, similar or a compatible license. Any of the above conditions can be waived if you get permission from the copyright holder.
Unless otherwise noted, #4 used in this book have their own copyright, may use different licenses than the one used here, and were not created by the above authors. The authors, contributors, and licenses used should be acknowledged separately.}
}


\newcommand{\LaTeXCodeTipTemplate}[3]{

\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
#1 \\
#2 \\
#3
\end{myshaded}
}


\newcommand{\LaTeXDeutschTemplate}[1]{ {\bfseries deutsch:} #1 }



\newcommand{\LaTeXNullTemplate}[1]{}

\newcommand{\LaTeXDoubleBoxTemplate}[2]{

\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries #1} \\
#2
\end{myshaded}
\end{minipage}

}


\newcommand{\LaTeXDoubleBoxOpenTemplate}[2]{

\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries #1} \\
#2
\end{myshaded}

}


\newcommand{\LaTeXShadedColorBoxTemplate}[2]{
{\linewidth}#1\begin{myshaded}
#2
\end{myshaded}
}


\newcommand{\LaTeXZeroBoxTemplate}[1]{
\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}
#1
\end{myshaded}
\end{minipage}
}


\newcommand{\VorlageReferenzenEintrag}[3]{
\begin{longtable}{p{0.2\linewidth}p{0.8\linewidth}}

{[\bfseries #1]} & {\itshape #2} #3 \\
\end{longtable}

}

\newcommand{\LaTeXIdentityTemplate}[1]{#1
}

\newcommand{\TychoBrahe}[1]{Tycho Brahe}

\newcommand{\LaTeXPlainBoxTemplate}[1]{
\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded} 
#1
\end{myshaded}
\end{minipage}
}

\newcommand{\LaTexInfoTemplateOne}[1]{
\begin{TemplateInfo}{\Info}{Information}
#1
\end{TemplateInfo}}

\newcommand{\EqnTemplate}[1]{
\begin{flushright}
\textbf{[#1]}
\end{flushright}}

\newcommand{\RefTemplate}[1]{[#1]}


\newcommand{\LaTeXGCCTakeTemplate}[1]{
\LaTeXDoubleBoxTemplate{Take home:}{#1}
}

\newcommand{\LaTeXEditorNote}[1]{\LaTeXDoubleBoxTemplate{Editor's note}{#1}}

\newcommand{\BNPForVersion}[1]{
\LaTeXInfoTemplateOne{Applicable Blender version: #1}
}

\newcommand{\LaTeXInfoTemplateOne}[1]{
\begin{TemplateInfo}{\Info}{Information}
#1
\end{TemplateInfo}
}


\newcommand{\LaTexHelpFulHintTemplate}[1]{
\LaTeXDoubleBoxTemplate{Helpful Hint:}{#1}
}

\newcommand{\MyLaTeXTemplate}[3]{
\LaTeXDoubleBoxTemplate{MyLaTeXTemplate1:}{#1 \\ #2 \\ #3}
}

\newcommand{\TemplatePreformat}[1]{
\par
\begin{scriptsize}
%\setlength{\baselineskip}{0.9\baselineskip}
\ttfamily
#1
\par
\end{scriptsize}
}

\newcommand{\TemplateSpaceIndent}[1]{
\begin{scriptsize}
\begin{framed}
\ttfamily
#1
\end{framed}
\end{scriptsize}
}

\newcommand{\GenericColorBox}[2]
{
\newline
\begin{tabular}[t]{p{0.6cm}p{4cm}}
#1&#2\\  
\end{tabular}
}

\newcommand{\legendNamedColorBox}[2]
{
  \GenericColorBox{
    \parbox[t]{0.5\linewidth}{
      \textsuperscript{
        \fcolorbox{black}{#1}{
          \Huge{\,\,}
        }
      }
    }
  }{
    #2
  } 
}

\newcommand{\legendColorBox}[2]
{
  \GenericColorBox{
    \definecolor{tempColor}{rgb}{#1}
    \parbox[t]{0.5\linewidth}{
      \textsuperscript{
        \fcolorbox{black}{tempColor}{
           \Huge{\,\,}
        }
      }
    }
  }{
    #2
  } 
}



%\newcommand{\ubung} {{\LARGE $\triangleright$}}
\newcommand{\ubung}{\ding{228} \textbf{Aufgabe:}\,}

\newcommand{\TemplateSource}[1]
{
%\begin{TemplateCodeInside}{}{\baselineskip}{\baselineskip}{}{}{true}
\begin{scriptsize}
\begin{myshaded}\ttfamily
#1
\end{myshaded}
\end{scriptsize}
%\end{TemplateCodeInside}
}


\newenvironment{TemplateInfo}[2]
% no more parameters
%****************************************************
% Template Info
% Kasten mit Logo, Titelzeile, Text
% kann für folgende Wiki-Vorlagen benutzt werden:
%          Vorlage:merke, Vorlage:Achtung u.ä.
%
% #1 Logo  (optional) default: \Info
% #2 Titel (optional) default: Information; könnte theoretisch auch leer sein,
%                     das ist aber wegen des Logos nicht sinnvoll
%****************************************************
{
% Definition des Kastens mit Standardwerten
% u.U. ist linewidth=1pt erorderlich
\begin{mdframed}[ skipabove=\baselineskip, skipbelow=\baselineskip,
linewidth=1pt,
innertopmargin=0, innerbottommargin=0 ]
% linksbündig ist besser, weil es in der Regel wenige Zeilen sind, die teilweise kurz sind
\begin{flushleft}
% Überschrift größer darstellen
\begin{Large}
% #1 wird als Logo verwendet, Vorgabe ist \Info aus marvosym
%    für andere Logos muss ggf. das Package eingebunden werden
%    das Logo kann auch mit einer Größe verbunden werden, z.B. \LARGE\danger als #1
{#1 } \
% #2 wird als Titelzeile verwendet, Vorgabe ist 'Information'
{\bfseries #2}
\medskip \end{Large} \\
} % Ende der begin-Anweisungen, es folgenden die end-Anweisungen
{ \end{flushleft}\end{mdframed} }


\newcommand{\TemplateHeaderExercise}[3]
% no more parameters
%****************************************************
% Template Header Exercise
% Rahmen als minisec mit Nummer der Aufgabe und Titel und grauem Hintergrund
% ist gedacht für folgende Wiki-Vorlage:
%          Vorlage:Übung4
% kann genauso für den Aufgaben-Teil folgender Vorlagen verwendet werden:
%          Vorlage:Übung    (wird zz. nur einmal benutzt)
%          Vorlage:Übung2   (wird zz. gar nicht benutzt)
%          Vorlage:Übung3   (wird zz. in 2 Büchern häufig benutzt)
%          C++-Programmierung/ Vorlage:Aufgabe  (wird zz. nur selten benutzt,
%                            ist in LatexRenderer.hs schon erledigt)
%
% #1 Text   (optional) 'Aufgabe' oder 'Übung', kann auch leer sein
% #2 Nummer (Pflicht)  könnte theoretisch auch leer sein, aber dann sieht die Zeile
%                      seltsam aus; oder die if-Abfragen wären unnötig komplex
% #3 Titel  (optional) Inhaltsangabe der Aufgabe, kann auch leer sein
%****************************************************
{
\minisec{\normalfont \fcolorbox{black}{shadecolor}{\large \, #1 #2 \ifx{#3}{}{}\else{-- #3}\fi \,} \medskip }
}
 
\newcommand{\TemplateHeaderSolution}[3]
% no more parameters
%****************************************************
% Template Header Solution
% Rahmen als minisec mit Nummer der Aufgabe und Titel und grauem Hintergrund
%
% ist gedacht für den Lösungen-Teil der Vorlagen und wird genauso
% verwendet wie \TemplateHeaderExercise
%****************************************************
{
\minisec{\normalfont \fcolorbox{black}{shadecolor}{\large \, Lösung zu #1 #2 \ifx{#3}{}{}\else{-- #3}\fi \,} \medskip }
}

\newcommand{\TemplateUbungDrei}[4]
{
\TemplateHeaderExercise{Übung}{#1}{#2}
#3
\TemplateHeaderSolution{Übung}{#1}{#2}
#4
}

\newcommand{\Mywrapfigure}[2]
{
\begin{wrapfigure}{r}{#1\textwidth}
\begin{center}
#2
\end{center}
\end{wrapfigure}
}



\newcommand{\Mymakebox}[2]
{
\begin{minipage}{#1\textwidth}
#2
\end{minipage}
}

\newcommand{\MyBlau}[1]{
\textcolor{darkblue}{#1}
} 
\newcommand{\MyRot}[1]{
\textcolor{red}{#1}
} 
\newcommand{\MyGrun}[1]{
\textcolor{mydarkgreen}{#1}
} 
\newcommand{\MyBg}[2]{
\fcolorbox{#1}{#1}{#2} 
} 

\newcommand{\BNPModule}[1]{
the "#1" module
} 


\newcommand{\LaTeXMerkeZweiTemplate}[1]{\LaTeXDoubleBoxTemplate{Merke}{#1}}

\newcommand{\LaTeXDefinitionTemplate}[1]{\LaTeXDoubleBoxTemplate{Definition}{#1}}

\newcommand{\LaTeXAnorganischeChemieFuerSchuelerVorlageMerksatzTemplate}[1]{\LaTeXDoubleBoxTemplate{Merksatz}{#1}}

\newcommand{\LaTeXTextTemplate}[1]{\LaTeXDoubleBoxTemplate{}{#1}}

\newcommand{\LaTeXExampleTemplate}[1]{\LaTeXDoubleBoxTemplate{Example:}{#1}}

\newcommand{\LaTeXexampleTemplate}[1]{\LaTeXDoubleBoxTemplate{Example:}{#1}}

\newcommand{\LaTeXPTPBoxTemplate}[1]{\LaTeXDoubleBoxTemplate{Points to ponder:}{#1}}

\newcommand{\LaTeXNOTETemplate}[2]{\LaTeXDoubleBoxTemplate{Note:}{#1 #2}}

\newcommand{\LaTeXNotizTemplate}[1]{\LaTeXDoubleBoxTemplate{Notiz:}{#1}}

\newcommand{\LaTeXbodynoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Note:}{#1}}

\newcommand{\LaTeXcquoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Quote:}{#1}}

\newcommand{\LaTeXCquoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Quote:}{#1}}

\newcommand{\LaTeXSideNoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Note:}{#1}}

\newcommand{\LaTeXsideNoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Note:}{#1}}

\newcommand{\LaTeXExercisesTemplate}[1]{\LaTeXDoubleBoxTemplate{Exercises:}{#1}}

\newcommand{\LaTeXCppProgrammierungVorlageTippTemplate}[1]{\LaTeXDoubleBoxTemplate{Tip}{#1}}

\newcommand{\LaTeXTipTemplate}[1]{\LaTeXDoubleBoxTemplate{Tip}{#1}}
\newcommand{\LaTeXUnknownTemplate}[1]{unknown}

\newcommand{\LaTeXCppProgrammierungVorlageHinweisTemplate}[1]{\LaTeXDoubleBoxTemplate{Hinweis}{#1}}

\newcommand{\LaTeXCppProgrammierungVorlageSpaeterImBuchTemplate}[1]{\LaTeXDoubleBoxTemplate{Thema wird Sp\195\164ter n\195\164her erl\195\164utert...}{#1}}

\newcommand{\SGreen}[1]{This page uses material from Dr. Sheldon Green's Hypertext Help with LaTeX.}
\newcommand{\ARoberts}[1]{This page uses material from Andy Roberts' Getting to grips with LaTeX with permission from the author.}

\newcommand{\LaTeXCppProgrammierungVorlageAnderesBuchTemplate}[1]{\LaTeXDoubleBoxTemplate{Buchempfehlung}{#1}}

\newcommand{\LaTeXCppProgrammierungVorlageNichtNaeherBeschriebenTemplate}[1]{\LaTeXDoubleBoxTemplate{Nicht Thema dieses Buches...}{#1}}

\newcommand{\LaTeXPythonUnterLinuxVorlagenVorlageDetailsTemplate}[1]{\LaTeXDoubleBoxTemplate{Details}{#1}}

\newcommand{\LaTeXChapterTemplate}[1]{\chapter{#1}
\myminitoc
}

\newcommand{\Sample}[2]{
\begin{longtable}{|p{\linewidth}|}
\hline
#1 \\ \hline
#2 \\ \hline
\end{longtable}
}

\newcommand{\Syntax}[1]{
\LaTeXDoubleBoxTemplate{Syntax}{#1}}


\newcommand{\LaTeXTT}[1]{{\ttfamily #1}}
\newcommand{\LaTeXBF}[1]{{\bfseries #1}}
\newcommand{\LaTeXCenter}[1]{
\begin{center}
#1
\end{center}}


\newcommand{\BNPManual}[2]{The Blender Manual page on #1 at \url{http://wiki.blender.org/index.php/Doc:Manual/#1}}
\newcommand{\BNPWeb}[2]{#1 at \url{#2}}

\newcommand{\Noframecenter}[2]{
\begin{tablular}{p{\linewidth}}
#2\\ 
#1 
\end{tabluar}
}


\newcommand{\LaTeXTTUlineTemplate}[1]{\texttt{ \uline{#1}}
}

\newcommand{\PythonUnterLinuxDenulltails}[1]{
\begin{tabular}{|p{\linewidth}|}\hline
\textbf{Denulltails} \\ \hline
#1 \\ \hline 
\end{tabular}}

\newcommand{\GNURTip}[1]{
\begin{longtable}{|p{\linewidth}|}\hline
\textbf{Tip} \\ \hline
#1 \\ \hline 
\end{longtable}}

\newcommand{\PerlUebung}[1]{
\begin{longtable}{|p{\linewidth}|}\hline
#1 \\ \hline 
\end{longtable}}

\newcommand{\PerlNotiz}[1]{
\begin{table}{|p{\linewidth}|}\hline
#1 \\ \hline 
\end{table}}

\newcommand{\ACFSZusatz}[1]{\textbf{ Zusatzinformation }}
\newcommand{\ACFSVorlageB}[1]{\textbf{ Beobachtung }}
\newcommand{\ACFSVorlageV}[1]{\textbf{ Versuchsbeschreibung }}
\newcommand{\TemplateHeaderSolutionUebung}[2]{\TemplateHeaderSolution{Übung}{#1}{#2}}
\newcommand{\TemplateHeaderExerciseUebung}[2]{\TemplateHeaderExercise{Übung}{#1}{#2}}

\newcommand{\ChemTemplate}[9]{\texttt{     
#1#2#3#4#5#6#7#8#9}}


\newcommand{\WaningTemplate}[1]{     
\begin{TemplateInfo}{\danger}{Warning}
#1
\end{TemplateInfo}}


\newcommand{\BlenderAlignedToViewIssue}[1]{     
\begin{TemplateInfo}{\danger}{Blender3d Aligned to view issue}
This tutorial relies on objects being created so that they are aligned to the view that you’re looking through. Versions 2.48 and above have changed the way this works. Visit Aligned (\url{http://en.wikibooks.org/wiki/Blender_3D:_Noob_to_Pro/Aligned_to_view_issue}) to view issue to understand the settings that need to be changed.
\end{TemplateInfo}}


\newcommand{\BlenderVersion}[1]{     
{\itshape Diese Seite bezieht sich auf }{\bfseries \quad Blender Version #1}}

\newcommand{\Literal}[1]{{\itshape #1}}

\newcommand{\JavaIllustration}[3]{
\begin{tablular}
{Figure #1: #2}
\\
#3
\end{ltablular}
}

\newcommand{\PDFLink}[1]{#1 PDF}

\newcommand{\Ja}[1]{\Checkmark {\bfseries Ja}}
\newcommand{\Nein}[1]{\XSolidBrush {\bfseries Nein}}

\newcommand{\SVGVersions}[8]{
{\scriptsize
\begin{tabular}{|p{0.45\linewidth}|p{0.13\linewidth}|}\hline
Squiggle (Batik) & #1 \\ \hline
Opera (Presto) & #2 \\ \hline
Firefox (Gecko; auch SeaMonkey, Iceape, Iceweasel etc) & #3 \\ \hline
Konqueror (KSVG) & #4 \\ \hline
Safari (Webkit) & #5 \\ \hline
Chrome (Webkit) & #6 \\ \hline
Microsoft Internet Explorer (Trident) & #7 \\ \hline
librsvg & #8 \\\hline
\end{tabular}}

}










headers/.svn/text-base/unicodes.tex.svn-base



\renewcommand{\R}{\ensuremath{\mathbb{R}}}
\newcommand{\N}{\ensuremath{\mathbb{N}}}
\newcommand{\Z}{\ensuremath{\mathbb{Z}}}
\newcommand{\Q}{\ensuremath{\mathbb{Q}}}
\renewcommand{\C}{\ensuremath{\mathbb{C}}}








main/.svn/text-base/utf8plain.def.svn-base

%%
%% This is file `utf8.def',
%% generated with the docstrip utility.
%%
%% The original source files were:
%%
%% utf8ienc.dtx  (with options: `utf8')
%% 
%% This is a generated file.
%% 
%% Copyright 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
%% The LaTeX3 Project and any individual authors listed elsewhere
%% in this file.
%% 
%% This file was generated from file(s) of the LaTeX base system.
%% --------------------------------------------------------------
%% 
%% It may be distributed and/or modified under the
%% conditions of the LaTeX Project Public License, either version 1.3c
%% of this license or (at your option) any later version.
%% The latest version of this license is in
%%    http://www.latex-project.org/lppl.txt
%% and version 1.3c or later is part of all distributions of LaTeX
%% version 2005/12/01 or later.
%% 
%% This file has the LPPL maintenance status "maintained".
%% 
%% This file may only be distributed together with a copy of the LaTeX
%% base system. You may however distribute the LaTeX base system without
%% such generated files.
%% 
%% The list of all files belonging to the LaTeX base distribution is
%% given in the file `manifest.txt'. See also `legal.txt' for additional
%% information.
%% 
%% The list of derived (unpacked) files belonging to the distribution
%% and covered by LPPL is defined by the unpacking scripts (with
%% extension .ins) which are part of the distribution.
\ProvidesFile{utf8.def}
   [2008/04/05 v1.1m UTF-8 support for inputenc]
\makeatletter
\catcode`\ \saved@space@catcode
\def\UTFviii@two@octets#1#2{\expandafter
    \UTFviii@defined\csname u8:#1\string#2\endcsname}
\def\UTFviii@three@octets#1#2#3{\expandafter
    \UTFviii@defined\csname u8:#1\string#2\string#3\endcsname}
\def\UTFviii@four@octets#1#2#3#4{\expandafter
    \UTFviii@defined\csname u8:#1\string#2\string#3\string#4\endcsname}
\def\UTFviii@defined#1{%
  \ifx#1\relax
      \PackageError{inputenc}{Unicode\space char\space \string#1\space
                              not\space set\space up\space
                              for\space use\space with\space LaTeX}\@eha
  \else\expandafter
    #1%
  \fi
}
\begingroup
\catcode`\~13
\catcode`\"12
\def\UTFviii@loop{%
  \uccode`\~\count@
  \uppercase\expandafter{\UTFviii@tmp}%
  \advance\count@\@ne
  \ifnum\count@<\@tempcnta
  \expandafter\UTFviii@loop
  \fi}
    \count@"C2
    \@tempcnta"E0
    \def\UTFviii@tmp{\xdef~{\noexpand\UTFviii@two@octets\string~}}
\UTFviii@loop
    \count@"E0
    \@tempcnta"F0
    \def\UTFviii@tmp{\xdef~{\noexpand\UTFviii@three@octets\string~}}
\UTFviii@loop
    \count@"F0
    \@tempcnta"F4
    \def\UTFviii@tmp{\xdef~{\noexpand\UTFviii@four@octets\string~}}
\UTFviii@loop
\endgroup
\@inpenc@test
\ifx\@begindocumenthook\@undefined
  \makeatother
  \endinput \fi
\begingroup
\catcode`\"=12
\catcode`\<=12
\catcode`\.=12
\catcode`\,=12
\catcode`\;=12
\catcode`\!=12
\catcode`\~=13
\gdef\DeclareUnicodeCharacter#1#2{%
   \count@"#1\relax
   \wlog{ \space\space defining Unicode char U+#1 (decimal \the\count@)}%
   \begingroup
    \parse@XML@charref
    \def\UTFviii@two@octets##1##2{\csname u8:##1\string##2\endcsname}%
    \def\UTFviii@three@octets##1##2##3{\csname u8:##1%
                                     \string##2\string##3\endcsname}%
    \def\UTFviii@four@octets##1##2##3##4{\csname u8:##1%
                           \string##2\string##3\string##4\endcsname}%
    \expandafter\expandafter\expandafter
    \expandafter\expandafter\expandafter
    \expandafter
     \gdef\UTFviii@tmp{\IeC{#2}}%
   \endgroup
}
\gdef\parse@XML@charref{%
  \ifnum\count@<"A0\relax
     \PackageError{inputenc}{Cannot\space define\space Unicode\space
                             char\space value\space <\space 00A0}\@eha
  \else\ifnum\count@<"800\relax
     \parse@UTFviii@a,%
     \parse@UTFviii@b C\UTFviii@two@octets.,%
  \else\ifnum\count@<"10000\relax
     \parse@UTFviii@a;%
     \parse@UTFviii@a,%
     \parse@UTFviii@b E\UTFviii@three@octets.{,;}%
   \else
     \parse@UTFviii@a;%
     \parse@UTFviii@a,%
     \parse@UTFviii@a!%
     \parse@UTFviii@b F\UTFviii@four@octets.{!,;}%
    \fi
    \fi
  \fi
}
\gdef\parse@UTFviii@a#1{%
     \@tempcnta\count@
     \divide\count@ 64
     \@tempcntb\count@
     \multiply\count@ 64
     \advance\@tempcnta-\count@
     \advance\@tempcnta 128
     \uccode`#1\@tempcnta
     \count@\@tempcntb}
\gdef\parse@UTFviii@b#1#2#3#4{%
     \advance\count@ "#10\relax
     \uccode`#3\count@
     \uppercase{\gdef\UTFviii@tmp{#2#3#4}}}
\endgroup
\@onlypreamble\DeclareUnicodeCharacter
\@onlypreamble\parse@XML@charref
\@onlypreamble\parse@UTFviii@a
\@onlypreamble\parse@UTFviii@b
\begingroup
  \def\cdp@elt#1#2#3#4{%
    \wlog{Now handling font encoding #1 ...}%
    \lowercase{%
        \InputIfFileExists{utf8plain.dfu}}%
           {\wlog{... processing UTF-8 mapping file for font %
                     encoding #1}%
            \catcode`\ 9\relax}%
          {\wlog{... no UTF-8 mapping file for font encoding #1}}%
  }
  \cdp@list
\endgroup
\def\DeclareFontEncoding@#1#2#3{%
  \expandafter
  \ifx\csname T@#1\endcsname\relax
    \def\cdp@elt{\noexpand\cdp@elt}%
    \xdef\cdp@list{\cdp@list\cdp@elt{#1}%
                    {\default@family}{\default@series}%
                    {\default@shape}}%
    \expandafter\let\csname#1-cmd\endcsname\@changed@cmd
    \begingroup
      \wlog{Now handling font encoding #1 ...}%
      \lowercase{%
        \InputIfFileExists{utf8plainenc.dfu}}%
           {\wlog{... processing UTF-8 mapping file for font %
                      encoding #1}}%
           {\wlog{... no UTF-8 mapping file for font encoding #1}}%
    \endgroup
  \else
     \@font@info{Redeclaring font encoding #1}%
  \fi
  \global\@namedef{T@#1}{#2}%
  \global\@namedef{M@#1}{\default@M#3}%
  \xdef\LastDeclaredEncoding{#1}%
  }
\DeclareUnicodeCharacter{00A9}{\textcopyright}
\DeclareUnicodeCharacter{00AA}{\textordfeminine}
\DeclareUnicodeCharacter{00AE}{\textregistered}
\DeclareUnicodeCharacter{00BA}{\textordmasculine}
\DeclareUnicodeCharacter{02C6}{\textasciicircum}
\DeclareUnicodeCharacter{02DC}{\textasciitilde}
\DeclareUnicodeCharacter{200C}{\textcompwordmark}
\DeclareUnicodeCharacter{2026}{\textellipsis}
\DeclareUnicodeCharacter{2122}{\texttrademark}
\DeclareUnicodeCharacter{2423}{\textvisiblespace}

\endinput
%%
%% End of file `utf8.def'.







main/.svn/text-base/utf8plainenc.dfu.svn-base

%%
%% This is file `utf8enc.dfu',
%% generated with the docstrip utility.
%%
%% The original source files were:
%%
%% utf8ienc.dtx  (with options: `all')
%% 
%% This is a generated file.
%% 
%% Copyright 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
%% The LaTeX3 Project and any individual authors listed elsewhere
%% in this file.
%% 
%% This file was generated from file(s) of the LaTeX base system.
%% --------------------------------------------------------------
%% 
%% It may be distributed and/or modified under the
%% conditions of the LaTeX Project Public License, either version 1.3c
%% of this license or (at your option) any later version.
%% The latest version of this license is in
%%    http://www.latex-project.org/lppl.txt
%% and version 1.3c or later is part of all distributions of LaTeX
%% version 2005/12/01 or later.
%% 
%% This file has the LPPL maintenance status "maintained".
%% 
%% This file may only be distributed together with a copy of the LaTeX
%% base system. You may however distribute the LaTeX base system without
%% such generated files.
%% 
%% The list of all files belonging to the LaTeX base distribution is
%% given in the file `manifest.txt'. See also `legal.txt' for additional
%% information.
%% 
%% The list of derived (unpacked) files belonging to the distribution
%% and covered by LPPL is defined by the unpacking scripts (with
%% extension .ins) which are part of the distribution.
 \ProvidesFile{utf8enc.dfu}
   [2008/04/05 v1.1m UTF-8 support for inputenc]
\DeclareUnicodeCharacter{00A1}{\textexclamdown}
\DeclareUnicodeCharacter{00A2}{\textcent}
\DeclareUnicodeCharacter{00A3}{\textsterling}
\DeclareUnicodeCharacter{00A4}{\textcurrency}
\DeclareUnicodeCharacter{00A5}{\textyen}
\DeclareUnicodeCharacter{00A6}{\textbrokenbar}
\DeclareUnicodeCharacter{00A7}{\textsection}
\DeclareUnicodeCharacter{00A8}{\textasciidieresis}
\DeclareUnicodeCharacter{00A9}{\textcopyright}
\DeclareUnicodeCharacter{00AA}{\textordfeminine}
\DeclareUnicodeCharacter{00AB}{\guillemotleft}
\DeclareUnicodeCharacter{00AC}{\textlnot}
\DeclareUnicodeCharacter{00AE}{\textregistered}
\DeclareUnicodeCharacter{00AF}{\textasciimacron}
\DeclareUnicodeCharacter{00B0}{\textdegree}
\DeclareUnicodeCharacter{00B1}{\textpm}
\DeclareUnicodeCharacter{00B2}{\texttwosuperior}
\DeclareUnicodeCharacter{00B3}{\textthreesuperior}
\DeclareUnicodeCharacter{00B4}{\textasciiacute}
\DeclareUnicodeCharacter{00B5}{\textmu} % micro sign
\DeclareUnicodeCharacter{00B6}{\textparagraph}
\DeclareUnicodeCharacter{00B7}{\textperiodcentered}
\DeclareUnicodeCharacter{00B8}{\c\ }
\DeclareUnicodeCharacter{00B9}{\textonesuperior}
\DeclareUnicodeCharacter{00BA}{\textordmasculine}
\DeclareUnicodeCharacter{00BB}{\guillemotright}
\DeclareUnicodeCharacter{00BC}{\textonequarter}
\DeclareUnicodeCharacter{00BD}{\textonehalf}
\DeclareUnicodeCharacter{00BE}{\textthreequarters}
\DeclareUnicodeCharacter{00BF}{\textquestiondown}
\DeclareUnicodeCharacter{00C0}{\@tabacckludge`A}
\DeclareUnicodeCharacter{00C1}{\@tabacckludge'A}
\DeclareUnicodeCharacter{00C2}{\^A}
\DeclareUnicodeCharacter{00C3}{\~A}
\DeclareUnicodeCharacter{00C4}{\"A}
\DeclareUnicodeCharacter{00C5}{\r A}
\DeclareUnicodeCharacter{00C6}{\AE}
\DeclareUnicodeCharacter{00C7}{\c C}
\DeclareUnicodeCharacter{00C8}{\@tabacckludge`E}
\DeclareUnicodeCharacter{00C9}{\@tabacckludge'E}
\DeclareUnicodeCharacter{00CA}{\^E}
\DeclareUnicodeCharacter{00CB}{\"E}
\DeclareUnicodeCharacter{00CC}{\@tabacckludge`I}
\DeclareUnicodeCharacter{00CD}{\@tabacckludge'I}
\DeclareUnicodeCharacter{00CE}{\^I}
\DeclareUnicodeCharacter{00CF}{\"I}
\DeclareUnicodeCharacter{00D0}{\DH}
\DeclareUnicodeCharacter{00D1}{\~N}
\DeclareUnicodeCharacter{00D2}{\@tabacckludge`O}
\DeclareUnicodeCharacter{00D3}{\@tabacckludge'O}
\DeclareUnicodeCharacter{00D4}{\^O}
\DeclareUnicodeCharacter{00D5}{\~O}
\DeclareUnicodeCharacter{00D6}{\"O}
\DeclareUnicodeCharacter{00D7}{\texttimes}
\DeclareUnicodeCharacter{00D8}{\O}
\DeclareUnicodeCharacter{00D9}{\@tabacckludge`U}
\DeclareUnicodeCharacter{00DA}{\@tabacckludge'U}
\DeclareUnicodeCharacter{00DB}{\^U}
\DeclareUnicodeCharacter{00DC}{\"U}
\DeclareUnicodeCharacter{00DD}{\@tabacckludge'Y}
\DeclareUnicodeCharacter{00DE}{\TH}
\DeclareUnicodeCharacter{00DF}{\ss}
\DeclareUnicodeCharacter{00E0}{\@tabacckludge`a}
\DeclareUnicodeCharacter{00E1}{\@tabacckludge'a}
\DeclareUnicodeCharacter{00E2}{\^a}
\DeclareUnicodeCharacter{00E3}{\~a}
\DeclareUnicodeCharacter{00E4}{\"a}
\DeclareUnicodeCharacter{00E5}{\r a}
\DeclareUnicodeCharacter{00E6}{\ae}
\DeclareUnicodeCharacter{00E7}{\c c}
\DeclareUnicodeCharacter{00E8}{\@tabacckludge`e}
\DeclareUnicodeCharacter{00E9}{\@tabacckludge'e}
\DeclareUnicodeCharacter{00EA}{\^e}
\DeclareUnicodeCharacter{00EB}{\"e}
\DeclareUnicodeCharacter{00EC}{\@tabacckludge`\i}
\DeclareUnicodeCharacter{00ED}{\@tabacckludge'\i}
\DeclareUnicodeCharacter{00EE}{\^\i}
\DeclareUnicodeCharacter{00EF}{\"\i}
\DeclareUnicodeCharacter{00F0}{\dh}
\DeclareUnicodeCharacter{00F1}{\~n}
\DeclareUnicodeCharacter{00F2}{\@tabacckludge`o}
\DeclareUnicodeCharacter{00F3}{\@tabacckludge'o}
\DeclareUnicodeCharacter{00F4}{\^o}
\DeclareUnicodeCharacter{00F5}{\~o}
\DeclareUnicodeCharacter{00F6}{\"o}
\DeclareUnicodeCharacter{00F7}{\textdiv}
\DeclareUnicodeCharacter{00F8}{\o}
\DeclareUnicodeCharacter{00F9}{\@tabacckludge`u}
\DeclareUnicodeCharacter{00FA}{\@tabacckludge'u}
\DeclareUnicodeCharacter{00FB}{\^u}
\DeclareUnicodeCharacter{00FC}{\"u}
\DeclareUnicodeCharacter{00FD}{\@tabacckludge'y}
\DeclareUnicodeCharacter{00FE}{\th}
\DeclareUnicodeCharacter{00FF}{\"y}
\DeclareUnicodeCharacter{0102}{\u A}
\DeclareUnicodeCharacter{0103}{\u a}
\DeclareUnicodeCharacter{0104}{\k A}
\DeclareUnicodeCharacter{0105}{\k a}
\DeclareUnicodeCharacter{0106}{\@tabacckludge'C}
\DeclareUnicodeCharacter{0107}{\@tabacckludge'c}
\DeclareUnicodeCharacter{010C}{\v C}
\DeclareUnicodeCharacter{010D}{\v c}
\DeclareUnicodeCharacter{010E}{\v D}
\DeclareUnicodeCharacter{010F}{\v d}
\DeclareUnicodeCharacter{0110}{\DJ}
\DeclareUnicodeCharacter{0111}{\dj}
\DeclareUnicodeCharacter{0118}{\k E}
\DeclareUnicodeCharacter{0119}{\k e}
\DeclareUnicodeCharacter{011A}{\v E}
\DeclareUnicodeCharacter{011B}{\v e}
\DeclareUnicodeCharacter{011E}{\u G}
\DeclareUnicodeCharacter{011F}{\u g}
\DeclareUnicodeCharacter{0130}{\.I}
\DeclareUnicodeCharacter{0131}{\i}
\DeclareUnicodeCharacter{0132}{\IJ}
\DeclareUnicodeCharacter{0133}{\ij}
\DeclareUnicodeCharacter{0139}{\@tabacckludge'L}
\DeclareUnicodeCharacter{013A}{\@tabacckludge'l}
\DeclareUnicodeCharacter{013D}{\v L}
\DeclareUnicodeCharacter{013E}{\v l}
\DeclareUnicodeCharacter{0141}{\L}
\DeclareUnicodeCharacter{0142}{\l}
\DeclareUnicodeCharacter{0143}{\@tabacckludge'N}
\DeclareUnicodeCharacter{0144}{\@tabacckludge'n}
\DeclareUnicodeCharacter{0147}{\v N}
\DeclareUnicodeCharacter{0148}{\v n}
\DeclareUnicodeCharacter{014A}{\NG}
\DeclareUnicodeCharacter{014B}{\ng}
\DeclareUnicodeCharacter{0150}{\H O}
\DeclareUnicodeCharacter{0151}{\H o}
\DeclareUnicodeCharacter{0152}{\OE}
\DeclareUnicodeCharacter{0153}{\oe}
\DeclareUnicodeCharacter{0154}{\@tabacckludge'R}
\DeclareUnicodeCharacter{0155}{\@tabacckludge'r}
\DeclareUnicodeCharacter{0158}{\v R}
\DeclareUnicodeCharacter{0159}{\v r}
\DeclareUnicodeCharacter{015A}{\@tabacckludge'S}
\DeclareUnicodeCharacter{015B}{\@tabacckludge's}
\DeclareUnicodeCharacter{015E}{\c S}
\DeclareUnicodeCharacter{015F}{\c s}
\DeclareUnicodeCharacter{0160}{\v S}
\DeclareUnicodeCharacter{0161}{\v s}
\DeclareUnicodeCharacter{0162}{\c T}
\DeclareUnicodeCharacter{0163}{\c t}
\DeclareUnicodeCharacter{0164}{\v T}
\DeclareUnicodeCharacter{0165}{\v t}
\DeclareUnicodeCharacter{016E}{\r U}
\DeclareUnicodeCharacter{016F}{\r u}
\DeclareUnicodeCharacter{0170}{\H U}
\DeclareUnicodeCharacter{0171}{\H u}
\DeclareUnicodeCharacter{0178}{\"Y}
\DeclareUnicodeCharacter{0179}{\@tabacckludge'Z}
\DeclareUnicodeCharacter{017A}{\@tabacckludge'z}
\DeclareUnicodeCharacter{017B}{\.Z}
\DeclareUnicodeCharacter{017C}{\.z}
\DeclareUnicodeCharacter{017D}{\v Z}
\DeclareUnicodeCharacter{017E}{\v z}
\DeclareUnicodeCharacter{0192}{\textflorin}
\DeclareUnicodeCharacter{02C6}{\textasciicircum}
\DeclareUnicodeCharacter{02C7}{\textasciicaron}
\DeclareUnicodeCharacter{02DC}{\textasciitilde}
\DeclareUnicodeCharacter{02D8}{\textasciibreve}
\DeclareUnicodeCharacter{02DD}{\textacutedbl}
\DeclareUnicodeCharacter{0E3F}{\textbaht}
\DeclareUnicodeCharacter{200C}{\textcompwordmark}
\DeclareUnicodeCharacter{2013}{\textendash}
\DeclareUnicodeCharacter{2014}{\textemdash}
\DeclareUnicodeCharacter{2016}{\textbardbl}
\DeclareUnicodeCharacter{2018}{\textquoteleft}
\DeclareUnicodeCharacter{2019}{\textquoteright}
\DeclareUnicodeCharacter{201A}{\quotesinglbase}
\DeclareUnicodeCharacter{201C}{\textquotedblleft}
\DeclareUnicodeCharacter{201D}{\textquotedblright}
\DeclareUnicodeCharacter{201E}{\quotedblbase}
\DeclareUnicodeCharacter{2020}{\textdagger}
\DeclareUnicodeCharacter{2021}{\textdaggerdbl}
\DeclareUnicodeCharacter{2022}{\textbullet}
\DeclareUnicodeCharacter{2026}{\textellipsis}
\DeclareUnicodeCharacter{2030}{\textperthousand}
\DeclareUnicodeCharacter{2031}{\textpertenthousand}
\DeclareUnicodeCharacter{2039}{\guilsinglleft}
\DeclareUnicodeCharacter{203A}{\guilsinglright}
\DeclareUnicodeCharacter{203B}{\textreferencemark}
\DeclareUnicodeCharacter{203D}{\textinterrobang}
\DeclareUnicodeCharacter{2044}{\textfractionsolidus}
\DeclareUnicodeCharacter{204E}{\textasteriskcentered} % LOW ASTERISK
\DeclareUnicodeCharacter{2052}{\textdiscount}
\DeclareUnicodeCharacter{20A1}{\textcolonmonetary}
\DeclareUnicodeCharacter{20A4}{\textlira}
\DeclareUnicodeCharacter{20A6}{\textnaira}
\DeclareUnicodeCharacter{20A9}{\textwon}
\DeclareUnicodeCharacter{20AB}{\textdong}
\DeclareUnicodeCharacter{20AC}{\texteuro}
\DeclareUnicodeCharacter{20B1}{\textpeso}
\DeclareUnicodeCharacter{2103}{\textcelsius}
\DeclareUnicodeCharacter{2116}{\textnumero}
\DeclareUnicodeCharacter{2117}{\textcircledP}
\DeclareUnicodeCharacter{211E}{\textrecipe}
\DeclareUnicodeCharacter{2120}{\textservicemark}
\DeclareUnicodeCharacter{2122}{\texttrademark}
\DeclareUnicodeCharacter{2126}{\textohm}
\DeclareUnicodeCharacter{2127}{\textmho}
\DeclareUnicodeCharacter{212E}{\textestimated}
\DeclareUnicodeCharacter{2190}{\textleftarrow}
\DeclareUnicodeCharacter{2191}{\textuparrow}
\DeclareUnicodeCharacter{2192}{\textrightarrow}
\DeclareUnicodeCharacter{2193}{\textdownarrow}
\DeclareUnicodeCharacter{2329}{\textlangle}
\DeclareUnicodeCharacter{232A}{\textrangle}
\DeclareUnicodeCharacter{2422}{\textblank}
\DeclareUnicodeCharacter{2423}{\textvisiblespace}
\DeclareUnicodeCharacter{25E6}{\textopenbullet}
\DeclareUnicodeCharacter{25EF}{\textbigcircle}
\DeclareUnicodeCharacter{266A}{\textmusicalnote}

\endinput
%%
%% End of file `utf8enc.dfu'.







headers/babel.tex~

\HyphSubstLet{ngerman}{ngerman-x-latest}
\usepackage[ngerman]{babel}
\newcommand{\mychapterbabel}{Kapitel}
\newcommand{\mypagebabel}{auf Seite}
\newcommand{\myfigurebabel}{Abb.}
\newcommand{\mylangbabel}{ngerman}







headers/commands.tex~

% Syntax Highlightling

%\DefineShortVerb[commandchars=\\\{\}]{\|}
\DefineVerbatimEnvironment{Highlighting}{Verbatim}{commandchars=\\\{\}}
% Add ',fontsize=\small' for more characters per line
\newenvironment{Shaded}{\begin{scriptsize}}{\end{scriptsize}}
\newcommand{\KeywordTok}[1]{\textbf{{#1}}}
\newcommand{\DataTypeTok}[1]{\underline{{#1}}}
\newcommand{\DecValTok}[1]{{#1}}
\newcommand{\BaseNTok}[1]{{#1}}
\newcommand{\FloatTok}[1]{{#1}}
\newcommand{\CharTok}[1]{{#1}}
\newcommand{\StringTok}[1]{{#1}}
\newcommand{\CommentTok}[1]{\textit{{#1}}}
\newcommand{\OtherTok}[1]{{#1}}
\newcommand{\AlertTok}[1]{\textbf{{#1}}}
\newcommand{\FunctionTok}[1]{{#1}}
\newcommand{\RegionMarkerTok}[1]{{#1}}
\newcommand{\ErrorTok}[1]{\textbf{{#1}}}
\newcommand{\NormalTok}[1]{{#1}}
\newcommand{\myfigurewithoutcaption}[1]{{\bfseries \myfigurebabel{ }#1}}
\newcommand{\myfigurewithcaption}[2]{{\bfseries \myfigurebabel{ }#1{\quad}}#2}

% Definition der Fussnoten
% ------------------------
%\KOMAoptions{footnotes=multiple}


\DeclareTextSymbol{\textlongs}{TS1}{115} 

\deffootnote[2.2em]{2.2em}{0em}{\makebox[2.2em][l]{\thefootnotemark}}

\newcommand{\badchar}[1]
{\textbf{?}}


\newcommand{\myplainurl}[1]
{{\ttfamily  \url{#1}}}


\newcommand{\myfnhref}[2]
{\textsc{#2} \^{}{\{\ttfamily  \url{#1}\}} }

\newcommand{\mymchref}[2]
{}


\newcommand{\mytabhref}[2]
{\textsc{#2}\protect\footnote{\ttfamily \url{#1} }}
%{\textsc{#2}}


\newcommand{\myfnlref}[2]
{\textsc{#2} \^{}\{\mychapterbabel \ref{#1} \mypagebabel {$\text{}$} \pageref{#1}\}}

\newcommand{\myhref}[2]
{\textsc{#2}\protect\footnote{\ttfamily \url{#1} }} 

\newcommand{\mylref}[2]
{\textsc{#2}\protect\footnote{\mychapterbabel {$\text{}$} \ref{#1} \mypagebabel {$\text{}$} \pageref{#1}}}

\newcommand{\myfnsref}[2]
{\text{#2} \^{}\{\text{#1} \}}

\newcommand{\mysref}[2]
{\text{#2}\protect\footnote{#1}}

\newcommand{\TickYes}{\checkmark}


% Kompatibilität, damit myfootnote nichts ins Leere läuft
\newcommand{\myfootnote}[1]
%{\footnote{\quad{}#1}}
{\footnote{#1}}


% Auflistungen
% ------------
% Standardvorschlag für itemize
%\newenvironment{myitemize}{\begin{itemize}}{\end{itemize}}
%\newenvironment{myenumerate}{\begin{enumerate}}{\end{enumerate}}
\newenvironment{myquote}{\begin{itemize}[{}]}{\end{itemize}}
\newenvironment{myblockquote}{\begin{itemize}[{\quad}]}{\end{itemize}}

\newenvironment{mydescription}{

\begin{inparablank}}{\end{inparablank}} 
% Alternativen ohne Einrückung
\newenvironment{myitemize}{\begin{compactitem}[\textbullet]}{\end{compactitem}}
\newenvironment{myenumerate}{\begin{compactenum}}{\end{compactenum}}

% einige weitere Festlegungen
% ---------------------------
% \breakslash is used for URLs to allow linebreaking
\newcommand{\mybreakslash}{\discretionary{/}{}{/}}

\newlength{\mylength}
\newlength{\myhight}
\newlength{\myshadingheight}
\newcommand{\myoverline}[1]
{\settowidth{\mylength}{#1} \settoheight{\myhight}{#1}
\makebox[-3pt][l]{#1}
\rule[\myhight+1pt]{\mylength}{0.15mm}}

% Teile von Büchern
\newcommand{\mypart}[1]
%{\part{#1}}
{\addtocontents{toc}{\protect\vspace{7.5mm} \textbf{\Large {#1}}}}

% minitoc vorbereiten, aber standardmäßig unterdrücken
\newcommand{\myminitoc}{}

% Haupttitel
% ----------
%\newcommand{\mymaintitle}[1]
%{\definecolor{shadecolor}{gray}{0.9}\begin{shaded}
%\begin{center}
%\Huge \bfseries 
%#1 
%\end{center}
%\end{shaded}}

%\newcommand{\mysubtitle}[1]
%{\begin{center}
%\LARGE \bfseries 
%#1
%\end{center}}

\newcommand{\mysubtitle}[1]{\subtitle{#1}}
\newcommand{\mymaintitle}[1]{\title{#1}}
\newcommand{\myauthor}[1]{\author{#1}}


% Metadaten
% ---------
\newcommand{\fetchurlcaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Adresse der elektronischen Ressource zur Abholung (O)}.}{URL zur Abholung}}

\newcommand{\bookcaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Adresse der elektronischen Ressource (O)}.}{Buch (Hauptseite)}}

\newcommand{\functionalgroupcaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Angaben zum Inhalt: DDC-Sachgruppe der Deutschen Nationalbibliografie oder Warengruppen-Systematik des Deutschen Buchhandels (O)}.}{Sachgruppe(n)} }

\newcommand{\futhertopicscaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Angaben zum Inhalt: weitere Klassifikationen / Thesauri (F)}.}{Weitere Themen}}

\newcommand{\mainauthorscaption}[0]
{Hauptautor(en)}

\newcommand{\projecttexniciancaption}[0]
{Betreuer}

\newcommand{\organizationscaptions}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Beteiligte Organisationen (F)}.}{Organisation(en)}}

\newcommand{\datecaption}[0]
{Erscheinungsdatum}

\newcommand{\issuecaption}[0]
{Ausgabebezeichnung}

\newcommand{\standardcodecaption}[0]
{Standardnummer }

\newcommand{\maintitlecaption}[0]
{Haupttitel}

\newcommand{\publishercaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Verlag / Verlegende Stelle (O)}.}{Verlegende Stelle} }

\newcommand{\publishercitycaption}[0]
{Verlagsort}

\newcommand{\shelfcaption}[0]
{Wikibooks-Regal}

\newcommand{\sizecaption}[0]
{Umfang}


\newcommand{\Alpha}{\mathrm{A}}
\newcommand{\Beta}{\mathrm{B}}
\newcommand{\Epsilon}{\mathrm{E}}
\newcommand{\Zeta}{\mathrm{Z}}
\newcommand{\Eta}{\mathrm{H}}
\newcommand{\Iota}{\mathrm{I}}
\newcommand{\Kappa}{\mathrm{K}}
\newcommand{\Mu}{\mathrm{M}}
\newcommand{\Nu}{\mathrm{N}}
\newcommand{\Rho}{\mathrm{P}}
\newcommand{\Tau}{\mathrm{T}}
\newcommand{\Chi}{\mathrm{X}}

















headers/formattings.tex~

% PDF-Links vorbereiten
\hypersetup{%a5paper,
	linkcolor=black,     % Für Links in der gleichen Seite
	urlcolor=black,      % Für Links auf URLs
	breaklinks=true,    % Links dürfen umgebrochen werden
	colorlinks=false,
	citebordercolor=0 0 0,  % Farbe für \cite
	filebordercolor=0 0 0,
	linkbordercolor=0 0 0,
	menubordercolor=0 0 0,
	urlbordercolor=0 0 0,
	pdfhighlight=/I,
	pdfborder=0 0 0,   % keine Box um die Links!
	bookmarksopen=true,
	bookmarksnumbered=true,
	frenchlinks=true
}

% nicht zu viele Silbentrennungen
\sloppy


% Waisen, Hurenkinder
\clubpenalty = 10000
\widowpenalty = 10000 
\displaywidowpenalty = 10000


% verschiedene Einstellungen
\addtolength{\skip\footins}{2ex} % Länge zwischen Fußnotenbereich und Text








main/main.tex~

\RequirePackage{hyphsubst}
\documentclass[fontsize=11pt,paper=A4,BCOR=12mm,DIV=13,open=any,listof=totoc]{scrbook}
\input{../headers/paper}
\input{../headers/packages1}
\input{../headers/babel}
\input{../headers/svg}
\input{../headers/packages2}
\input{../headers/defaultcolors}
\input{../headers/hyphenation}
\input{../headers/commands}
\input{../headers/title}
\input{../headers/options}
\input{../headers/formattings}
\input{../headers/unicodes}
\input{../headers/templates}
\input{../headers/templates-dirk}
\input{../headers/templates-chemie}

\usepackage{type1ec}      
\usepackage{CJKutf8}
\usepackage[overlap, CJK]{ruby}
\usepackage{CJKulem}
\begin{document}
\begin{CJK}{UTF8}{megafont}

\raggedbottom
\thispagestyle{empty}
\pagestyle{empty}
%\include{coverfrontpage}

%\cleardoublepage
\pagenumbering{Roman}
\maketitle
\pagestyle{scrheadings}

\setcounter{tocdepth}{\mytocdepth}
\tableofcontents 

%\cleardoublepage
\pagenumbering{arabic}

%\include{kap-vorwort}



\label{0}

\mymaintitle{Python unter Linux
}\chapter{Vorwort}

\myminitoc
\label{1}





\label{2}
Herzlich Willkommen zu {\bfseries Python unter Linux}. Dieses Buch möchte Ihnen eine Hilfe bei der Benutzung von Python unter unixähnlichen Betriebssystemen sein. Wir legen Wert auf vollständige Skripte, die Sie per Copy\&Paste als Grundlage eigener Übungen verwenden dürfen. Alle Skripte wurden unter verschiedenen Linuxdistributionen geprüft, eine Haftung für eventuelle Schäden wird jedoch ausgeschlossen. In diesem Buch wird davon ausgegangen, dass Python in der Version ab 2.5 installiert wurde. Für die Installation selbst wird auf die zahlreichen Referenzen und HOWTOs verwiesen. Je nach Linux-{}Distribution ist eine neue Python-{}Version nur zwei Mausklicks weit entfernt. Einzelne Skripte benötigen eventuell neuere Versionen von Python, in dem Fall erfolgt ein kurzer Hinweis.

Dieses Buch richtet sich an Einsteiger in die Programmierung von Python. Grundsätzliche Computerkenntnisse sollten vorhanden sein, Sie sollten wissen, was Dateien sind, wie Sie eine Textdatei erstellen und wie Sie eine Shell aufrufen, um die Programmbeispiele zu testen. Ebenfalls sollten Sie mit Dateirechten vertraut sein. Wenn Sie schon Programmiererfahrungen haben, sind Sie ein optimaler Kandidat für dieses Buch. Wir erklären nicht jedes kleine Detail. Manche Dinge bleiben offen. Andere Dinge mag der Autor schlicht als zu trivial – oder zu schwierig – angesehen haben, um es zu erklären. Suchen Sie dann eine Erklärung an anderen Stellen und erwägen Sie, uns daran teilhaben zu lassen. Zu Themen, die in diesem Buch behandelt wurden, gibt es auch außerhalb von Wikibooks Informationen. Diese werden im Kapitel \mylref{207}{Weiterführende Informationen} gesammelt.

Wenn ein Buch wie dieses benutzt wird, so vermuten wir, möchte der Leser hinterher in Python programmieren können. Aber nicht nur das Erlernen von Syntax und Semantik einer Programmiersprache ist wichtig, sondern auch der rechtliche Aspekt. In der EU darf man (teilweise) noch ungestraft programmieren. In vielen anderen Gegenden wird man bedroht von Softwarepatenten. Sie können sich auf einer \myhref{http://patinfo.ffii.org/}{ Projektseite} darüber informieren. 

Zur Benutzung dieses Buches ein Spruch, der Laotse \myhref{http://de.wikiquote.org/wiki/Laotse}{ falsch zugeschrieben} wird: „{\itshape Sag es mir -{} und ich werde es vergessen. Zeige es mir – und ich werde mich daran erinnern. Beteilige mich – und ich werde es verstehen.}“

Wir wünschen Ihnen viel Spaß mit dem Buch und mit Python.

Das Autorenteam

\chapter{Erste Schritte}

\myminitoc
\label{3}





\label{4}\section{Hallo, Welt!}
\label{5}
Ein einfaches {\itshape Hallo, Welt!}-{}Programm sieht in Python folgendermaßen aus:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Hallo,\ensuremath{\text{ }}Welt!"}\newline
\end{Highlighting}
\end{Shaded}


Speichern Sie diese Datei unter zum Beispiel \LaTeXTTUlineTemplate{erstes.py} und geben Sie der Datei Ausführungsrechte über \LaTeXTTUlineTemplate{chmod u+x erstes.py}. Anschließend können Sie das Programm mit \LaTeXTTUlineTemplate{./erstes.py} in einer Linux-{}Shell ausführen: 
\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./erstes.py\newline Hallo,$\text{ }${}Welt!}}
\\ \hline \end{tabular}


Die erste Zeile enthält den sogennanten \myhref{http://de.wikipedia.org/wiki/Shebang}{Shebang}, eine Zeile, die in der Shell den passenden Interpreter für das folgende Skript aufruft. Die zweite Zeile enthält die erste Python-{}Anweisung. Der Text innerhalb der Hochkommata wird ausgegeben. {\ttfamily \uline{print}} fügt ein New-{}Line-{}Zeichen an.


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Hallo,"}\NormalTok{,}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Welt!"}\newline
\end{Highlighting}
\end{Shaded}

Dieses Skript erzeugt die gleiche Ausgabe, jedoch sorgt das Komma dafür, daß statt eines New-{}Line-{}Zeichens ein
Leerzeichen eingefügt wird. 

\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./erstes1.py\newline Hallo,$\text{ }${}Welt!}}
\\ \hline \end{tabular}


Python können Sie auch im interaktiven Modus benutzen. Diese Art, Python aufzurufen eignet sich besonders dann, wenn Sie kleine Tests vornehmen wollen:

\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$python\newline Python$\text{ }${}2.5.3$\text{ }${}(r251:54863,$\text{ }${}Oct$\text{ }${}$\text{ }${}5$\text{ }${}2007,$\text{ }${}13:50:07)$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{$\text{[}$}GCC$\text{ }${}4.1.3$\text{ }${}20070929$\text{ }${}(prerelease)$\text{ }${}(Ubuntu$\text{ }${}4.1.2-{}16ubuntu2){$\text{]}$}$\text{ }${}on$\text{ }${}linux2$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Type$\text{ }${}\symbol{34}help\symbol{34},$\text{ }${}\symbol{34}copyright\symbol{34},$\text{ }${}\symbol{34}credits\symbol{34}$\text{ }${}or$\text{ }${}\symbol{34}license\symbol{34}$\text{ }${}for$\text{ }${}more$\text{ }${}information.$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
>{}>{}>{}$\text{ }${}print$\text{ }${}\symbol{34}Hallo,$\text{ }${}Welt\symbol{34}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Hallo,$\text{ }${}Welt$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
>{}>{}>{}}}
\\ \hline \end{tabular}


{\itshape >{}>{}>{}} ist die Eingabeaufforderung. Wenn Sie diese sehen, dann können Sie direkt loslegen. Drücken Sie am Ende der Eingabe \LaTeXTTUlineTemplate{Return}, so wird die Programmzeile ausgeführt.
\section{Umlaute}
\label{6}
Falls Sie jetzt schon mit dem Code experimentiert haben, wird Ihnen unter Umständen aufgefallen sein, dass die Ausgabe der Umlaute nicht korrekt war: Sie bekamen eine Fehlermeldung zu sehen. Folgender Code behebt das Problem:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}iso-8859-1\ensuremath{\text{ }}-*-}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Über\ensuremath{\text{ }}Sieben\ensuremath{\text{ }}Brücken..."}\newline
\end{Highlighting}
\end{Shaded}



\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./umlaute.py\newline Über$\text{ }${}Sieben$\text{ }${}Brücken...}}
\\ \hline \end{tabular}


Die Zeile {\ttfamily \uline{coding:$\text{ }${}iso-{}8859-{}1}} enthält die Zeichensatzkodierung, die Sie im gesamten Quellcode verwenden dürfen. Welche Kodierung Sie verwenden, hängt von den von Ihnen benutzten Programmen ab. Statt {\bfseries iso-{}8859-{}1} können Sie selbstverständlich auch {\bfseries utf-{}8} oder eine andere von Ihnen bevorzugte Codierung verwenden.
\section{Eingaben}
\label{7}
Eingaben auf der Shell werden mit dem Befehl {\ttfamily \uline{raw_input()}} entgegengenommen:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Wie\ensuremath{\text{ }}ist\ensuremath{\text{ }}Ihr\ensuremath{\text{ }}Name?"}\NormalTok{,}\newline
\NormalTok{Name\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{raw_input}\NormalTok{()}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Ihr\ensuremath{\text{ }}Name\ensuremath{\text{ }}ist"}\NormalTok{,\ensuremath{\text{ }}Name}\newline
\end{Highlighting}
\end{Shaded}



\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./eingabe1.py\newline Wie$\text{ }${}ist$\text{ }${}Ihr$\text{ }${}Name?$\text{ }${}\LaTeXTTUlineTemplate{Rumpelstilzchen}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Ihr$\text{ }${}Name$\text{ }${}ist$\text{ }${}Rumpelstilzchen}}
\\ \hline \end{tabular}


{\ttfamily \uline{{\itshape Name}}} ist hierbei eine Variable von Typ {\ttfamily \uline{{\itshape String}}}. Sie muss nicht explizit vereinbart werden, sondern wird erzeugt, wenn sie gebraucht wird.

Man kann {\ttfamily \uline{raw_input()}} ein Argument mitgeben. Dadurch erspart man sich die erste {\ttfamily \uline{print}}-{}Anweisung. Die Ausgabe ist dieselbe wie im ersten Beispiel.

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\NormalTok{Name\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{raw_input}\NormalTok{(}\StringTok{"Wie\ensuremath{\text{ }}ist\ensuremath{\text{ }}Ihr\ensuremath{\text{ }}Name?\ensuremath{\text{ }}"}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Ihr\ensuremath{\text{ }}Name\ensuremath{\text{ }}ist"}\NormalTok{,\ensuremath{\text{ }}Name}\newline
\end{Highlighting}
\end{Shaded}

\section{Weitere Ausgaben}
\label{8}
Neben Zeichenketten können Sie auch Zahlen eingeben, diese Zahlen werden von {\ttfamily \uline{raw_input()}} jedoch als Zeichenketten behandelt, eine Konversion macht aus ihnen ganze Zahlen:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\NormalTok{Alter\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{(}\DataTypeTok{raw_input}\NormalTok{(}\StringTok{"Wie\ensuremath{\text{ }}alt\ensuremath{\text{ }}sind\ensuremath{\text{ }}Sie?\ensuremath{\text{ }}"}\NormalTok{))}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Sie\ensuremath{\text{ }}sind"}\NormalTok{,\ensuremath{\text{ }}Alter,\ensuremath{\text{ }}}\StringTok{"Jahre\ensuremath{\text{ }}alt."}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./ausgabe1.py\newline Wie$\text{ }${}alt$\text{ }${}sind$\text{ }${}Sie?$\text{ }${}\LaTeXTTUlineTemplate{100}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Sie$\text{ }${}sind$\text{ }${}100$\text{ }${}Jahre$\text{ }${}alt.}}
\\ \hline \end{tabular}


{\ttfamily \uline{{\itshape Alter}}} soll eine ganze Zahl werden, deswegen schreiben wir um das Ergebnis der Eingabe eine Konvertierungsaufforderung. {\ttfamily \uline{int(String)}} erzeugt aus einem String eine Zahl, wenn der String nur aus Ziffern besteht.

Beim Experimentieren mit diesem Programm fällt auf, daß es bei der Eingabe von nicht-{}Ziffern abstürzt:


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./ausgabe1.py\newline Wie$\text{ }${}alt$\text{ }${}sind$\text{ }${}Sie?$\text{ }${}\LaTeXTTUlineTemplate{abc}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Traceback$\text{ }${}(most$\text{ }${}recent$\text{ }${}call$\text{ }${}last):$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{\mbox{$~$}}{\mbox{$~$}}File$\text{ }${}\symbol{34}ausgabe1.py\symbol{34},$\text{ }${}line$\text{ }${}2,$\text{ }${}in$\text{ }${}{\mbox{$<$}}module{\mbox{$>$}}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{\mbox{$~$}}{\mbox{$~$}}{\mbox{$~$}}{\mbox{$~$}}Alter$\text{ }${}=$\text{ }${}int(raw_input(\symbol{34}Wie$\text{ }${}alt$\text{ }${}sind$\text{ }${}Sie?$\text{ }${}\symbol{34}))$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
ValueError:$\text{ }${}invalid$\text{ }${}literal$\text{ }${}for$\text{ }${}int()$\text{ }${}with$\text{ }${}base$\text{ }${}10:$\text{ }${}\textquotesingle{}abc\textquotesingle{}}}
\\ \hline \end{tabular}


Diesem Problem wollen wir in einem späteren Kapitel auf die Spur kommen, wenn es um Ausnahmebehandlung geht. Konvertierungen von Datentypen besprechen wir im nächsten Kapitel.

Eine andere Art, die Ausgabe dieses Programmes zu formatieren sind Formatstrings:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\NormalTok{Name\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{raw_input}\NormalTok{(}\StringTok{"Wie\ensuremath{\text{ }}heißen\ensuremath{\text{ }}Sie?\ensuremath{\text{ }}"}\NormalTok{)}\newline
\NormalTok{Alter\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{(}\DataTypeTok{raw_input}\NormalTok{(}\StringTok{"Wie\ensuremath{\text{ }}alt\ensuremath{\text{ }}sind\ensuremath{\text{ }}Sie?\ensuremath{\text{ }}"}\NormalTok{))}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Sie\ensuremath{\text{ }}heißen\ensuremath{\text{ }}}\OtherTok{%s}\StringTok{\ensuremath{\text{ }}und\ensuremath{\text{ }}sind\ensuremath{\text{ }}}\OtherTok{%d}\StringTok{\ensuremath{\text{ }}Jahre\ensuremath{\text{ }}alt."}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}(Name,\ensuremath{\text{ }}Alter)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./ausgabe2.py\newline Wie$\text{ }${}heißen$\text{ }${}Sie?$\text{ }${}\LaTeXTTUlineTemplate{Rumpelstilzchen}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Wie$\text{ }${}alt$\text{ }${}sind$\text{ }${}Sie?$\text{ }${}\LaTeXTTUlineTemplate{109}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Sie$\text{ }${}heißen$\text{ }${}Rumpelstilzchen$\text{ }${}und$\text{ }${}sind$\text{ }${}109$\text{ }${}Jahre$\text{ }${}alt.}}
\\ \hline \end{tabular}


Hier bedeutet ein {\ttfamily \uline{\%s}} einen String, {\ttfamily \uline{\%d}} eine ganze Zahl. Die Variablen, welche die so erzeugten Lücken füllen, werden am Ende des Strings nachgeliefert, wobei das Prozentzeichen die Argumentenliste einleitet. Die dem String übergebenen Argumente werden in Klammern
als so genanntes Tupel, darauf kommen wir noch zu sprechen, angeführt.

Das Prozentzeichen hat insgesamt drei Bedeutungen: Als mathematische Operation ist es ein Modulo-{}Operator, als Trennzeichen in Formatstrings leitet es die Argumentenliste ein und als Formatierungssymbol zeigt es an, dass nun ein Argument folgt.
\section{Elementare Datentypen}
\label{9}
Strings können explizit durch ein vorrangestelltes {\ttfamily \uline{u}} als UTF-{}8-{}Strings erklärt werden, Strings, in denen Steuerzeichen vorkommen, die als Text ausgedruckt werden sollen, muss hingegen ein {\ttfamily \uline{r}} vorrangestellt werden:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\NormalTok{UTFText\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{u\textquotesingle{}Dies\textbackslash{}u0020ist\textbackslash{}u0020UTF-8\textquotesingle{}}\newline
\NormalTok{RoherText\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{r\textquotesingle{}Noch\textbackslash{}tein\textbackslash{}tText\textbackslash{}nMit\textbackslash{}u0020Steuerzeichen!\textquotesingle{}}\newline
\NormalTok{NormalerText\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{\textquotesingle{}Ein}\CharTok{\textbackslash{}t}\StringTok{Text}\CharTok{\textbackslash{}n}\StringTok{Mit\ensuremath{\text{ }}Steuerzeichen!\textquotesingle{}}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{UTFText}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{RoherText}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{NormalerText}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./ed1.py\newline Dies$\text{ }${}ist$\text{ }${}UTF-{}8$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Noch\textbackslash{}tein\textbackslash{}tText\textbackslash{}nMit\textbackslash{}u0020Steuerzeichen!$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Ein$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}Text$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Mit$\text{ }${}Steuerzeichen!}}
\\ \hline \end{tabular}

Innerhalb von {\ttfamily \uline{{\itshape UTFText}}} werden UTF-{}8-{}Zeichen, in diesem Fall das Leerzeichen, eingefügt. Der Text {\ttfamily \uline{{\itshape RoherText}}} wird mitsamt Steuerzeichen ausgegeben, während bei {\ttfamily \uline{{\itshape NormalerText}}} die Steuerzeichen interpretiert werden. Es werden hier ein Tab und eine Neue Zeile eingefügt.

Zahlen werden so behandelt, wie man es sich naiv vorstellt:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{a\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{3}\newline
\NormalTok{b\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{7}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{a\ensuremath{\text{ }}+\ensuremath{\text{ }}b,\ensuremath{\text{ }}a\ensuremath{\text{ }}-\ensuremath{\text{ }}b,\ensuremath{\text{ }}b\ensuremath{\text{ }}%\ensuremath{\text{ }}a,\ensuremath{\text{ }}b\ensuremath{\text{ }}/\ensuremath{\text{ }}a}\newline
\ensuremath{\text{ }}\newline
\NormalTok{c\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{3.14}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"}\OtherTok{%f}\StringTok{**2\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{%f}\StringTok{"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}(c,\ensuremath{\text{ }}c**}\DecValTok{2}\NormalTok{)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./ed2.py\newline 10$\text{ }${}-{}4$\text{ }${}1$\text{ }${}2$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
3.140000**2$\text{ }${}=$\text{ }${}9.859600}}
\\ \hline \end{tabular}


Der Ausdruck {\ttfamily \uline{b$\text{ }${}\%$\text{ }${}a}} ist die Modulo-{}Operation, der Ausdruck {\ttfamily \uline{c**2}} hingegen berechnet das Quadrat von {\ttfamily \uline{{\itshape c}}}.
\section{Funktionen und Module}
\label{10}
Funktionen dienen dazu, wiederkehrenden Code zu gliedern und so die Programmierung zu vereinfachen. Meist werden
in Funktionen Dinge berechnet, oft geben Funktionen das Rechnungsergebnis wieder preis. Eine solche Rechnung ist
{\ttfamily \uline{s$\text{ }${}=$\text{ }${}sin(3,14)}}:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{math}\newline
\ensuremath{\text{ }}\newline
\NormalTok{s\ensuremath{\text{ }}=\ensuremath{\text{ }}math.sin(}\FloatTok{3.14}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{s}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./fumu.py\newline 0.00159265291649}}
\\ \hline \end{tabular}

Hier wird das gesamte Modul {\ttfamily \uline{math}} importiert. Einzig die Sinusfunktion wird gebraucht, das Ergebnis der Rechnung wird zuerst in die Variable {\ttfamily \uline{s}}  übernommen und anschließend auf dem Bildschirm dargestellt. Auf Module werden wir noch detailliert in einem eigenen Kapitel zu sprechen kommen.
\section{Kommentare}
\label{11} 
Kommentare helfen dabei, den Quellcode leichter zu verstehen. Als Faustregel soll soviel wie nötig, so wenig wie möglich im Quellcode dokumentiert werden. {\itshape Wie} ein Programm funktioniert, sollte ersichtlich sein, {\itshape was} aber ein Abschnitt {\itshape warum} tut, soll dokumentiert werden. 

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\CommentTok{"""Das\ensuremath{\text{ }}folgende\ensuremath{\text{ }}Programm\ensuremath{\text{ }}berechnet}\newline
\CommentTok{\ensuremath{\text{ }}die\ensuremath{\text{ }}Summe\ensuremath{\text{ }}zweier\ensuremath{\text{ }}Zahlen"""}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Zahlen\ensuremath{\text{ }}eingeben}\newline
\NormalTok{a\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{raw_input}\NormalTok{(}\StringTok{"Bitte\ensuremath{\text{ }}eine\ensuremath{\text{ }}Zahl\ensuremath{\text{ }}eingeben:\ensuremath{\text{ }}"}\NormalTok{)}\newline
\NormalTok{b\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{raw_input}\NormalTok{(}\StringTok{"Bitte\ensuremath{\text{ }}noch\ensuremath{\text{ }}eine\ensuremath{\text{ }}Zahl\ensuremath{\text{ }}eingeben:\ensuremath{\text{ }}"}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}in\ensuremath{\text{ }}ganze\ensuremath{\text{ }}Zahlen\ensuremath{\text{ }}konvertieren}\newline
\NormalTok{aZahl\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{(a)}\newline
\NormalTok{bZahl\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{(b)}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Summe\ensuremath{\text{ }}berechnen\ensuremath{\text{ }}und\ensuremath{\text{ }}ausgeben}\newline
\NormalTok{summeZahl\ensuremath{\text{ }}=\ensuremath{\text{ }}aZahl\ensuremath{\text{ }}+\ensuremath{\text{ }}bZahl}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{summeZahl}\newline
\end{Highlighting}
\end{Shaded}


Der erste Kommentar wird mit {\ttfamily \uline{\symbol{34}\symbol{34}\symbol{34}}} eingeleitet und geht so lange, auch über mehrere Zeilen, bis wieder {\ttfamily \uline{\symbol{34}\symbol{34}\symbol{34}}} vorkommt. Kommentare, die mit {\ttfamily \uline{\#}} beginnen gehen bis zum Ende der Zeile.
\section{Einrückungen}
\label{12}
Eine Besonderheit von Python ist, dass zusammengehöriger Code gleich gruppiert wird. Blöcke werden anders als in anderen Programmiersprachen nicht etwa durch Schlüsselwörter\myfootnote{z. B. {\itshape begin} und {\itshape end} in Pascal} oder durch spezielle Klammern\myfootnote{Die geschweiften Klammern in C, C++ und Java sind typisch für viele Sprachen} gekennzeichnet, sondern durch Einrückung. 

Als Vorgriff auf das Kapitel \mylref{38}{Kontrollstrukturen} zeigen wir ihnen, wie zwei {\ttfamily \uline{print}}-{}Anweisungen gruppiert werden.

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{a\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\newline
\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{a\ensuremath{\text{ }}<\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"a\ensuremath{\text{ }}ist\ensuremath{\text{ }}kleiner\ensuremath{\text{ }}als\ensuremath{\text{ }}1"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"noch\ensuremath{\text{ }}eine\ensuremath{\text{ }}Ausgabe"}\newline
\end{Highlighting}
\end{Shaded}

Die beiden {\ttfamily \uline{print}}-{}Anweisungen gehören zusammen, weil sie die gleiche Einrückung haben. Beide werden nur ausgeführt, wenn der zu {\ttfamily \uline{if}} gehörende Ausdruck {\itshape wahr} ist.
\section{Zusammenfassung}
\label{13}
Sie haben nun die grundlegenden Merkmale von Python kennengelernt und können bereits einfache Programme schreiben. In den folgenden Kapitel werden wichtige Grundlagen für die nächsten Schritte behandelt, zum Beispiel Datentypen und Kontrollstrukturen, Funktionen, Module und Objekte. Damit wird es möglich, komplexere Programme zu schreiben, die eine Strukturierung in sinnvolle Abschnitte, Wiederholungen und Entscheidungen ermöglichen. Es folgen Zugriff auf Dateien und reguläre Ausdrücke, mit denen man sein Linux schon sinnvoll erweitern kann. Danach sehen wir weiter … ;-{})
\section{Anmerkungen}
\label{14}




\chapter{Datentypen}

\myminitoc
\label{15}





\label{16}
In diesem Kapitel beleuchten wir die Datentypen von Python und geben typische Operationen an, mit
denen Variablen dieses Typs modifiziert werden können. Ein wichtiges Prinzip in Python ist das {\bfseries Duck-{}Typing}\myfootnote{Wenn etwas so aussieht
wie eine Ente (oder ein Datentyp), so geht wie eine Ente und so quakt wie
eine Ente, warum soll es dann keine sein?}. Solange eine Variable jede Operation unterstützt, die von ihr gefordert wird, ist Python der Typ der Variablen egal. Recht nützlich ist die
Eigenschaft, eine Ente in einen Frosch zu verwandeln, sofern das möglich
ist. Diese Zauberei wird {\itshape Konvertierung} genannt. Kommen wir
aber erst zu den Datentypen.
\section{Boolean}
\label{17}
Dieser Datentyp repräsentiert {\bfseries Wahrheitswerte} aus der Menge {\ttfamily \uline{True}} und {\ttfamily \uline{False}}. Werte dieses Datentyps werden zumeist bei Anfragen zurückgegeben, wie zum Beispiel: {\itshape Enthält folgende Zeichenkette ausschließlich Ziffern?}. Die passende String-{}Methode hierzu lautet übrigens {\ttfamily \uline{isdigit()}}. Ergebnisse werden zumeist im Zusammenhang mit Kontrollstrukturen, über die Sie im nächsten Kapitel mehr erfahren, verwendet. Wahrheitswerte kann man mit Operatoren verknüpfen. 

Die {\itshape logischen Verknüpfungen}  haben wir in folgender Tabelle zusammengefasst, wobei {\itshape a} und {\itshape b} Bool\textquotesingle{}sche Variablen sind, die nur die Werte {\ttfamily \uline{False}} und {\ttfamily \uline{True}} annehmen können:

\begin{landscape}

\begin{longtable}{|>{\RaggedRight}p{0.13257\linewidth}|>{\RaggedRight}p{0.13257\linewidth}|>{\RaggedRight}p{0.13257\linewidth}|>{\RaggedRight}p{0.13257\linewidth}|>{\RaggedRight}p{0.13257\linewidth}|>{\RaggedRight}p{0.16571\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} a }&\hspace*{0pt}\ignorespaces{} b &\hspace*{0pt}\ignorespaces{} not a &\hspace*{0pt}\ignorespaces{} a and b &\hspace*{0pt}\ignorespaces{} a or b &\hspace*{0pt}\ignorespaces{} a \^{} b (xor)\endhead  \hline 
\hspace*{0pt}\ignorespaces{} False &\hspace*{0pt}\ignorespaces{} False &\hspace*{0pt}\ignorespaces{} True  &\hspace*{0pt}\ignorespaces{} False &\hspace*{0pt}\ignorespaces{} False &\hspace*{0pt}\ignorespaces{} False\\ \hline 
\hspace*{0pt}\ignorespaces{} False &\hspace*{0pt}\ignorespaces{} True  &\hspace*{0pt}\ignorespaces{} True  &\hspace*{0pt}\ignorespaces{} False &\hspace*{0pt}\ignorespaces{} True  &\hspace*{0pt}\ignorespaces{} True\\ \hline 
\hspace*{0pt}\ignorespaces{} True  &\hspace*{0pt}\ignorespaces{} False &\hspace*{0pt}\ignorespaces{} False &\hspace*{0pt}\ignorespaces{} False &\hspace*{0pt}\ignorespaces{} True  &\hspace*{0pt}\ignorespaces{} True\\ \hline 
\hspace*{0pt}\ignorespaces{} True  &\hspace*{0pt}\ignorespaces{} True  &\hspace*{0pt}\ignorespaces{} False &\hspace*{0pt}\ignorespaces{} True  &\hspace*{0pt}\ignorespaces{}True   &\hspace*{0pt}\ignorespaces{} False\\ \hline 
\end{longtable}

\end{landscape}

Ein Ausdruck wird so schnell wie es geht ausgewertet. Ist am Anfang eines komplizierten Ausdrucks schon klar, dass der Ausdruck einen bestimmten Wahrheitswert erhält, dann wird nicht weiter ausgewertet. Zum Beispiel wird {\ttfamily \uline{True$\text{ }${}or$\text{ }${}(A$\text{ }${}and$\text{ }${}B)}} zu {\ttfamily \uline{True}} ausgewertet, ohne dass der Ausdruck {\ttfamily \uline{(A$\text{ }${}and$\text{ }${}B)}} berücksichtigt wird. Dieses Vorgehen ist insbesondere wichtig im Zusammenhang mit Funktionen, denn A und B können auch Funktionen sein, die in diesem Fall nicht aufgerufen werden. Gleiches gilt für {\ttfamily \uline{False$\text{ }${}and$\text{ }${}(Ausdruck)}}. Hier wird {\ttfamily \uline{(Ausdruck)}} ebenfalls nicht berücksichtigt.
\section{Zahlen}
\label{18}
Zahlen sind Grundtypen in Python. Es gibt verschiedene Sorten Zahlen unterschiedlicher Genauigkeit. Hier folgt als Vorgriff auf die Erläuterungen ein gemeinsames Beispiel:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Int}\newline
\NormalTok{a\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{3}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{a}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Long}\newline
\NormalTok{b\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{**}\DecValTok{65}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{b}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Fließkommazahl}\newline
\NormalTok{c\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{2.7}\newline
\NormalTok{d\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{1.3}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}//\ensuremath{\text{ }}d}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}komplexe\ensuremath{\text{ }}Zahl}\newline
\NormalTok{d\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{5.0}\ensuremath{\text{ }}\NormalTok{+}\OtherTok{\ensuremath{\text{ }}2.0j}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{d**}\FloatTok{2.0}\newline
\end{Highlighting}
\end{Shaded}


Die Ausgabe:

\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./zahlen1.py\newline 3$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
36893488147419103232$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
2.0$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
(21+20j)}}
\\ \hline \end{tabular}

\subsection{Int}
\label{19}
Ganze Zahlen haben Sie schon in den ersten Schritten kennen gelernt. Hier folgt nochmal eine Zusammenfassung der Dinge, die Sie mit ganzen Zahlen tun können:


\begin{longtable}{|>{\RaggedRight}p{0.28286\linewidth}|>{\RaggedRight}p{0.66000\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Operation }&\hspace*{0pt}\ignorespaces{} Bedeutung\endhead  \hline 
\hspace*{0pt}\ignorespaces{} abs(Zahl) &\hspace*{0pt}\ignorespaces{} berechnet den Absolutbetrag der Zahl\\ \hline 
\hspace*{0pt}\ignorespaces{} bin(Zahl) &\hspace*{0pt}\ignorespaces{} (Ab Python 2.6) Liefert die binäre Darstellung der Zahl\\ \hline 
\hspace*{0pt}\ignorespaces{} divmod(Zahl1, Zahl2) &\hspace*{0pt}\ignorespaces{} berechnet ein 2-{}Tupel, wobei der erste Teil die
ganzzahlige Division und der zweite Teil die Modulo-{}Operation aus den beiden
Zahlen ist.\\ \hline 
\hspace*{0pt}\ignorespaces{} hex(Zahl) &\hspace*{0pt}\ignorespaces{} Liefert die hexadezimale Darstellung der Zahl\\ \hline 
\hspace*{0pt}\ignorespaces{} oct(Zahl) &\hspace*{0pt}\ignorespaces{} Oktale Darstellung der Zahl\\ \hline 
\hspace*{0pt}\ignorespaces{} chr(Zahl) &\hspace*{0pt}\ignorespaces{} liefert das Zeichen mit dem \symbol{34}ASCII\symbol{34}-{}Code {\itshape Zahl}, z.B. chr(97) liefert \textquotesingle{}a\textquotesingle{}.\\ \hline 
\hspace*{0pt}\ignorespaces{} /, //     &\hspace*{0pt}\ignorespaces{} Ganzzahlige Division\\ \hline 
\hspace*{0pt}\ignorespaces{} \%         &\hspace*{0pt}\ignorespaces{} Modulo-{}Operation\\ \hline 
\hspace*{0pt}\ignorespaces{} +, -{}, *, **  &\hspace*{0pt}\ignorespaces{} Addieren, Subtrahieren, Multiplizieren und Potenzieren\\ \hline 
\end{longtable}

\subsection{Long}
\label{20}
Dieser Typ wird verwendet, wenn es sich um sehr große Zahlen handelt. So können Sie in Python problemlos {\ttfamily \uline{a=2**65}} berechnen, das Ergebnis wird in eine Zahl vom Typ {\bfseries long} konvertiert. Zahlen dieses Typs wird
manchmal ein {\bfseries L} nachgestellt. Die Operationen auf solche Zahlen sind die gleichen wie oben beschrieben.
\subsection{Float}
\label{21}
Dieser Typ repräsentiert Fließkommazahlen. Diese Zahlen werden mit einem Dezimalpunkt notiert. Folgende Operationen sind auf Fließkommazahlen definiert:



\begin{longtable}{|>{\RaggedRight}p{0.28286\linewidth}|>{\RaggedRight}p{0.66000\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Operation }&\hspace*{0pt}\ignorespaces{} Bedeutung\endhead  \hline 
\hspace*{0pt}\ignorespaces{} round(Zahl) &\hspace*{0pt}\ignorespaces{} rundet die Zahl kaufmännisch zur nächst größeren/kleineren ganzen Zahl. Das Ergebnis wird als Fließkommazahl dargestellt.\\ \hline 
\hspace*{0pt}\ignorespaces{} /     &\hspace*{0pt}\ignorespaces{} Normale Division\\ \hline 
\hspace*{0pt}\ignorespaces{} //    &\hspace*{0pt}\ignorespaces{} entspricht der ganzzahligen Division\\ \hline 
\hspace*{0pt}\ignorespaces{} \%         &\hspace*{0pt}\ignorespaces{} Modulo-{}Operation\\ \hline 
\hspace*{0pt}\ignorespaces{} +, -{}, *, **  &\hspace*{0pt}\ignorespaces{} Addieren, Subtrahieren, Multiplizieren und Potenzieren\\ \hline 
\end{longtable}

\subsection{Complex}
\label{22}
Komplexe Zahlen\myfootnote{Um mehr Hintergrundinformationen über komplexe Zahlen zu bekommen, empfehlen wir ihnen das \myfnhref{http://de.wikibooks.org/wiki/Komplexe\%20Zahlen\%20}{ Wikibuch Komplexe Zahlen}.} bestehen aus einem 2-{}Tupel, wobei sich ein Teil {\itshape Realteil} und ein anderer {\itshape Imaginärteil} nennt. Man kann komplexe Zahlen nicht aufzählen oder entscheiden, welche von zwei gegebenen Zahlen größer ist als die andere. Dargestellt werden solche Zahlen in Python als Summe von Real-{} und
Imaginärteil, beispielsweise {\ttfamily \uline{C=5.0$\text{ }${}+$\text{ }${}2.0j}}. 

Folgende Dinge kann man mit komplexen Zahlen tun:


\begin{longtable}{|>{\RaggedRight}p{0.28286\linewidth}|>{\RaggedRight}p{0.66000\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Operation }&\hspace*{0pt}\ignorespaces{} Bedeutung\endhead  \hline 
\hspace*{0pt}\ignorespaces{} abs(C) &\hspace*{0pt}\ignorespaces{} Berechnet den Absolutbetrag der komplexen Zahl C\\ \hline 
\hspace*{0pt}\ignorespaces{} C.real, C.imag &\hspace*{0pt}\ignorespaces{} liefert den Realteil, Imaginärteil der Zahl C zurück. \\ \hline 
\hspace*{0pt}\ignorespaces{} +, -{}, *, /, **  &\hspace*{0pt}\ignorespaces{} Addieren, Subtrahieren, Multiplizieren, Dividieren und Potenzieren\\ \hline 
\end{longtable}

\section{Strings}
\label{23}
Ein String ist eine Folge von Zeichen. Anders als in anderen Sprachen kann man einen String nicht mehr verändern. Man muss dazu neue Strings erzeugen, welche den Ursprungsstring beinhalten:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Gibt\ensuremath{\text{ }}den\ensuremath{\text{ }}String\ensuremath{\text{ }}aus}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Hallo,\ensuremath{\text{ }}Welt!"}\newline
\CommentTok{#\ensuremath{\text{ }}Fuegt\ensuremath{\text{ }}beide\ensuremath{\text{ }}Strings\ensuremath{\text{ }}zusammen,\ensuremath{\text{ }}ohne\ensuremath{\text{ }}Leerzeichen...}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Hallo"}\ensuremath{\text{ }}\NormalTok{+\ensuremath{\text{ }}}\StringTok{"Ballo"}\newline
\CommentTok{#\ensuremath{\text{ }}...\ensuremath{\text{ }}selbiges\ensuremath{\text{ }}mit\ensuremath{\text{ }}Leerzeichen}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Hallo"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"Ballo"}\newline
\CommentTok{#\ensuremath{\text{ }}Viermal\ensuremath{\text{ }}"Hallo"}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Hallo"}\NormalTok{*}\DecValTok{4}\newline
\ensuremath{\text{ }}\newline
\NormalTok{s\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"""}\newline
\StringTok{\ensuremath{\text{ }}}\newline
\StringTok{\ensuremath{\text{ }}}\newline
\StringTok{\ensuremath{\text{ }}}\newline
\StringTok{Dieses\ensuremath{\text{ }}ist\ensuremath{\text{ }}ein\ensuremath{\text{ }}langer\ensuremath{\text{ }}String,\ensuremath{\text{ }}er\ensuremath{\text{ }}geht}\newline
\StringTok{über\ensuremath{\text{ }}mehrere\ensuremath{\text{ }}Zeilen.\ensuremath{\text{ }}Es\ensuremath{\text{ }}steht\ensuremath{\text{ }}zwar\ensuremath{\text{ }}nichts\ensuremath{\text{ }}interessantes}\newline
\StringTok{darin,\ensuremath{\text{ }}aber\ensuremath{\text{ }}darauf\ensuremath{\text{ }}kommt\ensuremath{\text{ }}es\ensuremath{\text{ }}auch\ensuremath{\text{ }}nicht\ensuremath{\text{ }}an."""}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{s}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./string1.py\newline Hallo,$\text{ }${}Welt!$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
HalloBallo$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Hallo$\text{ }${}Ballo$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
HalloHalloHalloHallo$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{\mbox{$~$}}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{\mbox{$~$}}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{\mbox{$~$}}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Dieses$\text{ }${}ist$\text{ }${}ein$\text{ }${}langer$\text{ }${}String,$\text{ }${}er$\text{ }${}geht$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
über$\text{ }${}mehrere$\text{ }${}Zeilen.$\text{ }${}Es$\text{ }${}steht$\text{ }${}zwar$\text{ }${}nichts$\text{ }${}interessantes$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
darin,$\text{ }${}aber$\text{ }${}darauf$\text{ }${}kommt$\text{ }${}es$\text{ }${}auch$\text{ }${}nicht$\text{ }${}an.}}
\\ \hline \end{tabular}

Strings können also zusammengesetzt werden, wobei gerade die Variante {\ttfamily \uline{\symbol{34}Hallo\symbol{34}$\text{ }${}*$\text{ }${}4}}, einen neuen String zu erzeugen, ungewohnt aber direkt erscheint. Lange Strings werden ebenso gebildet wie ein Kommentar, mit dem Unterschied, dass er einer Variable zugewiesen wird. Tatsächlich sind Kommentare, die mit {\ttfamily \uline{\symbol{34}\symbol{34}\symbol{34}}} gebildet werden nichts anderes, als anonyme Strings.

Auf String-{}Objekte kann man Methoden anwenden. Diese geben oft einen Ergebnis-{}String zurück und lassen das Original unverändert:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\NormalTok{s\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"dies\ensuremath{\text{ }}ist\ensuremath{\text{ }}mein\ensuremath{\text{ }}kleiner\ensuremath{\text{ }}String"}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{s.capitalize()}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{s.replace(}\StringTok{"kleiner"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"kurzer"}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{s.upper()}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./string2.py\newline Dies$\text{ }${}ist$\text{ }${}mein$\text{ }${}kleiner$\text{ }${}string$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
dies$\text{ }${}ist$\text{ }${}mein$\text{ }${}kurzer$\text{ }${}String$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
DIES$\text{ }${}IST$\text{ }${}MEIN$\text{ }${}KLEINER$\text{ }${}STRING}}
\\ \hline \end{tabular}


Einige der Methoden, die auf ein String-{}Objekt anwendbar sind, finden sich in folgender Tabelle:

\begin{longtable}{|>{\RaggedRight}p{0.28286\linewidth}|>{\RaggedRight}p{0.66000\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Funktion }&\hspace*{0pt}\ignorespaces{}  Beschreibung\endhead  \hline 
\hspace*{0pt}\ignorespaces{} capitalize() &\hspace*{0pt}\ignorespaces{} Erzeugt einen neuen String, dessen erster Buchstabe groß geschrieben ist.\\ \hline 
\hspace*{0pt}\ignorespaces{} count(Substring{\itshape , Anfang, Ende}) &\hspace*{0pt}\ignorespaces{} Zählt die Vorkommen von {\itshape Substring} im Objekt. {\itshape Anfang} und {\itshape Ende} sind optional\\ \hline 
\hspace*{0pt}\ignorespaces{} find(Substring{\itshape , Anfang, Ende}) &\hspace*{0pt}\ignorespaces{} Findet das erste Vorkommen von {\itshape Substring}, gibt den Index innerhalb des Strings oder -{}1 zurück. {\itshape Anfang} und {\itshape Ende} sind optional.\\ \hline 
\hspace*{0pt}\ignorespaces{} lower() &\hspace*{0pt}\ignorespaces{} Gibt einen String zurück, der nur aus Kleinbuchstaben besteht\\ \hline 
\hspace*{0pt}\ignorespaces{} replace(Alt, Neu{\itshape , Anzahl}) &\hspace*{0pt}\ignorespaces{} Ersetzt im String {\itshape Alt} gegen {\itshape Neu}. Nur die ersten {\itshape Anzahl} Vorkommen werden ersetzt. {\itshape Anzahl} ist optional.\\ \hline 
\hspace*{0pt}\ignorespaces{} strip({\itshape Zeichen}) &\hspace*{0pt}\ignorespaces{} Entfernt die Vorkommen von {\itshape Zeichen} am Anfang und am Ende vom String. Wenn {\itshape Zeichen} nicht angegeben wird, so wird Leerzeichen angenommen.\\ \hline 
\hspace*{0pt}\ignorespaces{} upper() &\hspace*{0pt}\ignorespaces{} Gibt einen String zurück, der nur aus Großbuchstaben besteht.\\ \hline 
\hspace*{0pt}\ignorespaces{} isalnum() &\hspace*{0pt}\ignorespaces{} True, wenn der String aus Ziffern und Buchstaben besteht\\ \hline 
\hspace*{0pt}\ignorespaces{} isalpha() &\hspace*{0pt}\ignorespaces{} True, wenn der String aus Buchstaben besteht.\\ \hline 
\hspace*{0pt}\ignorespaces{} isdigit() &\hspace*{0pt}\ignorespaces{} True, wenn der String aus Ziffern besteht.\\ \hline 
\hspace*{0pt}\ignorespaces{} startswith(Prefix{\itshape , Anfang, Ende}) &\hspace*{0pt}\ignorespaces{} True, wenn am Anfang des Strings {\itshape Prefix} vorkommt. Die Optionalen Parameter {\itshape Anfang} und {\itshape Ende} begrenzen den Suchbereich.\\ \hline 
\hspace*{0pt}\ignorespaces{} split({\itshape Trenner}) &\hspace*{0pt}\ignorespaces{} Zerlegt einen String in einzelne Worte. Trenner ist optional. Ohne Angabe wird bei Leerzeichen, Tabulatoren und Zeilenumbruechen getrennt.\\ \hline 
\hspace*{0pt}\ignorespaces{} join(Liste) &\hspace*{0pt}\ignorespaces{} Fügt eine Liste von Strings mit diesem String wieder zusammen. Trenner.join(s.split(Trenner)) sollte genau den String s wiedergeben.\\ \hline 
\end{longtable}


Mehr über Strings erfahren Sie im Abschnitt \mylref{28}{ Sequenzen}.
\subsection{Unicode-{}Strings und Zeichenkodierung}
\label{24}
Strings in Python werden intern immer als \myhref{http://de.wikipedia.org/wiki/Unicode}{Unicode-{}Codepoints} verarbeitet. Ein Codepoint ist eine festgelegte Zahl, die genau einem Zeichen zugeordnet ist. Der Unicode-{}Standard selbst definiert zudem Transformationsformate wie zum Beispiel UTF-{}8, die wiederum die tatsächliche Byte-{}Darstellung für die Speicherung festlegen. Wichtig zu verstehen ist, dass ein Unicode-{}Codepoint nicht mit einer UTF-{}8-{}Byte-{}Darstellung gleichzusetzen ist. Sie haben normalerweise unterschiedliche Werte für ein bestimmtes Zeichen.                 

Strings werden in zwei Schritten verarbeitet. Es gibt einen Dekodierungs-{} bzw. einen Kodierungsschritt. Für beide Schritte stehen analog die Funktionen {\ttfamily \uline{decode()}} und {\ttfamily \uline{encode()}} zur Verfügung. Beide Funktionen sind in der Klasse {\ttfamily \uline{unicode}} und {\ttfamily \uline{str}} zu finden. 

Im ersten Schritt wird die {\bfseries Bytefolgen-{}Dekodierung} der Python-{}Quelldatei in die Unicode-{}Codepoint-{}Darstellung durchgeführt. Über die in der Quelldatei angegebene Kommentarzeile {\ttfamily \uline{\#$\text{ }${}-{}*-{}$\text{ }${}coding:$\text{ }${}UTF-{}8$\text{ }${}-{}*-{}}} wird auf die Standardzeichendekodierung hingewiesen, die zur automatischen Dekodierung hin zur internen Unicode-{}Codepoint-{}Darstellung benutzt werden soll. Dazu ist vom Programmierer sicherzustellen, dass die Datei auch in der gleichen Byte-{}Kodierung (hier UTF-{}8) abgespeichert ist, wie in der Kommentarzeile angegeben.

Im zweiten Schritt ist die Unicode-{}Codepoint-{}Darstellung in die {\bfseries Zielkodierung} für den String zu bringen. Das geschieht über die {\ttfamily \uline{encode()}}-{}Funktion und ist nur dann notwendig, wenn eine abweichende Zielkodierung zur Coding-{}Kommentarzeile angestrebt wird. 

Die folgende Beispieldatei \LaTeXTTUlineTemplate{zeichenkodierung.py} demonstriert die Bytefolgendarstellung der unterschiedlichen Zeichenkodierungen:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}UTF-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\NormalTok{UnicodeText=}\StringTok{u\textquotesingle{}ÄÜÖ€\textquotesingle{}}\newline
\NormalTok{UTF_8Text=}\StringTok{\textquotesingle{}ÄÜÖ€\textquotesingle{}}\newline
\NormalTok{ISO_8859_1TextIgnore=}\StringTok{u\textquotesingle{}ÄÜÖ€\textquotesingle{}}\NormalTok{.encode(}\StringTok{\textquotesingle{}iso-8859-1\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}ignore\textquotesingle{}}\NormalTok{)}\newline
\NormalTok{ISO_8859_1TextReplace=}\StringTok{\textquotesingle{}ÄÜÖ€\textquotesingle{}}\NormalTok{.decode(}\StringTok{\textquotesingle{}UTF-8\textquotesingle{}}\NormalTok{).encode(}\StringTok{\textquotesingle{}iso-8859-1\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}replace\textquotesingle{}}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{bytefolge(kommentar,\ensuremath{\text{ }}zeichenkette):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{zeichen\ensuremath{\text{ }}in\ensuremath{\text{ }}zeichenkette:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"}\OtherTok{%x}\StringTok{"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}}\DataTypeTok{ord}\NormalTok{(zeichen),}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"(}\OtherTok{%s}\StringTok{)"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}kommentar}\newline
\ensuremath{\text{ }}\newline
\NormalTok{bytefolge(}\StringTok{"Unicode-Codepoint-Folge"}\NormalTok{,\ensuremath{\text{ }}UnicodeText)}\newline
\NormalTok{bytefolge(}\StringTok{"UTF-8-Bytefolge"}\NormalTok{,\ensuremath{\text{ }}UTF_8Text)}\newline
\NormalTok{bytefolge(}\StringTok{"ISO-8859-1-Bytefolge\ensuremath{\text{ }}(€\ensuremath{\text{ }}ignoriert)"}\NormalTok{,\ensuremath{\text{ }}ISO_8859_1TextIgnore)}\newline
\NormalTok{bytefolge(}\StringTok{"ISO-8859-1-Bytefolge\ensuremath{\text{ }}(€\ensuremath{\text{ }}ersetzt)"}\NormalTok{,\ensuremath{\text{ }}ISO_8859_1TextReplace)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./zeichenkodierung.py\newline c4$\text{ }${}dc$\text{ }${}d6$\text{ }${}20ac$\text{ }${}(Unicode-{}Codepoint-{}Folge)$\text{ }$\newline{}
c3$\text{ }${}84$\text{ }${}c3$\text{ }${}9c$\text{ }${}c3$\text{ }${}96$\text{ }${}e2$\text{ }${}82$\text{ }${}ac$\text{ }${}(UTF-{}8-{}Bytefolge)$\text{ }$\newline{}
c4$\text{ }${}dc$\text{ }${}d6$\text{ }${}(ISO-{}8859-{}1-{}Bytefolge$\text{ }${}(€$\text{ }${}ignoriert))$\text{ }$\newline{}
c4$\text{ }${}dc$\text{ }${}d6$\text{ }${}3f$\text{ }${}(ISO-{}8859-{}1-{}Bytefolge$\text{ }${}(€$\text{ }${}ersetzt))}}
\\ \hline \end{tabular}


Es sei darauf hingewiesen, dass das Eurozeichen (€) in der Zeichenkodierung ISO-{}8859-{}1 nicht vorhanden ist. Deshalb werden im Beispiel zwei verschiedene Strategien zur Behandlung dieser Situation gezeigt. Im ersten Fall wird das €-{}Zeichen ignoriert und erhält somit auch keine Byterepräsentation in der ausgegebenen Bytefolge. Im Zweiten wird es ersetzt durch das Standard-{}Ersatzzeichen für ISO-{}8859-{}1, das Fragezeichen (0x3f).
\section{Zeichen}
\label{25}
Zeichen kann man als Spezialfall von Strings auffassen. Sie sind Strings der Länge Eins. Wir führen sie hier auf, um zwei in späteren Kapiteln benötigte Funktionen aufzuführen, nämlich {\ttfamily \uline{ord(Zeichen)}} und {\ttfamily \uline{chr(Zahl)}}. {\ttfamily \uline{ord(Zeichen)}} liefert eine Zahl, die der internen Darstellung des Zeichens entspricht, während {\ttfamily \uline{chr(Zahl)}} ein Zeichen zurückliefert, welches zur angegebenen Zahl passt.


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"\textquotesingle{}A\textquotesingle{}\ensuremath{\text{ }}hat\ensuremath{\text{ }}den\ensuremath{\text{ }}numerischen\ensuremath{\text{ }}Wert"}\NormalTok{,\ensuremath{\text{ }}}\DataTypeTok{ord}\NormalTok{(}\StringTok{\textquotesingle{}A\textquotesingle{}}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Das\ensuremath{\text{ }}Zeichen\ensuremath{\text{ }}mit\ensuremath{\text{ }}der\ensuremath{\text{ }}Nummer\ensuremath{\text{ }}100\ensuremath{\text{ }}ist\ensuremath{\text{ }}\textquotesingle{}"}\ensuremath{\text{ }}\NormalTok{+\ensuremath{\text{ }}}\DataTypeTok{chr}\NormalTok{(}\DecValTok{100}\NormalTok{)\ensuremath{\text{ }}+\ensuremath{\text{ }}}\StringTok{"\textquotesingle{}"}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./zeichen1.py\newline \textquotesingle{}A\textquotesingle{}$\text{ }${}hat$\text{ }${}den$\text{ }${}numerischen$\text{ }${}Wert$\text{ }${}65$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Das$\text{ }${}Zeichen$\text{ }${}mit$\text{ }${}der$\text{ }${}Nummer$\text{ }${}100$\text{ }${}ist$\text{ }${}\textquotesingle{}d\textquotesingle{}}}
\\ \hline \end{tabular}

\section{Listen}
\label{26}
Listen sind beschreibbare Datentypen, die dazu dienen, zur selben Zeit Elemente beliebigen Typs
aufzunehmen.

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Werte\ensuremath{\text{ }}=\ensuremath{\text{ }}[}\StringTok{\textquotesingle{}Text\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}Noch\ensuremath{\text{ }}ein\ensuremath{\text{ }}Text\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{42}\NormalTok{,\ensuremath{\text{ }}}\FloatTok{3.14}\NormalTok{]}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{Werte}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Anzahl\ensuremath{\text{ }}der\ensuremath{\text{ }}Elemente:\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}}\DataTypeTok{len}\NormalTok{(Werte)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./listen1.py\newline {$\text{[}$}\textquotesingle{}Text\textquotesingle{},$\text{ }${}\textquotesingle{}Noch$\text{ }${}ein$\text{ }${}Text\textquotesingle{},$\text{ }${}42,$\text{ }${}3.1400000000000001{$\text{]}$}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Anzahl$\text{ }${}der$\text{ }${}Elemente:$\text{ }${}$\text{ }${}4}}
\\ \hline \end{tabular}


Die Funktion {\ttfamily \uline{len()}} bestimmt die Anzahl der Elemente der Liste, in diesem Fall 4. Listen können auch Listen enthalten, auch sich selbst.

Hinzugefügt werden Werte mit dem {\ttfamily \uline{+}}-{}Operator und den Funktionen {\ttfamily \uline{append()}} und {\ttfamily \uline{insert()}}:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Werte\ensuremath{\text{ }}=\ensuremath{\text{ }}[}\StringTok{\textquotesingle{}Text\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{42}\NormalTok{]}\newline
\NormalTok{Werte\ensuremath{\text{ }}+=\ensuremath{\text{ }}[}\StringTok{\textquotesingle{}foo\textquotesingle{}}\NormalTok{]}\newline
\NormalTok{Werte.append(}\DecValTok{3}\NormalTok{)}\newline
\NormalTok{Werte.insert(}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{111}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{Werte}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./listen2.py\newline {$\text{[}$}\textquotesingle{}Text\textquotesingle{},$\text{ }${}42,$\text{ }${}111,$\text{ }${}\textquotesingle{}foo\textquotesingle{},$\text{ }${}3{$\text{]}$}}}
\\ \hline \end{tabular}
wobei man diese Funktionen {\bfseries Methoden} nennt, da sie Bestandteil der Listenobjekte sind. Die Methode {\ttfamily \uline{insert(2,$\text{ }${}111)}} fügt an die zweite Stelle die Zahl 111 ein. Die Zählung beginnt mit der 0, das nullte Element ist die Zeichenkette {\itshape Text}.

Löschen lassen sich Listenelemente ebenfalls:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Werte\ensuremath{\text{ }}=\ensuremath{\text{ }}[}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}Meier\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{4}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{]}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{Werte.pop()}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{Werte.pop(}\DecValTok{0}\NormalTok{)}\newline
\NormalTok{Werte.remove(}\StringTok{\textquotesingle{}Meier\textquotesingle{}}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{Werte}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./listen3.py\newline 5$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
1$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{$\text{[}$}2,$\text{ }${}4{$\text{]}$}}}
\\ \hline \end{tabular}


Die Methode {\ttfamily \uline{pop()}} liefert ohne Argument das letzte Element der Liste und entfernt es anschließend. Mit Argument wird das N-{}te Element gelöscht. Die Methode {\ttfamily \uline{remove()}} entfernt das Element mit dem angegebenen Schlüssel.

Listen lassen sich auch per Funktion erzeugen. Eine solche Funktion ist {\ttfamily \uline{range(von,$\text{ }${}bis,$\text{ }${}step)}}. Sie erwartet einen Startwert sowie einen Endwert und baut daraus eine Liste, wobei der Endwert nicht Teil der entstehenden Liste ist. Die Parameter {\itshape von} und {\itshape step} sind optional und geben den Anfangswert wie auch die Schrittweite an, mit der Listenelemente zwischen dem Start-{} und dem Endwert eingefügt werden. 


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{l1\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{range}\NormalTok{(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{10}\NormalTok{)}\newline
\NormalTok{l2\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{range}\NormalTok{(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{10}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{l1}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{l2}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./listen4.py\newline {$\text{[}$}1,$\text{ }${}2,$\text{ }${}3,$\text{ }${}4,$\text{ }${}5,$\text{ }${}6,$\text{ }${}7,$\text{ }${}8,$\text{ }${}9{$\text{]}$}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{$\text{[}$}1,$\text{ }${}4,$\text{ }${}7{$\text{]}$}}}
\\ \hline \end{tabular}


In unserem Beispiel enthält {\ttfamily \uline{{\itshape l1}}} alle Werte von 1 bis 9, {\ttfamily \uline{{\itshape l2}}} hingegen enthält lediglich 1, 4 und 7, weil wir eine Schrittweite von 3 vereinbart haben. Die {\ttfamily \uline{range()}}-{}Funktion legt übrigens die gesamte Liste im Speicher an, weswegen man sich vor Gebrauch unbedingt sicher sein sollte, genug davon zu haben. Eine Liste mit mehreren Millionen Einträgen zu erzeugen dauert eine Weile, wie der Autor dieser Zeilen während eines recht eng terminierten Vortrags feststellen musste, als er statt {\ttfamily \uline{xrange()}} (dazu kommen wir später) {\ttfamily \uline{range()}} schrieb.

Mehr über Listen erfahren Sie im Abschnitt \mylref{28}{ Sequenzen}.
\section{Tupel}
\label{27}
Tupel lassen sich, anders als Listen, nicht verändern. Sie sind damit besonders geeignet, um Konstanten zu repräsentieren. Ansonsten ähneln sie Listen aber sehr:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Werte\ensuremath{\text{ }}=\ensuremath{\text{ }}(}\StringTok{\textquotesingle{}Text\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}Noch\ensuremath{\text{ }}ein\ensuremath{\text{ }}Text\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{42}\NormalTok{,\ensuremath{\text{ }}}\FloatTok{3.14}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\DataTypeTok{min}\NormalTok{(Werte)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\DataTypeTok{max}\NormalTok{(Werte)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Anzahl\ensuremath{\text{ }}der\ensuremath{\text{ }}Elemente:\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}}\DataTypeTok{len}\NormalTok{(Werte)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./tupel1.py\newline 3.14$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Text$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Anzahl$\text{ }${}der$\text{ }${}Elemente:$\text{ }${}$\text{ }${}4}}
\\ \hline \end{tabular}


Ein Tupel wird in runde Klammern geschrieben. {\ttfamily \uline{min()}} bestimmt das Minimum eines Tupels, {\ttfamily \uline{max()}} das Maximum. Enthält ein Tupel Text, so wird dieser alphabetisch verglichen.

Mehr über Tupel erfahren Sie im nächsten Abschnitt \mylref{28}{ Sequenzen}.
\section{Sequenzen}
\label{28}
Zu Sequenzen zählen die hier behandelten Strings, Listen und Tupel. Lediglich Listen lassen sich ändern, alle anderen Sequenztypen sind konstant. Grund genug, einige Details zusammenzufassen. 

Sequenzen können aufgezählt werden. Das erste Element hat den Index 0, das letzte Element den Index {\ttfamily \uline{len(Sequenz)-{}1}}. Sequenzen können ihrerseits wieder Sequenzen aufnehmen. Eine Besonderheit ist, dass man Teilsequenzen, so genannte {\bfseries Slices}, bilden kann:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{text\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"Dies\ensuremath{\text{ }}ist\ensuremath{\text{ }}mein\ensuremath{\text{ }}String"}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Grossbuchstaben:\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}text[}\DecValTok{0}\NormalTok{],\ensuremath{\text{ }}text[}\DecValTok{14}\NormalTok{]}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Verb:\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}text[}\DecValTok{5}\NormalTok{:}\DecValTok{8}\NormalTok{]}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Erstes\ensuremath{\text{ }}Wort:\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}text[:}\DecValTok{4}\NormalTok{]}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Letztes\ensuremath{\text{ }}Wort:\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}text[}\DecValTok{14}\NormalTok{:]}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./seq1.py\newline Grossbuchstaben:$\text{ }${}$\text{ }${}D$\text{ }${}S$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Verb:$\text{ }${}$\text{ }${}ist$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Erstes$\text{ }${}Wort:$\text{ }${}$\text{ }${}Dies$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Letztes$\text{ }${}Wort:$\text{ }${}$\text{ }${}String}}
\\ \hline \end{tabular}


An diesem Beispiel sieht man, dass man einzelne Zeichen direkt adressieren kann, wobei man den Index in eckige Klammern setzt, wie auch einen Bereich der Sequenz ansprechen kann, indem Anfang und Ende durch Doppelpunkt getrennt werden. Anfang und Ende vom Slice sind optional. Steht vor dem Doppelpunkt kein Wert, so ist der Anfang der Sequenz gemeint. Analoges gilt für das Ende. 

Wenn Sie diese Art der Adressierung verstanden haben, fällt es Ihnen sicher leicht, die negative Adressierung
ebenfalls zu verstehen:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{sequenz\ensuremath{\text{ }}=\ensuremath{\text{ }}(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}a\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}b\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}c\textquotesingle{}}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Buchstaben:\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}sequenz[-}\DecValTok{3}\NormalTok{:]}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Ziffern:\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}sequenz[:-}\DecValTok{3}\NormalTok{]}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./seq2.py\newline Buchstaben:$\text{ }${}$\text{ }${}(\textquotesingle{}a\textquotesingle{},$\text{ }${}\textquotesingle{}b\textquotesingle{},$\text{ }${}\textquotesingle{}c\textquotesingle{})$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Ziffern:$\text{ }${}$\text{ }${}(1,$\text{ }${}2)}}
\\ \hline \end{tabular}

Buchstabenindizes werden hier vom Ende gezählt. Der Index {\ttfamily \uline{{\itshape -{}1}}} ist das {\ttfamily \uline{{\itshape c}}}, der Index {\ttfamily \uline{{\itshape -{}2}}} ist das {\ttfamily \uline{{\itshape b}}} und so weiter. Die Buchstaben werden also vom drittletzten zum letzten hin ausgegeben. Ziffern hingegen werden vom Nullten zum ebenfalls drittletzten ausgegeben, wobei ebendieses nicht mit ausgegeben wird.

Auf Sequenzen sind gemeinsame Operatoren und Methoden definiert. Folgende Tabelle gibt einen Überblick:

\begin{longtable}{|>{\RaggedRight}p{0.27429\linewidth}|>{\RaggedRight}p{0.36571\linewidth}|>{\RaggedRight}p{0.27429\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Funktion }&\hspace*{0pt}\ignorespaces{}  Beschreibung &\hspace*{0pt}\ignorespaces{} Beispiel\endhead  \hline 
\hspace*{0pt}\ignorespaces{} S * n &\hspace*{0pt}\ignorespaces{} Erzeugt eine Sequenz, die aus der n-{}fachen Aneinanderreihung von S besteht. &\hspace*{0pt}\ignorespaces{} (3,) * 10, \symbol{34}Hallo \symbol{34} * 2\\ \hline 
\hspace*{0pt}\ignorespaces{} min(), max() &\hspace*{0pt}\ignorespaces{} Bestimmt das Minimum/Maximum der Sequenz &\hspace*{0pt}\ignorespaces{} min((1, 2, 3)), max({$\text{[}$}\textquotesingle{}a\textquotesingle{}, \textquotesingle{}b\textquotesingle{}, \textquotesingle{}c\textquotesingle{}{$\text{]}$})\\ \hline 
\hspace*{0pt}\ignorespaces{} a in S &\hspace*{0pt}\ignorespaces{} True, wenn Element {\itshape a} in der Sequenz {\itshape S} vorkommt &\hspace*{0pt}\ignorespaces{} 3 in {$\text{[}$}0{$\text{]}$} * 7\\ \hline 
\hspace*{0pt}\ignorespaces{} S + T &\hspace*{0pt}\ignorespaces{} Die Sequenzen {\itshape S} und {\itshape T} werden aneinandergehängt &\hspace*{0pt}\ignorespaces{} (1, 2, 3) + (2,)\\ \hline 
\hspace*{0pt}\ignorespaces{} len(S) &\hspace*{0pt}\ignorespaces{} Länge, Anzahl der Elemente von S &\hspace*{0pt}\ignorespaces{} len(\symbol{34}Hallo, Welt!\symbol{34})\\ \hline 
\end{longtable}

\section{Set}
\label{29}
Der Typ {\itshape set} beschreibt Mengen. Elemente einer Menge sind ungeordnet und einzigartig. Alle Sets unterstützen die üblichen Mengenoperationen:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{s1\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{set}\NormalTok{(}\StringTok{\textquotesingle{}abc\textquotesingle{}}\NormalTok{)}\newline
\NormalTok{s2\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{set}\NormalTok{(}\StringTok{\textquotesingle{}bcd\textquotesingle{}}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{\textquotesingle{}s1\ensuremath{\text{ }}=\ensuremath{\text{ }}\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}s1,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}\ensuremath{\text{ }}s2\ensuremath{\text{ }}=\ensuremath{\text{ }}\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}s2}\newline
\CommentTok{#\ensuremath{\text{ }}Differenzmenge}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{\textquotesingle{}s1\ensuremath{\text{ }}-\ensuremath{\text{ }}s2\ensuremath{\text{ }}=\ensuremath{\text{ }}\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}s1\ensuremath{\text{ }}-\ensuremath{\text{ }}s2}\newline
\CommentTok{#\ensuremath{\text{ }}Vereinigungsmenge}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{\textquotesingle{}s1\ensuremath{\text{ }}\textbar{}\ensuremath{\text{ }}s2\ensuremath{\text{ }}=\ensuremath{\text{ }}\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}s1\ensuremath{\text{ }}\textbar{}\ensuremath{\text{ }}s2}\newline
\CommentTok{#\ensuremath{\text{ }}Schnittmenge}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{\textquotesingle{}s1\ensuremath{\text{ }}&\ensuremath{\text{ }}s2\ensuremath{\text{ }}=\ensuremath{\text{ }}\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}s1\ensuremath{\text{ }}&\ensuremath{\text{ }}s2}\newline
\CommentTok{#\ensuremath{\text{ }}Symmetrische\ensuremath{\text{ }}Differenz}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{\textquotesingle{}s1\ensuremath{\text{ }}^\ensuremath{\text{ }}s2\ensuremath{\text{ }}=\ensuremath{\text{ }}\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}s1\ensuremath{\text{ }}^\ensuremath{\text{ }}s2}\newline
\CommentTok{#\ensuremath{\text{ }}Enthalten}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"\textquotesingle{}a\textquotesingle{}\ensuremath{\text{ }}in\ensuremath{\text{ }}s1\ensuremath{\text{ }}=\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}a\textquotesingle{}}\ensuremath{\text{ }}\NormalTok{in\ensuremath{\text{ }}s1}\newline
\CommentTok{#\ensuremath{\text{ }}Maechtigkeit\ensuremath{\text{ }}der\ensuremath{\text{ }}Menge}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"len(s1)\ensuremath{\text{ }}=\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}}\DataTypeTok{len}\NormalTok{(s1)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./set1.py\newline s1 = set({$\text{[}$}\textquotesingle{}a\textquotesingle{}, \textquotesingle{}c\textquotesingle{}, \textquotesingle{}b\textquotesingle{}{$\text{]}$}) s2 = set({$\text{[}$}\textquotesingle{}c\textquotesingle{}, \textquotesingle{}b\textquotesingle{}, \textquotesingle{}d\textquotesingle{}{$\text{]}$})$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
s1 -{} s2 = set({$\text{[}$}\textquotesingle{}a\textquotesingle{}{$\text{]}$})$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
s1 | s2 =  set({$\text{[}$}\textquotesingle{}a\textquotesingle{}, \textquotesingle{}c\textquotesingle{}, \textquotesingle{}b\textquotesingle{}, \textquotesingle{}d\textquotesingle{}{$\text{]}$})$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
s1 \& s2 =  set({$\text{[}$}\textquotesingle{}c\textquotesingle{}, \textquotesingle{}b\textquotesingle{}{$\text{]}$})$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
s1 \^{} s2 =  set({$\text{[}$}\textquotesingle{}a\textquotesingle{}, \textquotesingle{}d\textquotesingle{}{$\text{]}$})$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
\textquotesingle{}a\textquotesingle{} in s1 =  True$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
len(s1) =  3}}
\\ \hline \end{tabular}


Die Operation {\ttfamily \uline{in}} liefert als Ergebnis {\ttfamily \uline{True}} wenn ein Element in der Menge vorkommt.

Folgende Methoden lassen sich von einem Set-{}Objekt ansprechen:

\begin{longtable}{|>{\RaggedRight}p{0.28286\linewidth}|>{\RaggedRight}p{0.66000\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Methode     }&\hspace*{0pt}\ignorespaces{} Beschreibung\endhead  \hline 
\hspace*{0pt}\ignorespaces{} s1.difference(s2) &\hspace*{0pt}\ignorespaces{} Differenzmenge, s1 -{} s2\\ \hline 
\hspace*{0pt}\ignorespaces{} s1.intersection(s2) &\hspace*{0pt}\ignorespaces{} Schnittmenge, s1 \& s2\\ \hline 
\hspace*{0pt}\ignorespaces{} s1.issubset(s2) &\hspace*{0pt}\ignorespaces{} Teilmenge, s1 <{}= s2\\ \hline 
\hspace*{0pt}\ignorespaces{} s1.issuperset(s2) &\hspace*{0pt}\ignorespaces{} Obermenge, s1 >{}= s2\\ \hline 
\hspace*{0pt}\ignorespaces{} s1.union(s2) &\hspace*{0pt}\ignorespaces{} Vereinigungsmenge, s1 | s2\\ \hline 
\hspace*{0pt}\ignorespaces{} s1.symmetric_difference(s2) &\hspace*{0pt}\ignorespaces{} Symmetrische Differenz, s1 \^{} s2\\ \hline 
\hspace*{0pt}\ignorespaces{} s.add(E) &\hspace*{0pt}\ignorespaces{} Fügt dem Set s das Element E hinzu\\ \hline 
\hspace*{0pt}\ignorespaces{} s.remove(E) &\hspace*{0pt}\ignorespaces{} Entfernt das Element E aus dem Set\\ \hline 
\end{longtable}

\section{Dictionarys}
\label{30}
Der Typ Dictionary stellt eine Zuordnung zwischen Schlüsseln und Werten her. Er ist genau wie ein Wörterbuch zu verstehen, wo als Schlüssel zum Beispiel ein englischer Begriff und als Wert ein deutschsprachiger Begriff aufgeführt ist. Selbstverständlich lassen sich auch Telefonnummern oder Gehälter auf diese Weise ordnen:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{personal\ensuremath{\text{ }}=\ensuremath{\text{ }}\{}\StringTok{\textquotesingle{}Tom\textquotesingle{}}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}}\DecValTok{32000}\NormalTok{,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}Beate\textquotesingle{}}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}}\DecValTok{44000}\NormalTok{,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}Peter\textquotesingle{}}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}}\DecValTok{10000}\NormalTok{\}}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{personal}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Tom\ensuremath{\text{ }}verdient\ensuremath{\text{ }}}\OtherTok{%d}\StringTok{\ensuremath{\text{ }}Euro\ensuremath{\text{ }}pro\ensuremath{\text{ }}Jahr"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}(personal[}\StringTok{\textquotesingle{}Tom\textquotesingle{}}\NormalTok{])}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./dict1.py\newline \{\textquotesingle{}Peter\textquotesingle{}:$\text{ }${}10000,$\text{ }${}\textquotesingle{}Beate\textquotesingle{}:$\text{ }${}44000,$\text{ }${}\textquotesingle{}Tom\textquotesingle{}:$\text{ }${}32000\}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Tom$\text{ }${}verdient$\text{ }${}32000$\text{ }${}Euro$\text{ }${}pro$\text{ }${}Jahr}}
\\ \hline \end{tabular}


Dictionarys können modifiziert werden. Darüber hinaus bietet die Methode {\ttfamily \uline{keys()}} die Möglichkeit, sich alle Schlüssel anzeigen zu lassen.


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{personal\ensuremath{\text{ }}=\ensuremath{\text{ }}\{}\StringTok{\textquotesingle{}Tom\textquotesingle{}}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}}\DecValTok{32000}\NormalTok{,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}Beate\textquotesingle{}}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}}\DecValTok{44000}\NormalTok{,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}Peter\textquotesingle{}}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}}\DecValTok{10000}\NormalTok{\}}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{personal}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Susi\ensuremath{\text{ }}kommt\ensuremath{\text{ }}dazu..."}\NormalTok{,}\newline
\NormalTok{personal[}\StringTok{\textquotesingle{}Susi\textquotesingle{}}\NormalTok{]\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{10000}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{personal.keys()}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Peter\ensuremath{\text{ }}hat\ensuremath{\text{ }}einen\ensuremath{\text{ }}anderen\ensuremath{\text{ }}Job\ensuremath{\text{ }}gefunden..."}\newline
\KeywordTok{del}\ensuremath{\text{ }}\NormalTok{personal[}\StringTok{\textquotesingle{}Peter\textquotesingle{}}\NormalTok{]}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{personal.keys()}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Tom\ensuremath{\text{ }}bekommt\ensuremath{\text{ }}mehr\ensuremath{\text{ }}Geld:\ensuremath{\text{ }}"}\NormalTok{,}\newline
\NormalTok{personal[}\StringTok{\textquotesingle{}Tom\textquotesingle{}}\NormalTok{]\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{33000}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{personal}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./dict2.py\newline \{\textquotesingle{}Peter\textquotesingle{}:$\text{ }${}10000,$\text{ }${}\textquotesingle{}Beate\textquotesingle{}:$\text{ }${}44000,$\text{ }${}\textquotesingle{}Tom\textquotesingle{}:$\text{ }${}32000\}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Susi$\text{ }${}kommt$\text{ }${}dazu...$\text{ }${}{$\text{[}$}\textquotesingle{}Susi\textquotesingle{},$\text{ }${}\textquotesingle{}Peter\textquotesingle{},$\text{ }${}\textquotesingle{}Beate\textquotesingle{},$\text{ }${}\textquotesingle{}Tom\textquotesingle{}{$\text{]}$}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Peter$\text{ }${}hat$\text{ }${}einen$\text{ }${}anderen$\text{ }${}Job$\text{ }${}gefunden...$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{$\text{[}$}\textquotesingle{}Susi\textquotesingle{},$\text{ }${}\textquotesingle{}Beate\textquotesingle{},$\text{ }${}\textquotesingle{}Tom\textquotesingle{}{$\text{]}$}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Tom$\text{ }${}bekommt$\text{ }${}mehr$\text{ }${}Geld:$\text{ }${}$\text{ }${}\{\textquotesingle{}Susi\textquotesingle{}:$\text{ }${}10000,$\text{ }${}\textquotesingle{}Beate\textquotesingle{}:$\text{ }${}44000,$\text{ }${}\textquotesingle{}Tom\textquotesingle{}:$\text{ }${}33000\}$\text{ }${}}}
\\ \hline \end{tabular}


Elemente kann man hinzufügen, in dem man einen neuen Schlüssel in eckigen Klammern anspricht, und diesem einen Wert zuweist. Mit {\ttfamily \uline{delete()}} lassen sich Schlüssel/Wert-{}Paare löschen. Die Methode {\ttfamily \uline{keys()}} zeigt alle Schlüssel eines Dictionarys als Liste an.
Folgende Tabelle zeigt darüberhinaus noch einige gebräuchliche Dictionary-{}Methoden:

\begin{longtable}{|>{\RaggedRight}p{0.28286\linewidth}|>{\RaggedRight}p{0.66000\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Funktion }&\hspace*{0pt}\ignorespaces{}  Beschreibung\endhead  \hline 
\hspace*{0pt}\ignorespaces{} get(Schlüssel) &\hspace*{0pt}\ignorespaces{} Liefert den Wert für {\itshape Schlüssel}\\ \hline 
\hspace*{0pt}\ignorespaces{} has_key(Schlüssel) &\hspace*{0pt}\ignorespaces{} {\itshape True}, wenn Schlüssel vorkommt\\ \hline 
\hspace*{0pt}\ignorespaces{} items() &\hspace*{0pt}\ignorespaces{} Gibt den Inhalt als Liste von Tupeln zurück\\ \hline 
\hspace*{0pt}\ignorespaces{} pop(Schlüssel) &\hspace*{0pt}\ignorespaces{} Gibt den Wert für Schlüssel zurück, entfernt dann {\itshape Schlüssel}/{\itshape Wert}\\ \hline 
\hspace*{0pt}\ignorespaces{} keys() &\hspace*{0pt}\ignorespaces{} liefert alle Schlüssel als Liste\\ \hline 
\hspace*{0pt}\ignorespaces{} values() &\hspace*{0pt}\ignorespaces{} analog zu keys(), liefert alle Werte als Liste\\ \hline 
\end{longtable}


Im Kapitel \mylref{137}{Datenbanken} lernen Sie eine Datenbank kennen, die wie ein Dictionary funktioniert.
\section{Besonderheiten beim Kopieren}
\label{31}
Beim Kopieren von Variablen gibt es eine Besonderheit. Die Kopien verweisen wieder auf die Originale. Versucht man nun, eine Kopie zu verändern, verändert man gleichzeitig das Original, wie folgendes Beispiel zeigt:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{liste1\ensuremath{\text{ }}=\ensuremath{\text{ }}[}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{]}\newline
\NormalTok{liste2\ensuremath{\text{ }}=\ensuremath{\text{ }}liste1}\newline
\NormalTok{liste2\ensuremath{\text{ }}+=\ensuremath{\text{ }}[}\DecValTok{5}\NormalTok{]}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{liste1}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{liste2}\newline
\end{Highlighting}
\end{Shaded}

Statt zweier unterschiedlicher Listen bekommen wir dieses erstaunliche Ergebnis:

\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./kopieren1.py\newline {$\text{[}$}1,$\text{ }${}2,$\text{ }${}3,$\text{ }${}5{$\text{]}$}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{$\text{[}$}1,$\text{ }${}2,$\text{ }${}3,$\text{ }${}5{$\text{]}$}}}
\\ \hline \end{tabular}


Wir haben also gar keine Kopie bearbeitet, sondern nur die {\itshape einzig vorhandene} Liste, auf die sowohl liste1 als auch liste2 nur {\itshape verweisen}. 

Lösung des Problems: liste2 = liste1{$\text{[}$}:{$\text{]}$}. Ein Slice über die komplette Liste. Für andere Datentypen (aber auch Listen) gibt es aus dem Modul\myfootnote{Mehr über Module und deren Anwendungen findet sich im Kapitel \myfnlref{69}{Python unter Linux: Module}} {\ttfamily \uline{copy}} die Funktion {\ttfamily \uline{copy()}}. Dictionaries haben eine eigene {\ttfamily \uline{copy()}}-{}Methode. All dieses erzeugt aber nur eine eine {\itshape flache} Kopie. Sollen auch z.{\mbox{$~$}}B. Listen mit kopiert werden, die in einer Liste enthalten sind, verwendet man die Funktion {\ttfamily \uline{copy.deepcopy()}}. Hierzu noch ein Beispiel:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{copy}\newline
\ensuremath{\text{ }}\newline
\NormalTok{tupel1\ensuremath{\text{ }}=\ensuremath{\text{ }}(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}[}\DecValTok{3}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{4}\NormalTok{],\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{)}\newline
\NormalTok{tupel2\ensuremath{\text{ }}=\ensuremath{\text{ }}copy.deepcopy(tupel1)}\newline
\CommentTok{#tupel2\ensuremath{\text{ }}=\ensuremath{\text{ }}copy.copy(tupel1)\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}#\ensuremath{\text{ }}\ensuremath{\text{ }}zum\ensuremath{\text{ }}Testen\ensuremath{\text{ }}des\ensuremath{\text{ }}unterschiedlichen\ensuremath{\text{ }}Verhaltens}\newline
\ensuremath{\text{ }}\NormalTok{auskommentieren}\newline
\NormalTok{tupel2[}\DecValTok{2}\NormalTok{].append(}\StringTok{"foo"}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{tupel1}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{tupel2}\newline
\end{Highlighting}
\end{Shaded}


Die beiden Tupel sind nun also eigenständige Kopien inklusive der enthaltenen Liste, wie uns die Programmausgabe beweist:

\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./kopieren2.py\newline (1,$\text{ }${}2,$\text{ }${}{$\text{[}$}3,$\text{ }${}4{$\text{]}$},$\text{ }${}5)$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
(1,$\text{ }${}2,$\text{ }${}{$\text{[}$}3,$\text{ }${}4,$\text{ }${}\textquotesingle{}foo\textquotesingle{}{$\text{]}$},$\text{ }${}5)}}
\\ \hline \end{tabular}

Das Beispiel zeigt auch nochmal, dass zwar Tupel unveränderlich sind, aber enthaltene veränderliche Datentypen gleichwohl auch veränderlich bleiben. Die Problematik des Kopierens ist also nicht auf veränderliche Datentypen beschränkt.
\section{Konvertierung}
\label{32}
Wie wir in der Einführung schon festgestellt haben, kann man einige
Datentypen ineinander umwandeln. Aus einem String kann zum Beispiel eine Zahl werden, wenn der String nur Ziffern enthält. Andernfalls wird eine Fehlermeldung beim Versuch der Konvertierung ausgegeben. Die folgende Tabelle enthält einige Konvertierungsfunktionen:


\begin{longtable}{|>{\RaggedRight}p{0.22143\linewidth}|>{\RaggedRight}p{0.22143\linewidth}|>{\RaggedRight}p{0.22143\linewidth}|>{\RaggedRight}p{0.22143\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Funktion }&\hspace*{0pt}\ignorespaces{} Konvertiert von &\hspace*{0pt}\ignorespaces{} Konvertiert nach &\hspace*{0pt}\ignorespaces{} Beispiel\endhead  \hline 
\hspace*{0pt}\ignorespaces{} int()  &\hspace*{0pt}\ignorespaces{} String, float   &\hspace*{0pt}\ignorespaces{}  ganze Zahl    &\hspace*{0pt}\ignorespaces{}  int(\symbol{34}33\symbol{34}) \\ \hline 
\hspace*{0pt}\ignorespaces{} float() &\hspace*{0pt}\ignorespaces{} String, int   &\hspace*{0pt}\ignorespaces{} Fließkommazahl &\hspace*{0pt}\ignorespaces{} float(1)\\ \hline 
\hspace*{0pt}\ignorespaces{} unicode() &\hspace*{0pt}\ignorespaces{} String, Zahl &\hspace*{0pt}\ignorespaces{} Unicode String &\hspace*{0pt}\ignorespaces{} unicode(3.14)\\ \hline 
\hspace*{0pt}\ignorespaces{} ord()  &\hspace*{0pt}\ignorespaces{} Zeichen     &\hspace*{0pt}\ignorespaces{} ganze Zahl    &\hspace*{0pt}\ignorespaces{} ord(\textquotesingle{}A\textquotesingle{})\\ \hline 
\end{longtable}

\section{Typenabfrage}
\label{33}
Den Typ einer Variablen kann man mit Hilfe der Funktion {\ttfamily \uline{type()}} abfragen:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\KeywordTok{print}\ensuremath{\text{ }}\DataTypeTok{type}\NormalTok{(}\DecValTok{3}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\DataTypeTok{type}\NormalTok{(}\StringTok{\textquotesingle{}a\textquotesingle{}}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\DataTypeTok{type}\NormalTok{(}\StringTok{u"Hallo,\ensuremath{\text{ }}Welt"}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\DataTypeTok{type}\NormalTok{((}\StringTok{"Hallo"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"Welt"}\NormalTok{))}\newline
\KeywordTok{print}\ensuremath{\text{ }}\DataTypeTok{type}\NormalTok{([}\StringTok{"Hallo"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"Welt"}\NormalTok{])}\newline
\KeywordTok{print}\ensuremath{\text{ }}\DataTypeTok{type}\NormalTok{(\{}\StringTok{"Hallo"}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"Welt"}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{\})}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./typenabfrage1.py\newline {\mbox{$<$}}type$\text{ }${}\textquotesingle{}int\textquotesingle{}{\mbox{$>$}}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{\mbox{$<$}}type$\text{ }${}\textquotesingle{}str\textquotesingle{}{\mbox{$>$}}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{\mbox{$<$}}type$\text{ }${}\textquotesingle{}unicode\textquotesingle{}{\mbox{$>$}}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{\mbox{$<$}}type$\text{ }${}\textquotesingle{}tuple\textquotesingle{}{\mbox{$>$}}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{\mbox{$<$}}type$\text{ }${}\textquotesingle{}list\textquotesingle{}{\mbox{$>$}}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{\mbox{$<$}}type$\text{ }${}\textquotesingle{}dict\textquotesingle{}{\mbox{$>$}}}}
\\ \hline \end{tabular}


\section{Konstanten}
\label{34}
Konstanten in Python sind nichts als spezielle Vereinbarungen. Man schreibt sie groß, dann wissen alle an einem Programm beteiligten Personen, dass dies eine Konstante ist. Das folgende Beispiel zeigt, wie das geht:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{KONSTANTE\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{3}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Meine\ensuremath{\text{ }}Konstante\ensuremath{\text{ }}ist:"}\NormalTok{,\ensuremath{\text{ }}KONSTANTE}\newline
\end{Highlighting}
\end{Shaded}


Eine Ausgabe kann hier entfallen, das Programm ist schlicht zu trivial. Diese Art der textuellen Vereinbarung wird uns noch im Kapitel \mylref{76}{Rund um OOP} begegnen. Eine Konstante ist also nicht anderes als eine Variable, bei der Programmierer {\itshape vereinbaren}, sie groß zu schreiben und nach der Initialisierung nicht mehr zu ändern. Dieses ist ein Teil des {\itshape Python way of coding}, der oft von weniger Strenge und Formalismus geprägt ist.
\section{Zusammenfassung}
\label{35}
Sie haben jetzt einen Überblick über das Typensystem von Python. Vom Prinzip her braucht man sich über den Typ meistens keine Gedanken machen, sollte jedoch in Spezialfällen darüber Bescheid wissen. Einer Variablen weist man Werte zu und schon steht der Typ fest. Den Typ einer Variablen kann man zur Laufzeit ändern und abfragen.
\section{Anmerkungen}
\label{36}



\chapter{Kontrollstrukturen}

\myminitoc
\label{37}





\label{38}
Bis jetzt sind Sie in der Lage, einfache Programme mit Ein-{} und Ausgabe und einfachen Berechnungen zu schreiben. Für größere Programme wird aber die Möglichkeit benötigt, Funktionen nur unter gewissen Bedingungen oder mehrfach durchzuführen. Für diesen Zweck gibt es die Kontrollstrukturen, nämlich bedingte Ausführung und Schleifen.
\section{if}
\label{39}
Die {\ttfamily \uline{if}}-{}Anweisung ist die einfachste Anweisung, mit der man abhängig von einer Bedingung eine Aktion auslösen kann:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{a\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\newline
\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{a\ensuremath{\text{ }}<\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"a\ensuremath{\text{ }}ist\ensuremath{\text{ }}kleiner\ensuremath{\text{ }}als\ensuremath{\text{ }}1"}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./if1.py\newline a$\text{ }${}ist$\text{ }${}kleiner$\text{ }${}als$\text{ }${}1}}
\\ \hline \end{tabular}

Hier wird, wie in den ersten Schritten erläutert, eine Besonderheit von Python deutlich, nämlich die Einrückung. Alle gleich eingerückten Codezeilen gehören zum selben Block. Als Einrückungszeichen kann man Tabulatoren und Leerzeichen verwenden, wobei man niemals mischen sollte. Verwenden Sie vier Leerzeichen, wenn Sie konform zum Standard sein wollen.


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\NormalTok{a\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\newline
\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{a\ensuremath{\text{ }}<\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"a\ensuremath{\text{ }}ist\ensuremath{\text{ }}kleiner\ensuremath{\text{ }}als\ensuremath{\text{ }}1"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Dies\ensuremath{\text{ }}gehört\ensuremath{\text{ }}auch\ensuremath{\text{ }}noch\ensuremath{\text{ }}zum\ensuremath{\text{ }}Block"}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Dies\ensuremath{\text{ }}gehört\ensuremath{\text{ }}nicht\ensuremath{\text{ }}mehr\ensuremath{\text{ }}zur\ensuremath{\text{ }}IF-Anweisung"}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./if2.py\newline a$\text{ }${}ist$\text{ }${}kleiner$\text{ }${}als$\text{ }${}1$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Dies$\text{ }${}gehört$\text{ }${}auch$\text{ }${}noch$\text{ }${}zum$\text{ }${}Block$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Dies$\text{ }${}gehört$\text{ }${}nicht$\text{ }${}mehr$\text{ }${}zur$\text{ }${}IF-{}Anweisung}}
\\ \hline \end{tabular}


Selbstverständlich können Bedingung in der {\ttfamily \uline{if}}-{}Anweisung auch zusammengesetzt werden:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Bitte\ensuremath{\text{ }}geben\ensuremath{\text{ }}Sie\ensuremath{\text{ }}eine\ensuremath{\text{ }}Zahl\ensuremath{\text{ }}ein:"}\NormalTok{,}\newline
\NormalTok{zahl\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{(}\DataTypeTok{raw_input}\NormalTok{())}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{zahl\ensuremath{\text{ }}>\ensuremath{\text{ }}}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{and\ensuremath{\text{ }}zahl\ensuremath{\text{ }}%\ensuremath{\text{ }}}\DecValTok{2}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Gerade\ensuremath{\text{ }}Zahl."}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{(}\DecValTok{90}\ensuremath{\text{ }}\NormalTok{<=\ensuremath{\text{ }}zahl\ensuremath{\text{ }}<=\ensuremath{\text{ }}}\DecValTok{100}\NormalTok{)\ensuremath{\text{ }}or\ensuremath{\text{ }}zahl\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DecValTok{50}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Zahl\ensuremath{\text{ }}ist\ensuremath{\text{ }}zwischen\ensuremath{\text{ }}90\ensuremath{\text{ }}und\ensuremath{\text{ }}100\ensuremath{\text{ }}(inklusive),\ensuremath{\text{ }}oder\ensuremath{\text{ }}die\ensuremath{\text{ }}Zahl\ensuremath{\text{ }}ist\ensuremath{\text{ }}50"}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./if3.py\newline Bitte$\text{ }${}geben$\text{ }${}Sie$\text{ }${}eine$\text{ }${}Zahl$\text{ }${}ein:$\text{ }${}\LaTeXTTUlineTemplate{22}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Gerade$\text{ }${}Zahl.}}
\\ \hline \end{tabular}


Zusammengesetzte Anweisungen müssen nach logischen Regeln geklammert werden, die Einrückung muss angepasst werden.


\LaTeXPythonUnterLinuxVorlagenVorlageDetailsTemplate{Einige Ausdrücke werden automatisch zu {\ttfamily \uline{false}} ausgewertet, ohne dass wir extra darauf testen müssen. Dies betrifft:
\begin{myitemize}
\item{}  das \symbol{34}Nichts-{}Objekt\symbol{34} {\ttfamily \uline{None}}
\item{}  die Konstante {\ttfamily \uline{False}}
\item{}  die Nullwerte aller nummerischen Typen, also z.B. 0, 0L, 0.0, 0j
\item{}  den leeren String {\itshape }
\item{}  das leere Tupel ()
\item{}  die leere Liste {$\text{[}$}{$\text{]}$}
\item{}  das leere Dictionary \{\}
\item{}  die leeren Mengen set() und frozenset()
Entsprechend werden Variablen \symbol{34}mit Inhalt\symbol{34} zu {\ttfamily \uline{true}} ausgewertet.
\end{myitemize}
}
\section{if-{}elif-{}else}
\label{40}
Entscheidungen sind oft geprägt von mehreren Wahlmöglichkeiten, die man allesamt abfangen kann. Mit einer einfachen Fallunterscheidung wollen wir beginnen:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Bitte\ensuremath{\text{ }}geben\ensuremath{\text{ }}Sie\ensuremath{\text{ }}eine\ensuremath{\text{ }}Zahl\ensuremath{\text{ }}ein:"}\NormalTok{,}\newline
\NormalTok{a\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{(}\DataTypeTok{raw_input}\NormalTok{())}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{a\ensuremath{\text{ }}%\ensuremath{\text{ }}}\DecValTok{2}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"}\OtherTok{%d}\StringTok{\ensuremath{\text{ }}ist\ensuremath{\text{ }}gerade"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}a}\newline
\KeywordTok{else}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"}\OtherTok{%d}\StringTok{\ensuremath{\text{ }}ist\ensuremath{\text{ }}ungerade"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}a}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./iee1.py\newline Bitte$\text{ }${}geben$\text{ }${}Sie$\text{ }${}eine$\text{ }${}Zahl$\text{ }${}ein:$\text{ }${}\LaTeXTTUlineTemplate{12}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
12$\text{ }${}ist$\text{ }${}gerade}}
\\ \hline \end{tabular}

Das Schlüsselwort {\ttfamily \uline{else}} leitet den Codeblock ein, welcher Ausgeführt wird, wenn die Bedingung in der {\ttfamily \uline{if}}-{}Anweisung nicht zutrifft.

Wählt man nun aus vielen verschiedenen Dingen aus, wie bei einer Mahlzeit im Restaurant, kommt man mit dieser recht trivialen Fallunterscheidung nicht weiter, es sei denn, man schachtelt sie. Python bietet mit {\ttfamily \uline{elif}} eine weitere Möglichkeit an:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Menü\ensuremath{\text{ }}a\ensuremath{\text{ }}la\ensuremath{\text{ }}Carte:"}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"1\ensuremath{\text{ }}für\ensuremath{\text{ }}Suppe"}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"2\ensuremath{\text{ }}für\ensuremath{\text{ }}Hähnchenschnitzel\ensuremath{\text{ }}mit\ensuremath{\text{ }}Pommes"}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"3\ensuremath{\text{ }}Ich\ensuremath{\text{ }}möchte\ensuremath{\text{ }}nun\ensuremath{\text{ }}zahlen"}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Ihre\ensuremath{\text{ }}Auswahl>"}\NormalTok{,}\newline
\NormalTok{auswahl\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{(}\DataTypeTok{raw_input}\NormalTok{())}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{auswahl\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Bitte\ensuremath{\text{ }}sehr,\ensuremath{\text{ }}Ihre\ensuremath{\text{ }}Suppe"}\newline
\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{auswahl\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Hähnchenschnitzel\ensuremath{\text{ }}mit\ensuremath{\text{ }}Pommes...\ensuremath{\text{ }}bitte\ensuremath{\text{ }}sehr."}\newline
\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{auswahl\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Ihre\ensuremath{\text{ }}Rechnung\ensuremath{\text{ }}kommt\ensuremath{\text{ }}sofort"}\newline
\KeywordTok{else}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Das\ensuremath{\text{ }}ist\ensuremath{\text{ }}aber\ensuremath{\text{ }}keine\ensuremath{\text{ }}gute\ensuremath{\text{ }}Wahl!"}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./iee2.py\newline Menü$\text{ }${}a$\text{ }${}la$\text{ }${}Carte:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
1$\text{ }${}für$\text{ }${}Suppe$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
2$\text{ }${}für$\text{ }${}Hähnchenschnitzel$\text{ }${}mit$\text{ }${}Pommes$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
3$\text{ }${}Ich$\text{ }${}möchte$\text{ }${}nun$\text{ }${}zahlen$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Ihre$\text{ }${}Auswahl>{}$\text{ }${}\LaTeXTTUlineTemplate{2}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Hähnchenschnitzel$\text{ }${}mit$\text{ }${}Pommes...$\text{ }${}bitte$\text{ }${}sehr.}}
\\ \hline \end{tabular}

{\ttfamily \uline{elif}} ist die Kurzschreibweise von {\itshape else if}. Die angehängte {\ttfamily \uline{else}}-{}Anweisung wird nur dann ausgeführt, wenn keine vorherige Bedingung zutrifft.
\section{if -{}-{} ganz kurz}
\label{41}
Es gibt eine einzeilige Variante der {\itshape if-{}else}-{}Kontrollstruktur. Die Syntax ist gedacht für Fälle, in denen in beiden Entscheidungszweigen derselben Variablen etwas zugewiesen werden soll, wie folgt: 

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{a\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{22}\newline
\NormalTok{text\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{""}\newline
\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{a\ensuremath{\text{ }}%\ensuremath{\text{ }}}\DecValTok{2}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{text\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"gerade"}\newline
\KeywordTok{else}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{text\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"ungerade"}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{text}\newline
\end{Highlighting}
\end{Shaded}


Die Syntax der Kurzschreibweise\myfootnote{Diese Notation ist einzigartig und insbesondere verschieden von dem in der Programmiersprache \myfnhref{http://de.wikipedia.org/wiki/C_(Programmiersprache)}{ C} bekannten Bedingungsoperator, bei dem die Bedingung der Zuweisung vorhergeht:\TemplateSource{char*$\text{ }${}text$\text{ }${}=$\text{ }${}a$\text{ }${}\%$\text{ }${}2$\text{ }${}==$\text{ }${}0$\text{ }${}?$\text{ }${}\symbol{34}gerade\symbol{34}$\text{ }${}:$\text{ }${}\symbol{34}ungerade\symbol{34};}
} ist anders als gewohnt, die Abfrage wird so zusagen in der Mitte vorgenommen:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{a\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{22}\newline
\ensuremath{\text{ }}\newline
\NormalTok{text\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"gerade"}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{a\ensuremath{\text{ }}%\ensuremath{\text{ }}}\DecValTok{2}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}}\DecValTok{0}\ensuremath{\text{ }}\KeywordTok{else}\ensuremath{\text{ }}\StringTok{"ungerade"}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{text}\newline
\end{Highlighting}
\end{Shaded}




\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./ifkurz1.py\newline gerade}}
\\ \hline \end{tabular}

Der {\ttfamily \uline{else}}-{}Zweig darf hierbei nicht entfallen.

Nur am Rande: Ein weiterer Weg, einen Einzeiler draus zu machen, kann mit folgender Notation erreicht werden.

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{a\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{22}\newline
\ensuremath{\text{ }}\newline
\NormalTok{text\ensuremath{\text{ }}=\ensuremath{\text{ }}(}\StringTok{"gerade"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"ungerade"}\NormalTok{)[a\ensuremath{\text{ }}%\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{]}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{text}\newline
\end{Highlighting}
\end{Shaded}

\section{Vergleichsoperatoren in der Übersicht}
\label{42}
Die folgende Tabelle zeigt die von Python unterstützten Vergleichsoperatoren.

\begin{longtable}{|>{\RaggedRight}p{0.22143\linewidth}|>{\RaggedRight}p{0.22143\linewidth}|>{\RaggedRight}p{0.22143\linewidth}|>{\RaggedRight}p{0.22143\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Operator }&\hspace*{0pt}\ignorespaces{} Beschreibung &\hspace*{0pt}\ignorespaces{} Beispiel &\hspace*{0pt}\ignorespaces{} Beispielausgabe\endhead  \hline 
\hspace*{0pt}\ignorespaces{}== &\hspace*{0pt}\ignorespaces{} Testet auf Werte-{}Gleichheit &\hspace*{0pt}\ignorespaces{} \symbol{34}Hallo\symbol{34} == \symbol{34}Welt\symbol{34} &\hspace*{0pt}\ignorespaces{} False\\ \hline 
\hspace*{0pt}\ignorespaces{} != &\hspace*{0pt}\ignorespaces{} Testet auf Werte-{}Ungleichheit &\hspace*{0pt}\ignorespaces{} \symbol{34}Hallo\symbol{34} != \symbol{34}Welt\symbol{34} &\hspace*{0pt}\ignorespaces{} True\\ \hline 
\hspace*{0pt}\ignorespaces{} is &\hspace*{0pt}\ignorespaces{} Testet auf Objekt-{}Gleichheit &\hspace*{0pt}\ignorespaces{} type(\symbol{34}Hallo\symbol{34}) is str &\hspace*{0pt}\ignorespaces{} True\\ \hline 
\hspace*{0pt}\ignorespaces{} is not &\hspace*{0pt}\ignorespaces{} Testet auf Objekt-{}Ungleichheit &\hspace*{0pt}\ignorespaces{} type(\symbol{34}Hallo\symbol{34}) is not int &\hspace*{0pt}\ignorespaces{} True\\ \hline 
\hspace*{0pt}\ignorespaces{} <{} &\hspace*{0pt}\ignorespaces{} Testet auf kleineren Wert &\hspace*{0pt}\ignorespaces{} 4 <{} 4 &\hspace*{0pt}\ignorespaces{} False\\ \hline 
\hspace*{0pt}\ignorespaces{} <{}= &\hspace*{0pt}\ignorespaces{}Testet auf kleineren oder gleichen Wert &\hspace*{0pt}\ignorespaces{} 4 <{}= 4 &\hspace*{0pt}\ignorespaces{} True\\ \hline 
\hspace*{0pt}\ignorespaces{} >{} &\hspace*{0pt}\ignorespaces{} Testet auf größeren Wert &\hspace*{0pt}\ignorespaces{} \symbol{34}b\symbol{34} >{} \symbol{34}a\symbol{34} &\hspace*{0pt}\ignorespaces{} True\\ \hline 
\hspace*{0pt}\ignorespaces{} >{}= &\hspace*{0pt}\ignorespaces{}Testet auf größeren oder gleichen Wert &\hspace*{0pt}\ignorespaces{} 5.9 >{}= 6 &\hspace*{0pt}\ignorespaces{} False\\ \hline 
\end{longtable}


Diese Vergleichsoperatoren können Sie mit Hilfe der logischen Operatoren aus dem Kapitel \mylref{17}{Datentypen, Boolean} miteinander verknüpfen, um komplexere Ausdrücke zu formen.

Möchte man eine Variable darauf testen, ob sie innerhalb eines Intervalles liegt, kann man dies auf einfache Weise hinschreiben:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr\ensuremath{\text{ }}bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\NormalTok{x\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{4}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\DecValTok{10}\ensuremath{\text{ }}\NormalTok{>\ensuremath{\text{ }}x\ensuremath{\text{ }}>=\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"x\ensuremath{\text{ }}ist\ensuremath{\text{ }}kleiner\ensuremath{\text{ }}als\ensuremath{\text{ }}10\ensuremath{\text{ }}und\ensuremath{\text{ }}größer/gleich\ensuremath{\text{ }}2"}\newline
\end{Highlighting}
\end{Shaded}



\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./ifdoppelt.py\newline x$\text{ }${}ist$\text{ }${}kleiner$\text{ }${}als$\text{ }${}10$\text{ }${}und$\text{ }${}größer/gleich$\text{ }${}2}}
\\ \hline \end{tabular}


Diese Syntax ist eine Kurzschreibweise von {\ttfamily \uline{if$\text{ }${}x$\text{ }${}<{}$\text{ }${}10$\text{ }${}and$\text{ }${}x$\text{ }${}>{}=2}}.
\section{for-{}Schleife}
\label{43}
{\ttfamily \uline{for}}-{}Schleifen dienen dazu, einen Codeblock eine bestimmte Anzahl mal wiederholen zu lassen, wobei diese Anzahl zu beginn der Schleife feststeht. Hierbei wird über Sequenzen iteriert, es werden keine Variablen hochgezählt. Die Sequenz, über die iteriert wird, darf sich nicht zur Laufzeit ändern.

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{person\ensuremath{\text{ }}in\ensuremath{\text{ }}[}\StringTok{"Herr\ensuremath{\text{ }}Müller"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"Frau\ensuremath{\text{ }}Meier"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"Tina\ensuremath{\text{ }}Schulze"}\NormalTok{]:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{person,\ensuremath{\text{ }}}\StringTok{"lernt\ensuremath{\text{ }}Python!"}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./for1.py\newline Herr$\text{ }${}Müller$\text{ }${}lernt$\text{ }${}Python!$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Frau$\text{ }${}Meier$\text{ }${}lernt$\text{ }${}Python!$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Tina$\text{ }${}Schulze$\text{ }${}lernt$\text{ }${}Python!}}
\\ \hline \end{tabular}


Die Sequenz ist hier eine Liste, es könnte aber auch ein Tupel oder ein String sein. Manchmal möchte man einen Index mitlaufen lassen, der die Nummer eines Eintrages der Sequenz angibt. Dies ermöglicht uns die Funktion {\ttfamily \uline{enumerate()}}:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{nummer,\ensuremath{\text{ }}person\ensuremath{\text{ }}in\ensuremath{\text{ }}}\DataTypeTok{enumerate}\NormalTok{([}\StringTok{"Herr\ensuremath{\text{ }}Müller"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"Frau\ensuremath{\text{ }}Meier"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"Tina\ensuremath{\text{ }}Schulze"}\NormalTok{]):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"}\OtherTok{%s}\StringTok{\ensuremath{\text{ }}lernt\ensuremath{\text{ }}als\ensuremath{\text{ }}}\OtherTok{%d}\StringTok{.\ensuremath{\text{ }}Person\ensuremath{\text{ }}Python!"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}(person,\ensuremath{\text{ }}nummer\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./for2.py\newline Herr$\text{ }${}Müller$\text{ }${}lernt$\text{ }${}als$\text{ }${}1.$\text{ }${}Person$\text{ }${}Python!$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Frau$\text{ }${}Meier$\text{ }${}lernt$\text{ }${}als$\text{ }${}2.$\text{ }${}Person$\text{ }${}Python!$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Tina$\text{ }${}Schulze$\text{ }${}lernt$\text{ }${}als$\text{ }${}3.$\text{ }${}Person$\text{ }${}Python!}}
\\ \hline \end{tabular}


{\ttfamily \uline{enumerate()}} liefert den Index wie auch den Eintrag bei jedem Schleifendurchlauf. Da wir die Personen von 1 durchzählen wollen, der Index jedoch bei 0 beginnt, haben wir die Ausgabe etwas angepasst.

Selbstverständlich funktionieren Schleifen auch mit der schon bekannten Funktion {\ttfamily \uline{range()}}. Eine Variante dieser Funktion nennt sich {\ttfamily \uline{xrange(Von,$\text{ }${}Bis,$\text{ }${}Step)}}, wobei die Argumente {\ttfamily \uline{{\itshape Von}}} und {\ttfamily \uline{{\itshape Step}}} optional sind. Der Vorteil dieser Funktion liegt darin, dass ein solcher Wertebereich nicht als Liste im Speicher angelegt werden muss, Sie können also beliebig große Werte verwenden ohne Nachteile im Speicherverbrauch befürchten zu müssen:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{zahl\ensuremath{\text{ }}in\ensuremath{\text{ }}}\DataTypeTok{xrange}\NormalTok{(}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{10}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{zahl,\ensuremath{\text{ }}}\StringTok{"ist\ensuremath{\text{ }}eine\ensuremath{\text{ }}gerade\ensuremath{\text{ }}Zahl"}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./for3.py\newline 0$\text{ }${}ist$\text{ }${}eine$\text{ }${}gerade$\text{ }${}Zahl$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
2$\text{ }${}ist$\text{ }${}eine$\text{ }${}gerade$\text{ }${}Zahl$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
4$\text{ }${}ist$\text{ }${}eine$\text{ }${}gerade$\text{ }${}Zahl$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
6$\text{ }${}ist$\text{ }${}eine$\text{ }${}gerade$\text{ }${}Zahl$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
8$\text{ }${}ist$\text{ }${}eine$\text{ }${}gerade$\text{ }${}Zahl}}
\\ \hline \end{tabular}


Mit Hilfe der {\ttfamily \uline{for}}-{}Schleife und einem Dictionary kann man die Häufigkeit von Zeichen einer Eingabe ermitteln:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Texteingabe}\newline
\NormalTok{text\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{raw_input}\NormalTok{(}\StringTok{"Bitte\ensuremath{\text{ }}geben\ensuremath{\text{ }}Sie\ensuremath{\text{ }}einen\ensuremath{\text{ }}Text\ensuremath{\text{ }}ein:\ensuremath{\text{ }}"}\NormalTok{)}\newline
\NormalTok{ergebnis\ensuremath{\text{ }}=\ensuremath{\text{ }}\{\}}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Anzahl\ensuremath{\text{ }}der\ensuremath{\text{ }}jeweiligen\ensuremath{\text{ }}Zeichen\ensuremath{\text{ }}bestimmen}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{zeichen\ensuremath{\text{ }}in\ensuremath{\text{ }}text:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{ergebnis[zeichen]\ensuremath{\text{ }}=\ensuremath{\text{ }}ergebnis.get(zeichen,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{)\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Anzahl\ensuremath{\text{ }}der\ensuremath{\text{ }}Zeichen\ensuremath{\text{ }}insgesamt}\newline
\NormalTok{anzahl_zeichen\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{len}\NormalTok{(text)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Es\ensuremath{\text{ }}wurden"}\NormalTok{,\ensuremath{\text{ }}anzahl_zeichen,\ensuremath{\text{ }}}\StringTok{"Zeichen\ensuremath{\text{ }}eingegeben,\ensuremath{\text{ }}davon\ensuremath{\text{ }}sind"}\NormalTok{,}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Anzahl\ensuremath{\text{ }}verschiedener\ensuremath{\text{ }}Zeichen}\newline
\NormalTok{anzahl\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{len}\NormalTok{(ergebnis)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{anzahl,\ensuremath{\text{ }}}\StringTok{"verschieden."}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Statistik\ensuremath{\text{ }}der\ensuremath{\text{ }}Zeichen\ensuremath{\text{ }}ausdrucken}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{key\ensuremath{\text{ }}in\ensuremath{\text{ }}ergebnis.keys():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{haeufigkeit\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{float}\NormalTok{(ergebnis[key])\ensuremath{\text{ }}/\ensuremath{\text{ }}anzahl_zeichen\ensuremath{\text{ }}*\ensuremath{\text{ }}}\FloatTok{100.0}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Das\ensuremath{\text{ }}Zeichen\ensuremath{\text{ }}\textquotesingle{}}\OtherTok{%s}\StringTok{\textquotesingle{}\ensuremath{\text{ }}kam\ensuremath{\text{ }}}\OtherTok{%d}\StringTok{\ensuremath{\text{ }}mal\ensuremath{\text{ }}vor.\ensuremath{\text{ }}Häufigkeit:\ensuremath{\text{ }}}\OtherTok{%4.1f%%}\StringTok{"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}\textbackslash{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{(key,\ensuremath{\text{ }}ergebnis[key],\ensuremath{\text{ }}haeufigkeit)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./for4.py\newline Bitte$\text{ }${}geben$\text{ }${}Sie$\text{ }${}einen$\text{ }${}Text$\text{ }${}ein:$\text{ }${}\LaTeXTTUlineTemplate{Hallo, Welt}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Es$\text{ }${}wurden$\text{ }${}11$\text{ }${}Zeichen$\text{ }${}eingegeben,$\text{ }${}davon$\text{ }${}sind$\text{ }${}9$\text{ }${}verschieden.$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Das$\text{ }${}Zeichen$\text{ }${}\textquotesingle{}a\textquotesingle{}$\text{ }${}kam$\text{ }${}1$\text{ }${}mal$\text{ }${}vor.$\text{ }${}Häufigkeit:$\text{ }${}$\text{ }${}9.1\%$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Das$\text{ }${}Zeichen$\text{ }${}\textquotesingle{}$\text{ }${}\textquotesingle{}$\text{ }${}kam$\text{ }${}1$\text{ }${}mal$\text{ }${}vor.$\text{ }${}Häufigkeit:$\text{ }${}$\text{ }${}9.1\%$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Das$\text{ }${}Zeichen$\text{ }${}\textquotesingle{}e\textquotesingle{}$\text{ }${}kam$\text{ }${}1$\text{ }${}mal$\text{ }${}vor.$\text{ }${}Häufigkeit:$\text{ }${}$\text{ }${}9.1\%$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Das$\text{ }${}Zeichen$\text{ }${}\textquotesingle{}H\textquotesingle{}$\text{ }${}kam$\text{ }${}1$\text{ }${}mal$\text{ }${}vor.$\text{ }${}Häufigkeit:$\text{ }${}$\text{ }${}9.1\%$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Das$\text{ }${}Zeichen$\text{ }${}\textquotesingle{}l\textquotesingle{}$\text{ }${}kam$\text{ }${}3$\text{ }${}mal$\text{ }${}vor.$\text{ }${}Häufigkeit:$\text{ }${}27.3\%$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Das$\text{ }${}Zeichen$\text{ }${}\textquotesingle{}o\textquotesingle{}$\text{ }${}kam$\text{ }${}1$\text{ }${}mal$\text{ }${}vor.$\text{ }${}Häufigkeit:$\text{ }${}$\text{ }${}9.1\%$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Das$\text{ }${}Zeichen$\text{ }${}\textquotesingle{},\textquotesingle{}$\text{ }${}kam$\text{ }${}1$\text{ }${}mal$\text{ }${}vor.$\text{ }${}Häufigkeit:$\text{ }${}$\text{ }${}9.1\%$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Das$\text{ }${}Zeichen$\text{ }${}\textquotesingle{}t\textquotesingle{}$\text{ }${}kam$\text{ }${}1$\text{ }${}mal$\text{ }${}vor.$\text{ }${}Häufigkeit:$\text{ }${}$\text{ }${}9.1\%$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Das$\text{ }${}Zeichen$\text{ }${}\textquotesingle{}W\textquotesingle{}$\text{ }${}kam$\text{ }${}1$\text{ }${}mal$\text{ }${}vor.$\text{ }${}Häufigkeit:$\text{ }${}$\text{ }${}9.1\%}}
\\ \hline \end{tabular}


{\ttfamily \uline{{\itshape ergebnis}}} definieren wir als ein anfangs leeres Dictionary. Anschließend bestimmen wir, wie oft ein bestimmtes Zeichen eingegeben wurde. Hierzu bedienen wir uns der Methode {\ttfamily \uline{get()}}, welche uns entweder die bisherige Anzahl eines eingegebenen Zeichens ausgibt oder 0 als voreingestellten Wert, wenn das Zeichen bisher nicht vorkommt. Die Häufigkeit eines Zeichens ist die Anzahl eines bestimmtes Zeichens geteilt durch die Gesamtzahl der Zeichen. Die Formatierung der {\ttfamily \uline{print}}-{}Ausgabe ist hierbei noch ungewohnt. Die Formatanweisung {\ttfamily \uline{\%4.1f}} besagt, dass wir 4 Stellen der Zahl insgesamt ausgeben wollen, davon eine Nachkommastelle. Das doppelte Prozentzeichen hingegen bewirkt die Ausgabe eines einzelnen Prozentzeichens.
\section{while-{}Schleife}
\label{44}
Ist die Anzahl der Schleifendurchläufe nicht von vorneherein fest, so bietet sich eine {\ttfamily \uline{while}}-{}Schleife an. Mit dieser lässt sich das obige Restaurant-{}Beispiel so umschreiben, dass Gäste bestellen können, bis sie satt sind:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\NormalTok{satt\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{False}\newline
\NormalTok{rechnung\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{not\ensuremath{\text{ }}satt:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Menü\ensuremath{\text{ }}a\ensuremath{\text{ }}la\ensuremath{\text{ }}Carte:"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"1\ensuremath{\text{ }}für\ensuremath{\text{ }}Suppe\ensuremath{\text{ }}(2\ensuremath{\text{ }}Euro)"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"2\ensuremath{\text{ }}für\ensuremath{\text{ }}Hähnchenschnitzel\ensuremath{\text{ }}mit\ensuremath{\text{ }}Pommes\ensuremath{\text{ }}(4\ensuremath{\text{ }}Euro)"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"3\ensuremath{\text{ }}Ich\ensuremath{\text{ }}möchte\ensuremath{\text{ }}nun\ensuremath{\text{ }}Zahlen"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Ihre\ensuremath{\text{ }}Auswahl>"}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{auswahl\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{(}\DataTypeTok{raw_input}\NormalTok{())}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{auswahl\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Bitte\ensuremath{\text{ }}sehr,\ensuremath{\text{ }}Ihre\ensuremath{\text{ }}Suppe"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{rechnung\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\DecValTok{2}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{auswahl\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Hähnchenschnitzel\ensuremath{\text{ }}mit\ensuremath{\text{ }}Pommes...\ensuremath{\text{ }}bitte\ensuremath{\text{ }}sehr."}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{rechnung\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\DecValTok{4}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{auswahl\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Ihre\ensuremath{\text{ }}Rechnung\ensuremath{\text{ }}beträgt\ensuremath{\text{ }}}\OtherTok{%d}\StringTok{\ensuremath{\text{ }}Euro"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}rechnung}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{satt\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{True}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Das\ensuremath{\text{ }}ist\ensuremath{\text{ }}aber\ensuremath{\text{ }}keine\ensuremath{\text{ }}gute\ensuremath{\text{ }}Wahl!"}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./while1.py\newline Menü$\text{ }${}a$\text{ }${}la$\text{ }${}Carte:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
1$\text{ }${}für$\text{ }${}Suppe$\text{ }${}(2$\text{ }${}Euro)$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
2$\text{ }${}für$\text{ }${}Hähnchenschnitzel$\text{ }${}mit$\text{ }${}Pommes$\text{ }${}(4$\text{ }${}Euro)$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
3$\text{ }${}Ich$\text{ }${}möchte$\text{ }${}nun$\text{ }${}Zahlen$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Ihre$\text{ }${}Auswahl>{}$\text{ }${}\LaTeXTTUlineTemplate{1}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Bitte$\text{ }${}sehr,$\text{ }${}Ihre$\text{ }${}Suppe$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Menü$\text{ }${}a$\text{ }${}la$\text{ }${}Carte:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
1$\text{ }${}für$\text{ }${}Suppe$\text{ }${}(2$\text{ }${}Euro)$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
2$\text{ }${}für$\text{ }${}Hähnchenschnitzel$\text{ }${}mit$\text{ }${}Pommes$\text{ }${}(4$\text{ }${}Euro)$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
3$\text{ }${}Ich$\text{ }${}möchte$\text{ }${}nun$\text{ }${}Zahlen$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Ihre$\text{ }${}Auswahl>{}$\text{ }${}\LaTeXTTUlineTemplate{2}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Hähnchenschnitzel$\text{ }${}mit$\text{ }${}Pommes...$\text{ }${}bitte$\text{ }${}sehr.$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Menü$\text{ }${}a$\text{ }${}la$\text{ }${}Carte:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
1$\text{ }${}für$\text{ }${}Suppe$\text{ }${}(2$\text{ }${}Euro)$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
2$\text{ }${}für$\text{ }${}Hähnchenschnitzel$\text{ }${}mit$\text{ }${}Pommes$\text{ }${}(4$\text{ }${}Euro)$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
3$\text{ }${}Ich$\text{ }${}möchte$\text{ }${}nun$\text{ }${}Zahlen$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Ihre$\text{ }${}Auswahl>{}$\text{ }${}\LaTeXTTUlineTemplate{3}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Ihre$\text{ }${}Rechnung$\text{ }${}beträgt$\text{ }${}6$\text{ }${}Euro}}
\\ \hline \end{tabular}


Selbstverständlich können Sie den Schleifenkopf auf die gleiche Weise wie {\ttfamily \uline{if}}-{}Anweisungen mit Bedingungen bestücken. Wichtig ist nur, dass die Schleife läuft, so lange die Bedingung im Schleifenkopf zu {\ttfamily \uline{True}} ausgewertet wird.
\section{break und continue}
\label{45}
Die beiden Schlüsselwörter {\ttfamily \uline{break}} und {\ttfamily \uline{continue}} brechen Schleifen ab oder führen an den Schleifenkopf zurück. Sie werden üblicherweise bei sehr großen Schleifenkörpern eingesetzt, wenn an einer Stelle deutlich wird, dass die aktuelle Iteration entweder die letzte ist oder der Rest des Schleifenkörpers unnötig ist und übersprungen werden soll. Man kann jede Schleife, die diese Schlüsselwörter enthält auch so umformulieren, dass diese nicht benötigt werden, jedoch führt ihr maßvoller Einsatz oft zu einem übersichtlicheren Code.

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{while}\ensuremath{\text{ }}\OtherTok{True}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{antwort\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{raw_input}\NormalTok{(}\StringTok{"Soll\ensuremath{\text{ }}ich\ensuremath{\text{ }}fortfahren?\ensuremath{\text{ }}(J/N)\ensuremath{\text{ }}"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{antwort\ensuremath{\text{ }}in\ensuremath{\text{ }}(}\StringTok{\textquotesingle{}n\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}N\textquotesingle{}}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{break}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./break1.py\newline Soll$\text{ }${}ich$\text{ }${}fortfahren?$\text{ }${}(J/N)$\text{ }${}\LaTeXTTUlineTemplate{j}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Soll$\text{ }${}ich$\text{ }${}fortfahren?$\text{ }${}(J/N)$\text{ }${}\LaTeXTTUlineTemplate{j}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Soll$\text{ }${}ich$\text{ }${}fortfahren?$\text{ }${}(J/N)$\text{ }${}\LaTeXTTUlineTemplate{n}$\text{ }${}}}
\\ \hline \end{tabular}

Hier wird der Schleifenkörper mindestens einmal ausgeführt. Man spricht in diesem Zusammenhang von einer {\itshape nicht-{}abweisenden} Schleife, da die Abbruchbedingung am Schleifenende\myfootnote{In C/C++/Java ist dies analog zu einer {\itshape do...while(bedingung)}-{}Schleife} erfolgt. {\ttfamily \uline{break}} kann aber selbstverständlich auch an jeder anderen Stelle innerhalb des Schleifenkörpers stehen.


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{buchstabe,\ensuremath{\text{ }}zahl\ensuremath{\text{ }}in\ensuremath{\text{ }}[(}\StringTok{\textquotesingle{}a\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{),\ensuremath{\text{ }}(}\StringTok{\textquotesingle{}b\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{),\ensuremath{\text{ }}(}\DecValTok{3}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{),\ensuremath{\text{ }}(}\StringTok{\textquotesingle{}d\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{4}\NormalTok{)]:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\DataTypeTok{type}\NormalTok{(buchstabe)\ensuremath{\text{ }}is\ensuremath{\text{ }}not\ensuremath{\text{ }}}\DataTypeTok{str}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{continue}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Der\ensuremath{\text{ }}Buchstabe"}\NormalTok{,\ensuremath{\text{ }}buchstabe,\ensuremath{\text{ }}}\StringTok{"hat\ensuremath{\text{ }}den\ensuremath{\text{ }}Zahlenwert"}\NormalTok{,\ensuremath{\text{ }}zahl}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./continue1.py\newline Der$\text{ }${}Buchstabe$\text{ }${}a$\text{ }${}hat$\text{ }${}den$\text{ }${}Zahlenwert$\text{ }${}1$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Der$\text{ }${}Buchstabe$\text{ }${}b$\text{ }${}hat$\text{ }${}den$\text{ }${}Zahlenwert$\text{ }${}2$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Der$\text{ }${}Buchstabe$\text{ }${}d$\text{ }${}hat$\text{ }${}den$\text{ }${}Zahlenwert$\text{ }${}4}}
\\ \hline \end{tabular}

Das Tupel {\ttfamily \uline{(3,$\text{ }${}3)}} soll hier nicht ausgegeben werden. Der Vergleich auf Typengleichheit führt dazu, dass nur Zeichenketten und deren Werte ausgegeben werden. {\ttfamily \uline{continue}} führt hier wieder zurück an den Schleifenanfang, wenn das erste Tupelelement keine Zeichenkette ist.
\section{Schleifen-{}Else}
\label{46}
Schleifen können, wie Verzweigungen auch, ein {\ttfamily \uline{else}} enthalten. Dieses wird bei {\ttfamily \uline{for}}-{}Schleifen ausgeführt, wenn keine weiteren Iterationen mehr durchgeführt werden können, beispielsweise weil die zu iterierenden Liste abgearbeitet ist. Bei {\ttfamily \uline{while}}-{}Schleifen wird der {\ttfamily \uline{else}}-{}Block ausgeführt, wenn die Schleifenbedingung zu {\ttfamily \uline{False}} ausgewertet wird. {\ttfamily \uline{break}} führt bei Schleifen nicht(!) zu einem Übergang in den {\ttfamily \uline{else}}-{}Block. Folgendes Beispiel zeigt einen Einsatzzweck von {\ttfamily \uline{else}} bei einer \label{47}
-{}Schleife:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}user-UID-dict}\newline
\NormalTok{users\ensuremath{\text{ }}=\ensuremath{\text{ }}\{}\StringTok{\textquotesingle{}anne\textquotesingle{}}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}}\DecValTok{500}\NormalTok{,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}paul\textquotesingle{}}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}}\DecValTok{501}\NormalTok{,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}martina\textquotesingle{}}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}}\DecValTok{502}\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Sucht\ensuremath{\text{ }}nach\ensuremath{\text{ }}einem\ensuremath{\text{ }}Benutzernamen\ensuremath{\text{ }}zu\ensuremath{\text{ }}einer\ensuremath{\text{ }}angegebenen\ensuremath{\text{ }}UID."}\newline
\NormalTok{uid\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{(}\DataTypeTok{raw_input}\NormalTok{(}\StringTok{\textquotesingle{}Bitte\ensuremath{\text{ }}geben\ensuremath{\text{ }}Sie\ensuremath{\text{ }}die\ensuremath{\text{ }}UID\ensuremath{\text{ }}ein:\ensuremath{\text{ }}\textquotesingle{}}\NormalTok{))}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{name\ensuremath{\text{ }}in\ensuremath{\text{ }}users.keys():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{uid\ensuremath{\text{ }}==\ensuremath{\text{ }}users[name]:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Die\ensuremath{\text{ }}UID"}\NormalTok{,\ensuremath{\text{ }}uid,\ensuremath{\text{ }}}\StringTok{"gehört\ensuremath{\text{ }}zu\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}name}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{break}\newline
\KeywordTok{else}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Tut\ensuremath{\text{ }}mir\ensuremath{\text{ }}leid,\ensuremath{\text{ }}es\ensuremath{\text{ }}wurde\ensuremath{\text{ }}kein\ensuremath{\text{ }}passender\ensuremath{\text{ }}Benutzername\ensuremath{\text{ }}zu\ensuremath{\text{ }}dieser\ensuremath{\text{ }}UID}\newline
\StringTok{\ensuremath{\text{ }}gefunden."}\newline
\end{Highlighting}
\end{Shaded}



\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./forelse1.py\newline Sucht$\text{ }${}nach$\text{ }${}einem$\text{ }${}Benutzernamen$\text{ }${}zu$\text{ }${}einer$\text{ }${}angegebenen$\text{ }${}UID.$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Bitte$\text{ }${}geben$\text{ }${}Sie$\text{ }${}die$\text{ }${}UID$\text{ }${}ein:$\text{ }${}\LaTeXTTUlineTemplate{501}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Die$\text{ }${}UID$\text{ }${}501$\text{ }${}gehört$\text{ }${}zu$\text{ }${}$\text{ }${}paul$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{\itshape ...weiterer Aufruf...}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Bitte$\text{ }${}geben$\text{ }${}Sie$\text{ }${}die$\text{ }${}UID$\text{ }${}ein:$\text{ }${}\LaTeXTTUlineTemplate{1000}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Tut$\text{ }${}mir$\text{ }${}leid,$\text{ }${}es$\text{ }${}wurde$\text{ }${}kein$\text{ }${}passender$\text{ }${}Benutzername$\text{ }${}zu$\text{ }${}dieser$\text{ }${}UID$\text{ }${}gefunden.}}
\\ \hline \end{tabular}


Das Programm sucht nach einem User, dessen User-{}ID angegeben wurde. Findet es diesen, so gibt es den Namen aus. Falls es keinen Benutzer mit dieser User-{}Id gibt, so wird der {\ttfamily \uline{else}}-{}Block ausgeführt.

Das folgende Programm gibt den Hexdump einer Eingabe aus. Eine leere Eingabe beendet das Programm per {\ttfamily \uline{break}}, das Wort \LaTeXTTUlineTemplate{Ende} hingegen nutzt den {\ttfamily \uline{else}}-{}Teil der Schleife:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{eingabe\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{""}\newline
\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{eingabe\ensuremath{\text{ }}!=\ensuremath{\text{ }}}\StringTok{"Ende"}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{eingabe\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{raw_input}\NormalTok{(}\StringTok{"Geben\ensuremath{\text{ }}Sie\ensuremath{\text{ }}etwas\ensuremath{\text{ }}ein:\ensuremath{\text{ }}"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{eingabe\ensuremath{\text{ }}==\ensuremath{\text{ }}}\StringTok{""}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{break}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}in\ensuremath{\text{ }}eingabe:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\DataTypeTok{hex}\NormalTok{(}\DataTypeTok{ord}\NormalTok{(c)),}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\newline
\KeywordTok{else}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Das\ensuremath{\text{ }}war\ensuremath{\text{ }}es,\ensuremath{\text{ }}vielen\ensuremath{\text{ }}Dank"}\newline
\end{Highlighting}
\end{Shaded}



\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./whileelse1.py\newline Geben$\text{ }${}Sie$\text{ }${}etwas$\text{ }${}ein:$\text{ }${}\LaTeXTTUlineTemplate{Test}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
0x54$\text{ }${}0x65$\text{ }${}0x73$\text{ }${}0x74$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Geben$\text{ }${}Sie$\text{ }${}etwas$\text{ }${}ein:$\text{ }${}\LaTeXTTUlineTemplate{Ende}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
0x45$\text{ }${}0x6e$\text{ }${}0x64$\text{ }${}0x65$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Das$\text{ }${}war$\text{ }${}es,$\text{ }${}vielen$\text{ }${}Dank}}
\\ \hline \end{tabular}

\section{Try-{}Except}
\label{48}
Im Zusammenhang mit Konvertierungen ist es uns schon bei den ersten Programmen aufgefallen, daß mal etwas schief gehen kann. Der Nutzer eines Programmes soll eine Zahl eingeben, gibt aber stattdessen seinen Namen ein. Schon bricht Python die Verarbeitung ab:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{x\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{(}\DataTypeTok{raw_input}\NormalTok{(}\StringTok{"Bitte\ensuremath{\text{ }}geben\ensuremath{\text{ }}Sie\ensuremath{\text{ }}eine\ensuremath{\text{ }}Zahl\ensuremath{\text{ }}ein:\ensuremath{\text{ }}"}\NormalTok{))}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{x}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./except1.py\newline Bitte$\text{ }${}geben$\text{ }${}Sie$\text{ }${}eine$\text{ }${}Zahl$\text{ }${}ein:$\text{ }${}\LaTeXTTUlineTemplate{Zehn}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Traceback$\text{ }${}(most$\text{ }${}recent$\text{ }${}call$\text{ }${}last):$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{\mbox{$~$}}{\mbox{$~$}}File$\text{ }${}\symbol{34}./except1.py\symbol{34},$\text{ }${}line$\text{ }${}3,$\text{ }${}in$\text{ }${}<{}module>{}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{\mbox{$~$}}{\mbox{$~$}}{\mbox{$~$}}{\mbox{$~$}}x = int(raw_input(\symbol{34}Bitte geben Sie eine Zahl ein: \symbol{34}))$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
ValueError:$\text{ }${}invalid$\text{ }${}literal$\text{ }${}for$\text{ }${}int()$\text{ }${}with$\text{ }${}base$\text{ }${}10:$\text{ }${}\textquotesingle{}Zehn\textquotesingle{}}}
\\ \hline \end{tabular}

Python kennt hier eine Möglichkeit, einen Codeblock probeweise auszuführen und zu schauen, ob die Abarbeitung erfolgreich ist. Ist sie es nicht, wird eine so genannte {\bfseries Exception} ausgelöst, die Bearbeitung des Codeblockes wird abgebrochen und zu einer Stelle im Code gesprungen, die diesen Fehler abfängt:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{try}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{x\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{(}\DataTypeTok{raw_input}\NormalTok{(}\StringTok{"Bitte\ensuremath{\text{ }}geben\ensuremath{\text{ }}Sie\ensuremath{\text{ }}eine\ensuremath{\text{ }}Zahl\ensuremath{\text{ }}ein:\ensuremath{\text{ }}"}\NormalTok{))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{x}\newline
\KeywordTok{except}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Ein\ensuremath{\text{ }}Fehler\ensuremath{\text{ }}ist\ensuremath{\text{ }}aufgetreten,\ensuremath{\text{ }}macht\ensuremath{\text{ }}aber\ensuremath{\text{ }}nichts!"}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Hier\ensuremath{\text{ }}geht\ensuremath{\text{ }}es\ensuremath{\text{ }}weiter"}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./except2.py\newline Bitte$\text{ }${}geben$\text{ }${}Sie$\text{ }${}eine$\text{ }${}Zahl$\text{ }${}ein:$\text{ }${}\LaTeXTTUlineTemplate{Zehn}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Ein$\text{ }${}Fehler$\text{ }${}ist$\text{ }${}aufgetreten,$\text{ }${}macht$\text{ }${}aber$\text{ }${}nichts!$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Hier$\text{ }${}geht$\text{ }${}es$\text{ }${}weiter}}
\\ \hline \end{tabular}

Was immer nun der Nutzer eingibt, er bekommt auf jeden Fall eine Ausgabe. Die Anweisung, welche die Zahl ausgeben soll wird jedoch nur ausgeführt, wenn die Konvertierung erfolgreich war. War sie es nicht, wird der Codeblock unterhalb von {\ttfamily \uline{except}} abgearbeitet. In jedem Fall wird die letzte {\ttfamily \uline{print}}-{}Anweisung ausgeführt. 

Wird statt einer Zahl ein Buchstabe versuchsweise konvertiert, gibt es einen so genannten {\ttfamily \uline{{\itshape ValueError}}}, den Sie gesehen haben, als Sie das erste Beispiel dieses Abschnitts mit Buchstabendaten ausgeführt haben. einige der Exceptions kann man gezielt abfangen, wie folgendes Beispiel demonstriert:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{try}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{x\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{(}\DataTypeTok{raw_input}\NormalTok{(}\StringTok{"Bitte\ensuremath{\text{ }}geben\ensuremath{\text{ }}Sie\ensuremath{\text{ }}eine\ensuremath{\text{ }}Zahl\ensuremath{\text{ }}ein:\ensuremath{\text{ }}"}\NormalTok{))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{x}\newline
\KeywordTok{except}\ensuremath{\text{ }}\OtherTok{ValueError}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Das\ensuremath{\text{ }}war\ensuremath{\text{ }}keine\ensuremath{\text{ }}Zahl!"}\newline
\KeywordTok{except}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Irgendein\ensuremath{\text{ }}anderer\ensuremath{\text{ }}Fehler"}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./except3.py\newline Bitte$\text{ }${}geben$\text{ }${}Sie$\text{ }${}eine$\text{ }${}Zahl$\text{ }${}ein:$\text{ }${}\LaTeXTTUlineTemplate{Zehn}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Das$\text{ }${}war$\text{ }${}keine$\text{ }${}Zahl!}}
\\ \hline \end{tabular}

Geben Sie nun eine Buchstabenfolge ein, wird der Block unterhalb {\ttfamily \uline{except$\text{ }${}ValueError}} ausgeführt. Um einen anderen Fehler zu provozieren, geben Sie \LaTeXTTUlineTemplate{STRG+C} ein, es wird dann der Block ausgeführt, der die allgemeine Exception bearbeitet.
\section{Try-{}Finally}
\label{49}
Für manche schweren Fehler reicht {\ttfamily \uline{except}} nicht aus, das Programm muss abgebrochen werden. In diesem Fall ermöglicht uns {\ttfamily \uline{finally}}, noch letzte Aufräumarbeiten durchzuführen, wie zum Beispiel eine Datei zu schließen oder schlicht einen Grund für das Scheitern anzugeben:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{try}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{x\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{1}\ensuremath{\text{ }}\NormalTok{/\ensuremath{\text{ }}}\DecValTok{0}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{x}\newline
\KeywordTok{finally}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Oh,\ensuremath{\text{ }}eine\ensuremath{\text{ }}Division\ensuremath{\text{ }}durch\ensuremath{\text{ }}Null!\ensuremath{\text{ }}Ich\ensuremath{\text{ }}räume\ensuremath{\text{ }}noch\ensuremath{\text{ }}eben\ensuremath{\text{ }}auf..."}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Hierhin\ensuremath{\text{ }}komme\ensuremath{\text{ }}ich\ensuremath{\text{ }}nicht\ensuremath{\text{ }}mehr!"}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./finally1.py\newline Oh,$\text{ }${}eine$\text{ }${}Division$\text{ }${}durch$\text{ }${}Null!$\text{ }${}Ich$\text{ }${}räume$\text{ }${}noch$\text{ }${}eben$\text{ }${}auf...$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Traceback$\text{ }${}(most$\text{ }${}recent$\text{ }${}call$\text{ }${}last):$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{\mbox{$~$}}{\mbox{$~$}}File \symbol{34}./finally1.py\symbol{34}, line 5, in <{}module>{}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{\mbox{$~$}}{\mbox{$~$}}{\mbox{$~$}}{\mbox{$~$}}x = 1 / 0$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
ZeroDivisionError:$\text{ }${}integer$\text{ }${}division$\text{ }${}or$\text{ }${}modulo$\text{ }${}by$\text{ }${}zero}}
\\ \hline \end{tabular}


Die letzte Zeile des Codes wird nie erreicht. Nach der Division durch Null wird eine Exception geworfen, die Meldung ausgegeben und der Programmlauf abgebrochen. {\ttfamily \uline{finally}} wird immer ausgeführt, auch dann, wenn kein Fehler auftrat. Darauf können wir uns verlassen. Seit Python 2.5 kann man {\ttfamily \uline{try}}-{}{\ttfamily \uline{except}} und {\ttfamily \uline{try}}-{}{\ttfamily \uline{finally}} gemeinsam verwenden, wie folgendes Beispiel zeigt:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Berechnet\ensuremath{\text{ }}die\ensuremath{\text{ }}Zahl\ensuremath{\text{ }}1/x\ensuremath{\text{ }}"}\newline
\NormalTok{wert\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\newline
\KeywordTok{try}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{x\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{raw_input}\NormalTok{(}\StringTok{"Geben\ensuremath{\text{ }}Sie\ensuremath{\text{ }}eine\ensuremath{\text{ }}Zahl\ensuremath{\text{ }}ein:\ensuremath{\text{ }}"}\NormalTok{);}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{wert\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{1.0}\ensuremath{\text{ }}\NormalTok{/\ensuremath{\text{ }}}\DataTypeTok{float}\NormalTok{(x)}\newline
\KeywordTok{except}\ensuremath{\text{ }}\OtherTok{ValueError}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Fehler:\ensuremath{\text{ }}Das\ensuremath{\text{ }}war\ensuremath{\text{ }}keine\ensuremath{\text{ }}Zahl"}\newline
\KeywordTok{except}\ensuremath{\text{ }}\OtherTok{KeyboardInterrupt}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Fehler:\ensuremath{\text{ }}Steuerung-C\ensuremath{\text{ }}gedrückt"}\newline
\KeywordTok{finally}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Danke\ensuremath{\text{ }}für\ensuremath{\text{ }}die\ensuremath{\text{ }}Zahl"}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{wert}\newline
\end{Highlighting}
\end{Shaded}


Hier können Sie Fehler produzieren, in dem Sie \LaTeXTTUlineTemplate{STRG+C}, Buchstaben oder \LaTeXTTUlineTemplate{0} eingeben. In jedem Fall wird der Programmteil ab {\ttfamily \uline{finally}} ausgeführt.
\section{Assert}
\label{50}
Mit {\ttfamily \uline{assert(Bedingung)}} machen Sie Zusicherungen, die im weiteren Verlauf des Programmes gelten. Sollten diese Zusicherungen nicht erfüllt sein, die Bedingung also zu {\ttfamily \uline{False}} ausgewertet werden, wird eine Exception geworfen und das Programm bricht ab, wie folgendes Beispiel zeigt:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\NormalTok{text\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{raw_input}\NormalTok{(}\StringTok{"Bitte\ensuremath{\text{ }}geben\ensuremath{\text{ }}Sie\ensuremath{\text{ }}Text\ensuremath{\text{ }}ein:\ensuremath{\text{ }}"}\NormalTok{)}\newline
\KeywordTok{assert}\NormalTok{(text\ensuremath{\text{ }}!=\ensuremath{\text{ }}}\StringTok{""}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{text}\newline
\end{Highlighting}
\end{Shaded}


Wenn Sie beim Programmlauf keine Eingabe machen, sondern nur mit \LaTeXTTUlineTemplate{Return} bestätigen, erhalten Sie folgende Ausgabe:

\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./assert1.py\newline Bitte$\text{ }${}geben$\text{ }${}Sie$\text{ }${}Text$\text{ }${}ein:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Traceback$\text{ }${}(most$\text{ }${}recent$\text{ }${}call$\text{ }${}last):$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{\mbox{$~$}}{\mbox{$~$}}File$\text{ }${}\symbol{34}./a.py\symbol{34},$\text{ }${}line$\text{ }${}5,$\text{ }${}in$\text{ }${}{\mbox{$<$}}module{\mbox{$>$}}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{\mbox{$~$}}{\mbox{$~$}}{\mbox{$~$}}{\mbox{$~$}}assert(text$\text{ }${}!=$\text{ }${}\symbol{34}\symbol{34})$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
AssertionError}}
\\ \hline \end{tabular}

Hier wird eine Exception geworfen, das Programm bricht ab. Solche Zusicherungen baut man überall dort in Programme ein, wo es unsinnig wäre, ohne diese Zusicherung fortzufahren.
\section{Zusammenfassung}
\label{51}
In diesem Kapitel haben Sie gelernt, wie Sie den Ablauf von Programmen steuern und beeinflussen können. Steuerungsmöglichkeiten sind das Verzweigen und wiederholte Ausführen von Programmteilen. Ebenfalls können Sie nun Fehler abfangen und notwendige Arbeiten kurz vor dem unvermeidlichen Ende ihres Programmes durchführen lassen.
\section{Anmerkungen}
\label{52}




\chapter{Funktionen}

\myminitoc
\label{53}





\label{54}
Funktionen gliedern den Programmtext, gestalten den Code übersichtlich und ersparen dem Programmierer wertvolle Entwicklungszeit. Ebenfalls sind sie eine sehr gute Schnittstelle, um im Team gemeinsam an Aufgaben zu arbeiten.
\section{Funktionen}
\label{55}
Funktionen werden wie folgt definiert und aufgerufen:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{HalloWelt():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Hallo,\ensuremath{\text{ }}Welt!"}\newline
\ensuremath{\text{ }}\newline
\NormalTok{HalloWelt()}\newline
\NormalTok{HalloWelt()}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./funk1.py\newline Hallo,$\text{ }${}Welt!$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Hallo,$\text{ }${}Welt!}}
\\ \hline \end{tabular}

Dem Schlüsselwort {\ttfamily \uline{def}} folgt der Funktionsname. Die Anweisungen der Funktion folgt als Block. Funktionen können Parameter haben und diese nutzen:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{HalloWelt(anzahl):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{anzahl\ensuremath{\text{ }}>\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{i\ensuremath{\text{ }}in\ensuremath{\text{ }}}\DataTypeTok{xrange}\NormalTok{(}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}anzahl):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Hallo,\ensuremath{\text{ }}Welt!"}\newline
\ensuremath{\text{ }}\newline
\NormalTok{HalloWelt(}\DecValTok{3}\NormalTok{)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./funk2.py\newline Hallo,$\text{ }${}Welt!$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Hallo,$\text{ }${}Welt!$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Hallo,$\text{ }${}Welt!}}
\\ \hline \end{tabular}

Eine der Aufgaben von Funktionen ist es, Werte zurückzuliefern, wobei jeder Typ zurückgegeben werden kann. Wir beschränken uns in den Beispielen auf Zahlen:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{summe(a,\ensuremath{\text{ }}b,\ensuremath{\text{ }}c):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{wert\ensuremath{\text{ }}=\ensuremath{\text{ }}a\ensuremath{\text{ }}+\ensuremath{\text{ }}b\ensuremath{\text{ }}+\ensuremath{\text{ }}c}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{wert}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{summe(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{7}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./funk3.py\newline 11}}
\\ \hline \end{tabular}

Etwas nützlicher ist das folgende Beispiel, welches eine Funktion implementiert, die aus jedem übergebenen String die Buchstabensumme bildet, wobei ein {\itshape A} für 1 steht, {\itshape B} für 2 und so fort. Die Summe dieser Buchstabenwerte wird von folgendem Programm ermittelt, wobei nur die Buchstaben {\itshape A-{}Z} gezählt werden:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{StringWert(s):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{s\ensuremath{\text{ }}=\ensuremath{\text{ }}s.upper()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{summe\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{zeichen\ensuremath{\text{ }}in\ensuremath{\text{ }}s:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{wert\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{ord}\NormalTok{(zeichen)\ensuremath{\text{ }}-\ensuremath{\text{ }}}\DataTypeTok{ord}\NormalTok{(}\StringTok{\textquotesingle{}A\textquotesingle{}}\NormalTok{)\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{wert\ensuremath{\text{ }}>\ensuremath{\text{ }}}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{and\ensuremath{\text{ }}wert\ensuremath{\text{ }}<=\ensuremath{\text{ }}}\DecValTok{26}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{summe\ensuremath{\text{ }}+=\ensuremath{\text{ }}wert}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{summe}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{StringWert(}\StringTok{"ABBA"}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{StringWert(}\StringTok{"Hallo,\ensuremath{\text{ }}Welt!"}\NormalTok{)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./funk4.py\newline 6$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
108}}
\\ \hline \end{tabular}

Die Methode {\ttfamily \uline{upper()}} kennen Sie schon, sie liefert einen String zurück, welcher nur aus Großbuchstaben besteht. Über diesen String wird iteriert. Mit {\ttfamily \uline{ord()}} erhalten wir einen Zahlenwert für den aktuellen Buchstaben. Von diesem Zahlenwert ziehen wir den Zahlenwert des ersten Buchstabens ({\itshape A}) ab, und da wir nicht von 0, sondern von 1 beginnen wollen, müssen wir zur Werteberechnung noch 1 hinzu addieren.

Funktionen kann man auch ineinander schachteln, wie folgendes Beispiel zeigt:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{Hypothenuse(Kathete1,\ensuremath{\text{ }}Kathete2):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{Quadriere(x):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{x\ensuremath{\text{ }}*\ensuremath{\text{ }}x}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{Summiere(a,\ensuremath{\text{ }}b):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{a\ensuremath{\text{ }}+\ensuremath{\text{ }}b}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Hyp\ensuremath{\text{ }}=\ensuremath{\text{ }}Summiere(Quadriere(Kathete1),\ensuremath{\text{ }}Quadriere(Kathete2))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Hyp}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Das\ensuremath{\text{ }}Hypothenusenquadrat\ensuremath{\text{ }}lautet:"}\NormalTok{,\ensuremath{\text{ }}Hypothenuse(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./funk5.py\newline Das$\text{ }${}Hypothenusenquadrat$\text{ }${}lautet:$\text{ }${}5}}
\\ \hline \end{tabular}

Außerhalb der Funktion {\ttfamily \uline{Hypothenuse()}} sind die Funktionen {\ttfamily \uline{Quadriere()}} und {\ttfamily \uline{Summiere()}} unbekannt.
\section{Funktionsdokumentation}
\label{56}
Funktionen können und sollten dokumentiert werden. Schreibt man mit passender Einrückung einen {\bfseries Doc-{}String}, also einen anonymen mehrzeiligen String, in die Funktion, so kann man an anderer Stelle auf ihn Bezug nehmen. Es werden für jedes angelegte Objekt einige Zusatzinformationen generiert und abgespeichert.

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{Collatz(parm):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{"""Bestimmt\ensuremath{\text{ }}das\ensuremath{\text{ }}nächste\ensuremath{\text{ }}Collatz-Folgeelement\ensuremath{\text{ }}vom\ensuremath{\text{ }}Parameter\ensuremath{\text{ }}parm.}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}Das\ensuremath{\text{ }}nächste\ensuremath{\text{ }}Folgeelement\ensuremath{\text{ }}ist\ensuremath{\text{ }}3*parm\ensuremath{\text{ }}+\ensuremath{\text{ }}1,\ensuremath{\text{ }}wenn\ensuremath{\text{ }}parm\ensuremath{\text{ }}ungerade\ensuremath{\text{ }}ist,}\newline
\CommentTok{\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}sonst\ensuremath{\text{ }}parm/2\ensuremath{\text{ }}"""}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{parm\ensuremath{\text{ }}%\ensuremath{\text{ }}}\DecValTok{2}\ensuremath{\text{ }}\NormalTok{!=\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\DecValTok{3}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}parm\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{parm\ensuremath{\text{ }}/\ensuremath{\text{ }}}\DecValTok{2}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{Collatz.__doc__}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./fdoc1.py\newline Bestimmt$\text{ }${}das$\text{ }${}nächste$\text{ }${}Collatz-{}Folgeelement$\text{ }${}vom$\text{ }${}Parameter$\text{ }${}parm.$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{\mbox{$~$}}{\mbox{$~$}}Das$\text{ }${}nächste$\text{ }${}Folgeelement$\text{ }${}ist$\text{ }${}3*parm$\text{ }${}+$\text{ }${}1,$\text{ }${}wenn$\text{ }${}parm$\text{ }${}ungerade$\text{ }${}ist,$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{\mbox{$~$}}{\mbox{$~$}}sonst$\text{ }${}parm/2}}
\\ \hline \end{tabular}

Mit {\ttfamily \uline{__doc__}} wird auf eine automatisch erstellte und belegte Variable zugegriffen. Diese Variable wird erzeugt, wenn die Funktion angelegt wird. Falls keine Dokumentation angegeben wurde, enthält {\ttfamily \uline{__doc__}} einen leeren String.
\section{Parameter}
\label{57}
Nachdem wir nun die Grundlagen der Funktionen behandet haben, wollen wir uns detailliert mit Parametern beschäftigen. 

Parameter kann man mit Werten vorbelegen:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{HalloWelt(anzahl\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{anzahl\ensuremath{\text{ }}>\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{i\ensuremath{\text{ }}in\ensuremath{\text{ }}}\DataTypeTok{xrange}\NormalTok{(}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}anzahl):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Hallo,\ensuremath{\text{ }}Welt!"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\NormalTok{HalloWelt(}\DecValTok{1}\NormalTok{)}\newline
\NormalTok{HalloWelt()}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./param1.py\newline {\mbox{$~$}}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Hallo,$\text{ }${}Welt!$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{\mbox{$~$}}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Hallo,$\text{ }${}Welt!$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Hallo,$\text{ }${}Welt!$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Hallo,$\text{ }${}Welt!}}
\\ \hline \end{tabular}


Man gibt hierbei in der Parameterliste einen voreingestellten Wert an, den man beim Funktionsaufruf auch überschreiben kann. Hat man mehrere Parameter, kann man einzelne von ihnen vorbelegen und im konkreten Aufruf auch vertauschen:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{summe(a\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{,\ensuremath{\text{ }}b\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{a\ensuremath{\text{ }}+\ensuremath{\text{ }}b}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{summe()}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{summe(a\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{4}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{summe(b\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{4}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{summe(b\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}a\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./param2.py\newline 5$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
6$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
7$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
3}}
\\ \hline \end{tabular}

\section{Variable Parameter}
\label{58}
Gerade bei Funktionen wie der Summenberechnung ist es praktisch, eine variable Anzahl an Parametern zu haben. Dadurch werden recht praktische Funktionen möglich, und das schreiben neuer Funktionen für jede Anzahl an Parametern entfällt:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{summe(*}\DataTypeTok{list}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{s\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{element\ensuremath{\text{ }}in\ensuremath{\text{ }}}\DataTypeTok{list}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{s\ensuremath{\text{ }}=\ensuremath{\text{ }}s\ensuremath{\text{ }}+\ensuremath{\text{ }}element}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{s}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{summe()}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{summe(}\DecValTok{1}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{summe(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{4}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{6}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{7}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{8}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{9}\NormalTok{)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./varparam1.py\newline 0$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
1$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
45}}
\\ \hline \end{tabular}

Der Parameter {\ttfamily \uline{{\itshape *list}}} ist hierbei ein Tupel, das abhängig von der Anzahl der im Aufruf erfolgten Argumente entweder leer ({\ttfamily \uline{{\itshape ()}}}) ist, oder die Argumente {\ttfamily \uline{{\itshape (1)}}} und {\ttfamily \uline{{\itshape (1, 2, 3, 4, 5, 6, 7, 8, 9)}}} enthält. Anschließend brauchen wir zur Summenberechnung nur noch über dieses Tupel zu
iterieren. 

Neben der Tupel-{}Form variabler Argumente gibt es noch die Dictionary-{}Form:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{ZeigeListe(**liste):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{liste}\newline
\ensuremath{\text{ }}\newline
\NormalTok{ZeigeListe(a1\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}a2\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}a3\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{)}\newline
\NormalTok{ZeigeListe(Name\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"Schmitz"}\NormalTok{,\ensuremath{\text{ }}Vorname\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"Elke"}\NormalTok{,\ensuremath{\text{ }}Postleitzahl\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{44444}\NormalTok{)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./varparam2.py\newline \{\textquotesingle{}a1\textquotesingle{}:$\text{ }${}1,$\text{ }${}\textquotesingle{}a3\textquotesingle{}:$\text{ }${}3,$\text{ }${}\textquotesingle{}a2\textquotesingle{}:$\text{ }${}2\}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
\{\textquotesingle{}Name\textquotesingle{}:$\text{ }${}\textquotesingle{}Schmitz\textquotesingle{},$\text{ }${}\textquotesingle{}Vorname\textquotesingle{}:$\text{ }${}\textquotesingle{}Elke\textquotesingle{},$\text{ }${}\textquotesingle{}Postleitzahl\textquotesingle{}:$\text{ }${}44444\}$\text{ }${}}}
\\ \hline \end{tabular}


Hier wird lediglich ein Dictionary aufgebaut, welches jeweils aus dem Argumentenwort und -{}wert besteht.
\section{Globale und lokale Variablen}
\label{59}
Haben funktionslokale Variablen den gleichen Namen wie Variablen, die außerhalb der Funktion definiert wurden, so werden globalere Variablenwerte weder lesend noch schreibend beim Zugriff berührt:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{wert\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{42}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{wert}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{wertetest():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{wert\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{12}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{wert}\newline
\ensuremath{\text{ }}\newline
\NormalTok{wertetest()}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{wert}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./global1.py\newline 42$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
12$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
42}}
\\ \hline \end{tabular}

Neue Variablen werden so lokal es geht erzeugt. Hat eine neue Variable innerhalb einer Funktion den gleichen Namen wie eine andere Variable außerhalb, so wird nur die innere Variable genutzt. 

Möchte man es anders haben, muss man explizit den Zugriff auf die globale Variable anfordern:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{wert\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{42}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{wert}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{wertetest():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{global}\ensuremath{\text{ }}\NormalTok{wert}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{wert\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{12}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{wert}\newline
\ensuremath{\text{ }}\newline
\NormalTok{wertetest()}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{wert}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./global2.py\newline 42$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
12$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
12}}
\\ \hline \end{tabular}

Das Schlüsselwort {\ttfamily \uline{global}} sorgt hier für den Zugriff auf die außerhalb der Funktion definierte globale Variable. Bitte beachten Sie, dass Zugriffe auf globale Variablen die Lesbarkeit des Codes vermindern.
\section{Funktionen auf Wertemengen}
\label{60}
Hat man eine Funktion geschrieben, die ein einzelnes Argument verarbeitet und möchte diese Funktion nun auf eine ganze Liste von Werten anwenden, so bietet sich die Funktion {\ttfamily \uline{map}} an. Diese nimmt ein Funktionsargument wie auch eine Liste auf, wendet die Funktion auf jedes Element dieser Liste an und gibt eine Liste als Ergebnis zurück. Folgendes Beispiel verdeutlicht dies:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{quadriere(x):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{x\ensuremath{\text{ }}*\ensuremath{\text{ }}x}\newline
\ensuremath{\text{ }}\newline
\NormalTok{quadratzahlen\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{map}\NormalTok{(quadriere,\ensuremath{\text{ }}[}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{4}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{6}\NormalTok{])}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{quadratzahlen}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./map1.py\newline {$\text{[}$}1,$\text{ }${}4,$\text{ }${}9,$\text{ }${}16,$\text{ }${}25,$\text{ }${}36{$\text{]}$}}}
\\ \hline \end{tabular}

Die Funktion {\ttfamily \uline{{\itshape quadriere()}}} berechnet für jedes Element der Liste von 1 bis 6 die Quadratzahl und gibt eine Liste mit Quadratzahlen zurück. Selbstverständlich kann dieses konkrete Problem auch mit Hilfe einer {\ttfamily \uline{for}}-{}Schleife gelöst werden, was man benutzt ist meist mehr eine Geschmacksfrage.
\section{lambda}
\label{61}
Eine mit {\ttfamily \uline{lambda}} erzeugte Funktion ist anonym, sie hat keinen Namen und wird nur in einem bestimmten Kontext genutzt, wie zum Beispiel mit {\ttfamily \uline{map}}:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{quadratzahlen\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{map}\NormalTok{(}\KeywordTok{lambda}\ensuremath{\text{ }}\NormalTok{x:\ensuremath{\text{ }}x\ensuremath{\text{ }}*\ensuremath{\text{ }}x,\ensuremath{\text{ }}[}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{4}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{6}\NormalTok{])}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{quadratzahlen}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./lambda1.py\newline {$\text{[}$}1,$\text{ }${}4,$\text{ }${}9,$\text{ }${}16,$\text{ }${}25,$\text{ }${}36{$\text{]}$}}}
\\ \hline \end{tabular}

Nach dem Schlüsselwort {\ttfamily \uline{lambda}} folgt bis zum Doppelpunkt eine durch Kommata getrennte Aufzählung von Argumenten, hinter dem Doppelpunkt beginnt die Anweisung. {\ttfamily \uline{lambda}}-{}Funktionen lassen sich auch nutzen, um während des Programmlaufes neue Funktionen zu erzeugen. Das folgende Beispiel demonstriert, wie eine Quadrat-{} und eine Wurzelfunktion neu erzeugt werden:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{Exponential(z):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\KeywordTok{lambda}\ensuremath{\text{ }}\NormalTok{x:\ensuremath{\text{ }}x**z}\newline
\ensuremath{\text{ }}\newline
\NormalTok{quadriere\ensuremath{\text{ }}=\ensuremath{\text{ }}Exponential(}\DecValTok{2}\NormalTok{)}\newline
\NormalTok{wurzel\ensuremath{\text{ }}=\ensuremath{\text{ }}Exponential(}\FloatTok{0.5}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\NormalTok{a\ensuremath{\text{ }}=\ensuremath{\text{ }}quadriere(}\DecValTok{2}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{a}\newline
\NormalTok{b\ensuremath{\text{ }}=\ensuremath{\text{ }}wurzel(a)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{b}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./lambda2.py\newline 4$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
2.0}}
\\ \hline \end{tabular}


Die Funktion {\ttfamily \uline{{\itshape Exponential()}}} erwartet ein Argument, mit dem die {\ttfamily \uline{lambda}}-{}Funktion erzeugt wird. Die Funktion gibt nicht etwa den Wert dieser neuen Funktion zurück, sondern die neue Funktion selbst. So erzeugt {\ttfamily \uline{{\itshape quadriere = Exponential(2)}}} eine neue Quadratfunktion, die man auch sogleich anwenden kann.
\section{Listen erzeugen sich selbst}
\label{62}
Wo wir gerade dabei waren, mit {\ttfamily \uline{map()}} Listen zu erzeugen, wird vielleicht auch folgende Syntax\myfootnote{Diese Syntax nennt man \symbol{34} {\bfseries List Comprehension} \symbol{34}} etwas für Sie sein. Lehnen Sie sich zurück und genießen Sie die unglaubliche Vorstellung, wie eine Liste sich selbst erzeugt:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{liste\ensuremath{\text{ }}=\ensuremath{\text{ }}[x\ensuremath{\text{ }}*\ensuremath{\text{ }}x\ensuremath{\text{ }}}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{x\ensuremath{\text{ }}in\ensuremath{\text{ }}}\DataTypeTok{xrange}\NormalTok{(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{10}\NormalTok{)]}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{liste}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./comprehension1.py\newline {$\text{[}$}1,$\text{ }${}4,$\text{ }${}9,$\text{ }${}16,$\text{ }${}25,$\text{ }${}36,$\text{ }${}49,$\text{ }${}64,$\text{ }${}81{$\text{]}$}}}
\\ \hline \end{tabular}

Diese Liste wird aufgebaut, indem alle Werte, die {\ttfamily \uline{xrange()}} liefert, quadriert werden. Wir haben es hier also wieder mit einer Liste von Quadratzahlen zu tun. Anders als bei der {\ttfamily \uline{for}}-{}Schleife steht hier der Funktionskörper vor dem Schleifeniterator.
Diese Code ist aber noch nicht alles, was wir Ihnen bieten können:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{liste\ensuremath{\text{ }}=\ensuremath{\text{ }}[x\ensuremath{\text{ }}*\ensuremath{\text{ }}x\ensuremath{\text{ }}}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{x\ensuremath{\text{ }}in\ensuremath{\text{ }}}\DataTypeTok{xrange}\NormalTok{(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{10}\NormalTok{)\ensuremath{\text{ }}}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{x\ensuremath{\text{ }}%\ensuremath{\text{ }}}\DecValTok{2}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{]}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{liste}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./comprehension2.py\newline {$\text{[}$}4,$\text{ }${}16,$\text{ }${}36,$\text{ }${}64{$\text{]}$}}}
\\ \hline \end{tabular}

Nun haben wir es mit einer Liste von Quadratzahlen zu tun, die aus der Menge der geraden Zahlen gebildet wurden. Das in der Liste nachgestellte {\ttfamily \uline{if}} sorgt hier für eine Auswahl der Werte, die in die Vorschrift zur Listenbildung übernommen werden.

Um alle 3er-{}Tupel einer Liste auszugeben, also alle Kombinationen einer 3-{}Elementigen Liste aufzuzählen, dient folgendes Programm:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Liste\ensuremath{\text{ }}=\ensuremath{\text{ }}[}\StringTok{\textquotesingle{}1\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}2\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}+\textquotesingle{}}\NormalTok{]}\newline
\NormalTok{Kreuz\ensuremath{\text{ }}=\ensuremath{\text{ }}[(a,\ensuremath{\text{ }}b,\ensuremath{\text{ }}c)\ensuremath{\text{ }}\ensuremath{\text{ }}}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{a\ensuremath{\text{ }}in\ensuremath{\text{ }}Liste\ensuremath{\text{ }}}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{b\ensuremath{\text{ }}in\ensuremath{\text{ }}Liste\ensuremath{\text{ }}}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}in\ensuremath{\text{ }}Liste]}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{Kreuz}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./comprehension3.py\newline {$\text{[}$}(\textquotesingle{}1\textquotesingle{},$\text{ }${}\textquotesingle{}1\textquotesingle{},$\text{ }${}\textquotesingle{}1\textquotesingle{}),$\text{ }${}(\textquotesingle{}1\textquotesingle{},$\text{ }${}\textquotesingle{}1\textquotesingle{},$\text{ }${}\textquotesingle{}2\textquotesingle{}),$\text{ }${}(\textquotesingle{}1\textquotesingle{},$\text{ }${}\textquotesingle{}1\textquotesingle{},$\text{ }${}\textquotesingle{}+\textquotesingle{}),$\text{ }${}(\textquotesingle{}1\textquotesingle{},$\text{ }${}\textquotesingle{}2\textquotesingle{},$\text{ }${}\textquotesingle{}1\textquotesingle{}),$\text{ }${}(\textquotesingle{}1\textquotesingle{},$\text{ }${}\textquotesingle{}2\textquotesingle{},$\text{ }${}\textquotesingle{}2\textquotesingle{}),$\text{ }${}(\textquotesingle{}1\textquotesingle{},$\text{ }${}\textquotesingle{}2\textquotesingle{},$\text{ }$\newline{}
$\text{ }${}\textquotesingle{}+\textquotesingle{}),$\text{ }${}(\textquotesingle{}1\textquotesingle{},$\text{ }${}\textquotesingle{}+\textquotesingle{},$\text{ }${}\textquotesingle{}1\textquotesingle{}),$\text{ }${}(\textquotesingle{}1\textquotesingle{},$\text{ }${}\textquotesingle{}+\textquotesingle{},$\text{ }${}\textquotesingle{}2\textquotesingle{}),$\text{ }${}(\textquotesingle{}1\textquotesingle{},$\text{ }${}\textquotesingle{}+\textquotesingle{},$\text{ }${}\textquotesingle{}+\textquotesingle{}),$\text{ }${}(\textquotesingle{}2\textquotesingle{},$\text{ }${}\textquotesingle{}1\textquotesingle{},$\text{ }${}\textquotesingle{}1\textquotesingle{}),$\text{ }${}(\textquotesingle{}2\textquotesingle{},$\text{ }${}\textquotesingle{}1\textquotesingle{},$\text{ }${}\textquotesingle{}2\textquotesingle{}),$\text{ }${}(\textquotesingle{}2\textquotesingle{},$\text{ }$\newline{}
$\text{ }${}\textquotesingle{}1\textquotesingle{},$\text{ }${}\textquotesingle{}+\textquotesingle{}),$\text{ }${}(\textquotesingle{}2\textquotesingle{},$\text{ }${}\textquotesingle{}2\textquotesingle{},$\text{ }${}\textquotesingle{}1\textquotesingle{}),$\text{ }${}(\textquotesingle{}2\textquotesingle{},$\text{ }${}\textquotesingle{}2\textquotesingle{},$\text{ }${}\textquotesingle{}2\textquotesingle{}),$\text{ }${}(\textquotesingle{}2\textquotesingle{},$\text{ }${}\textquotesingle{}2\textquotesingle{},$\text{ }${}\textquotesingle{}+\textquotesingle{}),$\text{ }${}(\textquotesingle{}2\textquotesingle{},$\text{ }${}\textquotesingle{}+\textquotesingle{},$\text{ }${}\textquotesingle{}1\textquotesingle{}),$\text{ }${}(\textquotesingle{}2\textquotesingle{},$\text{ }${}\textquotesingle{}+\textquotesingle{},$\text{ }${}\textquotesingle{}2\textquotesingle{}),$\text{ }$\newline{}
$\text{ }${}(\textquotesingle{}2\textquotesingle{},$\text{ }${}\textquotesingle{}+\textquotesingle{},$\text{ }${}\textquotesingle{}+\textquotesingle{}),$\text{ }${}(\textquotesingle{}+\textquotesingle{},$\text{ }${}\textquotesingle{}1\textquotesingle{},$\text{ }${}\textquotesingle{}1\textquotesingle{}),$\text{ }${}(\textquotesingle{}+\textquotesingle{},$\text{ }${}\textquotesingle{}1\textquotesingle{},$\text{ }${}\textquotesingle{}2\textquotesingle{}),$\text{ }${}(\textquotesingle{}+\textquotesingle{},$\text{ }${}\textquotesingle{}1\textquotesingle{},$\text{ }${}\textquotesingle{}+\textquotesingle{}),$\text{ }${}(\textquotesingle{}+\textquotesingle{},$\text{ }${}\textquotesingle{}2\textquotesingle{},$\text{ }${}\textquotesingle{}1\textquotesingle{}),$\text{ }${}(\textquotesingle{}+\textquotesingle{},$\text{ }${}\textquotesingle{}2\textquotesingle{},$\text{ }$\newline{}
$\text{ }${}\textquotesingle{}2\textquotesingle{}),$\text{ }${}(\textquotesingle{}+\textquotesingle{},$\text{ }${}\textquotesingle{}2\textquotesingle{},$\text{ }${}\textquotesingle{}+\textquotesingle{}),$\text{ }${}(\textquotesingle{}+\textquotesingle{},$\text{ }${}\textquotesingle{}+\textquotesingle{},$\text{ }${}\textquotesingle{}1\textquotesingle{}),$\text{ }${}(\textquotesingle{}+\textquotesingle{},$\text{ }${}\textquotesingle{}+\textquotesingle{},$\text{ }${}\textquotesingle{}2\textquotesingle{}),$\text{ }${}(\textquotesingle{}+\textquotesingle{},$\text{ }${}\textquotesingle{}+\textquotesingle{},$\text{ }${}\textquotesingle{}+\textquotesingle{}){$\text{]}$}}}
\\ \hline \end{tabular}

Wie wir sehen, können wir Listen aus Tupel aus anderen Listen erzeugen.


Solche Listen können auch mit der Funktion {\ttfamily \uline{filter}} erzeugt werden. Dieser übergibt man eine Funktion, die für Argumente bool\textquotesingle{}sche Werte zurückliefert und eine Liste, über die iteriert werden soll. Zurück erhält man eine Liste mit all jenen Werten, für die die Funktion {\ttfamily \uline{True}} liefert:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{durch3teilbar(x):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{x\ensuremath{\text{ }}%\ensuremath{\text{ }}}\DecValTok{3}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}}\DecValTok{0}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\DataTypeTok{filter}\NormalTok{(durch3teilbar,\ensuremath{\text{ }}}\DataTypeTok{range}\NormalTok{(}\DecValTok{10}\NormalTok{))}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./comprehension4.py\newline {$\text{[}$}0,$\text{ }${}3,$\text{ }${}6,$\text{ }${}9{$\text{]}$}}}
\\ \hline \end{tabular}

Die Funktion {\ttfamily \uline{durch3teilbar()}} ergibt {\ttfamily \uline{True}} für alle Werte, die durch 3 teilbar sind. Nur noch diese Werte verbleiben in der übergebenen Liste.
\section{Generatoren}
\label{63}
Funktionen wie {\ttfamily \uline{range()}} und {\ttfamily \uline{xrange()}} erzeugen Objekte, über die sich iterieren lässt, im einfachsten Fall Listen oder Tupel. Eine andere Art iterierbarer Objekte sind Generatoren, um die es hier geht.
\subsection{Generatoren mit yield}
\label{64}
Ein Generator wird wie eine Funktion erzeugt und erstellt eine Folge von Werten. Einen Generator kennen Sie bereits, nämlich {\ttfamily \uline{xrange()}}. Die Folge wird Elementeweise bereitgestellt mit {\ttfamily \uline{yield()}}:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{MeinGenerator():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{yield}\NormalTok{(}\DecValTok{1}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{yield}\NormalTok{(}\DecValTok{2}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{yield}\NormalTok{(}\DecValTok{3}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{i\ensuremath{\text{ }}in\ensuremath{\text{ }}MeinGenerator():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{i}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./yield1.py\newline 1$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
2$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
3}}
\\ \hline \end{tabular}

{\ttfamily \uline{yield()}} liefert beim ersten Aufruf des Generators den ersten Wert zurück und stoppt dann die Ausführung. Es wird hierbei also keine Liste erzeugt, sondern jeder Zugriff auf den Generator liefert den nächsten von {\ttfamily \uline{yield()}} bereitgestellten Wert. 

Werte in Generatoren lassen sich bequem in {\ttfamily \uline{for}}-{}Schleifen erzeugen: 

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{rueckwaerts(text):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{length\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{len}\NormalTok{(text)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{i\ensuremath{\text{ }}in\ensuremath{\text{ }}}\DataTypeTok{xrange}\NormalTok{(length):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{yield}\NormalTok{(text[length\ensuremath{\text{ }}-\ensuremath{\text{ }}i\ensuremath{\text{ }}-\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{])}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}in\ensuremath{\text{ }}rueckwaerts(}\StringTok{"Hallo,\ensuremath{\text{ }}Welt!"}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"}\CharTok{\textbackslash{}b}\OtherTok{%c}\StringTok{"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}c,}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./yield2.py\newline !tleW$\text{ }${},ollaH}}
\\ \hline \end{tabular}

Hier wird der Text rückwärts ausgegeben, wobei {\ttfamily \uline{yield()}} angefangen vom letzten Zeichen jedes Zeichen des Textes zurückliefert. Da das Komma bei der {\ttfamily \uline{print}}-{}Anweisung ein Leerzeichen einfügt, müssen wir mit einem Backspace ({\itshape \textbackslash{}b}) dafür sorgen, dass dieses wieder entfernt wird.

\begin{TemplateInfo}{}{Tipp:}Die oben benutzte Funktion dient als einfaches Beispiel zur Demonstration von Generatoren. Wenn Sie sich aber fragen, wie eine Zeichenkette einfach rückwärts dargestellt werden kann, dann hängen Sie {\ttfamily \uline{{$\text{[}$}::-{}1{$\text{]}$}}} an eine String-{}Variable oder an ein String-{}Literal. Das gleiche Ergebnis wie oben wäre über {\ttfamily \uline{\symbol{34}Hallo,$\text{ }${}Welt!\symbol{34}{$\text{[}$}::-{}1{$\text{]}$}}} ebenfalls möglich.\end{TemplateInfo}
\subsection{Generatorexpressions}
\label{65}
Auch für Generatoren gibt es wieder eine abkürzende Schreibweise:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{genex\ensuremath{\text{ }}=\ensuremath{\text{ }}(i\ensuremath{\text{ }}*\ensuremath{\text{ }}i\ensuremath{\text{ }}}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{i\ensuremath{\text{ }}in\ensuremath{\text{ }}}\DataTypeTok{xrange}\NormalTok{(}\DecValTok{5}\NormalTok{))}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{wert\ensuremath{\text{ }}in\ensuremath{\text{ }}genex:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{wert}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./genex1.py\newline 0$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
1$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
4$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
9$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
16}}
\\ \hline \end{tabular}

Die Syntax ist ähnlich wie bei List Comprehensions, jedoch werden runde Klammern verwendet.
\section{Zusammenfassung}
\label{66}
Wir haben gezeigt, wie man Funktionen definiert, Werte zurückgibt und Funktionen mit variablen Parameterlisten schreibt. Der Gebrauch von lokalen und globalen Variablen wurde erläutert wie auch die Anwendung der Funktionen auf Listen mit Hilfe von {\ttfamily \uline{map()}}. Als {\itshape Syntaxzucker} gaben wir einen Einblick in anonyme Funktionen. List Comprehensions und Generatoren rundeten das Thema ab.
\section{Anmerkungen}
\label{67}



\chapter{Module}

\myminitoc
\label{68}





\label{69}
Module dienen dazu, zusammengehörige Funktionen und Klassen in Dateien zu gruppieren. Auf diese Weise lassen sich größere Quelltextsammlungen thematisch organisieren. 
\section{Aufbau eines Modules}
\label{70}
Ein Modul besteht aus einer Folge von Quelltextzeilen. Da Module nicht ausgeführt werden müssen, sparen wir uns die bei den bisherigen Programmen benutzte Interpreterdeklaration in der ersten Zeile:

\begin{Shaded}
\begin{Highlighting}[]

\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{HalloWelt():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Hallo,\ensuremath{\text{ }}Welt!"}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{addiere(a,\ensuremath{\text{ }}b):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{a\ensuremath{\text{ }}+\ensuremath{\text{ }}b}\newline
\end{Highlighting}
\end{Shaded}


Ein Programm, welches dieses Modul nutzt könnte wie folgt aussehen:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{modul1}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{modul1.addiere(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./mod1.py\newline 3}}
\\ \hline \end{tabular}


Der Prefix vor den Funktionen, die man aus einem Modul ausruft nennt man {\bfseries Namensraum}. Man kann beliebig viele Namensräume durch Module erzeugen, und kommt so bei der Benennung von Funktionen nicht durcheinander, wenn zwei Funktionen den selben Namen tragen. 

Es kann auf alle vom Modul exportierten Elemente zugegriffen werden, es gibt keine privaten oder besonders geschützte Funktionen oder Variablen. 
\section{Importieren im Detail}
\label{71}
Folgendes Modul kann auf verschiedene Weisen eingebunden werden:


\begin{Shaded}
\begin{Highlighting}[]

\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{multipliziere(a,\ensuremath{\text{ }}b):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{a\ensuremath{\text{ }}*\ensuremath{\text{ }}b}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{print_mult(a,\ensuremath{\text{ }}b):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{multipliziere(a,\ensuremath{\text{ }}b)}\newline
\end{Highlighting}
\end{Shaded}


Es kann bei längeren Modulnamen umständlich erscheinen, immer wieder bei
jeder importierten Funktion den Modulnamen davorzuschreiben. Eine Abkürzung bietet
das lokale Umbenennen:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{modul2\ensuremath{\text{ }}}\CharTok{as}\ensuremath{\text{ }}\NormalTok{X}\newline
\ensuremath{\text{ }}\newline
\NormalTok{X.print_mult(}\DecValTok{3}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./mod2.py\newline 9}}
\\ \hline \end{tabular}

Hier wird das Modul {\ttfamily \uline{{\itshape modul2}}} unter dem Namen {\ttfamily \uline{{\itshape X}}} bekanntgemacht. Auf alle Funktionen des Modules kann ab sofort mit dem neuen Namen zugegriffen werden. 

Den neuen Namensraum kann man aber auch so importieren, dass man auf die Angabe des Namensraumes verzichten kann:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CharTok{from}\ensuremath{\text{ }}\NormalTok{modul2\ensuremath{\text{ }}}\CharTok{import}\ensuremath{\text{ }}\NormalTok{*}\newline
\ensuremath{\text{ }}\newline
\NormalTok{print_mult(}\DecValTok{3}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./mod3.py\newline 9}}
\\ \hline \end{tabular}

Es werden alle Funktionen aus dem Modul importiert, als würden sie lokal vereinbart worden sein. Der Stern dient dabei als Platzhalter für alle im Modul vorliegenden Deklarationen.

Einzelne Funktionen aus dem Modul lassen sich über die explizite Angabe der Funktionen in der {\ttfamily \uline{import}}-{}Anweisung einbetten, alle anderen Deklarationen sind unbekannt:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CharTok{from}\ensuremath{\text{ }}\NormalTok{modul2\ensuremath{\text{ }}}\CharTok{import}\ensuremath{\text{ }}\NormalTok{print_mult}\newline
\ensuremath{\text{ }}\newline
\NormalTok{print_mult(}\DecValTok{3}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./mod4.py\newline 9}}
\\ \hline \end{tabular}

Bindet man aus einem Modul mehrere Funktionen ein, so sind sie mit Kommata zu separieren, beispielsweise:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CharTok{from}\ensuremath{\text{ }}\NormalTok{modul2\ensuremath{\text{ }}}\CharTok{import}\ensuremath{\text{ }}\NormalTok{print_mult,\ensuremath{\text{ }}multipliziere.\ensuremath{\text{ }}}\newline
\end{Highlighting}
\end{Shaded}


Namensräume haben den Vorteil, dass man mehrere Funktionen haben kann, die den gleichen Namen tragen. Durch die Nennung des Namensraumes in der {\ttfamily \uline{import}}-{}Anweisung ist immer klar, welche Funktion man meint. Diesen Vorteil verliert man, wenn man den {\itshape Sternchenimport} benutzt.
\section{Inhalt von Modulen}
\label{72}
Module enthalten von sich aus schon eine Reihe vorbelegter Variablen, die man nutzen kann. Das folgende Beispiel zeigt den Zugriff auf zwei solcher Variablen, nämlich {\ttfamily \uline{__name__}} und {\ttfamily \uline{__doc__}}. Die Variable {\ttfamily \uline{__name__}} enthält den Namen der aktuell ausgeführten Funktion, dies ist bei Modulen {\bfseries __main__}. {\ttfamily \uline{__doc__}} hingegen enthält einen Dokumentationsstring, sofern dieser am Anfang des Modules festgelegt wurde:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CommentTok{"""Dieses\ensuremath{\text{ }}Modul\ensuremath{\text{ }}enthält\ensuremath{\text{ }}Funktionen}\newline
\CommentTok{rund\ensuremath{\text{ }}um\ensuremath{\text{ }}erste\ensuremath{\text{ }}mathematische\ensuremath{\text{ }}Anweisungen.\ensuremath{\text{ }}"""}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{addiere(a,\ensuremath{\text{ }}b):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{a\ensuremath{\text{ }}+\ensuremath{\text{ }}b}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{multipliziere(a,\ensuremath{\text{ }}b):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{a\ensuremath{\text{ }}*\ensuremath{\text{ }}b}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\DataTypeTok{__name__}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{__doc__}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./modinhalt1.py\newline __main__$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Dieses$\text{ }${}Modul$\text{ }${}enthält$\text{ }${}Funktionen$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
rund$\text{ }${}um$\text{ }${}erste$\text{ }${}mathematische$\text{ }${}Anweisungen.}}
\\ \hline \end{tabular}

Beachten Sie bitte, dass dieses Modul Ausführungsrechte benötigt. Nutzen kann man diese Konstanten, um eine Dokumentation ausgeben zu lassen oder den Inhalt des Moduls mit der Funktion {\ttfamily \uline{dir()}} anzeigen zu lassen:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CommentTok{"""Dieses\ensuremath{\text{ }}Modul\ensuremath{\text{ }}enthält\ensuremath{\text{ }}Funktionen}\newline
\CommentTok{rund\ensuremath{\text{ }}um\ensuremath{\text{ }}erste\ensuremath{\text{ }}mathematische\ensuremath{\text{ }}Anweisungen.\ensuremath{\text{ }}"""}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{addiere(a,\ensuremath{\text{ }}b):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{a\ensuremath{\text{ }}+\ensuremath{\text{ }}b}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{multipliziere(a,\ensuremath{\text{ }}b):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{a\ensuremath{\text{ }}*\ensuremath{\text{ }}b}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\DataTypeTok{__name__}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}}\StringTok{"__main__"}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{__doc__}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\DataTypeTok{dir}\NormalTok{()}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./modinhalt2.py\newline Dieses$\text{ }${}Modul$\text{ }${}enthält$\text{ }${}Funktionen$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
rund$\text{ }${}um$\text{ }${}erste$\text{ }${}mathematische$\text{ }${}Anweisungen.$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{$\text{[}$}\textquotesingle{}__builtins__\textquotesingle{},$\text{ }${}\textquotesingle{}__doc__\textquotesingle{},$\text{ }${}\textquotesingle{}__file__\textquotesingle{},$\text{ }${}\textquotesingle{}__name__\textquotesingle{},$\text{ }${}\textquotesingle{}addiere\textquotesingle{},$\text{ }${}\textquotesingle{}multipliziere\textquotesingle{}{$\text{]}$}}}
\\ \hline \end{tabular}

Wenn dieses Modul aufgerufen wird, dann gibt es den Docstring aus, gefolgt von dem Inhalt des Moduls. Mit dieser Technik verhindert man, dass versehentlich das falsche Modul ausgeführt wird und man keine Programmausgabe erhält. Außerdem ist es bequem, so auf seine Module zugreifen zu können.
{\ttfamily \uline{dir()}} gibt den gesamten Inhalt des Moduls aus. Neben den Namen der Funktionen werden einige Variablen, die automatisch erzeugt wurden, aufgeführt. {\ttfamily \uline{dir()}} können Sie auf alle Objekte, also auch Funktionen, Strings, Zahlen, Listen und so fort anwenden. 

Ausserhalb des Moduls, kann man auf diese Modulvariablen ebenfalls zugreifen, wobei dann ihr Inhalt anders lautet. Zum Beispiel gibt:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{modul3b}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{modul3b.}\DataTypeTok{__name__}\newline
\end{Highlighting}
\end{Shaded}


den String {\bfseries modul3b} aus. Die Anweisungen aus diesem Modul werden nicht berührt, da das Modul ja nicht ausgeführt wird.
\section{Pakete}
\label{73}
Pakete sind (thematische) Zusammenfassungen von Modulen in einer Verzeichnisstruktur. Hierbei werden mehrere Modul-{}Dateien hierarchisch gegliedert in einem Verzeichnis abgelegt. Hinzu kommt pro Verzeichnis-{}Ebene eine Initialisierungsdatei. Diese Initialisierungsdatei enthält für diese Ebene die gemeinsame Dokumentation und übernimmt Initialisierungsaufgaben. Der Inhalt dieser Datei wird beim Import gelesen und ausgeführt. Es ist hierbei nicht notwendig, dieser Datei Ausführungsrechte zu geben. Ein typischer Paket-{}Verzeichnisbaum kann folgendermaßen aussehen:

\TemplatePreformat{$\text{ }$\newline{}
mathe/$\text{ }$\newline{}
mathe/__init__.py$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
mathe/addiere/$\text{ }$\newline{}
/mathe/addiere/addiere.py$\text{ }$\newline{}
/mathe/addiere/__init__.py$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
mathe/subtrahiere/$\text{ }$\newline{}
/mathe/subtrahiere/subtrahiere.py$\text{ }$\newline{}
/mathe/subtrahiere/__init__.py$\text{ }$\newline{}
}

Die Initialisierungsdatei kann leer sein oder folgenden Aufbau haben (\LaTeXTTUlineTemplate{mathe/addiere/__init__.py}):

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{"""Die\ensuremath{\text{ }}hiesigen\ensuremath{\text{ }}Module\ensuremath{\text{ }}dienen\ensuremath{\text{ }}zum\ensuremath{\text{ }}Addieren\ensuremath{\text{ }}von\ensuremath{\text{ }}Zahlen"""}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Initialisierung\ensuremath{\text{ }}von\ensuremath{\text{ }}mathe/addiere/*"}\newline
\end{Highlighting}
\end{Shaded}

Das war es schon. Die {\ttfamily \uline{print}}-{}Anweisung wird ausgeführt, wenn Module aus dieser Ebene importiert werden.

Der Aufbau von Modulen unterscheidet sich hierbei nicht von dem oben gesagten. Der Vollständigkeit fügen wir hier noch ein Modul ein (\LaTeXTTUlineTemplate{mathe/addiere/addiere.py}):

\begin{Shaded}
\begin{Highlighting}[]

\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{add(a,\ensuremath{\text{ }}b):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{a+b}\newline
\end{Highlighting}
\end{Shaded}


Ein Programm, welches Module aus einem Paket benutzt sieht so aus:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{mathe.addiere.addiere}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{mathe.__doc__}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"-"}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{mathe.addiere.__doc__}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{mathe.addiere.addiere.add(}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{)}\newline
\end{Highlighting}
\end{Shaded}



\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./paket1.py\newline Initialisierung$\text{ }${}von$\text{ }${}mathe/addiere/*$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Dieses$\text{ }${}Paket$\text{ }${}enthält$\text{ }${}einige$\text{ }${}Mathematik-{}Module$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
-{}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Die$\text{ }${}hiesigen$\text{ }${}Module$\text{ }${}dienen$\text{ }${}zum$\text{ }${}Addieren$\text{ }${}von$\text{ }${}Zahlen$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
4}}
\\ \hline \end{tabular}


Dieses Programm gibt die Dokumentation der Module aus und benutzt eine in einem Paketmodul definierte Funktion. Beachten Sie bitte, dass die Ausgabe beim Testen der hier vorgestellten Dateien von unserer Darstellung abweicht. Der Grund ist, dass wir die Datei \LaTeXTTUlineTemplate{mathe/__init__.py} nicht vorgestellt haben.

Paketmodule erkennt man an ihrer {\itshape Punkt-{}Darstellung} beim Import. Es wird hier aus dem mathe-{}Paket im Verzeichnis \LaTeXTTUlineTemplate{addiere/} das Python-{}Modul \LaTeXTTUlineTemplate{addiere.py} importiert und daraus die Funktion {\ttfamily \uline{add()}} aufgerufen. Man kann pro Verzeichnisebene mehrere Module haben. 

Pakete werden ihnen im weiteren Verlauf des Buches an vielen Stellen begegnen.
\section{Zusammenfassung}
\label{74}
Module unterscheiden sich in ihrem Aufbau nicht von anderen Python-{}Dateien. Sie gliedern zusammengehörige Codeteile und können auf mehrere Weisen eingebunden werden. Eine reine {\ttfamily \uline{import}}-{}Anweisung erzeugt einen neuen Namensraum, von denen man nie genug haben kann. Module kann und sollte man mit einem Docstring versehen. Es gibt viele vorbelegte Variablen rund um Module, von denen wir einige hier kennengelernt haben. Module kann man zu Paketen gruppieren.


\chapter{Rund um OOP}

\myminitoc
\label{75}





\label{76}
Objektorientierte Programmierung ist die Vereinheitlichung der Konzepte
\begin{myitemize}
\item{}  {\bfseries Kapselung}: Ein Objekt fasst alle benötigten Bestandteile zusammen, und verbirgt vor dem Nutzer den internen Aufbau. Stattdessen werden öffentliche Schnittstellen exportiert, auf die der Nutzer zugreifen kann.
\item{}  {\bfseries Vererbung}: Ein Objekt kann Eigenschaften einer anderen Klasse im definierten Umfang erben. Einzelne Teile können dabei überschrieben werden. 
\item{}  {\bfseries Polymorphie}: Bezeichnet das Überladen von Operatoren und Methoden um eine einheitliche Schnittstelle für verschiedene Datentypen und Parameter zu haben.
\end{myitemize}


Die typische Darstellung eines Objektes ist in Form einer Klasse. Funktionen, die innerhalb einer Klasse vereinbart werden, nennt man {\bfseries Methoden}, Klassenvariablen nennt man {\bfseries Attribute}. Wird ein Objekt erzeugt, so kann es unter Umständen eine Aktion wie das Initialisieren aller Daten ausführen. So eine Methode nennt man {\bfseries Konstruktor}. Klassen speichert man typischerweise in eigenen Modulen. 
\section{Aufbau einer Klasse}
\label{77}
Die einfachste Klasse tut gar nichts und enthält keinerlei Deklarationen:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{TuNichts:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{pass}\newline
\ensuremath{\text{ }}\newline
\NormalTok{objekt\ensuremath{\text{ }}=\ensuremath{\text{ }}TuNichts()}\newline
\KeywordTok{print}\ensuremath{\text{ }}\DataTypeTok{dir}\NormalTok{(objekt)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Typ:"}\NormalTok{,\ensuremath{\text{ }}}\DataTypeTok{type}\NormalTok{(objekt)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./klasse1.py\newline {$\text{[}$}\textquotesingle{}__doc__\textquotesingle{},$\text{ }${}\textquotesingle{}__module__\textquotesingle{}{$\text{]}$}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Typ:$\text{ }${}{\mbox{$<$}}type$\text{ }${}\textquotesingle{}instance\textquotesingle{}{\mbox{$>$}}}}
\\ \hline \end{tabular}

Gefolgt vom Schlüsselwort {\ttfamily \uline{class}} steht der Name der Klasse. Ein Objekt erzeugt man, in dem es aufgerufen wird. {\ttfamily \uline{pass}} steht für: {\itshape Tue wirklich gar nichts}. Der Inhalt dieses Objektes kann mit {\ttfamily \uline{dir()}} angezeigt werden. Diesen Typ Klasse nennt man {\bfseries Classic Classes}. Sie sind mittlerweile veraltet, aber immer noch brauchbar und vor allem aus Gründen der Kompatibilität standard. Um ihnen auch so gleich die {\bfseries New-{}style Classes} vorzuführen, hier nochmal das gleiche Beispiel in Neu:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{TuNichts(}\DataTypeTok{object}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{pass}\newline
\ensuremath{\text{ }}\newline
\NormalTok{objekt\ensuremath{\text{ }}=\ensuremath{\text{ }}TuNichts()}\newline
\KeywordTok{print}\ensuremath{\text{ }}\DataTypeTok{dir}\NormalTok{(objekt)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Typ:"}\NormalTok{,\ensuremath{\text{ }}}\DataTypeTok{type}\NormalTok{(objekt)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./klasse2.py\newline {$\text{[}$}\textquotesingle{}__class__\textquotesingle{},$\text{ }${}\textquotesingle{}__delattr__\textquotesingle{},$\text{ }${}\textquotesingle{}__dict__\textquotesingle{},$\text{ }${}\textquotesingle{}__doc__\textquotesingle{},$\text{ }${}\textquotesingle{}__getattribute__\textquotesingle{},$\text{ }${}\textquotesingle{}__hash__\textquotesingle{},$\text{ }${}\textquotesingle{}__init__\textquotesingle{},$\text{ }$\newline{}
$\text{ }${}\textquotesingle{}__module__\textquotesingle{},$\text{ }${}\textquotesingle{}__new__\textquotesingle{},$\text{ }${}\textquotesingle{}__reduce__\textquotesingle{},$\text{ }${}\textquotesingle{}__reduce_ex__\textquotesingle{},$\text{ }${}\textquotesingle{}__repr__\textquotesingle{},$\text{ }${}\textquotesingle{}__setattr__\textquotesingle{},$\text{ }${}\textquotesingle{}__str__\textquotesingle{},$\text{ }$\newline{}
$\text{ }${}\textquotesingle{}__weakref__\textquotesingle{}{$\text{]}$}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Typ:$\text{ }${}{\mbox{$<$}}class$\text{ }${}\textquotesingle{}__main__.TuNichts\textquotesingle{}{\mbox{$>$}}}}
\\ \hline \end{tabular}


Gefolgt vom Namen der Klasse werden die Elternklassen notiert. Wenn es mehrere Elternklassen sind, werden sie durch Kommata separiert. Unsere Klasse {\ttfamily \uline{{\itshape TuNichts}}} erbt nun die Eigenschaften von {\ttfamily \uline{{\itshape object}}}. Zur Vererbung kommen wir noch. Klassen neuen Typs wurden in der Version 2.2 von Python eingeführt und werden vermutlich ab Version 3.0 zum Standard gehören. Sie haben einige Vorteile gegenüber Klassen alten Typs, wie zum Beispiel, dass sie sich nahtlos ins Typenkonzept von Python einfügen und einige typische Methoden mitbringen. Alle weiteren Beispiele in diesem Kapitel werden mit New-{}style Klassen besprochen, die alte Variante sollten Sie aber wenigstens kennen. 

Etwas mehr kann schon folgende Klasse:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{TuEtwas(}\DataTypeTok{object}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}x):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.x\ensuremath{\text{ }}=\ensuremath{\text{ }}x}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{printX(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.x}\newline
\ensuremath{\text{ }}\newline
\NormalTok{objekt\ensuremath{\text{ }}=\ensuremath{\text{ }}TuEtwas(}\DecValTok{42}\NormalTok{)}\newline
\NormalTok{objekt.printX()}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./klasse3.py\newline 42}}
\\ \hline \end{tabular}


Diese Klasse enthält zwei Methoden, nämlich {\ttfamily \uline{{\itshape __init__()}}} und {\ttfamily \uline{{\itshape printX()}}}. {\ttfamily \uline{{\itshape __init__()}}} wird aufgerufen, wenn ein Objekt der Klasse angelegt wird. Diese Methode muss nicht explizit aufgerufen werden. Das Argument {\ttfamily \uline{self}} bezieht sich auf die Klasse selbst. {\ttfamily \uline{{\itshape self.x}}} ist also eine Variable, die in der Klasse angelegt ist (Attribut), nicht als lokale Variable in den Methoden. Ruft eine Methode eine andere auf, so muss ebenfalls {\ttfamily \uline{self}} vor den Methodenaufruf geschrieben werden.

Die folgende Klasse implementiert eine physikalische Größe, die Temperatur. Temperaturen werden in Grad Fahrenheit, Kelvin oder Grad Celsius gemessen, wobei wir nur die letzten beiden Einheiten berücksichtigen. Die Klasse speichert alle Temperaturen in Kelvin.

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Temperatur(}\DataTypeTok{object}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}Wert,\ensuremath{\text{ }}Einheit\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"K"}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Einheit\ensuremath{\text{ }}==\ensuremath{\text{ }}}\StringTok{"K"}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.temperatur\ensuremath{\text{ }}=\ensuremath{\text{ }}Wert}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.einheit\ensuremath{\text{ }}=\ensuremath{\text{ }}Einheit}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{Einheit\ensuremath{\text{ }}==\ensuremath{\text{ }}}\StringTok{"°C"}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.temperatur\ensuremath{\text{ }}=\ensuremath{\text{ }}Wert\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{273}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.einheit\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"K"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.temperatur\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.einheit\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"K"}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{umrechnen(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}Einheit\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"K"}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Einheit\ensuremath{\text{ }}==\ensuremath{\text{ }}}\StringTok{"K"}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.temperatur}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{Einheit\ensuremath{\text{ }}==\ensuremath{\text{ }}}\StringTok{"°C"}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.temperatur\ensuremath{\text{ }}-\ensuremath{\text{ }}}\DecValTok{273}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{ausgeben(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}Einheit\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"K"}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{Einheit\ensuremath{\text{ }}in\ensuremath{\text{ }}(}\StringTok{"K"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"°C"}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Die\ensuremath{\text{ }}Temperatur\ensuremath{\text{ }}beträgt\ensuremath{\text{ }}}\OtherTok{%.2f}\StringTok{\ensuremath{\text{ }}}\OtherTok{%s}\StringTok{"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}(}\OtherTok{self}\NormalTok{.umrechnen(Einheit),}\newline
\ensuremath{\text{ }}\NormalTok{Einheit)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"unbekannte\ensuremath{\text{ }}Einheit"}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\NormalTok{T1\ensuremath{\text{ }}=\ensuremath{\text{ }}Temperatur(}\DecValTok{273}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"K"}\NormalTok{)}\newline
\NormalTok{T1.ausgeben(}\StringTok{"°C"}\NormalTok{)}\newline
\NormalTok{T1.ausgeben(}\StringTok{"K"}\NormalTok{)}\newline
\NormalTok{T1.ausgeben(}\StringTok{"°F"}\NormalTok{)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./klasse4.py\newline Die$\text{ }${}Temperatur$\text{ }${}beträgt$\text{ }${}0.00$\text{ }${}°C$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Die$\text{ }${}Temperatur$\text{ }${}beträgt$\text{ }${}273.00$\text{ }${}K$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
unbekannte$\text{ }${}Einheit}}
\\ \hline \end{tabular}


Die Klasse enthält drei Methoden, nämlich {\ttfamily \uline{{\itshape __init__()}}}, den Konstruktor, {\ttfamily \uline{{\itshape umrechnen()}}}, eine Methode, die von Kelvin in andere Einheiten umrechnen kann und die Methode {\ttfamily \uline{{\itshape ausgeben()}}}, welche die aktuelle Temperatur als String ausgibt. Die Attribute dieser Klasse sind {\ttfamily \uline{{\itshape temperatur}}} und {\ttfamily \uline{{\itshape einheit}}}. In dieser Klasse sind alle Attribute öffentlich sichtbar und veränderbar.
\section{Privat -{} mehr oder weniger}
\label{78}
Um gegenüber den Nutzern einer Klasse anzudeuten, dass bestimmte Methoden oder Attribute privat sind, also nicht nach außen exportiert werden sollen, stellt man ihnen einen Unterstrich ({\ttfamily \uline{_}}) vorran. Echt privat sind solcherart gekennzeichneten Attribute nicht, es handelt sich hierbei mehr um eine textuelle Vereinbarung, wie folgendes Beispiel zeigt:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Quadrat(}\DataTypeTok{object}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}kantenlaenge\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{0.0}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{kantenlaenge\ensuremath{\text{ }}<\ensuremath{\text{ }}}\FloatTok{0.0}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._kantenlaenge\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{0.0}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._kantenlaenge\ensuremath{\text{ }}=\ensuremath{\text{ }}kantenlaenge}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{flaeche(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._kantenlaenge\ensuremath{\text{ }}*\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._kantenlaenge\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Q1\ensuremath{\text{ }}=\ensuremath{\text{ }}Quadrat(}\DecValTok{10}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{Q1.flaeche()}\newline
\NormalTok{Q1._kantenlaenge\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{4}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{Q1.flaeche()}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./privat1.py\newline 100$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
16}}
\\ \hline \end{tabular}

Es kann hier der Kantenlänge ein Wert zugewiesen werden, was vom Autor der Klasse sicher nicht beabsichtigt war. Das Attribut {\ttfamily \uline{{\itshape _kantenlaenge}}} ist nur durch die Vereinbarung geschützt, an die man sich als Nutzer einer Klasse im Allgemeinen halten sollte.

Um noch stärker anzudeuten, dass Attribute privat sind, werden zwei Unterstriche verwendet. Auch hier kann man der Kantenlänge einen Wert zuweisen, er wird jedoch nicht berücksichtigt:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Quadrat(}\DataTypeTok{object}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}kantenlaenge\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{0.0}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{kantenlaenge\ensuremath{\text{ }}<\ensuremath{\text{ }}}\FloatTok{0.0}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.__kantenlaenge\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{0.0}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.__kantenlaenge\ensuremath{\text{ }}=\ensuremath{\text{ }}kantenlaenge}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{flaeche(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.__kantenlaenge\ensuremath{\text{ }}*\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.__kantenlaenge\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Q1\ensuremath{\text{ }}=\ensuremath{\text{ }}Quadrat(}\DecValTok{10}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{Q1.flaeche()}\newline
\NormalTok{Q1.__kantenlaenge\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{4}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{Q1.flaeche()}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./privat2.py\newline 100$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
100}}
\\ \hline \end{tabular}

In beiden Fällen ist die Fläche immer gleich, der Wert der Kantenlänge verändert sich trotz Zuweisung nicht. Das liegt daran, dass es {\ttfamily \uline{{\itshape Q1.__kantenlaenge}}} gar nicht gibt. Bei der Zuweisung {\ttfamily \uline{{\itshape Q1.__kantenlaenge = 4}}} wird ein neues Klassenattribut erzeugt. Das eigentlich als privat deklarierte Attribut {\ttfamily \uline{{\itshape __kantenlaenge}}} versteckt sich nun hinter dem Ausdruck {\ttfamily \uline{{\itshape _Quadrat__kantenlaenge}}}. Dies können Sie leicht mit Hilfe der {\ttfamily \uline{dir()}}-{}Funktion selbst überprüfen: 


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Quadrat(}\DataTypeTok{object}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}kantenlaenge\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{0.0}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{kantenlaenge\ensuremath{\text{ }}<\ensuremath{\text{ }}}\FloatTok{0.0}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.__kantenlaenge\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{0.0}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.__kantenlaenge\ensuremath{\text{ }}=\ensuremath{\text{ }}kantenlaenge}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{flaeche(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.__kantenlaenge\ensuremath{\text{ }}*\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.__kantenlaenge\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Q1\ensuremath{\text{ }}=\ensuremath{\text{ }}Quadrat(}\DecValTok{10}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Die\ensuremath{\text{ }}Fläche\ensuremath{\text{ }}beträgt:\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}Q1.flaeche()}\newline
\NormalTok{Q1.__kantenlaenge\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{4}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Q1.__kantenlaenge:\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}Q1.__kantenlaenge}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Die\ensuremath{\text{ }}echte\ensuremath{\text{ }}Kantenlänge:\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}Q1._Quadrat__kantenlaenge}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Q1\ensuremath{\text{ }}hat\ensuremath{\text{ }}folgenden\ensuremath{\text{ }}Inhalt:}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{,\ensuremath{\text{ }}}\DataTypeTok{dir}\NormalTok{(Q1)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./privat3.py\newline Die$\text{ }${}Fläche$\text{ }${}beträgt:$\text{ }${}$\text{ }${}100$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Q1.__kantenlaenge:$\text{ }${}$\text{ }${}4$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Die$\text{ }${}echte$\text{ }${}Kantenlänge:$\text{ }${}$\text{ }${}10$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Q1$\text{ }${}hat$\text{ }${}folgenden$\text{ }${}Inhalt:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{$\text{[}$}\textquotesingle{}_Quadrat__kantenlaenge\textquotesingle{},$\text{ }${}\textquotesingle{}__class__\textquotesingle{},$\text{ }${}\textquotesingle{}__delattr__\textquotesingle{},$\text{ }${}\textquotesingle{}__dict__\textquotesingle{},$\text{ }${}\textquotesingle{}__doc__\textquotesingle{},$\text{ }${}\textquotesingle{}__getattribute__\textquotesingle{},$\text{ }$\newline{}
$\text{ }${}\textquotesingle{}__hash__\textquotesingle{},$\text{ }${}\textquotesingle{}__init__\textquotesingle{},$\text{ }${}\textquotesingle{}__kantenlaenge\textquotesingle{},$\text{ }${}\textquotesingle{}__module__\textquotesingle{},$\text{ }${}\textquotesingle{}__new__\textquotesingle{},$\text{ }${}\textquotesingle{}__reduce__\textquotesingle{},$\text{ }${}\textquotesingle{}__reduce_ex__\textquotesingle{},$\text{ }$\newline{}
$\text{ }${}\textquotesingle{}__repr__\textquotesingle{},$\text{ }${}\textquotesingle{}__setattr__\textquotesingle{},$\text{ }${}\textquotesingle{}__str__\textquotesingle{},$\text{ }${}\textquotesingle{}__weakref__\textquotesingle{},$\text{ }${}\textquotesingle{}flaeche\textquotesingle{}{$\text{]}$}}}
\\ \hline \end{tabular}


Wie Sie sehen, haben wir mit der Zuweisung {\ttfamily \uline{{\itshape Q1.__kantenlaenge = 4}}} ein neues Attribut erzeugt, denn offenbar wurde dieses ja nicht für die Flächenberechnung herangezogen.



UNKNOWN TEMPLATE  
Python_unter_Linux: Vorlagen:VorlageDetails

{Machen Sie sich bitte keine allzu großen Gedanken über private Attribute und Methoden. Der {\itshape Python way of coding} ist da weniger streng, als andere Sprachen. Stellen sie allem, was nicht nach außen hin sichtbar sein soll, einen Unterstrich voran, dann ist es privat genug. Diese Vereinbarung reicht Python-{}Programmierern im allgemeinen aus.}


\section{Getter und Setter}
\label{79}
In realen Programmen ist es sehr wichtig, einen konsistenten Zugriff auf die Klasse zu haben, so dass bei der Änderung von Attributen auch weiterhin alle Klassenattribute korrekte Werte haben. Probleme in diesem Bereich entstehen oft dadurch, dass Nutzer einer Klasse die Implementation  nicht kennen oder kennen sollen. Der Zugriff auf Attribute erfolgt dann durch spezielle Methoden, die lediglich Attributwerte modifizieren oder zurückgeben. Diese nennt man {\itshape getter} und {\itshape setter}, sie holen oder setzen Werte. In objektorientierten Programmiersprachen, die keinen direkten Zugriff auf Klassenattribute ermöglichen, findet man daher oft triviale Methoden vor, die lediglich Werte setzen oder zurückgeben. Auch in folgendem Beispiel verwenden wir zwei solche eigentlich überflüssigen {\itshape getter}. Sie dienen dazu, ihnen das Konzept vorzuführen und auf weitere Details später einzugehen. 


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Quadrat(}\DataTypeTok{object}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}kantenlaenge\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{0.0}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.set_kantenlaenge(kantenlaenge)}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{_berechne_flaeche(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.__flaeche\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.__kantenlaenge\ensuremath{\text{ }}*\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.__kantenlaenge}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{get_kantenlaenge(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.__kantenlaenge}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{set_kantenlaenge(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}kantenlaenge):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{kantenlaenge\ensuremath{\text{ }}<\ensuremath{\text{ }}}\FloatTok{0.0}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.__kantenlaenge\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{0.0}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.__kantenlaenge\ensuremath{\text{ }}=\ensuremath{\text{ }}kantenlaenge}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._berechne_flaeche()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{get_flaeche(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.__flaeche}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Q1\ensuremath{\text{ }}=\ensuremath{\text{ }}Quadrat(}\DecValTok{10}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{Q1.get_flaeche()}\newline
\NormalTok{Q1.set_kantenlaenge(}\DecValTok{12}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{Q1.get_flaeche()}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./getset1.py\newline 100$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
144}}
\\ \hline \end{tabular}

Hier ist die Fläche ein weiteres Attribut, welches durch die Methode {\ttfamily \uline{{\itshape _berechne_flaeche()}}} berechnet wird. Bei jedem Aufruf, der die Kantenlänge ändert, wird die Fläche neu bestimmt. In dieser Klasse gibt es zwar die Möglichkeit, die Kantenlänge zu modifizieren, nicht jedoch die Fläche. Ein direkter Zugriff auf die Attribute sollte dringend unterbleiben, deswegen wurden diese als {\itshape stark privat} gekennzeichnet. 
Möchte man sicher gehen, dass jeder Zugriff auf Attribute über die get-{} und set-{}Methoden abgewickelt wird, jedoch trotzdem auf den bequemen Zugriff per Objektvariablen zugreifen, so kann die Funktion {\ttfamily \uline{property()}} helfen. Sie akzeptiert mindestens eine get-{} und set-{}Methode und liefert einen Namen für den Zugriff auf das Attribut:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Quadrat(}\DataTypeTok{object}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}kantenlaenge):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.set_kantenlaenge(kantenlaenge)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{_berechne_flaeche(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._flaeche\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._kantenlaenge\ensuremath{\text{ }}*\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._kantenlaenge}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{get_kantenlaenge(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._kantenlaenge}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{set_kantenlaenge(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}kantenlaenge):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{kantenlaenge\ensuremath{\text{ }}<\ensuremath{\text{ }}}\FloatTok{0.0}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._kantenlaenge\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{0.0}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._kantenlaenge\ensuremath{\text{ }}=\ensuremath{\text{ }}kantenlaenge}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._berechne_flaeche()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{get_flaeche(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._flaeche}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{kantenlaenge\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{property}\NormalTok{(get_kantenlaenge,\ensuremath{\text{ }}set_kantenlaenge)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{flaeche\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{property}\NormalTok{(get_flaeche)}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Q1\ensuremath{\text{ }}=\ensuremath{\text{ }}Quadrat(}\DecValTok{12}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Kantenlänge\ensuremath{\text{ }}=\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}Q1.kantenlaenge,\ensuremath{\text{ }}}\StringTok{"\ensuremath{\text{ }}Fläche\ensuremath{\text{ }}=\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}Q1.flaeche}\newline
\NormalTok{Q1.kantenlaenge\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{9}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Kantenlänge\ensuremath{\text{ }}=\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}Q1.kantenlaenge,\ensuremath{\text{ }}}\StringTok{"\ensuremath{\text{ }}Fläche\ensuremath{\text{ }}=\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}Q1.flaeche}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./getset2.py\newline Kantenlänge$\text{ }${}=$\text{ }${}$\text{ }${}12$\text{ }${}$\text{ }${}Fläche$\text{ }${}=$\text{ }${}$\text{ }${}144$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Kantenlänge$\text{ }${}=$\text{ }${}$\text{ }${}9$\text{ }${}$\text{ }${}Fläche$\text{ }${}=$\text{ }${}$\text{ }${}81}}
\\ \hline \end{tabular}

In diesem Code haben wir alle interessanten Getter und Setter eingefügt und am Ende der Klasse miteinander verwebt. Für das Attribut {\ttfamily \uline{{\itshape kantenlaenge}}} sind also die Methoden {\ttfamily \uline{{\itshape get_kantenlaenge()}}} und {\ttfamily \uline{{\itshape set_kantenlaenge()}}} verantwortlich, die ihrerseits auf Attribute wie {\ttfamily \uline{{\itshape self._kantenlaenge}}} zugreifen. Das Attribut {\ttfamily \uline{{\itshape flaeche}}} hingegen kann nur gelesen werden, da der Setter für dieses Attribut fehlt. Properties werden innerhalb der Klasse, jedoch ausserhalb aller Methoden deklariert.
\section{Statische Methoden}
\label{80}
Mit statischen Methoden lassen sich Methodensammlungen anlegen, die sich nicht auf das jeweilige Objekt beziehen, sondern allgemeingültig formuliert sind. Damit nutzen sie auch Anwendern der Klasse, die kein Klassenobjekt benötigen.

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Rechteck(}\DataTypeTok{object}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}kante1,\ensuremath{\text{ }}kante2):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._kante1\ensuremath{\text{ }}=\ensuremath{\text{ }}kante1}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._kante2\ensuremath{\text{ }}=\ensuremath{\text{ }}kante2}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{berechne_flaeche(a,\ensuremath{\text{ }}b):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{a\ensuremath{\text{ }}*\ensuremath{\text{ }}b}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{flaeche\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{staticmethod}\NormalTok{(berechne_flaeche)}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{Rechteck.flaeche(}\DecValTok{3}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./statisch1.py\newline 15}}
\\ \hline \end{tabular}

Hier wird eine solche statische Methode namens {\ttfamily \uline{{\itshape flaeche()}}} definiert. Die dahinterliegende Methode {\ttfamily \uline{{\itshape berechne_flaeche}}} darf kein {\ttfamily \uline{self}}-{}Argument mitführen, denn dieses bezieht sich ja gerade auf die Instanz der Klasse selbst. Es braucht ebenfalls kein Objekt von Typ {\ttfamily \uline{{\itshape Rechteck}}} deklariert zu werden. 

Selbiges Beispiel funktioniert auch noch etwas einfacher -{} wer hätte das gedacht. Hierbei bedienen wir uns einer so genannten {\bfseries Funktionsdekoration}\myfootnote{engl.: function decorator}.

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Rechteck(}\DataTypeTok{object}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}kante1,\ensuremath{\text{ }}kante2):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._kante1\ensuremath{\text{ }}=\ensuremath{\text{ }}kante1}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._kante2\ensuremath{\text{ }}=\ensuremath{\text{ }}kante2}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{@staticmethod}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{berechne_flaeche(a,\ensuremath{\text{ }}b):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{a\ensuremath{\text{ }}*\ensuremath{\text{ }}b}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{Rechteck.berechne_flaeche(}\DecValTok{3}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./statisch2.py\newline 15}}
\\ \hline \end{tabular}

{\ttfamily \uline{@staticmethod}} ist so eine {\bfseries Funktionsdekoration}. Vor eine Methode geschrieben bewirkt sie, dass die nun folgende Methode als statisch anzusehen ist, also auch unabhängig vom erzeugten Objekt nutzbar ist.
\section{Polymorphie}
\label{81}
Polymorphie -{}das Überladen von Operatoren und Methoden-{} funktioniert in einem recht begrenzten Umfang. Einige Beispiele haben Sie dazu schon im Kapitel über \mylref{58}{Funktionen, Variable
Parameter}, kennengelernt. In diesem Abschnitt wollen wir uns daher auf das Überladen von Operatoren beschränken. Das folgende Programm überlädt die Operatoren für die Addition und die Multiplikation. Darüberhinaus ermöglicht uns das Programm, den Absolutbetrag eines Objektes zu bestimmen wie auch dieses Objekt in einen String zu verwandeln. Das Programmbeispiel implementiert dabei die physikalische Größe der Kraft, die in diesem Fall aus zwei Komponenten besteht, einer horizontalen Richtung und einer vertikalen.

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{math}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Kraft(}\DataTypeTok{object}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}kx,\ensuremath{\text{ }}ky):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._kx\ensuremath{\text{ }}=\ensuremath{\text{ }}kx}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._ky\ensuremath{\text{ }}=\ensuremath{\text{ }}ky}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__add__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}F):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{x,\ensuremath{\text{ }}y\ensuremath{\text{ }}=\ensuremath{\text{ }}F.get()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Kraft(}\OtherTok{self}\NormalTok{._kx\ensuremath{\text{ }}+\ensuremath{\text{ }}x,\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._ky\ensuremath{\text{ }}+\ensuremath{\text{ }}y)}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__mul__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}zahl):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Kraft(}\OtherTok{self}\NormalTok{._kx\ensuremath{\text{ }}*\ensuremath{\text{ }}zahl,\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._ky\ensuremath{\text{ }}*\ensuremath{\text{ }}zahl)}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{get(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{(}\OtherTok{self}\NormalTok{._kx,\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._ky)}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__abs__}\NormalTok{(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{f2\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._kx\ensuremath{\text{ }}**\ensuremath{\text{ }}}\DecValTok{2}\ensuremath{\text{ }}\NormalTok{+\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._ky\ensuremath{\text{ }}**\ensuremath{\text{ }}}\DecValTok{2}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{math.sqrt(f2)}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__str__}\NormalTok{(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\StringTok{"Die\ensuremath{\text{ }}Kraft\ensuremath{\text{ }}ist\ensuremath{\text{ }}(}\OtherTok{%.2f}\StringTok{,\ensuremath{\text{ }}}\OtherTok{%.2f}\StringTok{),\ensuremath{\text{ }}die\ensuremath{\text{ }}Länge\ensuremath{\text{ }}ist\ensuremath{\text{ }}}\OtherTok{%.2f}\StringTok{"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}(}\OtherTok{self}\NormalTok{._kx,}\newline
\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._ky,\ensuremath{\text{ }}}\DataTypeTok{abs}\NormalTok{(}\OtherTok{self}\NormalTok{))}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\NormalTok{F1\ensuremath{\text{ }}=\ensuremath{\text{ }}Kraft(}\DecValTok{3}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{4}\NormalTok{)}\newline
\NormalTok{F2\ensuremath{\text{ }}=\ensuremath{\text{ }}F1\ensuremath{\text{ }}*\ensuremath{\text{ }}}\DecValTok{3}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{F1}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{F2}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{F1\ensuremath{\text{ }}+\ensuremath{\text{ }}F2}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./poly11.py\newline Die$\text{ }${}Kraft$\text{ }${}ist$\text{ }${}(3.00,$\text{ }${}4.00),$\text{ }${}die$\text{ }${}Länge$\text{ }${}ist$\text{ }${}5.00$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Die$\text{ }${}Kraft$\text{ }${}ist$\text{ }${}(9.00,$\text{ }${}12.00),$\text{ }${}die$\text{ }${}Länge$\text{ }${}ist$\text{ }${}15.00$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Die$\text{ }${}Kraft$\text{ }${}ist$\text{ }${}(12.00,$\text{ }${}16.00),$\text{ }${}die$\text{ }${}Länge$\text{ }${}ist$\text{ }${}20.00}}
\\ \hline \end{tabular}

Wann immer ein Objekt mit einem anderen multipliziert werden soll, wird die entsprechende {\ttfamily \uline{__mult__()}}-{}Methode des Objektes aufgerufen. Dies machen wir uns hier zu Nutze und definieren diese Methode einfach um. Selbiges geschieht bei der Addition, hier wird {\ttfamily \uline{__add__()}} umdefiniert. Beide Funktionen geben ein neues Kraftobjekt zurück. Die {\ttfamily \uline{__str__()}}-{}Methode wird immer aufgerufen, wenn ein Objekt in einen String umgewandelt werden soll, die Methode {\ttfamily \uline{__abs__()}} wird aufgerufen, wenn der Absolutbetrag eines Objektes angefragt wird. Der Absolutbetrag unseres Objektes ist schlicht seine Länge. Es gibt noch mehr Operatoren und sonstige Klassenmethoden, die man individuell für Klassen definieren kann. Hierzu finden Sie im Internet Anleitungen.
\section{Vererbung}
\label{82}
Mit Vererbung lassen sich aus recht allgemeinen Klasse spezialisierte Klassen erzeugen, die alle Eigenschaften der Elternklasse besitzen. Folgendes Beispiel verdeutlicht das Vorgehen:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Rechteck(}\DataTypeTok{object}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}seite1,\ensuremath{\text{ }}seite2):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._seite1\ensuremath{\text{ }}=\ensuremath{\text{ }}seite1}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._seite2\ensuremath{\text{ }}=\ensuremath{\text{ }}seite2}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{flaeche(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._seite1\ensuremath{\text{ }}*\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._seite2}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Quadrat(Rechteck):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}seite):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Rechteck.}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}seite,\ensuremath{\text{ }}seite)}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Q1\ensuremath{\text{ }}=\ensuremath{\text{ }}Quadrat(}\DecValTok{4}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{Q1.flaeche()}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./vererb1.py\newline 16}}
\\ \hline \end{tabular}

Es wird zunächst eine allgemeine {\ttfamily \uline{{\itshape Rechteck}}}-{}Klasse implementiert, die über die Fähigkeit verfügt, ihren Flächeninhalt zu berechnen. Die Spezialklasse {\ttfamily \uline{{\itshape Quadrat}}} erbt sodann alle Eigenschaften von {\ttfamily \uline{{\itshape Rechteck}}}, insbesondere die Fähigkeit, ihre Fläche nennen zu können. Die Elternklassen werden bei der Deklaration einer Klasse durch Kommata getrennt in die Klammern geschrieben. Für jede Basisklasse muss dann der Konstruktor
aufgerufen werden, in unserem Fall {\ttfamily \uline{{\itshape Rechteck.__init__(self, seite, seite)}}}. Ein Klasse kann auch von mehreren Eltern erben. Als Beispiel dient eine studentische Hilfskraft in einer Firma. Diese ist selbstverständlich ein echter Studierender, hat also eine Matrikelnummer, jedoch auch ein echter Mitarbeiter der Firma, bezieht also ein Gehalt:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Student(}\DataTypeTok{object}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}MatNummer):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._matnummer\ensuremath{\text{ }}=\ensuremath{\text{ }}MatNummer}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__str__}\NormalTok{(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\StringTok{"Matrikelnummer:\ensuremath{\text{ }}}\OtherTok{%d}\StringTok{"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._matnummer}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Mitarbeiter(}\DataTypeTok{object}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}Gehalt):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._gehalt\ensuremath{\text{ }}=\ensuremath{\text{ }}Gehalt}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__str__}\NormalTok{(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\StringTok{"Gehalt:\ensuremath{\text{ }}}\OtherTok{%d}\StringTok{"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._gehalt}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Hilfskraft(Student,\ensuremath{\text{ }}Mitarbeiter):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}Gehalt,\ensuremath{\text{ }}MatNummer):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Mitarbeiter.}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}Gehalt)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Student.}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}MatNummer)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{gehalt(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._gehalt}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{matnummer(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._matnummer}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Hans\ensuremath{\text{ }}=\ensuremath{\text{ }}Hilfskraft(}\DecValTok{500}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{12345}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{Hans.gehalt(),\ensuremath{\text{ }}Hans.matnummer()}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{Hans}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./vererb2.py\newline 500$\text{ }${}12345$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Matrikelnummer:$\text{ }${}12345}}
\\ \hline \end{tabular}

Die Elternklassen werden durch Kommata getrennt bei der Definition der Klasse aufgeführt. Wie wir bei der Ausführung des Codes sehen können, berücksichtigt die {\ttfamily \uline{{\itshape print Hans}}}-{}Anweisung lediglich die {\ttfamily \uline{__str__()}}-{}Methode der Klasse {\ttfamily \uline{{\itshape Student}}}. Vertauschen Sie in der Klassendefinition die Reihenfolge von {\ttfamily \uline{{\itshape Student, Mitarbeiter}}}, dann stellen Sie fest, dass immer diejenige {\ttfamily \uline{__str__()}}-{}Methode der zuerst genannten Elternklasse ausgeführt wird. Möchte man beide oder eine bestimmte Methode der Eltern ausführen, so muss man eine eigene Methode schreiben:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Student(}\DataTypeTok{object}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}MatNummer):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._matnummer\ensuremath{\text{ }}=\ensuremath{\text{ }}MatNummer}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__str__}\NormalTok{(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\StringTok{"Matrikelnummer:\ensuremath{\text{ }}}\OtherTok{%d}\StringTok{"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._matnummer}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Mitarbeiter(}\DataTypeTok{object}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}Gehalt):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._gehalt\ensuremath{\text{ }}=\ensuremath{\text{ }}Gehalt}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__str__}\NormalTok{(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\StringTok{"Gehalt:\ensuremath{\text{ }}}\OtherTok{%d}\StringTok{"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._gehalt}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Hilfskraft(Student,\ensuremath{\text{ }}Mitarbeiter):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}Gehalt,\ensuremath{\text{ }}MatNummer):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Mitarbeiter.}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}Gehalt)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Student.}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}MatNummer)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__str__}\NormalTok{(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{Mitarbeiter.}\OtherTok{__str__}\NormalTok{(}\OtherTok{self}\NormalTok{)\ensuremath{\text{ }}+\ensuremath{\text{ }}}\StringTok{"\ensuremath{\text{ }}"}\ensuremath{\text{ }}\NormalTok{+\ensuremath{\text{ }}Student.}\OtherTok{__str__}\NormalTok{(}\OtherTok{self}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Hans\ensuremath{\text{ }}=\ensuremath{\text{ }}Hilfskraft(}\DecValTok{500}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{12345}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{Hans}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./vererb3.py\newline Gehalt:$\text{ }${}500$\text{ }${}Matrikelnummer:$\text{ }${}12345}}
\\ \hline \end{tabular}


Auf Elternklassen greift man über die Klassennamen ({\ttfamily \uline{{\itshape Student}}} oder {\ttfamily \uline{{\itshape Mitarbeiter}}}) zu, nicht über Objekte.
\section{Zusammenfassung}
\label{83}
In diesem Kapitel haben Sie einen Überblick über die Fähigkeiten der objektorientierten Programmierung mit Python gewonnen. Sie wissen nun, wie man Klassen aufbaut und kennen einige typische Techniken im Umgang mit Methoden und Attributen. Ebenso haben wir gezeigt, wie in Python Vererbung, eine wichtige Technik der OOP, funktioniert.
\section{Anmerkungen}
\label{84}



\chapter{Dateien}

\myminitoc
\label{85} 





\label{86}
Dateien dienen zum dauerhaften Speichern von Informationen. Sie können erzeugt und gelöscht werden, ihnen kann man Daten anhängen oder vorhandene Daten überschreiben. Selbstverständlich sind die Daten lesbar, sie können auch ausführbar sein. Es können sowohl Textdateien wie auch zeichen-{} oder blockorientierte Dateien bearbeitet werden. 
\section{Öffnen und Schließen von Dateien}
\label{87}
Um eine Datei zu erzeugen reicht es, sie zum Schreiben zu öffen:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{datei\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{open}\NormalTok{(}\StringTok{"hallo.dat"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"w"}\NormalTok{)}\newline
\NormalTok{datei.close()}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./datei1.py ; ls *.dat\newline hallo.dat}}
\\ \hline \end{tabular}

In diesem Beispiel wird eine leere Datei mit dem Namen \LaTeXTTUlineTemplate{hallo.dat} erzeugt. Gibt es eine solche Datei, wird sie überschrieben, dafür sorgt das Dateiattribut {\ttfamily \symbol{34}w\symbol{34}}. Eine Datei wird zum Lesen geöffnet, wenn man das Attribut {\ttfamily \symbol{34}r\symbol{34}} benutzt. Das Attribut {\ttfamily \symbol{34}a\symbol{34}} hingegen würde die Datei erzeugen, falls sie noch nicht existiert, sonst hingegen öffnen und Daten an das Ende anhängen.
\section{Lesen und Schreiben}
\label{88}
Über vorhandene Dateien lässt sich leicht iterieren, wie folgendes Beispiel zeigt. Es werden nützliche Informationen aus der Datei \LaTeXTTUlineTemplate{/etc/passwd} angezeigt:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/env\ensuremath{\text{ }}python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\NormalTok{datei\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{open}\NormalTok{(}\StringTok{"/etc/passwd"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"r"}\NormalTok{)}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{zeile\ensuremath{\text{ }}in\ensuremath{\text{ }}datei:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{liste\ensuremath{\text{ }}=\ensuremath{\text{ }}zeile[:-}\DecValTok{1}\NormalTok{].split(}\StringTok{":"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Benutzer\ensuremath{\text{ }}\textquotesingle{}}\OtherTok{%s}\StringTok{\textquotesingle{}\ensuremath{\text{ }}benutzt\ensuremath{\text{ }}die\ensuremath{\text{ }}Shell\ensuremath{\text{ }}}\OtherTok{%s}\StringTok{"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}(liste[}\DecValTok{0}\NormalTok{],\ensuremath{\text{ }}liste[}\DecValTok{6}\NormalTok{])}\newline
\NormalTok{datei.close()}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./pw.py\newline Benutzer$\text{ }${}\textquotesingle{}root\textquotesingle{}$\text{ }${}benutzt$\text{ }${}die$\text{ }${}Shell$\text{ }${}/bin/bash$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Benutzer$\text{ }${}\textquotesingle{}daemon\textquotesingle{}$\text{ }${}benutzt$\text{ }${}die$\text{ }${}Shell$\text{ }${}/bin/sh$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Benutzer$\text{ }${}\textquotesingle{}bin\textquotesingle{}$\text{ }${}benutzt$\text{ }${}die$\text{ }${}Shell$\text{ }${}/bin/sh$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
...}}
\\ \hline \end{tabular}

Es wird bei dem Beispiel über jede Zeile in der Datei iteriert. Die Zeilen werden um das Zeilenende (Newline-{}Zeichen) verkürzt ({\ttfamily \uline{zeile{$\text{[}$}:-{}1{$\text{]}$}}}) und dann nach Doppelpunkten aufgeteilt ({\ttfamily \uline{split(\symbol{34}:\symbol{34})}}). 


Dateien können auch mit den Methoden {\ttfamily \uline{write()}} und {\ttfamily \uline{read()}} beschrieben und gelesen werden:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\NormalTok{datei\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{open}\NormalTok{(}\StringTok{"hallo.dat"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"w"}\NormalTok{)}\newline
\NormalTok{datei.write(}\StringTok{"Hallo\ensuremath{\text{ }}Welt}\CharTok{\textbackslash{}n\textbackslash{}n}\StringTok{"}\NormalTok{)}\newline
\NormalTok{datei.write(}\StringTok{"Foo\ensuremath{\text{ }}Bar}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{)}\newline
\NormalTok{datei.close()}\newline
\ensuremath{\text{ }}\newline
\NormalTok{datei\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{open}\NormalTok{(}\StringTok{"hallo.dat"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"r"}\NormalTok{)}\newline
\NormalTok{x\ensuremath{\text{ }}=\ensuremath{\text{ }}datei.read()}\newline
\NormalTok{datei.close()}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{x}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./datei2.py\newline Hallo$\text{ }${}Welt$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{\mbox{$~$}}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Foo$\text{ }${}Bar$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{\mbox{$~$}}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
}}
\\ \hline \end{tabular}

Die Methode {\ttfamily \uline{write()}} schreibt die Daten nacheinander in die Datei, Zeilenumbrüche müssen explizit angegeben werden. {\ttfamily \uline{read()}} hingegen liest die gesamte Datei ein und erzeugt daraus einen einzelnen String. 


Um ein anderes Objekt als einen String zu speichern und zu lesen, muss man sich schon sehr anstrengen. Das folgende Beispiel schreibt eine Liste von Tupeln, die aus einem Namen und einer Zahl bestehen. Anschließend wird diese Datei eingelesen:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{studenten\ensuremath{\text{ }}=\ensuremath{\text{ }}[(}\StringTok{\textquotesingle{}Peter\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{123}\NormalTok{),\ensuremath{\text{ }}(}\StringTok{\textquotesingle{}Paula\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{988}\NormalTok{),\ensuremath{\text{ }}(}\StringTok{\textquotesingle{}Freddi\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{851}\NormalTok{)]}\newline
\ensuremath{\text{ }}\newline
\NormalTok{datei\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{open}\NormalTok{(}\StringTok{"studenten.dat"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"w"}\NormalTok{)}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{student\ensuremath{\text{ }}in\ensuremath{\text{ }}studenten:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{s\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{str}\NormalTok{(student)\ensuremath{\text{ }}+\ensuremath{\text{ }}}\StringTok{\textquotesingle{}}\CharTok{\textbackslash{}n}\StringTok{\textquotesingle{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{datei.write(s)}\newline
\NormalTok{datei.close()}\newline
\ensuremath{\text{ }}\newline
\NormalTok{datei\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{open}\NormalTok{(}\StringTok{"studenten.dat"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"r"}\NormalTok{)}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{z\ensuremath{\text{ }}in\ensuremath{\text{ }}datei:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{name,\ensuremath{\text{ }}matnum\ensuremath{\text{ }}=\ensuremath{\text{ }}z.strip(}\StringTok{\textquotesingle{}()}\CharTok{\textbackslash{}n}\StringTok{\ensuremath{\text{ }}\textquotesingle{}}\NormalTok{).split(}\StringTok{\textquotesingle{},\textquotesingle{}}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{name\ensuremath{\text{ }}=\ensuremath{\text{ }}name.strip(}\StringTok{"}\CharTok{\textbackslash{}\textquotesingle{}}\StringTok{\ensuremath{\text{ }}"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{matnum\ensuremath{\text{ }}=\ensuremath{\text{ }}matnum.strip()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Name:\ensuremath{\text{ }}}\OtherTok{%s}\StringTok{\ensuremath{\text{ }}\ensuremath{\text{ }}Matrikelnummer:\ensuremath{\text{ }}}\OtherTok{%s}\StringTok{"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}(name,\ensuremath{\text{ }}matnum)}\newline
\NormalTok{datei.close()}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./datei4.py\newline Name:$\text{ }${}Peter$\text{ }${}$\text{ }${}Matrikelnummer:$\text{ }${}123$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Name:$\text{ }${}Paula$\text{ }${}$\text{ }${}Matrikelnummer:$\text{ }${}988$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Name:$\text{ }${}Freddi$\text{ }${}$\text{ }${}Matrikelnummer:$\text{ }${}851}}
\\ \hline \end{tabular}


Tupel werden genau so geschrieben, wie sie da stehen, denn sie werden auch so in einen String umgewandelt. Je Tupel wird eine Zeile geschrieben. Liest man nun eine solche Zeile wieder ein, erhält man als String den Wert {\ttfamily \uline{{\itshape (\textquotesingle{}Peter\textquotesingle{}, 123)}}}. Dieser wird mit der Methode {\ttfamily \uline{strip()}} verändert, und zwar werden alle Klammern am Anfang und Ende des Strings wie auch Leerzeichen und Zeilenumbrüche entfernt. Man erhält also den String {\ttfamily \uline{{\itshape Peter\textquotesingle{}, 123}}}. Dieser String wird mit der Methode {\ttfamily \uline{split()}} in zwei Teile geteilt, wobei das Komma als Trennzeichen dient. Die so entstandene Liste wird je Teil um führende Anführung-{} und Leerzeichen bereinigt. {\ttfamily \uline{strip()}} ohne Argumente entfernt Leerzeichen. Erst jetzt haben wir zwei Strings, die den ursprünglichen Elementen der Tupel ähnlich sehen. Leichter wird es mit \mylref{89}{Pickle} gehen.
\section{Dateien mit Pickle}
\label{89}
Den Funktionen, die Pickle anbietet, kann man wirklich nahezu jedes Objekt anbieten, Pickle kann es speichern. Ob es sich um Zahlen, Listen, Tupel oder ganze Klassen handelt ist Pickle dabei gleich. Der Aufruf ist recht einfach, es gibt eine Funktion zum {\bfseries pickeln} und eine zum
{\bfseries entpickeln}:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{pickle}\newline
\ensuremath{\text{ }}\newline
\NormalTok{studenten\ensuremath{\text{ }}=\ensuremath{\text{ }}[(}\StringTok{\textquotesingle{}Peter\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{123}\NormalTok{),\ensuremath{\text{ }}(}\StringTok{\textquotesingle{}Paula\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{988}\NormalTok{),\ensuremath{\text{ }}(}\StringTok{\textquotesingle{}Freddi\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{851}\NormalTok{)]}\newline
\ensuremath{\text{ }}\newline
\NormalTok{datei\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{open}\NormalTok{(}\StringTok{"studenten.dat"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"w"}\NormalTok{)}\newline
\NormalTok{pickle.dump(studenten,\ensuremath{\text{ }}datei)}\newline
\NormalTok{datei.close()}\newline
\ensuremath{\text{ }}\newline
\NormalTok{datei\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{open}\NormalTok{(}\StringTok{"studenten.dat"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"r"}\NormalTok{)}\newline
\NormalTok{meine_studenten\ensuremath{\text{ }}=\ensuremath{\text{ }}pickle.load(datei)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{meine_studenten}\newline
\NormalTok{datei.close()}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./pickle1.py\newline {$\text{[}$}(\textquotesingle{}Peter\textquotesingle{},$\text{ }${}123),$\text{ }${}(\textquotesingle{}Paula\textquotesingle{},$\text{ }${}988),$\text{ }${}(\textquotesingle{}Freddi\textquotesingle{},$\text{ }${}851){$\text{]}$}}}
\\ \hline \end{tabular}

Der Funktion {\ttfamily \uline{dump()}} übergibt man die Daten sowie einen Dateihandle. Pickle kümmert sich dann um das Schreiben. Das Laden passiert mit {\ttfamily \uline{load()}}. Diese Funktion nimmt lediglich das Dateiobjekt auf.
\section{Zeichenorientierte Dateien}
\label{90}
Zeichenorientierte Dateien sind ein Strom aus einzelnen Bytes, die sich nicht notwendigerweise als Text darstellen lassen. Um einzelne Zeichen aus einer Datei zu lesen, übergeben wir der Methode {\ttfamily \uline{read()}} die Anzahl der auf einmal zu lesenden Zeichen.

Als ein Beispiel zeichenorientierter Dateien benutzen wir ein Programm, welches uns Lottozahlen zufällig vorhersagt. Hierzu lesen wir unter Linux und anderen unixähnlichen Betriebssystemen die Datei \LaTeXTTUlineTemplate{/dev/random} aus, welche recht gute Zufallszahlen erzeugt. Diese werden in einem {\ttfamily \uline{set}} gespeichert. Wir benutzen hier ein {\ttfamily \uline{set}}, damit wir eindeutige verschiedene Werte aufnehmen können. Sobald wir sechs verschiedene Zahlen im Bereich 1 bis 49 haben, werden diese in eine Liste konvertiert, sortiert und angezeigt:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\NormalTok{datei\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{open}\NormalTok{(}\StringTok{"/dev/random"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"r"}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\NormalTok{lottozahlenSet\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{set}\NormalTok{()}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{while}\ensuremath{\text{ }}\DataTypeTok{len}\NormalTok{(lottozahlenSet)\ensuremath{\text{ }}<\ensuremath{\text{ }}}\DecValTok{6}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{zahl\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{ord}\NormalTok{(datei.read(}\DecValTok{1}\NormalTok{))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{<\ensuremath{\text{ }}zahl\ensuremath{\text{ }}<\ensuremath{\text{ }}}\DecValTok{50}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{lottozahlenSet.add(zahl)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\NormalTok{datei.close()}\newline
\ensuremath{\text{ }}\newline
\NormalTok{lottozahlen\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{list}\NormalTok{(lottozahlenSet)}\newline
\NormalTok{lottozahlen.sort()}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{lottozahlen}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./lottozahlen.py\newline {$\text{[}$}5,$\text{ }${}6,$\text{ }${}18,$\text{ }${}19,$\text{ }${}23,$\text{ }${}41{$\text{]}$}}}
\\ \hline \end{tabular}

Es wird aus der zeichenorientierten Datei \LaTeXTTUlineTemplate{/dev/random} jeweils ein einzelnes Zeichen gelesen, in eine Zahl verwandelt und in das {\ttfamily \uline{lottozahlenSet}} eingefügt. Die sortierte Liste wird ausgegeben.
\section{Blockorientierte Dateien}
\label{91}
Manche Dateien sind so aufgebaut, dass sie mehrfach den gleichen Datentyp speichern, wie zum Beispiel Folgen von Fließkommazahlen, Soundinformationen einer Wave-{}Datei, Login-{}Informationen wie in \LaTeXTTUlineTemplate{/var/log/wtmp} oder auch feste Dateiblöcke wie in \LaTeXTTUlineTemplate{/dev/sda}. Solche Dateien nennt man {\itshape blockorientiert}. 
\subsection{Numerische Blöcke}
\label{92}
Dateien, die einfache Folgen numerischer Werte aufnehmen können, werden bequem mit dem Modul {\ttfamily \uline{Array}} bearbeitet. Das folgende Beispiel legt eine solche Datei an und speichert zwei Fließkommazahlen in ihr. Diese Werte werden anschließend wieder gelesen und ausgegeben. Bitte beachten Sie, dass der Inhalt der in diesem Beispiel angelegten Datei keine Textdarstellung der gespeicherten Zahlen ist.


\begin{Shaded}
\begin{Highlighting}[]

\NormalTok{/usr/}\DataTypeTok{bin}\NormalTok{/env\ensuremath{\text{ }}python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{array}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Array\ensuremath{\text{ }}anlegen}\newline
\NormalTok{fa\ensuremath{\text{ }}=\ensuremath{\text{ }}array.array(}\StringTok{"f"}\NormalTok{)}\newline
\NormalTok{fa.append(}\FloatTok{1.0}\NormalTok{)}\newline
\NormalTok{fa.append(}\FloatTok{2.0}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}In\ensuremath{\text{ }}datei\ensuremath{\text{ }}schreiben}\newline
\NormalTok{datei\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{open}\NormalTok{(}\StringTok{"block1.dat"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"w"}\NormalTok{)}\newline
\NormalTok{fa.tofile(datei)}\newline
\NormalTok{datei.close()}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Aus\ensuremath{\text{ }}Datei\ensuremath{\text{ }}lesen}\newline
\NormalTok{datei\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{open}\NormalTok{(}\StringTok{"block1.dat"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"r"}\NormalTok{)}\newline
\NormalTok{ra\ensuremath{\text{ }}=\ensuremath{\text{ }}array.array(}\StringTok{"f"}\NormalTok{)}\newline
\NormalTok{ra.fromfile(datei,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{)}\newline
\NormalTok{datei.close()}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Ausgeben}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{zahl\ensuremath{\text{ }}in\ensuremath{\text{ }}ra:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{zahl}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./block1.py \newline 1.0$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
2.0}}
\\ \hline \end{tabular}


Ein Array wird mit {\ttfamily \uline{array(code)}} angelegt. Eine kleine Auswahl an Codes stellen wir ihnen in dieser Tabelle vor:


\begin{longtable}{|>{\RaggedRight}p{0.47143\linewidth}|>{\RaggedRight}p{0.47143\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Typ }&\hspace*{0pt}\ignorespaces{} Code\endhead  \hline 
\hspace*{0pt}\ignorespaces{} Zeichen &\hspace*{0pt}\ignorespaces{} {\bfseries c} und {\bfseries u} (Unicode)\\ \hline 
\hspace*{0pt}\ignorespaces{} int &\hspace*{0pt}\ignorespaces{} {\bfseries i}\\ \hline 
\hspace*{0pt}\ignorespaces{} long &\hspace*{0pt}\ignorespaces{} {\bfseries l}\\ \hline 
\hspace*{0pt}\ignorespaces{} float &\hspace*{0pt}\ignorespaces{} {\bfseries f}\\ \hline 
\end{longtable}


Es können nur Werte mit dem angegebenen Typ, in unserem Beispiel Fließkommazahlen, gespeichert werden. Die Methode {\ttfamily \uline{append()}} fügt dem Array eine Zahl hinzu, mit {\ttfamily \uline{tofile(dateihandle)}} wird das gesamte Array geschrieben. 

Liest man ein solches Array wieder ein, benutzt man die Methode  {\ttfamily \uline{fromfile(dateihandle,$\text{ }${}anzahl)}}. Hier muss man neben der Datei noch die Anzahl der Werte wissen, die man auslesen möchte. 

Zur Ausgabe können wir einfach in bekannter Weise über das Array iterieren.

\subsection{Strukturierte Blöcke}
\label{93}
Während man es bei Log-{}Dateien meistens mit Textdateien zu tun hat, gibt es hin und wieder Systemdateien, die einen blockorientierten Aufbau haben. Beispielsweise ist die Datei \LaTeXTTUlineTemplate{/var/log/lastlog} eine Folge von Blöcken mit fester Länge\myfootnote{Siehe lastlog(8) und utmp.h auf ihrem Computer}. Jeder Block repräsentiert den Zeitpunkt des letzten Logins, das zugehörige Terminal und den Hostnamen des Rechners, von dem aus man sich angemeldet hat. Der Benutzer mit der User-{}ID {\bfseries 1000} hat den 1000sten Block. Der Benutzer {\bfseries root} mit der User-{}ID {\bfseries 0} den 0ten Block. 

Hat man einmal herausgefunden, wie die Datei aufgebaut ist, und welche Datentypen hinter den einzelnen Einträgen stecken, kann man sich den Blocktyp mit Pythons Modul {\ttfamily \uline{struct}} nachbauen. Hierfür ist der Formatstring gedacht, der im folgenden Beispiel in kompakter Form den Datentyp eines {\bfseries lastlog}-{}Eintrags nachahmt. Wir bestimmen den letzten Anmeldezeitpunkt des Benutzers mit der User-{}ID 1000 und ahmen so einen Teil des Unix-{}Befehles {\bfseries lastlog} nach:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/env\ensuremath{\text{ }}python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{struct}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{format}\ensuremath{\text{ }}\NormalTok{=\ensuremath{\text{ }}}\StringTok{"i32s256s"}\newline
\NormalTok{userID\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{1000}\newline
\ensuremath{\text{ }}\newline
\NormalTok{blockgroesse\ensuremath{\text{ }}=\ensuremath{\text{ }}struct.calcsize(}\DataTypeTok{format}\NormalTok{)}\newline
\NormalTok{datei\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{open}\NormalTok{(}\StringTok{"/var/log/lastlog"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"r"}\NormalTok{)}\newline
\NormalTok{datei.seek(userID\ensuremath{\text{ }}*\ensuremath{\text{ }}blockgroesse)}\newline
\NormalTok{eintrag\ensuremath{\text{ }}=\ensuremath{\text{ }}datei.read(blockgroesse)}\newline
\NormalTok{b\ensuremath{\text{ }}=\ensuremath{\text{ }}struct.unpack_from(}\DataTypeTok{format}\NormalTok{,\ensuremath{\text{ }}eintrag)}\newline
\NormalTok{datei.close()}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Zeitstempel:"}\NormalTok{,\ensuremath{\text{ }}b[}\DecValTok{0}\NormalTok{]}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Terminal:"}\NormalTok{,\ensuremath{\text{ }}}\DataTypeTok{str}\NormalTok{(b[}\DecValTok{1}\NormalTok{])}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Hostname:"}\NormalTok{,\ensuremath{\text{ }}}\DataTypeTok{str}\NormalTok{(b[}\DecValTok{2}\NormalTok{])}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./lastlog1.py \newline Zeitstempel:$\text{ }${}1241421726$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Terminal:$\text{ }${}:0$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Hostname:}}
\\ \hline \end{tabular}


Der Formatstring ist {\ttfamily \uline{i32s256s}}. Hinter dieser kryptischen Abkürzung verbirgt sich ein Datentyp, der einen Integer enthält ({\bfseries i}), dann eine Zeichenkette ({\bfseries s}) von 32 Byte Länge gefolgt von einer weiteren Zeichenkette, die 256 Zeichen lang ist. 

Wir bestimmen die Blockgröße mit der Methode {\ttfamily \uline{calcsize(Formatstring)}}. Diese Blockgröße wird in Bytes gemessen. Anschließend wird die Datei \LaTeXTTUlineTemplate{/var/log/lastlog} geöffnet und mit {\ttfamily \uline{seek(Position)}} bis zu einer bestimmten Stelle in der Datei vorgespult.

Ein Eintrag der Datei wird gelesen und mit Hilfe der Methode {\ttfamily \uline{unpack_from(Formatstring,$\text{ }${}String)}} in ein 3-{}Tupel konvertiert. String-{}Daten in diesem Tupel müssen explizit konvertiert werden, da man ansonsten angehängte NULL-{}Bytes mitführt. 

Der Zeitstempel als Unix-{}Zeit wird zusammen mit den anderen Angaben ausgegeben.
\section{Binärdateien}
\label{94}
Unter Binärdateien verstehen wir Dateien, die nicht ausschließlich aus Text bestehen, sondern insbesondere auch nicht darstellbare Zeichen enthalten. Solche Dateien haben wir in den vorgenannten Abschnitten zu blockorientierten Dateien schon kennen gelernt. Eine grundsätzliche Unterscheidung zwischen Text-{} und Binärdatei findet auf Betriebssystemebene ohnehin nicht statt. 

Mit den uns bekannten Funktionen können wir leicht Informationen aus solchen Dateien extrahieren. Das folgende Beispiel zeigt, wie wir die Anzahl der Kanäle einer Wave-{}Datei\myfootnote{Das Dateiformat ist unter \myplainurl{http://www.hib-wien.at/leute/wurban/informatik/waveformat.pdf} gut dokumentiert.} ermitteln.


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\NormalTok{datei\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{open}\NormalTok{(}\StringTok{"test.wav"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"r"}\NormalTok{)}\newline
\NormalTok{datei.seek(}\DecValTok{8}\NormalTok{)}\newline
\NormalTok{text\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{str}\NormalTok{(datei.read(}\DecValTok{4}\NormalTok{))}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Kennung:"}\NormalTok{,\ensuremath{\text{ }}text}\newline
\ensuremath{\text{ }}\newline
\NormalTok{datei.seek(}\DecValTok{22}\NormalTok{)}\newline
\CommentTok{#\ensuremath{\text{ }}nur\ensuremath{\text{ }}das\ensuremath{\text{ }}höherwertige\ensuremath{\text{ }}Byte\ensuremath{\text{ }}auslesen}\newline
\NormalTok{kanaele\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{ord}\NormalTok{(datei.read(}\DecValTok{1}\NormalTok{))}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Die\ensuremath{\text{ }}WAV-Datei\ensuremath{\text{ }}hat"}\NormalTok{,\ensuremath{\text{ }}kanaele,\ensuremath{\text{ }}}\StringTok{"Kanäle"}\newline
\ensuremath{\text{ }}\newline
\NormalTok{datei.close()}\newline
\end{Highlighting}
\end{Shaded}



\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./binary1.py\newline Kennung:$\text{ }${}WAVE$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Die$\text{ }${}WAV-{}Datei$\text{ }${}hat$\text{ }${}1$\text{ }${}Kanäle}}
\\ \hline \end{tabular}


Das Programm zeigt, wie man an die WAVE-{}Kennung und an die Kanäle kommt. Die Datei wird ganz normal zum Lesen geöffnet\myfootnote{Unter manchen Betriebssystemen wird beim Öffnen einer \symbol{34}Binärdatei\symbol{34} ein \symbol{34}b\symbol{34} an den Modus gehängt. Dies ist unter Linux und anderen unixartigen Betriebssystemen nicht nötig.}. Diese stehen an bestimmten Positionen in der Datei, die wir mit {\ttfamily \uline{seek()}} anspringen. Anschließend werden die Kennung wie auch die Anzahl der Kanäle gelesen und ausgegeben.

Bitte beachten Sie, dass diese Art auf Medienformate zuzugreifen nur das Konzept verdeutlichen soll. Zu den meisten Medienformaten gibt es eigene Module, die den Aufbau eines Formates kennen und somit einen gut dokumentierten Zugriff auf die Inhalte bieten. Für den hier dargestellten Zugriff auf das Medienformat WAVE bietet Python das Modul {\ttfamily \uline{wave}} an.
\section{Verzeichnisse}
\label{95}
Wenn man vom Umgang mit Dateien redet, gehören Verzeichnisse unweigerlich dazu. Die beiden häufigsten Funktionen in diesem Zusammenhang sind wohl, zu überprüfen ob ein Verzeichnis existiert und es gegebenenfalls anzulegen. Ein Beispiel:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{os}\newline
\ensuremath{\text{ }}\newline
\NormalTok{datei\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"test.txt"}\newline
\NormalTok{verzeichnis\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"test"}\newline
\ensuremath{\text{ }}\newline
\NormalTok{pfad\ensuremath{\text{ }}=\ensuremath{\text{ }}verzeichnis\ensuremath{\text{ }}+\ensuremath{\text{ }}os.sep\ensuremath{\text{ }}+\ensuremath{\text{ }}datei}\newline
\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{not\ensuremath{\text{ }}os.path.exists(verzeichnis):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{os.mkdir(verzeichnis)}\newline
\NormalTok{offen\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{open}\NormalTok{(pfad,\ensuremath{\text{ }}}\StringTok{"w"}\NormalTok{)}\newline
\NormalTok{offen.write(}\StringTok{"hallo"}\NormalTok{)}\newline
\NormalTok{offen.close()}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./folders1.py; ls test\newline test.txt}}
\\ \hline \end{tabular}


Das Programm erzeugt einen Pfad, der aus einem Verzeichnis, einem Trennzeichen und einem Dateinamen besteht. Das Trennzeichen erfährt man mit {\ttfamily \uline{os.sep}}, unter unixähnlichen Betriebssystemen ist dies meistens der Schrägstrich ({\bfseries /}). Die Funktion {\ttfamily \uline{os.path.exists()}} prüft, ob eine Datei oder ein Verzeichnis vorhanden ist. Wenn nicht, dann wird mit {\ttfamily \uline{os.mkdir()}} ein neues erzeugt und anschließend eine Datei hineingeschrieben.

Eine andere Anwendung ist herauszufinden, in welchem Verzeichnis wir aktuell sind und dann alle enthaltenen Verzeichnisse und Dateien ab dem übergeordneten Verzeichnis aufzulisten. Dieses Programm implementiert den Befehl {\bfseries ls -{}R ..}:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{os}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Wir\ensuremath{\text{ }}sind\ensuremath{\text{ }}hier->"}\NormalTok{,\ensuremath{\text{ }}os.getcwd()}\newline
\ensuremath{\text{ }}\newline
\NormalTok{os.chdir(}\StringTok{".."}\NormalTok{)}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{r,\ensuremath{\text{ }}d,\ensuremath{\text{ }}f\ensuremath{\text{ }}in\ensuremath{\text{ }}os.walk(os.getcwd()):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{r,\ensuremath{\text{ }}d,\ensuremath{\text{ }}f}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./folders2.py\newline Wir$\text{ }${}sind$\text{ }${}hier-{}>{}$\text{ }${}/home/tandar/x/y$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
/home/tandar/x$\text{ }${}{$\text{[}$}\textquotesingle{}y\textquotesingle{}{$\text{]}$}$\text{ }${}{$\text{[}$}\textquotesingle{}datei1.txt\textquotesingle{}{$\text{]}$}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
/home/tandar/x/y$\text{ }${}{$\text{[}$}{$\text{]}$}$\text{ }${}{$\text{[}$}\textquotesingle{}datei2.txt\textquotesingle{}{$\text{]}$}}}
\\ \hline \end{tabular}


Mit der Funktion {\ttfamily \uline{getcwd()}} finden wir das aktuelle Verzeichnis heraus. Anschließend können wir mit {\ttfamily \uline{chdir(Pfad)}} in das übergeordnete oder ein anderes Verzeichnis wechseln. Für jenes Verzeichnis rufen wir {\ttfamily \uline{walk(Pfad)}} auf, und erhalten eine Menge von 3-{}Tupeln, die aus einem Basispfad, einer Liste mit enthaltenen Verzeichnissen und einer Liste mit enthaltenen Dateien besteht. Diese Angaben geben wir im Programm schlicht aus. {\ttfamily \uline{walk()}} berücksichtigt übrigens keine symbolischen Links auf Verzeichnisse. Sind solche zu erwarten, kann ab Python 2.6 {\ttfamily \uline{walk(top=Pfad,$\text{ }${}followlinks=True)}} benutzt werden.
\section{Zusammenfassung}
\label{96}
In diesem Kapitel haben Sie einen Überblick über die Verwendung von Dateien und Ordnern mit Python bekommen. Textdateien lassen sich unkompliziert lesen und schreiben, bei anderen Datentypen als Text bietet sich Pickle an. Block-{} und zeichenorientierte Dateien lassen sich ebenfalls bequem lesen und beschreiben, wobei im Fall der blockorientierten Dateien der Aufbau bekannt sein muss. Die meisten dateibasierten Operationen lassen sich mit Funktionen aus dem Modul {\ttfamily \uline{os}} ansprechen, dessen Inhalt wir im Kapitel \mylref{111}{Überblick über vorhandene Module} näher beleuchten.  





\chapter{Reguläre Ausdrücke}

\myminitoc
\label{97}





\label{98}
Reguläre Ausdrücke helfen beim Finden von Textstellen. Sie werden angegeben in Form von Mustern wie \symbol{34}{\itshape Ich suche eine Folge von Ziffern am Anfang einer Textzeile}\symbol{34}. Für \symbol{34}{\itshape Ziffernfolge}\symbol{34} und
\symbol{34}{\itshape Zeilenanfang}\symbol{34} gibt es Kurzschreibweisen und Regeln, wie diese zu kombinieren sind. Um die Funktionen und Methoden rund um Reguläre Ausdrücke benutzen zu können, müssen wir das Modul  {\ttfamily \uline{re}} einbinden.
\section{Finde irgendwo}
\label{99}
Haben wir Textzeilen, in denen beispielsweise Telefonnummern und Namen aufgelistet sind, so können wir mit Hilfe von regulären Ausdrücken die Namen von den Telefonnummern trennen -{} zum Beispiel um nach einer bestimmten Telefonnummer in einer langen Textdatei zu suchen:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{re}\newline
\ensuremath{\text{ }}\newline
\NormalTok{s\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"Peter\ensuremath{\text{ }}030111"}\newline
\ensuremath{\text{ }}\newline
\NormalTok{m\ensuremath{\text{ }}=\ensuremath{\text{ }}re.search(}\StringTok{r"(\textbackslash{}w+)\ensuremath{\text{ }}(\textbackslash{}d+)"}\NormalTok{,\ensuremath{\text{ }}s)}\newline
\ensuremath{\text{ }}\newline
\NormalTok{length\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{len}\NormalTok{(m.groups())}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{i\ensuremath{\text{ }}in\ensuremath{\text{ }}}\DataTypeTok{xrange}\NormalTok{(length\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Group"}\NormalTok{,\ensuremath{\text{ }}i,\ensuremath{\text{ }}}\StringTok{":"}\NormalTok{,\ensuremath{\text{ }}m.group(i)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./re1.py\newline Group$\text{ }${}0$\text{ }${}:$\text{ }${}Peter$\text{ }${}030111$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Group$\text{ }${}1$\text{ }${}:$\text{ }${}Peter$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Group$\text{ }${}2$\text{ }${}:$\text{ }${}030111}}
\\ \hline \end{tabular}


Haben wir eine Textzeile, die das Tupel enthält, so können wir mit der {\ttfamily \uline{search()}}-{}Funktion nach den einzelnen Tupel-{}Elementen suchen. Hierbei ist \symbol{34}{\ttfamily \textbackslash{}w}\symbol{34} ein einzelnes Zeichen aus der Menge der Buchstaben, der Modifizierer \symbol{34}{\ttfamily +}\symbol{34} bedeutet \symbol{34}{\itshape mindestens ein}\symbol{34} Zeichen zu suchen. Die Klammern gruppieren diese Ausdrücke. Der erste Ausdruck in Klammern bedeutet also: Finde eine nicht leere Zeichenkette aus Buchstaben und nenne es die erste Gruppe mit Gruppenindex 1. {\ttfamily \uline{(\textbackslash{}d+)}} sucht nach einer nicht leeren Ziffernfolge und gibt dieser Gruppe den Index 2, da sie an zweiter Stelle steht. {\ttfamily \uline{search()}} liefert ein so genanntes {\bfseries Match-{}Objekt}, wenn etwas gefunden wurde, sonst {\ttfamily \uline{None}}. {\ttfamily \uline{groups()}} liefert ein Tupel mit allen gefundenen Gruppen, mit {\ttfamily \uline{group()}} kann man auf einzelne Gruppen zugreifen, wobei der Index 0 eine Zusammenfassung aller Gruppen als einzelnen String anbietet.

Nun muss man nicht alles gruppieren, nach dem man sucht. Manches Teile eines Ausdruckes möchte man schlicht verwerfen, um an die relevanten Informationen eines Textes zu kommen:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{re}\newline
\ensuremath{\text{ }}\newline
\NormalTok{s\ensuremath{\text{ }}=}\StringTok{"""Opa\ensuremath{\text{ }}hat\ensuremath{\text{ }}am\ensuremath{\text{ }}10.\ensuremath{\text{ }}12.\ensuremath{\text{ }}1903\ensuremath{\text{ }}Geburtstag.}\newline
\StringTok{Oma\ensuremath{\text{ }}wurde\ensuremath{\text{ }}am\ensuremath{\text{ }}14.\ensuremath{\text{ }}07.\ensuremath{\text{ }}geboren.}\newline
\StringTok{Mutti,\ensuremath{\text{ }}deren\ensuremath{\text{ }}Eltern\ensuremath{\text{ }}sich\ensuremath{\text{ }}am\ensuremath{\text{ }}10.02.1949\ensuremath{\text{ }}über\ensuremath{\text{ }}die\ensuremath{\text{ }}Geburt\ensuremath{\text{ }}freuten,\ensuremath{\text{ }}hat\ensuremath{\text{ }}heute\ensuremath{\text{ }}selber}\newline
\StringTok{\ensuremath{\text{ }}Kinder.}\newline
\StringTok{Vater\ensuremath{\text{ }}hat\ensuremath{\text{ }}am\ensuremath{\text{ }}3.\ensuremath{\text{ }}4.\ensuremath{\text{ }}1947\ensuremath{\text{ }}Geburtstag"""}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{line\ensuremath{\text{ }}in\ensuremath{\text{ }}s.splitlines():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{m\ensuremath{\text{ }}=\ensuremath{\text{ }}re.search(}\StringTok{r"^(\textbackslash{}w+)\textbackslash{}D*(\textbackslash{}d*)\textbackslash{}.\textbackslash{}s?(\textbackslash{}d*)\textbackslash{}.\textbackslash{}s?(\textbackslash{}d*)"}\NormalTok{,\ensuremath{\text{ }}line)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{line}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{m.groups()}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./re2.py\newline Opa$\text{ }${}hat$\text{ }${}am$\text{ }${}10.$\text{ }${}12.$\text{ }${}1903$\text{ }${}Geburtstag.$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
(\textquotesingle{}Opa\textquotesingle{},$\text{ }${}\textquotesingle{}10\textquotesingle{},$\text{ }${}\textquotesingle{}12\textquotesingle{},$\text{ }${}\textquotesingle{}1903\textquotesingle{})$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Oma$\text{ }${}wurde$\text{ }${}am$\text{ }${}14.$\text{ }${}07.$\text{ }${}geboren.$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
(\textquotesingle{}Oma\textquotesingle{},$\text{ }${}\textquotesingle{}14\textquotesingle{},$\text{ }${}\textquotesingle{}07\textquotesingle{},$\text{ }${}{\itshape )$\text{ }$\newline{}
}$\text{ }$\newline{}
Mutti,$\text{ }${}deren$\text{ }${}Eltern$\text{ }${}sich$\text{ }${}am$\text{ }${}10.02.1949$\text{ }${}über$\text{ }${}die$\text{ }${}Geburt$\text{ }${}freuten,$\text{ }${}hat$\text{ }${}heute$\text{ }${}selber$\text{ }${}Kinder.$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
(\textquotesingle{}Mutti\textquotesingle{},$\text{ }${}\textquotesingle{}10\textquotesingle{},$\text{ }${}\textquotesingle{}02\textquotesingle{},$\text{ }${}\textquotesingle{}1949\textquotesingle{})$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Vater$\text{ }${}hat$\text{ }${}am$\text{ }${}3.$\text{ }${}4.$\text{ }${}1947$\text{ }${}Geburtstag$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
(\textquotesingle{}Vater\textquotesingle{},$\text{ }${}\textquotesingle{}3\textquotesingle{},$\text{ }${}\textquotesingle{}4\textquotesingle{},$\text{ }${}\textquotesingle{}1947\textquotesingle{})}}
\\ \hline \end{tabular}

Die {\ttfamily \uline{for}}-{}Schleife wird über jede Zeile ausgeführt, wobei die Methode {\ttfamily \uline{splitlines()}} einen Text in einzelne Zeilen zerlegt. In diesem Beispiel interessiert uns der Name, der dem Zeilenanfang als erstes Wort folgt, der Geburtstag, Geburtsmonat und das Geburtsjahr, welches auch fehlen darf. Der Zeilenanfang wird mit einem Dach ({\ttfamily \uline{\^{}}}) abgekürzt. Die erste Gruppe beinhaltet ein Wort, in dem Fall den Namen.
\section{Ausdrücke im Überblick}
\label{100}
Hier ein Ausschnitt aus der Sprache der regulären Ausdrücke. Alternativen werden durch Kommas getrennt.

\begin{longtable}{|>{\RaggedRight}p{0.47143\linewidth}|>{\RaggedRight}p{0.47143\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Ausdruck }&\hspace*{0pt}\ignorespaces{} Bedeutung\endhead  \hline 
\hspace*{0pt}\ignorespaces{} .  &\hspace*{0pt}\ignorespaces{} Der Punkt passt auf jedes Zeichen\\ \hline 
\hspace*{0pt}\ignorespaces{} \^{} &\hspace*{0pt}\ignorespaces{} Anfang einer Zeichenkette oder Zeile\\ \hline 
\hspace*{0pt}\ignorespaces{} \${} &\hspace*{0pt}\ignorespaces{} Ende einer Zeichenkette oder Zeile\\ \hline 
\hspace*{0pt}\ignorespaces{} {$\text{[}$}abc{$\text{]}$} &\hspace*{0pt}\ignorespaces{} Passt auf eine Zeichen aus der Menge \symbol{34}abc\symbol{34}\\ \hline 
\hspace*{0pt}\ignorespaces{} {$\text{[}$}abc{$\text{]}$}, {$\text{[}$}a-{}z{$\text{]}$} &\hspace*{0pt}\ignorespaces{} Passt auf eine Zeichen aus der Menge \symbol{34}abc\symbol{34}, \symbol{34}a bis z\symbol{34}\\ \hline 
\hspace*{0pt}\ignorespaces{} A|B &\hspace*{0pt}\ignorespaces{} Passt auf den regulären Ausdruck A oder auf B\\ \hline 
\hspace*{0pt}\ignorespaces{} \textbackslash{}A &\hspace*{0pt}\ignorespaces{} Anfang einer Zeichenkette\\ \hline 
\hspace*{0pt}\ignorespaces{} \textbackslash{}d, {$\text{[}$}0-{}9{$\text{]}$} &\hspace*{0pt}\ignorespaces{} Eine einzelne Ziffer\\ \hline 
\hspace*{0pt}\ignorespaces{} \textbackslash{}D, {$\text{[}$}\^{}0-{}9{$\text{]}$} &\hspace*{0pt}\ignorespaces{} Jedes Zeichen {\bfseries außer} der Ziffer\\ \hline 
\hspace*{0pt}\ignorespaces{} \textbackslash{}s &\hspace*{0pt}\ignorespaces{} Leerzeichen wie Tab, Space, ...\\ \hline 
\hspace*{0pt}\ignorespaces{} \textbackslash{}S &\hspace*{0pt}\ignorespaces{} Jedes Zeichen {\bfseries außer} dem Leerzeichen\\ \hline 
\hspace*{0pt}\ignorespaces{} \textbackslash{}w &\hspace*{0pt}\ignorespaces{} Buchstaben, Ziffern und der Unterstrich\\ \hline 
\hspace*{0pt}\ignorespaces{} \textbackslash{}W &\hspace*{0pt}\ignorespaces{} Alle Zeichen {\bfseries außer} solchen, die in \textbackslash{}w definiert sind\\ \hline 
\hspace*{0pt}\ignorespaces{} \textbackslash{}Z &\hspace*{0pt}\ignorespaces{} Das Ende einer Zeichenkette\\ \hline 
\end{longtable}


Neben einzelnen Zeichen kann auch die Anzahl der vorkommenden Zeichen begrenzt werden. Folgende Tabelle gibt einen Überblick:


\begin{longtable}{|>{\RaggedRight}p{0.30476\linewidth}|>{\RaggedRight}p{0.30476\linewidth}|>{\RaggedRight}p{0.30476\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Ausdruck }&\hspace*{0pt}\ignorespaces{} Bedeutung &\hspace*{0pt}\ignorespaces{} Beispiel\endhead  \hline 
\hspace*{0pt}\ignorespaces{} *  &\hspace*{0pt}\ignorespaces{} Der Ausdruck kommt mindestens 0-{}mal vor. &\hspace*{0pt}\ignorespaces{} .*\\ \hline 
\hspace*{0pt}\ignorespaces{} +  &\hspace*{0pt}\ignorespaces{} Der Ausdruck kommt mindestens 1-{}mal vor. &\hspace*{0pt}\ignorespaces{} \textbackslash{}d+\\ \hline 
\hspace*{0pt}\ignorespaces{} ?  &\hspace*{0pt}\ignorespaces{} Der Ausdruck kommt 0-{} oder 1-{}mal vor. &\hspace*{0pt}\ignorespaces{} (LOTTOGEWINN)?\\ \hline 
\hspace*{0pt}\ignorespaces{} \{n\}  &\hspace*{0pt}\ignorespaces{} Der Ausdruck kommt n-{}mal vor &\hspace*{0pt}\ignorespaces{} \textbackslash{}w\{3\}\\ \hline 
\hspace*{0pt}\ignorespaces{} \{m, n\}  &\hspace*{0pt}\ignorespaces{} Der Ausdruck kommt mindestens m-{}mal, höchstens n-{}mal vor  &\hspace*{0pt}\ignorespaces{} \textbackslash{}w\{3, 10\}\\ \hline 
\hspace*{0pt}\ignorespaces{} *?, +?, ??  &\hspace*{0pt}\ignorespaces{} die kürzeste Variante einer Fundstelle wird erkannt &\hspace*{0pt}\ignorespaces{} .*?, .+?, .??\\ \hline 
\end{longtable}

\section{Gieriges Suchen}
\label{101}
Um den Unterschied zwischen den verschiedenen Quantoren zu verdeutlichen, suchen wir in einem angegebenen String mit verschiedenen Kombinationen von Quantoren nach Ausdrücken, die auf beiden Seiten von einem \symbol{34}e\symbol{34} begrenzt werden. Wir bilden dazu drei Gruppen, die unterschiedlich lange Bereiche finden:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{re}\newline
\ensuremath{\text{ }}\newline
\NormalTok{zeile\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"Dies\ensuremath{\text{ }}ist\ensuremath{\text{ }}eine\ensuremath{\text{ }}Zeile"}\newline
\ensuremath{\text{ }}\newline
\NormalTok{m\ensuremath{\text{ }}=\ensuremath{\text{ }}re.search(}\StringTok{r"(.*)(e.*e)(.*)"}\NormalTok{,\ensuremath{\text{ }}zeile)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{m.groups()}\newline
\ensuremath{\text{ }}\newline
\NormalTok{m\ensuremath{\text{ }}=\ensuremath{\text{ }}re.search(}\StringTok{r"(.*?)(e.*?e)(.*)"}\NormalTok{,\ensuremath{\text{ }}zeile)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{m.groups()}\newline
\ensuremath{\text{ }}\newline
\NormalTok{m\ensuremath{\text{ }}=\ensuremath{\text{ }}re.search(}\StringTok{r"(.*?)(e.*e)(.*?)"}\NormalTok{,\ensuremath{\text{ }}zeile)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{m.groups()}\newline
\end{Highlighting}
\end{Shaded}



\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./gierig1\newline (\textquotesingle{}Dies$\text{ }${}ist$\text{ }${}eine$\text{ }${}Z\textquotesingle{},$\text{ }${}\textquotesingle{}eile\textquotesingle{},$\text{ }${}\textquotesingle{}\textquotesingle{})$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
(\textquotesingle{}Di\textquotesingle{},$\text{ }${}\textquotesingle{}es$\text{ }${}ist$\text{ }${}e\textquotesingle{},$\text{ }${}\textquotesingle{}ine$\text{ }${}Zeile\textquotesingle{})$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
(\textquotesingle{}Di\textquotesingle{},$\text{ }${}\textquotesingle{}es$\text{ }${}ist$\text{ }${}eine$\text{ }${}Zeile\textquotesingle{},$\text{ }${}\textquotesingle{}\textquotesingle{})}}
\\ \hline \end{tabular}


Wie wir sehen können, finden alle drei Ausdrücke Text, jedoch unterschiedlich lang. Die Variante {\ttfamily \uline{(.*?)}} findet möglichst wenig Text, während {\ttfamily \uline{(.*)}} möglichst lange Fundstellen findet. Solche Quantoren werden als {\itshape gierig} bezeichnet.
\section{Matching}
\label{102}
Während {\ttfamily \uline{search()}} im gesamten übergebenen String nach einem Ausdruck sucht, ist {\ttfamily \uline{match()}} auf den Anfang des Strings beschränkt. Suchen wir in einer Datei wie \LaTeXTTUlineTemplate{/var/log/syslog} nach Ereignissen vom 26. Januar, können wir das leicht mit {\ttfamily \uline{match()}} erledigen:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{re}\newline
\ensuremath{\text{ }}\newline
\NormalTok{datei\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{open}\NormalTok{(}\StringTok{"/var/log/syslog"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"r"}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Am\ensuremath{\text{ }}26.\ensuremath{\text{ }}Januar\ensuremath{\text{ }}passierte\ensuremath{\text{ }}folgendes:"}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{zeile\ensuremath{\text{ }}in\ensuremath{\text{ }}datei:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{m\ensuremath{\text{ }}=\ensuremath{\text{ }}re.match(}\StringTok{r"Jan\ensuremath{\text{ }}26\ensuremath{\text{ }}(.*)"}\NormalTok{,\ensuremath{\text{ }}zeile)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{m\ensuremath{\text{ }}!=\ensuremath{\text{ }}}\OtherTok{None}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{m.group(}\DecValTok{1}\NormalTok{)}\newline
\NormalTok{datei.close()}\newline
\end{Highlighting}
\end{Shaded}



\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./match1\newline Am$\text{ }${}26.$\text{ }${}Januar$\text{ }${}passierte$\text{ }${}folgendes:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
10:08:19$\text{ }${}rechner$\text{ }${}syslogd$\text{ }${}1.5.0\#2ubuntu6:$\text{ }${}restart.$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
10:08:21$\text{ }${}rechner$\text{ }${}anacron{$\text{[}$}4640{$\text{]}$}:$\text{ }${}Job$\text{ }${}`cron.daily\textquotesingle{}$\text{ }${}terminated$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
10:12:42$\text{ }${}rechner$\text{ }${}anacron{$\text{[}$}4640{$\text{]}$}:$\text{ }${}Job$\text{ }${}`cron.weekly\textquotesingle{}$\text{ }${}started$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
...}}
\\ \hline \end{tabular}


Es wird hier nach allen Zeichen gesucht, die der Zeichenkette \symbol{34}Jan 26 \symbol{34} folgen. Dies ist der Anfang der Zeile. Gibt es solche Zeichen, werden nur diese ausgegeben.
\section{Ich will mehr!}
\label{103}
Gruppen muss man nicht aufzählen, man kann sie auch benennen, wie folgendes Skript zeigt:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{re}\newline
\ensuremath{\text{ }}\newline
\NormalTok{wunsch\ensuremath{\text{ }}=}\StringTok{"Chef,\ensuremath{\text{ }}ich\ensuremath{\text{ }}brauche\ensuremath{\text{ }}mehr\ensuremath{\text{ }}Geld.\ensuremath{\text{ }}1000\ensuremath{\text{ }}oder\ensuremath{\text{ }}2000\ensuremath{\text{ }}Euro\ensuremath{\text{ }}halte\ensuremath{\text{ }}ich\ensuremath{\text{ }}für}\newline
\StringTok{\ensuremath{\text{ }}angebracht!"}\newline
\ensuremath{\text{ }}\newline
\NormalTok{m\ensuremath{\text{ }}=\ensuremath{\text{ }}re.search(}\StringTok{r"(?P<geld>\textbackslash{}d\{4\})"}\NormalTok{,\ensuremath{\text{ }}wunsch)}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{m.groups()}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{m.group(}\StringTok{\textquotesingle{}geld\textquotesingle{}}\NormalTok{)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./re3.py\newline (\textquotesingle{}1000\textquotesingle{},)$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
1000}}
\\ \hline \end{tabular}

Die Gruppe {\ttfamily \uline{(?P<{}geld>{}A)}} gibt dem eingeschlossenen regulären Ausdruck einen Namen. Es wird nach einer genau 4-{}stelligen Zahl gesucht, und auch gefunden. Dieses Beispiel offenbart aber schon eine Schwierigkeit mit {\ttfamily \uline{search()}}: Wir finden nur das erste Vorkommen des Ausdrucks ({\itshape 1000}), nicht jedoch den Zweiten.

Hier die verbesserte Version, die wirklich alle Wunschvorstellungen zu finden in der Lage ist:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{re}\newline
\NormalTok{wunsch\ensuremath{\text{ }}=}\StringTok{"Chef,\ensuremath{\text{ }}ich\ensuremath{\text{ }}brauche\ensuremath{\text{ }}mehr\ensuremath{\text{ }}Geld.\ensuremath{\text{ }}1000\ensuremath{\text{ }}oder\ensuremath{\text{ }}2000\ensuremath{\text{ }}Euro\ensuremath{\text{ }}halte\ensuremath{\text{ }}ich\ensuremath{\text{ }}für}\newline
\StringTok{\ensuremath{\text{ }}angebracht!"}\newline
\ensuremath{\text{ }}\newline
\NormalTok{liste\ensuremath{\text{ }}=\ensuremath{\text{ }}re.findall(}\StringTok{r"\textbackslash{}d\{4\}"}\NormalTok{,\ensuremath{\text{ }}wunsch)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{liste}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./re4.py\newline {$\text{[}$}\textquotesingle{}1000\textquotesingle{},$\text{ }${}\textquotesingle{}2000\textquotesingle{}{$\text{]}$}}}
\\ \hline \end{tabular}


{\ttfamily \uline{findall()}} wird genauso aufgerufen wie {\ttfamily \uline{search()}}, findet jedoch auch mehrfache Vorkommen der Ausdrücke im Text.
\section{Modi}
\label{104}
Sowohl {\ttfamily \uline{search()}} wie auch {\ttfamily \uline{match()}} erlauben als dritten Parameter einen Wert, der die Bedeutung des angegebenen Regulären Ausdrucks spezifiziert. 

Die folgende Tabelle gibt einen Überblick über diese Flags:

\begin{longtable}{|>{\RaggedRight}p{0.47143\linewidth}|>{\RaggedRight}p{0.47143\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Flag }&\hspace*{0pt}\ignorespaces{} Bedeutung\endhead  \hline 
\hspace*{0pt}\ignorespaces{} IGNORECASE  &\hspace*{0pt}\ignorespaces{} Groß-{} und Kleinschreibung wird nicht unterschieden\\ \hline 
\hspace*{0pt}\ignorespaces{} LOCALE &\hspace*{0pt}\ignorespaces{} \textbackslash{}w, \textbackslash{}W, \textbackslash{}b, \textbackslash{}B, \textbackslash{}s und \textbackslash{}S werden abhängig von der gewählten Spracheinstellung behandelt\\ \hline 
\hspace*{0pt}\ignorespaces{} MULTILINE &\hspace*{0pt}\ignorespaces{} Beeinflusst \^{} und \${}. Es werden der Zeilenanfang und das -{}ende beachtet.\\ \hline 
\hspace*{0pt}\ignorespaces{} DOTALL &\hspace*{0pt}\ignorespaces{} Der Punkt ({\bfseries .}) soll {\itshape jedes} Zeichen finden, auch Zeilenwechsel\\ \hline 
\hspace*{0pt}\ignorespaces{} UNICODE &\hspace*{0pt}\ignorespaces{} \textbackslash{}w, \textbackslash{}W, \textbackslash{}b, \textbackslash{}B, \textbackslash{}d, \textbackslash{}D, \textbackslash{}s und \textbackslash{}S werden als Unicode-{}Zeichen behandelt\\ \hline 
\hspace*{0pt}\ignorespaces{} VERBOSE &\hspace*{0pt}\ignorespaces{} Erlaubt unter anderem Kommentare in Regulären Ausdrücken, Leerzeichen werden ignoriert. Damit lassen sich {\itshape schöne} Ausdrücke mit Kommentaren zusammensetzen.\\ \hline 
\end{longtable}


Hier ein Beispiel, wie man diese Flags anwendet. Es wird nach einer IP-{}Adresse gesucht, die sich über mehrere Zeilen erstreckt. Zwischen zwei Zahlen kann sowohl ein Punkt stehen wie auch ein Punkt gefolgt von einem Neue-{}Zeile-{}Zeichen. Wir benutzen daher das Flag {\ttfamily \uline{DOTALL}}, um den Punkt auch dieses Zeichen suchen zu lassen. Nebenbei zeigen wir, wie man den Aufzählungsquantor ({\ttfamily \uline{\{1,3\}}}) benutzt. 


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{re}\newline
\ensuremath{\text{ }}\newline
\NormalTok{zeile\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"""Dieses\ensuremath{\text{ }}sind\ensuremath{\text{ }}mehrere\ensuremath{\text{ }}Zeilen,\ensuremath{\text{ }}es\ensuremath{\text{ }}geht}\newline
\StringTok{hier\ensuremath{\text{ }}um\ensuremath{\text{ }}die\ensuremath{\text{ }}Darstellung\ensuremath{\text{ }}einer\ensuremath{\text{ }}IP-Adresse\ensuremath{\text{ }}192.168.}\newline
\StringTok{10.1.\ensuremath{\text{ }}Diese\ensuremath{\text{ }}wird\ensuremath{\text{ }}über\ensuremath{\text{ }}mehrere\ensuremath{\text{ }}Zeilen\ensuremath{\text{ }}verteilt."""}\newline
\ensuremath{\text{ }}\newline
\NormalTok{m\ensuremath{\text{ }}=\ensuremath{\text{ }}re.search(}\StringTok{r"(\textbackslash{}d\{1,3\}).+?(\textbackslash{}d\{1,3\}).+?(\textbackslash{}d\{1,3\}).+?(\textbackslash{}d\{1,3\})."}\NormalTok{,\ensuremath{\text{ }}zeile,}\newline
\ensuremath{\text{ }}\NormalTok{re.DOTALL)}\newline
\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{m\ensuremath{\text{ }}is\ensuremath{\text{ }}}\OtherTok{None}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"nicht\ensuremath{\text{ }}gefunden"}\newline
\KeywordTok{else}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{m.groups()}\newline
\end{Highlighting}
\end{Shaded}



\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./modi1.py\newline (\textquotesingle{}192\textquotesingle{}, \textquotesingle{}168\textquotesingle{}, \textquotesingle{}10\textquotesingle{}, \textquotesingle{}1\textquotesingle{})}}
\\ \hline \end{tabular}


Wie wir sehen, wird die IP-{}Adresse korrekt gefunden.
\section{Gruppen}
\label{105}
Man kann in Regulären Ausdrücken Gruppen bilden. Einige von diesen Gruppen haben Sie schon kennen gelernt. In diesem Abschnitt geben wir einen Überblick über Möglichkeiten, Ausdrücke zu gruppieren. Folgende Gruppen werden unterstützt:


\begin{longtable}{|>{\RaggedRight}p{0.47143\linewidth}|>{\RaggedRight}p{0.47143\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Gruppe }&\hspace*{0pt}\ignorespaces{} Bedeutung\endhead  \hline 
\hspace*{0pt}\ignorespaces{} (?:{\itshape Ausdruck}) &\hspace*{0pt}\ignorespaces{} Diese Gruppe wird ignoriert. Man kann sie nicht per {\ttfamily \uline{groups()}} herauslösen, ebenfalls kann man sie nicht innerhalb der Ausdrücke referenzieren.\\ \hline 
\hspace*{0pt}\ignorespaces{} (?P<{}{\itshape Name}>{}{\itshape Ausdruck}) &\hspace*{0pt}\ignorespaces{} Weist einer Gruppe einen Namen zu. Siehe das Beispiel \mylref{107}{ Ich will mehr!}\\ \hline 
\hspace*{0pt}\ignorespaces{} (?P={\itshape Name}) &\hspace*{0pt}\ignorespaces{} Diese Gruppe wird ersetzt durch den Text, der von der Gruppe mit dem angegebenen Namen gefunden wurde. Damit lassen sich innerhalb von Ausdrücken Referenzen auf vorherige Suchergebnisse bilden.\\ \hline 
\hspace*{0pt}\ignorespaces{}(?\#{\itshape Inhalt}) &\hspace*{0pt}\ignorespaces{} {\itshape Inhalt} wird als Kommentar behandelt.\\ \hline 
\hspace*{0pt}\ignorespaces{} {\itshape A}(?={\itshape Ausdruck}) &\hspace*{0pt}\ignorespaces{} {\itshape A} passt nur dann, wenn als nächstes {\itshape Ausdruck} folgt. Sonst nicht. Dieses ist also eine Art Vorschau auf kommende Suchergebnisse\\ \hline 
\hspace*{0pt}\ignorespaces{} {\itshape A}(?!{\itshape Ausdruck}) &\hspace*{0pt}\ignorespaces{} {\itshape A} passt nur dann, wenn {\itshape Ausdruck} {\bfseries nicht} als nächstes folgt.\\ \hline 
\hspace*{0pt}\ignorespaces{} (?<{}={\itshape Ausdruck}){\itshape A} &\hspace*{0pt}\ignorespaces{} {\itshape A} passt nur dann, wenn {\itshape Ausdruck} vor {\itshape A} kommt. \\ \hline 
\hspace*{0pt}\ignorespaces{} (?<{}!{\itshape Ausdruck}){\itshape A} &\hspace*{0pt}\ignorespaces{} {\itshape A} passt {\bfseries nicht}, wenn {\itshape Ausdruck} vor {\itshape A} kommt. \\ \hline 
\hspace*{0pt}\ignorespaces{} (?({\itshape Name}){\itshape A1}|{\itshape A2}) &\hspace*{0pt}\ignorespaces{} Der Ausdruck {\itshape A1} wird nur dann als Suchmuster benutzt, wenn eine Gruppe mit Namen {\itshape Name} existiert. Sonst wird der (optionale) Ausdruck {\itshape A2} benutzt.\\ \hline 
\end{longtable}


Wir wollen nun den Gebrauch einiger regulärer Ausdrücke demonstrieren:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{re}\newline
\ensuremath{\text{ }}\newline
\NormalTok{zeilen\ensuremath{\text{ }}=\ensuremath{\text{ }}[}\StringTok{"Peter\ensuremath{\text{ }}sagt:\ensuremath{\text{ }}Peter,\ensuremath{\text{ }}gib\ensuremath{\text{ }}mir\ensuremath{\text{ }}den\ensuremath{\text{ }}Ball"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"Hans\ensuremath{\text{ }}sagt:\ensuremath{\text{ }}Peter,\ensuremath{\text{ }}sprichst\ensuremath{\text{ }}Du}\newline
\StringTok{\ensuremath{\text{ }}mit\ensuremath{\text{ }}dir\ensuremath{\text{ }}selbst?"}\NormalTok{]}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Leute,\ensuremath{\text{ }}die\ensuremath{\text{ }}gerne\ensuremath{\text{ }}mit\ensuremath{\text{ }}sich\ensuremath{\text{ }}selbst\ensuremath{\text{ }}sprechen:"}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{z\ensuremath{\text{ }}in\ensuremath{\text{ }}zeilen:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{m\ensuremath{\text{ }}=\ensuremath{\text{ }}re.match(}\StringTok{r"(?P<Person>\textbackslash{}w+)\ensuremath{\text{ }}sagt:\ensuremath{\text{ }}(?P=Person),\textbackslash{}.*"}\NormalTok{,\ensuremath{\text{ }}z)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{m\ensuremath{\text{ }}is\ensuremath{\text{ }}not\ensuremath{\text{ }}}\OtherTok{None}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{m.group(}\StringTok{\textquotesingle{}Person\textquotesingle{}}\NormalTok{)}\newline
\end{Highlighting}
\end{Shaded}

In diesem Beispiel wird eine Gruppe {\ttfamily \uline{Person}} erzeugt. In der ersten Zeile ist der Inhalt dieser Gruppe {\itshape Peter}, in der zweiten {\itshape Hans}. {\ttfamily \uline{(?P=Person)}} nimmt nun Bezug auf den Inhalt dieser Gruppe. Steht an der Stelle der betreffenden Zeile ebenfalls das, was der Inhalt der ersten Gruppe war (also {\itshape Peter} oder {\itshape Hans}), dann passt der gesamte reguläre Ausdruck. Sonst nicht. In diesem Fall passt nur die erste Zeile, denn es kommt zweimal {\itshape Peter} vor.

Etwas komplizierter ist der Ausdruck im folgenden Beispiel. Es wird die Datei \LaTeXTTUlineTemplate{/etc/group} untersucht. Es sollen all jene Gruppen aufgelistet werden, die Sekundärgruppen für User sind. Diese Zeilen erkennt man an:
\TemplatePreformat{$\text{ }$\newline{}
cdrom:x:24:haldaemon,tandar$\text{ }$\newline{}
floppy:x:25:haldaemon,tandar$\text{ }$\newline{}
}

Es sind jedoch Zeile, die keine User beinhalten, zu ignorieren, wie die folgenden:
\TemplatePreformat{$\text{ }$\newline{}
fax:x:21:$\text{ }$\newline{}
voice:x:22:$\text{ }$\newline{}
}

Ein Programm, das diese Zusammenstellung schafft, kann mit regulären Ausdrücken arbeiten. Nur jene Zeilen, die hinter dem letzten Doppelpunkt Text haben, sollen berücksichtigt werden. Der Gruppenname wie auch die Benutzernamen sollen in einer eigenen Ausdrucks-{}Gruppe gespeichert werden. 


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{re}\newline
\ensuremath{\text{ }}\newline
\NormalTok{datei\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{open}\NormalTok{(}\StringTok{"/etc/group"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"r"}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"User\ensuremath{\text{ }}mit\ensuremath{\text{ }}Sekundärgruppen"}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{zeile\ensuremath{\text{ }}in\ensuremath{\text{ }}datei:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{m\ensuremath{\text{ }}=\ensuremath{\text{ }}re.match(}\StringTok{r"(?P<Group>\textbackslash{}w+)(?=:x:\textbackslash{}d+:\textbackslash{}S+):x:\textbackslash{}d+:(?P<Mitglieder>.*)"}\NormalTok{,\ensuremath{\text{ }}zeile)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{m\ensuremath{\text{ }}is\ensuremath{\text{ }}not\ensuremath{\text{ }}}\OtherTok{None}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"User"}\NormalTok{,\ensuremath{\text{ }}m.group(}\StringTok{\textquotesingle{}Mitglieder\textquotesingle{}}\NormalTok{),\ensuremath{\text{ }}}\StringTok{"ist/sind\ensuremath{\text{ }}in\ensuremath{\text{ }}der\ensuremath{\text{ }}Gruppe"}\NormalTok{,}\newline
\ensuremath{\text{ }}\NormalTok{m.group(}\StringTok{\textquotesingle{}Group\textquotesingle{}}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\NormalTok{datei.close()}\newline
\end{Highlighting}
\end{Shaded}



\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./gruppen2.py\newline User$\text{ }${}mit$\text{ }${}Sekundärgruppen$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
User$\text{ }${}haldaemon,tandar$\text{ }${}ist/sind$\text{ }${}in$\text{ }${}der$\text{ }${}Gruppe$\text{ }${}cdrom$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
User$\text{ }${}haldaemon,tandar$\text{ }${}ist/sind$\text{ }${}in$\text{ }${}der$\text{ }${}Gruppe$\text{ }${}floppy$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
...$\text{ }${}weitere$\text{ }${}Ausgabe...}}
\\ \hline \end{tabular}

Der Ausdruck {\ttfamily \uline{(?P<{}Group>{}\textbackslash{}w+)(?=:x:\textbackslash{}d+:\textbackslash{}S+)}} besagt, dass nur dann wenn nach dem letzten Doppelpunkt noch Text folgt, der Gruppe mit dem Namen {\itshape Group} der Unix-{}Gruppenname zugewiesen werden soll. Es wird hier also eine Vorschau auf kommende Suchergebnisse betrieben. Diese Suchergebnisse werden jedoch nicht gespeichert. Anschließend wird der Zwischenbereich im Ausdruck {\ttfamily \uline{:x:\textbackslash{}d+:}} konsumiert und mit {\ttfamily \uline{(?P<{}Mitglieder>{}.*)}} die Mitgliederliste aufgenommen.
\section{Weiterführende Hinweise}
\label{106}
Reguläre Ausdrücke, wie wir sie in diesem Kapitel besprochen haben, sind recht kurz und wurden nur auf wenige Textzeilen angewendet. Hat man aber wirklich die Aufgabe, große Logdateien zu untersuchen, bietet es sich an, Ausdrücke vorzubereiten. Ausdrücke können mit der Methode {\ttfamily \uline{compile(Ausdruck,$\text{ }${}Flags)}} vorbereitet werden, um dann mit {\ttfamily \uline{match()}} und {\ttfamily \uline{search()}} abgearbeitet zu werden. Solche kompilierten Ausdrücke sind schneller. 

Folgendes Beispiel demonstriert das Vorgehen, wobei wir hier \LaTeXTTUlineTemplate{/var/log/messages} auswerten:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{re}\newline
\ensuremath{\text{ }}\newline
\NormalTok{datei\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{open}\NormalTok{(}\StringTok{"/var/log/messages"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"r"}\NormalTok{)}\newline
\NormalTok{exp\ensuremath{\text{ }}=\ensuremath{\text{ }}re.}\DataTypeTok{compile}\NormalTok{(}\StringTok{r"Jan\ensuremath{\text{ }}27\ensuremath{\text{ }}(?P<Zeit>\textbackslash{}d+:\textbackslash{}d+:\textbackslash{}d+)\ensuremath{\text{ }}.*?\ensuremath{\text{ }}(?P<Ereignis>.*)"}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Wann\ensuremath{\text{ }}passierte\ensuremath{\text{ }}heute\ensuremath{\text{ }}was?"}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{zeile\ensuremath{\text{ }}in\ensuremath{\text{ }}datei:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{m\ensuremath{\text{ }}=\ensuremath{\text{ }}exp.match(zeile)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{m\ensuremath{\text{ }}is\ensuremath{\text{ }}not\ensuremath{\text{ }}}\OtherTok{None}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{m.group(}\StringTok{\textquotesingle{}Zeit\textquotesingle{}}\NormalTok{),\ensuremath{\text{ }}m.group(}\StringTok{\textquotesingle{}Ereignis\textquotesingle{}}\NormalTok{)}\newline
\NormalTok{datei.close()}\newline
\end{Highlighting}
\end{Shaded}


Anders als bei in vorherigen Abschnitten vorgestellten Methoden wird hier zuerst ein Objekt erzeugt, welches dem kompilierten Ausdruck entspricht. Dessen Methoden sind ebenfalls unter anderem {\ttfamily \uline{match()}} und {\ttfamily \uline{search()}}. {\ttfamily \uline{exp.match(zeile)}} ist hier analog zu sehen zu {\ttfamily \uline{re.match(Ausdruck,$\text{ }${}Zeile)}}.
\section{Zusammenfassung}
\label{107}
In diesem Kapitel wurden die Möglichkeiten Regulärer Ausdrücke in Python vorgestellt. Im Kapitel \mylref{144}{Netzwerk} lernen Sie weitere nützliche Anwendungen kennen.


\chapter{Halbzeit}

\myminitoc
\label{108}





\label{109}
Wenn Sie es bis hierhin geschafft haben, dann haben Sie Python kennengelernt. 
Lehnen Sie sich also zurück, genießen Sie eine Tasse Kaffee oder Tee
und freuen Sie sich über das Erlernte.


\begin{center}


\begin{minipage}{0.50000\textwidth}
\begin{center}
\includegraphics[width=1.0\textwidth,height=6.5in,keepaspectratio]{../images/1.jpg}
\end{center}
\raggedright{}\myfigurewithoutcaption{1}
\end{minipage}\vspace{0.75cm}


\end{center}



Später werden wir Ihnen einen Ausblick auf vorhandene Module geben, aber jetzt noch nicht.... ;-{})


\chapter{Überblick über Module}

\myminitoc
\label{110}





\label{111}
In diesem Kapitel geben wir einen Überblick über Module, die meistens mitinstalliert werden. Anschließend wird eine Methode gezeigt, mit der man selbst mehr über unbekannte (aber auch vermeintlich bekannte) Module herausfinden kann.
\section{Modul cmath}
\label{112}
Dieses Modul beinhaltet mathematische Funktionen zur Arbeit mit komplexen Zahlen. In Python haben komplexe Zahlen einen eigenen Typ, {\ttfamily \uline{complex}}. Aufgeschrieben werden sie zum Beispiel als {\ttfamily \uline{5+3j}}\myfootnote{In der deutschsprachigen Literatur zu komplexen Zahlen ist das \symbol{34}i\symbol{34} häufig anzutreffen.}.

Ein Beispiel:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{cmath}\newline
\ensuremath{\text{ }}\newline
\NormalTok{z=}\DecValTok{5}\NormalTok{+4j}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{z}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{cmath.sqrt(z)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./datei3.py\newline (5+4j)$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
(2.38779440462+0.837593050781j)}}
\\ \hline \end{tabular}

\section{Modul datetime}
\label{113}
Das Modul {\itshape datetime} ist für die Verwaltung von Datum und Zeit zuständig. Dazu werden die Klassen {\ttfamily \uline{time}}, {\ttfamily \uline{date}}, {\ttfamily \uline{datetime}} (Zusammenfassung von time und date) sowie {\ttfamily \uline{timedelta}} (Zeitdifferenzen) und {\ttfamily \uline{tzinfo}} (Zeitzoneninformationen) definiert. Die Verwendung von {\ttfamily \uline{date}} wird in folgendem Programm demonstriert:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\CharTok{from}\ensuremath{\text{ }}\NormalTok{datetime\ensuremath{\text{ }}}\CharTok{import}\ensuremath{\text{ }}\NormalTok{date}\newline
\ensuremath{\text{ }}\newline
\NormalTok{t=date(}\DecValTok{2008}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{4}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{10}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Datum\ensuremath{\text{ }}allgemein:\ensuremath{\text{ }}"}\ensuremath{\text{ }}\NormalTok{+\ensuremath{\text{ }}}\DataTypeTok{str}\NormalTok{(t)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Datum\ensuremath{\text{ }}auf\ensuremath{\text{ }}deutsch:\ensuremath{\text{ }}"}\ensuremath{\text{ }}\NormalTok{+\ensuremath{\text{ }}}\DataTypeTok{str}\NormalTok{(t.day)\ensuremath{\text{ }}+\ensuremath{\text{ }}}\StringTok{"."}\ensuremath{\text{ }}\NormalTok{+\ensuremath{\text{ }}}\DataTypeTok{str}\NormalTok{(t.month)\ensuremath{\text{ }}+\ensuremath{\text{ }}}\StringTok{"."}\ensuremath{\text{ }}\NormalTok{+\ensuremath{\text{ }}}\DataTypeTok{str}\NormalTok{(t.year)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./date.py\newline Datum$\text{ }${}allgemein:$\text{ }${}2008-{}04-{}10$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Datum$\text{ }${}auf$\text{ }${}deutsch:$\text{ }${}10.4.2008}}
\\ \hline \end{tabular}


Hier folgt eine kurze Übersicht über einige der vorhandenen Methoden:

\begin{longtable}{|>{\RaggedRight}p{0.47143\linewidth}|>{\RaggedRight}p{0.47143\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Date-{}Funktionen }&\hspace*{0pt}\ignorespaces{}  Bedeutung\endhead  \hline 
\hspace*{0pt}\ignorespaces{} fromtimestamp(timestamp) &\hspace*{0pt}\ignorespaces{} Liefert das Datum passend zum Unix-{}Zeitstempel. Zeitstempel kann man von {\ttfamily \uline{time.time()}} (Modul time) geliefert bekommen. \\ \hline 
\hspace*{0pt}\ignorespaces{} today() &\hspace*{0pt}\ignorespaces{} Liefert das heutige Datum\\ \hline 
\hspace*{0pt}\ignorespaces{} year, month, day &\hspace*{0pt}\ignorespaces{} (Klassenattribute) Repräsentieren das Jahr, den Monat und den Tag\\ \hline 
\end{longtable}



\begin{longtable}{|>{\RaggedRight}p{0.47143\linewidth}|>{\RaggedRight}p{0.47143\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Time-{}Funktionen }&\hspace*{0pt}\ignorespaces{}  Bedeutung\endhead  \hline 
\hspace*{0pt}\ignorespaces{} hour, minute, second, microsecond &\hspace*{0pt}\ignorespaces{} (Klassenattribute) Repräsentieren Stunde, Minute, Sekunde und Mikrosekunde\\ \hline 
\hspace*{0pt}\ignorespaces{} isoformat() &\hspace*{0pt}\ignorespaces{} Liefert die Zeit im ISO8601-{}Format: HH:MM:SS.microsekunden\\ \hline 
\hspace*{0pt}\ignorespaces{} strftime(format) &\hspace*{0pt}\ignorespaces{} Liefert die Zeit unter Verwendung von Formatangaben. Beispiele:
\begin{myitemize}
\item{}  {\bfseries \%f}: Mikrosekunden
\item{}  {\bfseries \%H}: Stunden im 24-{}Stunden-{}Format
\item{}  {\bfseries \%M}: Minuten
\item{}  {\bfseries \%S}: Sekunden
\end{myitemize}
\\ \hline 
\end{longtable}

\section{Modul getopt}
\label{114}
Funktionen innerhalb von {\ttfamily \uline{getopt}} behandeln das Thema Kommandozeilenargumente:

\begin{longtable}{|>{\RaggedRight}p{0.47143\linewidth}|>{\RaggedRight}p{0.47143\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Funktion }&\hspace*{0pt}\ignorespaces{}  Bedeutung\endhead  \hline 
\hspace*{0pt}\ignorespaces{} getopt(Argumente, kurzeOptionen, langeOptionen) &\hspace*{0pt}\ignorespaces{} Liest Kommandozeilenoptionen, wie sie in {\itshape Argumente} übergeben wurden und vergleicht sie mit {\itshape kurzeOptionen} (-{}f, -{}h, ...) und {\itshape langeOptionen} (-{}-{}file, -{}-{}help, ...). Es werden zwei Listen zurückgegeben, eine enthält alle empfangenen Optionen einschließlich der Argumente, die andere Liste enthält alle Kommandozeilenargumente, denen keine Option vorangestellt wurde.\\ \hline 
\hspace*{0pt}\ignorespaces{} gnu_getopt(Argumente, kurzeOptionen, langeOptionen)&\hspace*{0pt}\ignorespaces{} Wie oben, jedoch dürfen Options-{} und nicht-{}Optionsargumente gemischt werden.\\ \hline 
\end{longtable}


{\ttfamily \uline{{\itshape langeOptionen}}} ist optional und enthält eine Liste mit Strings, die als lange Optionen interpretiert werden. Ein nachgestelltes Gleichheitszeichen bewirkt, dass diese Option ein Argument erwartet. {\ttfamily \uline{{\itshape kurzeOptionen}}} ist ein String, der die Buchstaben zu den passenden Optionen beinhaltet. Ein einem Buchstaben nachgestellter Doppelpunkt bewirkt, dass diese Option ein Argument erwartet. Kommandozeilenparameter werden typischerweise von der Variablen {\ttfamily \uline{sys.argv}} bereitgestellt, wobei {\ttfamily \uline{sys.argv{$\text{[}$}0{$\text{]}$}}} der Skriptname ist. Beispiel:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{getopt}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{sys}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Alle\ensuremath{\text{ }}Argumente:\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}sys.argv}\newline
\ensuremath{\text{ }}\newline
\NormalTok{shortOptions\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{\textquotesingle{}hf:\textquotesingle{}}\newline
\NormalTok{longOptions\ensuremath{\text{ }}=\ensuremath{\text{ }}[}\StringTok{\textquotesingle{}help\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}filename=\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}output=\textquotesingle{}}\NormalTok{]}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{usage():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{sys.argv[}\DecValTok{0}\NormalTok{],\ensuremath{\text{ }}}\StringTok{"--help\ensuremath{\text{ }}--filename=meinedatei\ensuremath{\text{ }}[--output=ausgabedatei]\ensuremath{\text{ }}..."}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{sys.argv[}\DecValTok{0}\NormalTok{],\ensuremath{\text{ }}}\StringTok{"-h\ensuremath{\text{ }}-f\ensuremath{\text{ }}meinedatei\ensuremath{\text{ }}..."}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\NormalTok{opts\ensuremath{\text{ }}=\ensuremath{\text{ }}[]}\newline
\NormalTok{args\ensuremath{\text{ }}=\ensuremath{\text{ }}[]}\newline
\KeywordTok{try}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{opts,\ensuremath{\text{ }}args\ensuremath{\text{ }}=\ensuremath{\text{ }}getopt.getopt(sys.argv[}\DecValTok{1}\NormalTok{:],\ensuremath{\text{ }}shortOptions,\ensuremath{\text{ }}longOptions)}\newline
\KeywordTok{except}\ensuremath{\text{ }}\NormalTok{getopt.GetoptError:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"ERR:\ensuremath{\text{ }}Mindestens\ensuremath{\text{ }}eine\ensuremath{\text{ }}der\ensuremath{\text{ }}Optionen\ensuremath{\text{ }}ist\ensuremath{\text{ }}nicht\ensuremath{\text{ }}verfuegbar"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{usage()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{sys.exit()}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Optionenargumente:"}\NormalTok{,\ensuremath{\text{ }}opts}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Nicht-Optionen-Argumente:"}\NormalTok{,\ensuremath{\text{ }}args}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{o,\ensuremath{\text{ }}a\ensuremath{\text{ }}in\ensuremath{\text{ }}opts:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{o\ensuremath{\text{ }}==\ensuremath{\text{ }}}\StringTok{"--help"}\ensuremath{\text{ }}\NormalTok{or\ensuremath{\text{ }}o\ensuremath{\text{ }}==\ensuremath{\text{ }}}\StringTok{"-h"}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"HELP"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{usage()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{o\ensuremath{\text{ }}==\ensuremath{\text{ }}}\StringTok{"--filename"}\ensuremath{\text{ }}\NormalTok{or\ensuremath{\text{ }}o\ensuremath{\text{ }}==\ensuremath{\text{ }}}\StringTok{"-f"}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Filename,\ensuremath{\text{ }}Bearbeite\ensuremath{\text{ }}Datei:"}\NormalTok{,\ensuremath{\text{ }}a}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{o\ensuremath{\text{ }}==\ensuremath{\text{ }}}\StringTok{"--output"}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Output,\ensuremath{\text{ }}Dateiname:"}\NormalTok{,\ensuremath{\text{ }}a}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{a\ensuremath{\text{ }}in\ensuremath{\text{ }}args:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Weiteres\ensuremath{\text{ }}Argument,\ensuremath{\text{ }}keine\ensuremath{\text{ }}Option:\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}a}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./getopt1.py -{}-{}output test -{}-{}filename test1 -{}f test2  test3\newline Alle$\text{ }${}Argumente:$\text{ }${}$\text{ }${}{$\text{[}$}\textquotesingle{}./getopt1.py\textquotesingle{},$\text{ }${}\textquotesingle{}-{}-{}output\textquotesingle{},$\text{ }${}\textquotesingle{}test\textquotesingle{},$\text{ }${}\textquotesingle{}-{}-{}filename\textquotesingle{},$\text{ }${}\textquotesingle{}test1\textquotesingle{},$\text{ }${}\textquotesingle{}-{}f\textquotesingle{},$\text{ }${}\textquotesingle{}test2\textquotesingle{},$\text{ }${}\textquotesingle{}test3\textquotesingle{}{$\text{]}$}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Optionenargumente:$\text{ }${}{$\text{[}$}(\textquotesingle{}-{}-{}output\textquotesingle{},$\text{ }${}\textquotesingle{}test\textquotesingle{}),$\text{ }${}(\textquotesingle{}-{}-{}filename\textquotesingle{},$\text{ }${}\textquotesingle{}test1\textquotesingle{}),$\text{ }${}(\textquotesingle{}-{}f\textquotesingle{},$\text{ }${}\textquotesingle{}test2\textquotesingle{}){$\text{]}$}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Nicht-{}Optionen-{}Argumente:$\text{ }${}{$\text{[}$}\textquotesingle{}test3\textquotesingle{}{$\text{]}$}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Output,$\text{ }${}Dateiname:$\text{ }${}test$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Filename,$\text{ }${}Bearbeite$\text{ }${}Datei:$\text{ }${}test1$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Filename,$\text{ }${}Bearbeite$\text{ }${}Datei:$\text{ }${}test2$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Weiteres$\text{ }${}Argument,$\text{ }${}keine$\text{ }${}Option:$\text{ }${}$\text{ }${}test3}}
\\ \hline \end{tabular}


Falls eine Option eingegeben wurde, die nicht Bestandteil der kurzen oder Langen Optionsliste ist, dann wird die Exception {\ttfamily \uline{getopt.GetoptError}} geworfen. Die Optionen {\ttfamily -{}f}, {\ttfamily -{}-{}filename} und {\ttfamily -{}-{}output} erwarten weitere Argumente. 
\section{Modul math}
\label{115}
Das Modul {\itshape math} enthält mathematische Funktionen und Konstanten. Die folgende Tabelle zeigt einen Auschnitt:


\begin{longtable}{|>{\RaggedRight}p{0.47143\linewidth}|>{\RaggedRight}p{0.47143\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Funktion }&\hspace*{0pt}\ignorespaces{}  Bedeutung\endhead  \hline 
\hspace*{0pt}\ignorespaces{} e &\hspace*{0pt}\ignorespaces{} Der Wert der Eulerkonstante 2.718...\\ \hline 
\hspace*{0pt}\ignorespaces{} pi &\hspace*{0pt}\ignorespaces{} Der Wert der Kreiszahl pi 3.14...\\ \hline 
\hspace*{0pt}\ignorespaces{} sin(), cos() &\hspace*{0pt}\ignorespaces{} Sinus, Kosinus eines Winkels im Bogenmaß\\ \hline 
\hspace*{0pt}\ignorespaces{} degrees() &\hspace*{0pt}\ignorespaces{} Rechnet einen Winkel vom Bogenmaß in Grad um\\ \hline 
\hspace*{0pt}\ignorespaces{} radians() &\hspace*{0pt}\ignorespaces{} Umrechnung Grad -{}>{} Bogenmaß\\ \hline 
\hspace*{0pt}\ignorespaces{} log(), exp() &\hspace*{0pt}\ignorespaces{} Logarithmus, Exponentialfunktion\\ \hline 
\end{longtable}


Ein Beispiel:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{math}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{math.e}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{math.sin(math.pi/}\DecValTok{2}\NormalTok{)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./math.py\newline 2.71828182846$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
1.0}}
\\ \hline \end{tabular}

\section{Modul os}
\label{116} 
Dieses Modul beinhaltet Variablen und Funktionen, die stark vom eingesetzten Betriebssystem (Linux, Mac, OpenBSD, ...) abhängen.

Beispiel:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{os}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Arbeite\ensuremath{\text{ }}unter\ensuremath{\text{ }}"}\ensuremath{\text{ }}\NormalTok{+\ensuremath{\text{ }}os.name}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Dieses\ensuremath{\text{ }}Programm\ensuremath{\text{ }}ist\ensuremath{\text{ }}unter\ensuremath{\text{ }}"}\ensuremath{\text{ }}\NormalTok{+\ensuremath{\text{ }}os.curdir\ensuremath{\text{ }}+\ensuremath{\text{ }}os.sep\ensuremath{\text{ }}+\ensuremath{\text{ }}}\StringTok{"ostest"}\ensuremath{\text{ }}\NormalTok{+\ensuremath{\text{ }}os.extsep\ensuremath{\text{ }}+}\newline
\ensuremath{\text{ }}\StringTok{"py"}\ensuremath{\text{ }}\NormalTok{+\ensuremath{\text{ }}}\StringTok{"\ensuremath{\text{ }}zu\ensuremath{\text{ }}erreichen"}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./ostest.py\newline Arbeite$\text{ }${}unter$\text{ }${}posix$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Dieses$\text{ }${}Programm$\text{ }${}ist$\text{ }${}unter$\text{ }${}./ostest.py$\text{ }${}zu$\text{ }${}erreichen}}
\\ \hline \end{tabular}

Anmerkung: Dieses Programm gibt unter verschiedenen Betriebssystemen unterschiedliche Ergebnisse aus.

Hier folgen einige nützliche Funktionen aus dem Modul:\subsection{Dateien und Verzeichnisse}
\label{117}

\begin{longtable}{|>{\RaggedRight}p{0.47143\linewidth}|>{\RaggedRight}p{0.47143\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Funktion }&\hspace*{0pt}\ignorespaces{}  Bedeutung\endhead  \hline 
\hspace*{0pt}\ignorespaces{} chdir(pfad) &\hspace*{0pt}\ignorespaces{} Wechselt in das angegebene Verzeichnis\\ \hline 
\hspace*{0pt}\ignorespaces{} chmod(pfad, modus) &\hspace*{0pt}\ignorespaces{} Ändert die Modi (Lesen, Schreiben, Ausführen) der Datei mit dem Dateinamen {\itshape pfad}.\\ \hline 
\hspace*{0pt}\ignorespaces{} chown(pfad, uid, gid) &\hspace*{0pt}\ignorespaces{} Ändert die Besitzrechte der Datei mit dem Namen {\itshape pfad} auf die der angegebenen UID und GID\\ \hline 
\hspace*{0pt}\ignorespaces{} close() &\hspace*{0pt}\ignorespaces{} Datei wird geschlossen\\ \hline 
\hspace*{0pt}\ignorespaces{} curdir, pardir &\hspace*{0pt}\ignorespaces{} (Konstanten) Kürzel für das aktuelle Verzeichnis (meist \symbol{34}.\symbol{34}) oder das übergeordnete Verzeichnis (\symbol{34}..\symbol{34})\\ \hline 
\hspace*{0pt}\ignorespaces{} getcwd() &\hspace*{0pt}\ignorespaces{} Liefert das aktuelle Arbeitsverzeichnis\\ \hline 
\hspace*{0pt}\ignorespaces{} listdir(pfad) &\hspace*{0pt}\ignorespaces{} Erzeugt eine Liste mit dem Inhalt des angegebenen Verzeichnisses {\itshape pfad}.\\ \hline 
\hspace*{0pt}\ignorespaces{} lseek(fd, pos, how) &\hspace*{0pt}\ignorespaces{} Positioniert den Dateizeiger der geöffneten Datei {\itshape fd} an die Position {\itshape pos}. {\itshape how} bestimmt, wie positioniert wird:
\begin{myitemize}
\item{}  SEEK_SET: relativ zum Anfang der Datei (voreingestellt)
\item{}  SEEK_CUR: relativ zur aktuellen Position
\item{}  SEEK_END: relativ zum Ende der Datei
\end{myitemize}
\\ \hline 
\hspace*{0pt}\ignorespaces{} name &\hspace*{0pt}\ignorespaces{} (Konstanten) Kennung für das Betriebssystem (posix, os2, riscos, ...)\\ \hline 
\hspace*{0pt}\ignorespaces{} open(file, flags{$\text{[}$}, mode{$\text{]}$}) &\hspace*{0pt}\ignorespaces{} {\itshape file}: Dateiname,\newline{}
 {\itshape flags}: Modi der Art
\begin{myitemize}
\item{}  O_RDONLY: nur Lesen
\item{}  O_WRONLY: nur schreiben
\item{}  O_RDWR: lesen und schreiben
\item{}  O_APPEND: anhängen
\item{}  O_CREAT: Datei wird erzeugt
\item{}  O_EXCL: Datei wird erzeugt, wenn es sie noch nicht gibt. Falls es die Datei gibt, liefert open() einen Fehler.
\item{}  O_TRUNC: Datei wird geleert
\end{myitemize}


Diese Flags können verodert werden.

{\itshape mode}: Dateirechte, wie z. B. \symbol{34}0660\symbol{34}\\ \hline 
\hspace*{0pt}\ignorespaces{} read(fd, n) &\hspace*{0pt}\ignorespaces{} Liest {\itshape n} Zeichen aus der offenen Datei {\itshape fd}.\\ \hline 
\hspace*{0pt}\ignorespaces{} remove(pfad), rmdir(pfad) &\hspace*{0pt}\ignorespaces{} Entfernt eine Datei oder ein Verzeichnis (rekursiv).\\ \hline 
\hspace*{0pt}\ignorespaces{} write(fd, s) &\hspace*{0pt}\ignorespaces{} Schreibt einen String {\itshape s} in die offene Datei {\itshape fd}.\\ \hline 
\hspace*{0pt}\ignorespaces{} sep, extsep &\hspace*{0pt}\ignorespaces{} (Konstanten) Trennzeichen für Pfadnamen (\symbol{34}/\symbol{34}) und Dateiendungen (\symbol{34}.\symbol{34})\\ \hline 
\hspace*{0pt}\ignorespaces{} tmpfile() &\hspace*{0pt}\ignorespaces{} Öffnet eine temporäre Datei im Modus \symbol{34}w+\symbol{34}\\ \hline 
\end{longtable}

\subsection{Prozessmanagement}
\label{118}


\begin{longtable}{|>{\RaggedRight}p{0.47143\linewidth}|>{\RaggedRight}p{0.47143\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Funktion }&\hspace*{0pt}\ignorespaces{}  Bedeutung\endhead  \hline 
\hspace*{0pt}\ignorespaces{} fork() &\hspace*{0pt}\ignorespaces{} Erzeugt einen Kindprozess. Liefert {\itshape 0}, wenn dieses der Kindprozess ist, sonst die Prozessnummer (PID) des Kindes.\\ \hline 
\hspace*{0pt}\ignorespaces{} kill(pid, signal) &\hspace*{0pt}\ignorespaces{} Sendet das Signal {\itshape signal} an den Prozess mit der angegebenen {\itshape pid}.\\ \hline 
\hspace*{0pt}\ignorespaces{} nice(wert) &\hspace*{0pt}\ignorespaces{} Fügt dem aktuellen Prozess den Nicewert {\itshape wert} hinzu.\\ \hline 
\hspace*{0pt}\ignorespaces{} system(befehl) &\hspace*{0pt}\ignorespaces{} Führt einen externen Befehl aus.\\ \hline 
\end{longtable}

\section{Modul os.path}
\label{119}
Dieses Modul enthält Funktionen, die Auskunft über Dateien geben. Man kann Änderung-{} und Zugriffszeiten abfragen, feststellen, ob ein Pfad eine (existierende) Datei oder ein Verzeichnis ist und vieles mehr.


\begin{longtable}{|>{\RaggedRight}p{0.47143\linewidth}|>{\RaggedRight}p{0.47143\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Funktion }&\hspace*{0pt}\ignorespaces{}  Bedeutung\endhead  \hline 
\hspace*{0pt}\ignorespaces{}  exists(Pfad) &\hspace*{0pt}\ignorespaces{} Liefert {\ttfamily \uline{True}}, wenn {\itshape Pfad} existiert und das Programm das Recht hat, diesen Pfad einzusehen.\\ \hline 
\hspace*{0pt}\ignorespaces{} expanduser(\~{}username) &\hspace*{0pt}\ignorespaces{} Erzeugt einen Pfad, der das Home-{}Verzeichnis von Benutzer {\itshape username} ist.\\ \hline 
\hspace*{0pt}\ignorespaces{} getatime(Pfad), getmtime(Pfad)&\hspace*{0pt}\ignorespaces{} Liefert die letzte Zugriffszeit oder die Änderungszeit\\ \hline 
\hspace*{0pt}\ignorespaces{} isfile(Pfad) &\hspace*{0pt}\ignorespaces{} {\ttfamily \uline{True}}, wenn der Pfad eine Datei darstellt\\ \hline 
\hspace*{0pt}\ignorespaces{} join(Pfad1, Pfad2, ...) &\hspace*{0pt}\ignorespaces{} Fügt Pfade zusammen, wobei {\itshape Pfad1} ein Verzeichnis sein kann, {\itshape Pfad2} ein Verzeichnis innerhalb von {\itshape Pfad1} oder eine Datei.\\ \hline 
\end{longtable}

\section{Modul random}
\label{120}
Das Modul {\itshape random} stellt Zufallsfunktionen zur Verfügung. Ein kleines Beispiel würfelt eine Zahl zwischen 1 und 6:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\CharTok{from}\ensuremath{\text{ }}\NormalTok{random\ensuremath{\text{ }}}\CharTok{import}\ensuremath{\text{ }}\NormalTok{randint}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Zufallszahl\ensuremath{\text{ }}ermitteln\ensuremath{\text{ }}und\ensuremath{\text{ }}als\ensuremath{\text{ }}Wuerfelergebnis\ensuremath{\text{ }}nehmen.\ensuremath{\text{ }}}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{print_random():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{wuerfel\ensuremath{\text{ }}=\ensuremath{\text{ }}randint(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{6}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Der\ensuremath{\text{ }}Wurf\ensuremath{\text{ }}ergibt\ensuremath{\text{ }}"}\ensuremath{\text{ }}\NormalTok{+\ensuremath{\text{ }}}\DataTypeTok{str}\NormalTok{(wuerfel)}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}5mal\ensuremath{\text{ }}wuerfeln}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{i\ensuremath{\text{ }}in\ensuremath{\text{ }}}\DataTypeTok{range}\NormalTok{(}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{print_random()}\newline
\end{Highlighting}
\end{Shaded}



\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./wuerfeln.py\newline Der$\text{ }${}Wurf$\text{ }${}ergibt$\text{ }${}2$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Der$\text{ }${}Wurf$\text{ }${}ergibt$\text{ }${}6$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Der$\text{ }${}Wurf$\text{ }${}ergibt$\text{ }${}5$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Der$\text{ }${}Wurf$\text{ }${}ergibt$\text{ }${}6$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Der$\text{ }${}Wurf$\text{ }${}ergibt$\text{ }${}2}}
\\ \hline \end{tabular}

Anmerkung: Dieses Programm gibt jedes mal andere Ergebnisse aus.
\section{Modul readline}
\label{121}
Mit dem Modul {\itshape readline} kann eine Autovervollständigung im Stil der Bash in die Texteingabe eingebaut werden. Mit einer geeigneten Funktion zur Vervollständigung angefangener Wörter braucht man nur noch die Tabulatortaste drücken, um bereits eindeutige Eingaben zu vervollständigen.
\section{Modul sys}
\label{122}
Hier folgt eine Auswahl interessanter Funktionen und Variablen innerhalb vom Modul {\itshape sys}.


\begin{longtable}{|>{\RaggedRight}p{0.47143\linewidth}|>{\RaggedRight}p{0.47143\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Funktion }&\hspace*{0pt}\ignorespaces{}  Bedeutung\endhead  \hline 
\hspace*{0pt}\ignorespaces{} argv &\hspace*{0pt}\ignorespaces{} Liste von Kommandozeilen, die dem Skript mitgegeben wurden\\ \hline 
\hspace*{0pt}\ignorespaces{} exit(Arg) &\hspace*{0pt}\ignorespaces{} Der optionale Wert {\itshape Arg} wird ausgegeben, oder, wenn es eine Zahl ist, an den aufrufenden Prozess (zum Beispiel die bash) übergeben.\\ \hline 
\hspace*{0pt}\ignorespaces{} exitfunc &\hspace*{0pt}\ignorespaces{} Diese Variable enthält den Wert einer Funktion, die als letzte vor dem Programmende aufgerufen wird.\\ \hline 
\hspace*{0pt}\ignorespaces{} path &\hspace*{0pt}\ignorespaces{} Liste aller Modulsuchpfade\\ \hline 
\hspace*{0pt}\ignorespaces{} platform &\hspace*{0pt}\ignorespaces{} Ein String, der die Plattform, also das Betriebssystem, identifiziert.\\ \hline 
\hspace*{0pt}\ignorespaces{} stdin &\hspace*{0pt}\ignorespaces{} Eingabekanal (Datei) \\ \hline 
\hspace*{0pt}\ignorespaces{} version &\hspace*{0pt}\ignorespaces{} Die aktuelle Python-{}Version\\ \hline 
\end{longtable}


Ein Beispielprogramm, wie man mit {\ttfamily \uline{exit()}} und {\ttfamily \uline{exitfunc}} umgeht:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{sys}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{LetzteWorte():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Das\ensuremath{\text{ }}Gold\ensuremath{\text{ }}befindet\ensuremath{\text{ }}sich\ensuremath{\text{ }}am\ensuremath{\text{ }}..."}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\NormalTok{exitfunc\ensuremath{\text{ }}=\ensuremath{\text{ }}LetzteWorte()}\newline
\NormalTok{sys.exit(}\DecValTok{42}\NormalTok{)}\newline
\end{Highlighting}
\end{Shaded}




\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./sys1.py\newline Das$\text{ }${}Gold$\text{ }${}befindet$\text{ }${}sich$\text{ }${}am$\text{ }${}...}}
\\ \hline \end{tabular}


Leider verstarb das Programm, bevor es uns den Ort nennen konnte, wo das Gold liegt. Wir können den Rückgabewert des Skriptes in der {\itshape bash} bestimmen, in dem wir die Shell-{}Variable {\itshape \${}?} abfragen:


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$echo \${}?\newline 42}}
\\ \hline \end{tabular}


Das folgende Programm benutzt {\ttfamily \uline{stdin}}, um einen Filter zu bauen. Mit dessen Hilfe können wir die Ausgabe eines Programmes als Eingabe unseres Programmes benutzen, um zum Beispiel Dateien mit Zeilennummern zu versehen:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{sys}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{n,\ensuremath{\text{ }}l\ensuremath{\text{ }}in\ensuremath{\text{ }}}\DataTypeTok{enumerate}\NormalTok{(sys.stdin):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"}\OtherTok{%d}\StringTok{:\ensuremath{\text{ }}}\OtherTok{%s}\StringTok{"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}(n,\ensuremath{\text{ }}l[:-}\DecValTok{1}\NormalTok{])}\newline
\end{Highlighting}
\end{Shaded}



\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./sys2.py <{} sys2.py \newline 0:$\text{ }${}\#!/usr/bin/python$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
1:$\text{ }${}import$\text{ }${}sys$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
2:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
3:$\text{ }${}for$\text{ }${}n,$\text{ }${}l$\text{ }${}in$\text{ }${}enumerate(sys.stdin):$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
4:$\text{ }${}{\mbox{$~$}}{\mbox{$~$}}{\mbox{$~$}}{\mbox{$~$}}print$\text{ }${}\symbol{34}\%d:$\text{ }${}\%s\symbol{34}$\text{ }${}\%$\text{ }${}(n,$\text{ }${}l{$\text{[}$}:-{}1{$\text{]}$})}}
\\ \hline \end{tabular}


Alternativ hätten wir das Programm auch mit {\ttfamily cat sys2.py | ./sys2.py} aufrufen können.
\section{Modul tarfile}
\label{123}
Das Modul {\itshape tarfile} ermöglicht die Behandlung von \textbackslash{}.tar(\textbackslash{}.gz|\textbackslash{}.bz2)?-{}Dateien unter Python. Ein Beispiel:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CharTok{from}\ensuremath{\text{ }}\NormalTok{sys\ensuremath{\text{ }}}\CharTok{import}\ensuremath{\text{ }}\NormalTok{argv}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{tarfile}\newline
\ensuremath{\text{ }}\newline
\NormalTok{filename=argv[}\DecValTok{0}\NormalTok{]}\newline
\NormalTok{tarname=filename+}\StringTok{".tar.gz"}\newline
\ensuremath{\text{ }}\newline
\NormalTok{tar=tarfile.}\DataTypeTok{open}\NormalTok{(tarname,\ensuremath{\text{ }}}\StringTok{"w:gz"}\NormalTok{)}\newline
\NormalTok{tar.add(filename)}\newline
\NormalTok{tar.close()}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{file}\NormalTok{=}\DataTypeTok{open}\NormalTok{(filename)}\newline
\DataTypeTok{file}\NormalTok{.seek(}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{)}\newline
\NormalTok{tar=}\DataTypeTok{open}\NormalTok{(tarname)}\newline
\NormalTok{tar.seek(}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Original:\ensuremath{\text{ }}"}\ensuremath{\text{ }}\NormalTok{+\ensuremath{\text{ }}}\DataTypeTok{str}\NormalTok{(}\DataTypeTok{file}\NormalTok{.tell())\ensuremath{\text{ }}+\ensuremath{\text{ }}}\StringTok{"\ensuremath{\text{ }}Bytes"}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Compressed:\ensuremath{\text{ }}"}\ensuremath{\text{ }}\NormalTok{+\ensuremath{\text{ }}}\DataTypeTok{str}\NormalTok{(tar.tell())\ensuremath{\text{ }}+\ensuremath{\text{ }}}\StringTok{"\ensuremath{\text{ }}Bytes"}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Noch\ensuremath{\text{ }}ein\ensuremath{\text{ }}paar\ensuremath{\text{ }}Kommentare,\ensuremath{\text{ }}damit\ensuremath{\text{ }}die\ensuremath{\text{ }}Datei\ensuremath{\text{ }}gross\ensuremath{\text{ }}genug\ensuremath{\text{ }}ist.\ensuremath{\text{ }}:-)}\newline
\CommentTok{#\ensuremath{\text{ }}Bei\ensuremath{\text{ }}zu\ensuremath{\text{ }}kleinen\ensuremath{\text{ }}Dateien\ensuremath{\text{ }}wirkt\ensuremath{\text{ }}sich\ensuremath{\text{ }}die\ensuremath{\text{ }}Kompression\ensuremath{\text{ }}negativ\ensuremath{\text{ }}aus.}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./tar.py\newline Original:$\text{ }${}464$\text{ }${}Bytes$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Compressed:$\text{ }${}403$\text{ }${}Bytes}}
\\ \hline \end{tabular}

\section{Modul time}
\label{124}
Das Modul {\itshape time} stellt Funktionen für das Rechnen mit Zeit zur Verfügung. Es sollte nicht mit der Klasse {\ttfamily \uline{time}} im Modul {\itshape datetime} verwechselt werden.
Ein Beispielprogramm:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\CharTok{from}\ensuremath{\text{ }}\NormalTok{time\ensuremath{\text{ }}}\CharTok{import}\ensuremath{\text{ }}\NormalTok{clock,\ensuremath{\text{ }}strftime}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{do_loop(limit):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{start_time=clock()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{i\ensuremath{\text{ }}in\ensuremath{\text{ }}}\DataTypeTok{range}\NormalTok{(}\DecValTok{1}\NormalTok{,limit):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{j\ensuremath{\text{ }}in\ensuremath{\text{ }}}\DataTypeTok{range}\NormalTok{(}\DecValTok{1}\NormalTok{,limit):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{pass}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{end_time=clock()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{end_time\ensuremath{\text{ }}-\ensuremath{\text{ }}start_time}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{calibrate():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{limit=}\DecValTok{1}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{elapsed=}\FloatTok{0.0}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{(elapsed<}\FloatTok{1.0}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{limit=limit*}\DecValTok{2}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{elapsed=do_loop(limit)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{limit}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{\textquotesingle{}Kalibriere\ensuremath{\text{ }}Zeitrechnung...\textquotesingle{}}\newline
\NormalTok{limit\ensuremath{\text{ }}=\ensuremath{\text{ }}calibrate()}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{\textquotesingle{}Rechne\ensuremath{\text{ }}(\textquotesingle{}}\ensuremath{\text{ }}\NormalTok{+\ensuremath{\text{ }}}\DataTypeTok{str}\NormalTok{(limit)\ensuremath{\text{ }}+\ensuremath{\text{ }}}\StringTok{\textquotesingle{})^2\ensuremath{\text{ }}Schleifen...\textquotesingle{}}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{\textquotesingle{}Vorher:\ensuremath{\text{ }}\textquotesingle{}}\ensuremath{\text{ }}\NormalTok{+\ensuremath{\text{ }}strftime(}\StringTok{\textquotesingle{}}\OtherTok{%X}\StringTok{\textquotesingle{}}\NormalTok{)}\newline
\NormalTok{elapsed=do_loop(limit)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{\textquotesingle{}Nachher:\ensuremath{\text{ }}\textquotesingle{}}\ensuremath{\text{ }}\NormalTok{+\ensuremath{\text{ }}strftime(}\StringTok{\textquotesingle{}}\OtherTok{%X}\StringTok{\textquotesingle{}}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Gemessene\ensuremath{\text{ }}Zeit:\ensuremath{\text{ }}"}\ensuremath{\text{ }}\NormalTok{+\ensuremath{\text{ }}}\DataTypeTok{str}\NormalTok{(elapsed)\ensuremath{\text{ }}+\ensuremath{\text{ }}}\StringTok{"s"}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./timing.py\newline Kalibriere$\text{ }${}Zeitrechnung...$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Rechne$\text{ }${}(4096)\^{}2$\text{ }${}Schleifen...$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Vorher:$\text{ }${}17:14:57$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Nachher:$\text{ }${}17:14:58$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Gemessene$\text{ }${}Zeit:$\text{ }${}1.16s}}
\\ \hline \end{tabular}

\section{Modul uu}
\label{125}
Das folgende Programm kodiert und dekodiert sich selbst:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CharTok{from}\ensuremath{\text{ }}\NormalTok{sys\ensuremath{\text{ }}}\CharTok{import}\ensuremath{\text{ }}\NormalTok{argv}\newline
\CharTok{from}\ensuremath{\text{ }}\NormalTok{uu\ensuremath{\text{ }}}\CharTok{import}\ensuremath{\text{ }}\NormalTok{encode,\ensuremath{\text{ }}decode}\newline
\ensuremath{\text{ }}\newline
\NormalTok{infile=argv[}\DecValTok{0}\NormalTok{]}\newline
\NormalTok{tmpfile=infile+}\StringTok{".uu"}\newline
\NormalTok{outfile=tmpfile+}\StringTok{".py"}\newline
\ensuremath{\text{ }}\newline
\NormalTok{encode(infile,\ensuremath{\text{ }}tmpfile)}\newline
\NormalTok{decode(tmpfile,\ensuremath{\text{ }}outfile)}\newline
\ensuremath{\text{ }}\newline
\DataTypeTok{file}\NormalTok{=}\DataTypeTok{open}\NormalTok{(outfile)}\newline
\NormalTok{data=}\DataTypeTok{file}\NormalTok{.read()}\newline
\NormalTok{lines=data.splitlines()}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{line\ensuremath{\text{ }}in\ensuremath{\text{ }}lines:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{line}\newline
\end{Highlighting}
\end{Shaded}


Die Ausgabe soll hier nicht extra aufgeführt werden, da sie identisch mit dem Programmcode ist. Für die Interessierten hier die dabei erzeugte Datei \LaTeXTTUlineTemplate{uudemo.py.uu}:
\TemplatePreformat{$\text{ }$\newline{}
begin$\text{ }${}755$\text{ }${}uudemo.py$\text{ }$\newline{}
M(R\${}O=7-{}R+V)I;B{$\text{]}$}P>{}71H;VX*9G)O;2!S>{}7,@:6UP;W)T(\&\%R9W8*9G)O;2!U$\text{ }$\newline{}
M=2!I;7!O<{}G0@96YC;V1E+\symbol{34}!D96-{}O9\&4*\symbol{34}FEN9FEL93UA<{}F=V6S!=\symbol{34}G1M<{}\&9I$\text{ }$\newline{}
M;\&4{$\text{]}$}:6YF:6QE*R(N=74B\symbol{34}F{$\text{]}$}U=\&9I;\&4{$\text{]}$}=\&UP9FEL92LB+G!Y(@H*96YC;V1E$\text{ }$\newline{}
M*\&EN9FEL92P@=\&UP9FEL92D*9\&5C;V1E*\textquotesingle{}1M<{}\&9I;\&4L(\&{$\text{]}$}U=\&9I;\&4I\symbol{34}@IF$\text{ }$\newline{}
M:6QE/6{$\text{]}$}P96XH;W5T9FEL92D*9\&\%T83UF:6QE+G)E860H*0IL:6YE<{}SUD871A$\text{ }$\newline{}
M+G-{}P;\&ET;\&EN97,H*0IF;W(@;\&EN92!I;B!L:6YE<{}SH*(\symbol{34}$\text{ }${}@(\symbol{34}!P<{}FEN=\symbol{34}!L$\text{ }$\newline{}
\${}:6YE\symbol{34}@$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
end$\text{ }$\newline{}
}
\section{Allgemeine Informationen über Module}
\label{126}
Das folgende Skript zeigt, wie man mehr über ein Modul herausfindet, von dem man nur den Namen kennt.

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{os}\newline
\DataTypeTok{help}\NormalTok{(os)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\DataTypeTok{dir}\NormalTok{(os)}\newline
\end{Highlighting}
\end{Shaded}


Die Funktionen {\ttfamily \uline{help()}} und {\ttfamily \uline{dir()}} geben nützliche Informationen über die Module aus. Es ist recht praktisch, sie im interaktiven Modus (siehe Kapitel \mylref{5}{Erste Schritte}) einzugeben.
\section{Anmerkungen}
\label{127}



\chapter{XML}

\myminitoc
\label{128}





\label{129}
{\bfseries WARNUNG:} Dieses Kapitel ist vollständig veraltet und sollte ersetzt oder entfernt werden. Es beschreibt nicht die aktuell zumeist verwendeten XML-{}Bibliotheken \myhref{http://docs.python.org/library/xml.etree.elementtree.html}{ ElementTree} und \myhref{http://lxml.de/}{ lxml}, sondern das ältere, langsame und sehr speicherintensive MiniDOM-{}Paket und die kompliziert zu verwendende SAX-{}Bibliothek.  Diesen gegenüber bieten ElementTree und lxml \myhref{http://lxml.de/performance.html}{ sehr hohe Geschwindigkeit} und \myhref{http://effbot.org/zone/celementtree.htm}{ Speichereffizienz}, leichtere Bedienbarkeit und eine wesentlich höhere Abdeckung von XML-{}Standards und -{}Features (z.B. Validierung, XPath oder XSLT).  Während es für SAX zumindest noch einige wenige vertretbare Anwendungsfälle gibt, sollte neu geschriebener Code insbesondere nicht mehr MiniDOM verwenden.
\section{Einleitung}
\label{130}
XML ist eine Auszeichnungssprache, mit der sich andere Sprachen definieren lassen. Ebenfalls nutzt man XML, um hierarchisch gegliederte Dokumente zu erzeugen. Mehr über XML findet sich in den Wikibooks \myhref{http://de.wikibooks.org/wiki/Websiteentwicklung\%3A\%20XML\%20}{ XML} und \myhref{http://de.wikibooks.org/wiki/Websiteentwicklung\%3A\%20XSLT\%20}{ XSLT}. Eine der Sprachen, die mit Hilfe von XML definiert wurden ist \myhref{http://de.wikibooks.org/wiki/Websiteentwicklung\%3A\%20XHTML\%20}{ XHTML (HTML)}. Dieses Kapitel deckt Teile der XML-{}Module ab, die mit Python mitgeliefert werden. Wenn Sie höherwertige Anwendungen mit Schemata und Namespaces benötigen, sollten Sie sich das Modul {\itshape python-{}libxml2} anschauen. Es lässt sich mit den Paketverwaltungstools ihrer Linux-{}Distribution leicht installieren. 
\section{XML-{}Dokument erzeugen}
\label{131}
Das folgende Beispiel erzeugt ein XML-{}Dokument und gibt es formatiert aus. Wir benutzen hierzu das Modul {\ttfamily \uline{xml.dom}}. Das Dokument enthält drei Knoten ({\itshape Node} oder {\itshape Element} genannt), das eigentliche Dokument, {\ttfamily Test1}-{}Knoten, einen Knoten namens {\ttfamily Hello}, der ein Attribut trägt und einen Textknoten:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{xml.dom}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Dokument\ensuremath{\text{ }}erzeugen}\newline
\NormalTok{implement\ensuremath{\text{ }}=\ensuremath{\text{ }}xml.dom.getDOMImplementation()}\newline
\NormalTok{doc\ensuremath{\text{ }}=\ensuremath{\text{ }}implement.createDocument(}\OtherTok{None}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"Test1"}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{None}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Child\ensuremath{\text{ }}Element\ensuremath{\text{ }}"Hello"}\newline
\NormalTok{elem\ensuremath{\text{ }}=\ensuremath{\text{ }}doc.createElement(}\StringTok{"Hello"}\NormalTok{)}\newline
\NormalTok{elem.setAttribute(}\StringTok{"output"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"yes"}\NormalTok{)}\newline
\NormalTok{text\ensuremath{\text{ }}=\ensuremath{\text{ }}doc.createTextNode(}\StringTok{"Hello,\ensuremath{\text{ }}World!"}\NormalTok{)}\newline
\NormalTok{elem.appendChild(text)}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Child\ensuremath{\text{ }}an\ensuremath{\text{ }}Dokument\ensuremath{\text{ }}anhängen}\newline
\NormalTok{doc.documentElement.appendChild(elem)}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Ausgeben}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{doc.toprettyxml()}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./xml1.py\newline $\text{ }$\newline{}

\begin{Shaded}
\begin{Highlighting}[]\newline
\KeywordTok{<?xml}\ensuremath{\text{ }}\NormalTok{version="1.0"\ensuremath{\text{ }}}\KeywordTok{?>}\newline
\KeywordTok{<Test1>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{<Hello}\OtherTok{\ensuremath{\text{ }}output=}\StringTok{"yes"}\KeywordTok{>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Hello,\ensuremath{\text{ }}World!}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{</Hello>}\newline
\KeywordTok{</Test1>}\newline
\end{Highlighting}
\end{Shaded}
}}
\\ \hline \end{tabular}


Mit {\ttfamily \uline{xml.dom.getDOMImplementation()}} beschaffen wir uns Informationen über die aktuelle XML-{}Implementation. Optional können wir mit der Funktion Eigenschaften anfordern, es würde dann eine passende Implementation herausgesucht. Diese Implementation benutzen wir, um ein eigenes Dokument mit dem so genannten {\itshape Root-{}Element} zu erzeugen: {\ttfamily \uline{createDocument()}}. Dieser Funktion könnten wir noch den Namespace und den Dokumententyp mitteilen. 

Haben wir ein Dokument erzeugt, können wir mit {\ttfamily \uline{createElement()}} nach Belieben neue Elemente erstellen. Knoten können Attribute haben, die man mit {\ttfamily \uline{setAttribute()}} in das Element einfügt. Wird ein Element erstellt, so wird es nicht sofort in das Dokument eingefügt. {\ttfamily \uline{appendChild()}} erledigt dies. 

{\ttfamily \uline{createTextNode()}} erzeugt einen speziellen Knoten, der nur aus Text besteht. Dieser kann keine weiteren Attribute haben. Das Root-{}Element holt man sich mit {\ttfamily \uline{doc.documentElement}}, an dieses kann man zum Schluss den Elemente-{}Baum anhängen. 

XML-{}Dokumente möchte man auch auf die Festplatte schreiben. Das folgende Beispiel implementiert eine Adresseneingabe. Lässt man den Namen bei der Eingabe leer, so wird die Eingabe abgebrochen, das XML-{}Dokument ausgegeben. Bitte beachten Sie, dass die Datei bei jedem Aufruf überschrieben wird. Es sollte sich also nach Möglichkeit keine andere wichtige Datei gleichen Namens im Verzeichnis befinden. Das Beispielprogramm erzeugt einen Baum, der {\ttfamily {\mbox{$<$}}Adressen{\mbox{$>$}}} beinhaltet. Jede dieser Adressen wird durch einen {\ttfamily {\mbox{$<$}}Adresse{\mbox{$>$}}}-{}Knoten repräsentiert, in dem sich {\ttfamily {\mbox{$<$}}Name{\mbox{$>$}}}-{} und {\ttfamily {\mbox{$<$}}Anschrift{\mbox{$>$}}}-{}Knoten befinden. Als Besonderheit wird noch ein Kommentar in jedes Adressenfeld geschrieben:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{xml.dom}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Dokument\ensuremath{\text{ }}erzeugen}\newline
\NormalTok{implement\ensuremath{\text{ }}=\ensuremath{\text{ }}xml.dom.getDOMImplementation()}\newline
\NormalTok{doc\ensuremath{\text{ }}=\ensuremath{\text{ }}implement.createDocument(}\OtherTok{None}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"Adressen"}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{None}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{while}\ensuremath{\text{ }}\OtherTok{True}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}Namen\ensuremath{\text{ }}holen,\ensuremath{\text{ }}ist\ensuremath{\text{ }}er\ensuremath{\text{ }}leer\ensuremath{\text{ }}dann\ensuremath{\text{ }}Abbruch}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{name_text\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{raw_input}\NormalTok{(}\StringTok{"Name\ensuremath{\text{ }}der\ensuremath{\text{ }}Person:\ensuremath{\text{ }}"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{name_text\ensuremath{\text{ }}==\ensuremath{\text{ }}}\StringTok{""}\NormalTok{:\ensuremath{\text{ }}}\KeywordTok{break}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}Kommentar}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{kommentar_text\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"Adresse\ensuremath{\text{ }}von\ensuremath{\text{ }}}\OtherTok{%s}\StringTok{"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}(name_text)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{commentNode\ensuremath{\text{ }}=\ensuremath{\text{ }}doc.createComment(kommentar_text)}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}neues\ensuremath{\text{ }}Adresse-Elemen}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{adresseElem\ensuremath{\text{ }}=\ensuremath{\text{ }}doc.createElement(}\StringTok{"Adresse"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{adresseElem.appendChild(commentNode)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}Name\ensuremath{\text{ }}anfügen}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{nameElem\ensuremath{\text{ }}=\ensuremath{\text{ }}doc.createElement(}\StringTok{"Name"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{adresseElem.appendChild(nameElem)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{nameTextElem\ensuremath{\text{ }}=\ensuremath{\text{ }}doc.createTextNode(name_text)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{nameElem.appendChild(nameTextElem)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}Anschrift}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{anschrift_text\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{raw_input}\NormalTok{(}\StringTok{"Anschrift:\ensuremath{\text{ }}"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{anschriftElem\ensuremath{\text{ }}=\ensuremath{\text{ }}doc.createElement(}\StringTok{"Anschrift"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{adresseElem.appendChild(anschriftElem)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{anschriftTextElem\ensuremath{\text{ }}=\ensuremath{\text{ }}doc.createTextNode(anschrift_text)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{anschriftElem.appendChild(anschriftTextElem)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}Anhängen\ensuremath{\text{ }}an\ensuremath{\text{ }}Dokument}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{doc.documentElement.appendChild(adresseElem)}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Ausgeben}\newline
\NormalTok{datei\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{open}\NormalTok{(}\StringTok{"testxml2.xml"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"w"}\NormalTok{)}\newline
\NormalTok{doc.writexml(datei,\ensuremath{\text{ }}}\StringTok{"}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"\ensuremath{\text{ }}\ensuremath{\text{ }}"}\NormalTok{)}\newline
\NormalTok{datei.close()}\newline
\end{Highlighting}
\end{Shaded}


So könnte bei geeigneter Eingabe die Datei \LaTeXTTUlineTemplate{testxml2.xml} aussehen:

\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$cat testxml2.xml\newline $\text{ }$\newline{}

\begin{Shaded}
\begin{Highlighting}[]\newline
\KeywordTok{<?xml}\ensuremath{\text{ }}\NormalTok{version="1.0"\ensuremath{\text{ }}}\KeywordTok{?>}\newline
\KeywordTok{<Adressen>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{<Adresse>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{<!--Adresse\ensuremath{\text{ }}von\ensuremath{\text{ }}Sir\ensuremath{\text{ }}Spamalot-->}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{<Name>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Sir\ensuremath{\text{ }}Spamalot}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{</Name>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{<Anschrift>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Spamhouse\ensuremath{\text{ }}123}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{</Anschrift>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{</Adresse>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{<Adresse>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{<!--Adresse\ensuremath{\text{ }}von\ensuremath{\text{ }}Lady\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}Lake-->}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{<Name>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Lady\ensuremath{\text{ }}of\ensuremath{\text{ }}the\ensuremath{\text{ }}Lake}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{</Name>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{<Anschrift>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{West\ensuremath{\text{ }}End\ensuremath{\text{ }}23}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{</Anschrift>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{</Adresse>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{<Adresse>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{<!--Adresse\ensuremath{\text{ }}von\ensuremath{\text{ }}Brian-->}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{<Name>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Brian}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{</Name>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{<Anschrift>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{Im\ensuremath{\text{ }}Flying\ensuremath{\text{ }}Circus}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{</Anschrift>}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{</Adresse>}\newline
\KeywordTok{</Adressen>}\newline
\end{Highlighting}
\end{Shaded}
}}
\\ \hline \end{tabular}


Dieses Beispiel enthält verschachtelte Elemente. Es wird nach Namen und Anschrift gefragt, dazu werden passende Knoten erzeugt und aneinander gehängt. Nach der Eingabe des Namens erzeugt {\ttfamily \uline{createComment()}} einen Kommentar, der ebenfalls mit {\ttfamily \uline{appendChild()}} angehängt werden kann. Neu ist, dass wir das erzeugte Dokument schreiben. Dazu nutzen wir {\ttfamily \uline{writexml()}}, welche eine offene Datei erwartet. Außerdem geben wir noch die Art der Einrückung mit: Zwischen zwei Elementen soll eine neue Zeile eingefügt werden, je zwei Element-{}Ebenen sollen durch Leerzeichen getrennt werden.
\section{XML lesen}
\label{132}
Eine XML-{}Datei kann man bequem mit den Funktionen von {\ttfamily \uline{xml.dom.minidom}}, einer \symbol{34}leichtgewichtigen\symbol{34} Implementation von XML lesen. Hierzu nutzen wir eine rekursive Funktion, um uns alle Knoten auszugeben. 

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{xml.dom.minidom}\newline
\ensuremath{\text{ }}\newline
\NormalTok{datei\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{open}\NormalTok{(}\StringTok{"testxml2.xml"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"r"}\NormalTok{)}\newline
\NormalTok{dom\ensuremath{\text{ }}=\ensuremath{\text{ }}xml.dom.minidom.parse(datei)}\newline
\NormalTok{datei.close()}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{dokument(domina):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{node\ensuremath{\text{ }}in\ensuremath{\text{ }}domina.childNodes:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"NodeName:"}\NormalTok{,\ensuremath{\text{ }}node.nodeName,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{node.nodeType\ensuremath{\text{ }}==\ensuremath{\text{ }}node.ELEMENT_NODE:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Typ\ensuremath{\text{ }}ELEMENT_NODE"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{node.nodeType\ensuremath{\text{ }}==\ensuremath{\text{ }}node.TEXT_NODE:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Typ\ensuremath{\text{ }}TEXT_NODE,\ensuremath{\text{ }}Content:\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}node.nodeValue.strip()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{node.nodeType\ensuremath{\text{ }}==\ensuremath{\text{ }}node.COMMENT_NODE:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Typ\ensuremath{\text{ }}COMMENT_NODE,\ensuremath{\text{ }}"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{dokument(node)}\newline
\ensuremath{\text{ }}\newline
\NormalTok{dokument(dom)}\newline
\end{Highlighting}
\end{Shaded}


\begin{longtable}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./xml3.py\newline NodeName:$\text{ }${}Adressen$\text{ }${}Typ$\text{ }${}ELEMENT_NODE$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}\#text$\text{ }${}Typ$\text{ }${}TEXT_NODE,$\text{ }${}Content:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}Adresse$\text{ }${}Typ$\text{ }${}ELEMENT_NODE$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}\#text$\text{ }${}Typ$\text{ }${}TEXT_NODE,$\text{ }${}Content:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}\#comment$\text{ }${}Typ$\text{ }${}COMMENT_NODE,$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}\#text$\text{ }${}Typ$\text{ }${}TEXT_NODE,$\text{ }${}Content:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}Name$\text{ }${}Typ$\text{ }${}ELEMENT_NODE$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}\#text$\text{ }${}Typ$\text{ }${}TEXT_NODE,$\text{ }${}Content:$\text{ }${}$\text{ }${}Sir$\text{ }${}Spamalot$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}\#text$\text{ }${}Typ$\text{ }${}TEXT_NODE,$\text{ }${}Content:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}Anschrift$\text{ }${}Typ$\text{ }${}ELEMENT_NODE$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}\#text$\text{ }${}Typ$\text{ }${}TEXT_NODE,$\text{ }${}Content:$\text{ }${}$\text{ }${}Spamhouse$\text{ }${}123$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}\#text$\text{ }${}Typ$\text{ }${}TEXT_NODE,$\text{ }${}Content:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}\#text$\text{ }${}Typ$\text{ }${}TEXT_NODE,$\text{ }${}Content:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}Adresse$\text{ }${}Typ$\text{ }${}ELEMENT_NODE$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}\#text$\text{ }${}Typ$\text{ }${}TEXT_NODE,$\text{ }${}Content:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}\#comment$\text{ }${}Typ$\text{ }${}COMMENT_NODE,$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}\#text$\text{ }${}Typ$\text{ }${}TEXT_NODE,$\text{ }${}Content:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}Name$\text{ }${}Typ$\text{ }${}ELEMENT_NODE$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}\#text$\text{ }${}Typ$\text{ }${}TEXT_NODE,$\text{ }${}Content:$\text{ }${}$\text{ }${}Lady$\text{ }${}of$\text{ }${}the$\text{ }${}Lake$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}\#text$\text{ }${}Typ$\text{ }${}TEXT_NODE,$\text{ }${}Content:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}Anschrift$\text{ }${}Typ$\text{ }${}ELEMENT_NODE$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}\#text$\text{ }${}Typ$\text{ }${}TEXT_NODE,$\text{ }${}Content:$\text{ }${}$\text{ }${}West$\text{ }${}End$\text{ }${}23$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}\#text$\text{ }${}Typ$\text{ }${}TEXT_NODE,$\text{ }${}Content:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}\#text$\text{ }${}Typ$\text{ }${}TEXT_NODE,$\text{ }${}Content:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}Adresse$\text{ }${}Typ$\text{ }${}ELEMENT_NODE$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}\#text$\text{ }${}Typ$\text{ }${}TEXT_NODE,$\text{ }${}Content:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}\#comment$\text{ }${}Typ$\text{ }${}COMMENT_NODE,$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}\#text$\text{ }${}Typ$\text{ }${}TEXT_NODE,$\text{ }${}Content:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}Name$\text{ }${}Typ$\text{ }${}ELEMENT_NODE$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}\#text$\text{ }${}Typ$\text{ }${}TEXT_NODE,$\text{ }${}Content:$\text{ }${}$\text{ }${}Brian$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}\#text$\text{ }${}Typ$\text{ }${}TEXT_NODE,$\text{ }${}Content:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}Anschrift$\text{ }${}Typ$\text{ }${}ELEMENT_NODE$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}\#text$\text{ }${}Typ$\text{ }${}TEXT_NODE,$\text{ }${}Content:$\text{ }${}$\text{ }${}Im$\text{ }${}Flying$\text{ }${}Circus$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}\#text$\text{ }${}Typ$\text{ }${}TEXT_NODE,$\text{ }${}Content:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
NodeName:$\text{ }${}\#text$\text{ }${}Typ$\text{ }${}TEXT_NODE,$\text{ }${}Content:}}
\\ \hline \end{longtable}


Die Überraschung dürfte groß sein. In einer so kleinen Textdatei werden so viele Knoten gefunden. Der Ausspruch \symbol{34}Man sieht den Wald vor lauter Bäumen nicht mehr\symbol{34} dürfte hier passen. Im Programm wird mit {\ttfamily \uline{xml.dom.minidom.parse()}} eine offene Datei gelesen. Die Funktion {\ttfamily \uline{{\itshape dokument()}}} wird mit jedem Kindelement, das mit {\ttfamily \uline{childNodes}} ermittelt wird, neu aufgerufen. Kinder können Elemente, wie {\ttfamily {\mbox{$<$}}Adresse{\mbox{$>$}}} oder Kommentare oder beliebiger Text sein. Beliebigen Text, in der Ausgabe an den Stellen mit {\ttfamily \#text} zu erkennen, haben wir alleine dadurch recht oft, da wir den Text mit Einrückungszeichen (Indent) beim Speichern gefüllt haben. Nur sehr wenige {\ttfamily TEXT_NODE}-{}Zeilen stehen hierbei für sinnvollen Text, alle anderen sind Knoten, die nur wegen der Leerzeichen und Newline-{}Zeichen ({\ttfamily \uline{{\itshape \textbackslash{}n}}}) hineingeschrieben wurden. Da wir {\ttfamily \uline{strip()}} bei jeder Ausgabe benutzen, sehen wir von diesen Zeichen nichts.

Um nur die interessanten Elemente auszugeben, müssen wir die Struktur berücksichtigen. Wir lassen alles außer Acht, was nicht zum gewünschten Elementinhalt passt:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{xml.dom.minidom}\newline
\ensuremath{\text{ }}\newline
\NormalTok{datei\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{open}\NormalTok{(}\StringTok{"testxml2.xml"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"r"}\NormalTok{)}\newline
\NormalTok{dom\ensuremath{\text{ }}=\ensuremath{\text{ }}xml.dom.minidom.parse(datei)}\newline
\NormalTok{datei.close()}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{liesText(pretext,\ensuremath{\text{ }}knoten):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{k\ensuremath{\text{ }}in\ensuremath{\text{ }}knoten.childNodes:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{k.nodeType\ensuremath{\text{ }}==\ensuremath{\text{ }}k.TEXT_NODE:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{pretext,\ensuremath{\text{ }}k.nodeValue.strip()}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{liesAdressen(knoten):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{num,\ensuremath{\text{ }}elem\ensuremath{\text{ }}in\ensuremath{\text{ }}}\DataTypeTok{enumerate}\NormalTok{(knoten.getElementsByTagName(}\StringTok{"Adresse"}\NormalTok{)):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"}\OtherTok{%d}\StringTok{.\ensuremath{\text{ }}Adresse:"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}(num\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{knotenNamen\ensuremath{\text{ }}in\ensuremath{\text{ }}elem.getElementsByTagName(}\StringTok{"Name"}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{liesText(}\StringTok{"Name:"}\NormalTok{,\ensuremath{\text{ }}knotenNamen)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{knotenAnschrift\ensuremath{\text{ }}in\ensuremath{\text{ }}elem.getElementsByTagName(}\StringTok{"Anschrift"}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{liesText(}\StringTok{"Anschrift:"}\NormalTok{,\ensuremath{\text{ }}knotenAnschrift)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{dokument(start):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{elem\ensuremath{\text{ }}in\ensuremath{\text{ }}start.getElementsByTagName(}\StringTok{"Adressen"}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{liesAdressen(elem)}\newline
\ensuremath{\text{ }}\newline
\NormalTok{dokument(dom)}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./xml4.py\newline 1.$\text{ }${}Adresse:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Name:$\text{ }${}Sir$\text{ }${}Spamalot$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Anschrift:$\text{ }${}Spamhouse$\text{ }${}123$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
2.$\text{ }${}Adresse:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Name:$\text{ }${}Lady$\text{ }${}of$\text{ }${}the$\text{ }${}Lake$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Anschrift:$\text{ }${}West$\text{ }${}End$\text{ }${}23$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
3.$\text{ }${}Adresse:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Name:$\text{ }${}Brian$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Anschrift:$\text{ }${}Im$\text{ }${}Flying$\text{ }${}Circus}}
\\ \hline \end{tabular}


Diese Ausgabe ist wesentlich nützlicher. Mit {\ttfamily \uline{getElementsByTagName()}} können wir für die interessanten Tags alle Kindelemente holen. In der Funktion {\ttfamily \uline{{\itshape dokument()}}} wird so für den Adressen-{}Tag, das Root-{}Element, genau einmal die Funktion {\ttfamily \uline{{\itshape liesAdressen()}}} aufgerufen. Diese Funktion erzeugt die eigentliche Adressenausgabe. Es wird dabei über alle {\ttfamily Adresse}-{}Elemente iteriert, da Kindelemente von {\ttfamily Adresse} nur {\ttfamily Name} und {\ttfamily Anschrift} sein können, werden diese in der Funktion ebenfalls verarbeitet. Alle Textelemente werden von {\ttfamily \uline{{\itshape liesText()}}} bearbeitet.
\section{SAX}
\label{133}
SAX ist ein Ereignis-{}basierendes Protokoll zum Lesen von XML-{}Dokumenten. Jedes Mal, wenn ein Ereignis auftritt, zum Beispiel ein Element gelesen wird, wird eine Methode aufgerufen, die dieses Ereignis behandelt. Anders als bei DOM können so sehr lange XML-{}Dokumente gelesen werden, die wesentlich größer sind als der zur Verfügung stehende Speicher. Das folgende Beispiel zeigt, wie man einen Handler erstellt, der auf einige Ereignisse reagieren kann:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{xml.sax}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{MiniHandler(xml.sax.handler.ContentHandler):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{startDocument(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"ANFANG"}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{endDocument(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"ENDE"}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{startElement(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}name,\ensuremath{\text{ }}attrs):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Element"}\NormalTok{,\ensuremath{\text{ }}name}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{characters(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}content):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{s\ensuremath{\text{ }}=\ensuremath{\text{ }}content.strip()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{s\ensuremath{\text{ }}!=\ensuremath{\text{ }}}\StringTok{""}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Textinhalt:"}\NormalTok{,\ensuremath{\text{ }}s}\newline
\ensuremath{\text{ }}\newline
\NormalTok{handler\ensuremath{\text{ }}=\ensuremath{\text{ }}MiniHandler()}\newline
\NormalTok{datei\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{open}\NormalTok{(}\StringTok{"testxml2.xml"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"r"}\NormalTok{)}\newline
\NormalTok{xml.sax.parse(datei,\ensuremath{\text{ }}handler)}\newline
\NormalTok{datei.close()}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./xml5.py \newline ANFANG$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Element$\text{ }${}Adressen$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Element$\text{ }${}Adresse$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Element$\text{ }${}Name$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Textinhalt:$\text{ }${}Sir$\text{ }${}Spamalot$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Element$\text{ }${}Anschrift$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Textinhalt:$\text{ }${}Spamhouse$\text{ }${}123$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Element$\text{ }${}Adresse$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Element$\text{ }${}Name$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Textinhalt:$\text{ }${}Lady$\text{ }${}of$\text{ }${}the$\text{ }${}Lake$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Element$\text{ }${}Anschrift$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Textinhalt:$\text{ }${}West$\text{ }${}End$\text{ }${}23$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Element$\text{ }${}Adresse$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Element$\text{ }${}Name$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Textinhalt:$\text{ }${}Brian$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Element$\text{ }${}Anschrift$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Textinhalt:$\text{ }${}Im$\text{ }${}Flying$\text{ }${}Circus$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
ENDE}}
\\ \hline \end{tabular}

{\ttfamily \uline{xml.sax.handler.ContentHandler}} ist die Basisklasse für eigene Handler. In davon abgeleiteten Klassen werden einige Ereignisse wie {\ttfamily \uline{startDocument()}} neu definiert, um so passend zur Anwendung darauf reagieren zu können. In unserem Beispiel geben wir die Meldungen aus. Eine Instanz des {\ttfamily \uline{MiniHandler}}s wird, neben der offenen Datei, {\ttfamily \uline{xml.sax.parse()}} mitgegeben. Das Dokument wird sukzessive verarbeitet, die im {\ttfamily \uline{MiniHandler}} anlaufenden Ereignisse dort bearbeitet. Diese sind selbstverständlich nur ein Auszug aller möglichen Ereignisse.
\section{Nützliche Helfer}
\label{134}
Für diese nützlichen Helfer bindet man das Modul {\itshape xml.sax.saxutils} ein:

\begin{longtable}{|>{\RaggedRight}p{0.28286\linewidth}|>{\RaggedRight}p{0.66000\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Funktion }&\hspace*{0pt}\ignorespaces{}  Bedeutung\endhead  \hline 
\hspace*{0pt}\ignorespaces{} escape(Daten{$\text{[}$}, Entitäten{$\text{]}$}) &\hspace*{0pt}\ignorespaces{} Ersetzt in einem String \symbol{34}{\itshape Daten}\symbol{34} alle Vorkommen von Sonderzeichen durch im Dictionary angegebene Entitäten. Zum Beispiel {\mbox{$<$}} durch {\mbox{$\&$}}lt;. Einige Entitäten werden ohne ein erweitertes Entitäten-{}Verzeichnis ersetzt.\\ \hline 
\hspace*{0pt}\ignorespaces{} unescape(Daten{$\text{[}$}, Entitäten{$\text{]}$}) &\hspace*{0pt}\ignorespaces{} Wie {\itshape escape()}, nur umgekehrt. Für ein Beispiel siehe \mylref{146}{Kapitel Netzwerk}. Sie können ein für {\itshape escape()} vorbereitetes Entitäten-{}Verzeichnis hier nicht wiederverwenden, sondern müssen den Inhalt umkehren.\\ \hline 
\end{longtable}



\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{xml.sax.saxutils\ensuremath{\text{ }}}\CharTok{as}\ensuremath{\text{ }}\NormalTok{util}\newline
\ensuremath{\text{ }}\newline
\NormalTok{buch\ensuremath{\text{ }}=\ensuremath{\text{ }}\{}\StringTok{\textquotesingle{}ä\textquotesingle{}}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}}\StringTok{\textquotesingle{}&auml;\textquotesingle{}}\NormalTok{\}}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{util.escape(}\StringTok{"Anzahl\ensuremath{\text{ }}der\ensuremath{\text{ }}Männer\ensuremath{\text{ }}<\ensuremath{\text{ }}Anzahl\ensuremath{\text{ }}aller\ensuremath{\text{ }}Menschen!"}\NormalTok{,\ensuremath{\text{ }}buch)}\newline
\end{Highlighting}
\end{Shaded}



\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./xml6.py\newline Anzahl$\text{ }${}der$\text{ }${}M{\mbox{$\&$}}auml;nner$\text{ }${}{\mbox{$\&$}}lt;$\text{ }${}Anzahl$\text{ }${}aller$\text{ }${}Menschen!}}
\\ \hline \end{tabular}


Hier brauchten wir das Entitätenverzeichnis nur für die Umlaute, das Kleiner-{}Zeichen wurde per Vorgabe ersetzt.
\section{Zusammenfassung}
\label{135}
In diesem Kapitel haben Sie einen Überblick über die Möglichkeiten der Verarbeitung von XML-{}Dokumenten mit den mitgelieferten Modulen bekommen. Es wurden Techniken wie DOM und SAX vorgestellt. Tiefgreifendere Techniken werden von anderen extern erhältlichen Modulen abgedeckt. Diese liegen außerhalb der Zielsetzung dieses Buches. 


\chapter{Datenbanken}

\myminitoc
\label{136}





\label{137}
In diesem Kapitel geht es um die Ansteuerung von Datenbakmanagementsystemen, kurz {\bfseries DBMS}. Sie dienen dazu, Daten dauerhaft zu speichern und mit Hilfe einer eigenen Sprache, zumeist {\bfseries SQL}, selektiv abzufragen. Im \myhref{http://de.wikibooks.org/wiki/Regal\%3AEDV\%23Datenbanksysteme\%20}{ Regal EDV bei Wikibooks} finden Sie einige Bücher zum Thema Datenbanken und SQL. Wir verwenden die Begriffe DBMS und Datenbanken in den folgenden Abschnitten synonym.

Wir stellen einige Datenbanksysteme vor und zeigen kurz, wie diese Systeme in Python angesteuert werden. Es geht uns hierbei insbesondere nicht um die Darstellung der Abfragesprache. 
\section{SQLite}
\label{138}
SQLite ist eine Datenbank, die auf einer einzelnen Datei basiert. Es muss kein Server installiert werden, dafür ist es nur schwer möglich, dass verschiedene Anwendungen gleichzeitig auf eine Datenbank zugreifen. Für Webapplikationen eignet sich dieses System nicht so gut wie andere hier vorgestellte Datenbanksysteme. Dafür sind Datenbanken schnell und ohne lästigen Ballast eingerichtet. Der Zugriff erfolgt mit Hilfe einiger weniger API-{}Funktionen. Das folgende Beispiel legt eine Datenbank als Datei an, fragt den Nutzer nach Eingaben und speichert diese Eingaben in der Datenbank. \LaTeXTTUlineTemplate{STRG-{}C} bricht die Eingabe ab.

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}encoding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{sqlite3}\newline
\ensuremath{\text{ }}\newline
\NormalTok{con\ensuremath{\text{ }}=\ensuremath{\text{ }}sqlite3.}\OtherTok{connect}\NormalTok{(}\StringTok{\textquotesingle{}sl1.db\textquotesingle{}}\NormalTok{)}\newline
\NormalTok{con.isolation_level\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{None}\newline
\ensuremath{\text{ }}\newline
\NormalTok{con.execute(}\StringTok{"CREATE\ensuremath{\text{ }}TABLE\ensuremath{\text{ }}IF\ensuremath{\text{ }}NOT\ensuremath{\text{ }}EXISTS\ensuremath{\text{ }}tiere\ensuremath{\text{ }}(name\ensuremath{\text{ }}TEXT,\ensuremath{\text{ }}farbe\ensuremath{\text{ }}TEXT)"}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{try}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\OtherTok{True}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{tier\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{raw_input}\NormalTok{(}\StringTok{"(Abbruch\ensuremath{\text{ }}mit\ensuremath{\text{ }}STRG-C)\ensuremath{\text{ }}Sag\ensuremath{\text{ }}mir\ensuremath{\text{ }}mal\ensuremath{\text{ }}ein\ensuremath{\text{ }}Tier>\ensuremath{\text{ }}"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{farbe\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{raw_input}\NormalTok{(}\StringTok{"Welche\ensuremath{\text{ }}Farbe\ensuremath{\text{ }}hat\ensuremath{\text{ }}}\CharTok{\textbackslash{}"}\OtherTok{%s}\CharTok{\textbackslash{}"}\StringTok{?\ensuremath{\text{ }}>\ensuremath{\text{ }}"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}tier)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{con.execute(}\StringTok{"INSERT\ensuremath{\text{ }}INTO\ensuremath{\text{ }}tiere(name,\ensuremath{\text{ }}farbe)\ensuremath{\text{ }}VALUES(?,\ensuremath{\text{ }}?)"}\NormalTok{,\ensuremath{\text{ }}(tier,\ensuremath{\text{ }}farbe))}\newline
\KeywordTok{except}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{;\ensuremath{\text{ }}}\KeywordTok{print}\newline
\ensuremath{\text{ }}\newline
\NormalTok{rows\ensuremath{\text{ }}=\ensuremath{\text{ }}con.execute(}\StringTok{"SELECT\ensuremath{\text{ }}*\ensuremath{\text{ }}FROM\ensuremath{\text{ }}tiere"}\NormalTok{)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Meine\ensuremath{\text{ }}Lieblingstiere:"}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{row\ensuremath{\text{ }}in\ensuremath{\text{ }}rows:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{row[}\DecValTok{0}\NormalTok{],\ensuremath{\text{ }}}\StringTok{"hat\ensuremath{\text{ }}die\ensuremath{\text{ }}Farbe"}\NormalTok{,\ensuremath{\text{ }}row[}\DecValTok{1}\NormalTok{]}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./sl1.py \newline (Abbruch$\text{ }${}mit$\text{ }${}STRG-{}C)$\text{ }${}Sag$\text{ }${}mir$\text{ }${}mal$\text{ }${}ein$\text{ }${}Tier>{}$\text{ }${}Maus$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Welche$\text{ }${}Farbe$\text{ }${}hat$\text{ }${}\symbol{34}Maus\symbol{34}?$\text{ }${}>{}$\text{ }${}mausgrau$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
(Abbruch$\text{ }${}mit$\text{ }${}STRG-{}C)$\text{ }${}Sag$\text{ }${}mir$\text{ }${}mal$\text{ }${}ein$\text{ }${}Tier>{}$\text{ }${}Bär$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Welche$\text{ }${}Farbe$\text{ }${}hat$\text{ }${}\symbol{34}Bär\symbol{34}?$\text{ }${}>{}$\text{ }${}braun$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
(Abbruch$\text{ }${}mit$\text{ }${}STRG-{}C)$\text{ }${}Sag$\text{ }${}mir$\text{ }${}mal$\text{ }${}ein$\text{ }${}Tier>{}$\text{ }${}Delfin$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Welche$\text{ }${}Farbe$\text{ }${}hat$\text{ }${}\symbol{34}Delfin\symbol{34}?$\text{ }${}>{}$\text{ }${}blau-{}grau$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
(Abbruch$\text{ }${}mit$\text{ }${}STRG-{}C)$\text{ }${}Sag$\text{ }${}mir$\text{ }${}mal$\text{ }${}ein$\text{ }${}Tier>{}{\bfseries STRG-{}C}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Meine$\text{ }${}Lieblingstiere:$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Maus$\text{ }${}hat$\text{ }${}die$\text{ }${}Farbe$\text{ }${}mausgrau$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Bär$\text{ }${}hat$\text{ }${}die$\text{ }${}Farbe$\text{ }${}braun$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Delfin$\text{ }${}hat$\text{ }${}die$\text{ }${}Farbe$\text{ }${}blau-{}grau}}
\\ \hline \end{tabular}


Mit {\ttfamily \uline{connect()}} wird die Verbindung zu einer SQLite3-{}Datei hergestellt. Falls keine Datei gewünscht wird, kann durch den Parameter {\ttfamily \uline{{\itshape :memory:}}} die Datenbank auch im verfügbaren Speicher angelegt werden. Zurückgegeben wird ein so genanntes \symbol{34}Connection-{}Object\symbol{34}.

SQLite3 ist transaktionsbasiert. Wir müssten bei allen die Datenbank ändernden Zugriffen wie {\ttfamily INSERT} ein {\ttfamily Commit} durchführen, durch die Angabe von {\ttfamily \uline{isolation_level$\text{ }${}=$\text{ }${}None}} wird die DBMS in den {\itshape Autocommit-{}Modus} gesetzt, Änderungen werden also sofort geschrieben.

{\ttfamily \uline{execute()}} führt ein SQL-{}Statement aus. Ein solches Statement kann Parameter beinhalten, die in SQL als Fragezeichen\myfootnote{Dieses ist sogleich die sichere Variante, sie schützt gut vor SQL-{}Injection.} geschrieben werden. Die Parameter werden als Tupel übergeben. {\ttfamily \uline{execute()}} gibt ein so genanntes {\itshape Cursor}-{}Objekt zurück. Bei {\ttfamily SELECT}-{}Abfragen können wir dieses nutzen, um über alle abgefragten Zeilen zu iterieren.
\section{MySQL}
\label{139}
Wir stellen ihnen hier ein Beispiel vor, bei dem auf eine {\itshape entfernte} Datenbank zugegriffen wird:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{MySQLdb}\newline
\ensuremath{\text{ }}\newline
\NormalTok{db\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\NormalTok{MySQLdb.}\OtherTok{connect}\NormalTok{(}\StringTok{"anderer.host.entf3rnt.de"}\NormalTok{,}\StringTok{"Tandar"}\NormalTok{,}\StringTok{"ge431m"}\NormalTok{,}\StringTok{"meine_datenbank"}\NormalTok{)}\newline
\NormalTok{cursor\ensuremath{\text{ }}=\ensuremath{\text{ }}db.cursor()}\newline
\NormalTok{cursor.execute(}\StringTok{"SELECT\ensuremath{\text{ }}VERSION()"}\NormalTok{)}\newline
\NormalTok{row\ensuremath{\text{ }}=\ensuremath{\text{ }}cursor.fetchone()}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"server\ensuremath{\text{ }}version:"}\NormalTok{,\ensuremath{\text{ }}row[}\DecValTok{0}\NormalTok{]}\newline
\NormalTok{cursor.close()}\newline
\NormalTok{db.close()}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./my1.py\newline server$\text{ }${}version:$\text{ }${}5.0.32-{}Debian_7etch8-{}log}}
\\ \hline \end{tabular}


Die Verbindung wird hier erzeugt mit {\ttfamily \uline{connect()}}. Der 
entfernte Server, der Benutzername, das Passwort und die eigentliche Datenbank, mit der wir uns verbinden wollen, werden als Parameter übergeben. Zurück erhalten wir einen Datenbankhandle oder eine Exception, wenn etwas schief ging.

Anschließend besorgen wir uns ein Cursor-{}Objekt, mit dessen Hilfe wir Abfragen formulieren können ({\ttfamily \uline{execute(\symbol{34}SELECT$\text{ }${}VERSION()\symbol{34})}}) und eine Ergebniszeile erhalten ({\ttfamily \uline{fetchone()}}).

Die Ausgabezeile können wir sodann sofort ausgeben. Zum Schluss wird der Cursor wie auch die Verbindung zur Datenbank jeweils mit {\ttfamily \uline{close()}} geschlossen.


Das nun folgende Beispiel ergänzt das obere Beispiel um die Fähigkeit, eine Tabelle anzulegen, Daten hineinzuschreiben und diese anschließend zu selektieren:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}encoding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{MySQLdb}\newline
\ensuremath{\text{ }}\newline
\NormalTok{db\ensuremath{\text{ }}=}\newline
\ensuremath{\text{ }}\NormalTok{MySQLdb.}\OtherTok{connect}\NormalTok{(}\StringTok{"anderer.host.entf3rnt.de"}\NormalTok{,}\StringTok{"Tandar"}\NormalTok{,}\StringTok{"ge431m"}\NormalTok{,}\StringTok{"meine_datenbank"}\NormalTok{)}\newline
\NormalTok{cursor\ensuremath{\text{ }}=\ensuremath{\text{ }}db.cursor()}\newline
\NormalTok{cursor.execute(}\StringTok{"CREATE\ensuremath{\text{ }}TABLE\ensuremath{\text{ }}IF\ensuremath{\text{ }}NOT\ensuremath{\text{ }}EXISTS\ensuremath{\text{ }}bar(uid\ensuremath{\text{ }}int,\ensuremath{\text{ }}anmeldedatum\ensuremath{\text{ }}date)"}\NormalTok{)}\newline
\NormalTok{cursor.execute(}\StringTok{"INSERT\ensuremath{\text{ }}INTO\ensuremath{\text{ }}bar\ensuremath{\text{ }}values(0,\ensuremath{\text{ }}\textquotesingle{}2009-04-17\textquotesingle{})"}\NormalTok{)}\newline
\NormalTok{cursor.execute(}\StringTok{"INSERT\ensuremath{\text{ }}INTO\ensuremath{\text{ }}bar\ensuremath{\text{ }}values(0,\ensuremath{\text{ }}\textquotesingle{}2009-03-13\textquotesingle{})"}\NormalTok{)}\newline
\NormalTok{cursor.execute(}\StringTok{"INSERT\ensuremath{\text{ }}INTO\ensuremath{\text{ }}bar\ensuremath{\text{ }}values(500,\ensuremath{\text{ }}\textquotesingle{}2009-04-16\textquotesingle{})"}\NormalTok{)}\newline
\NormalTok{cursor.close()}\newline
\ensuremath{\text{ }}\newline
\NormalTok{db.query(}\StringTok{"SELECT\ensuremath{\text{ }}uid,\ensuremath{\text{ }}anmeldedatum\ensuremath{\text{ }}FROM\ensuremath{\text{ }}bar\ensuremath{\text{ }}WHERE\ensuremath{\text{ }}uid=0"}\NormalTok{)}\newline
\NormalTok{result\ensuremath{\text{ }}=\ensuremath{\text{ }}db.store_result()}\newline
\ensuremath{\text{ }}\newline
\NormalTok{nZeilen\ensuremath{\text{ }}=\ensuremath{\text{ }}result.num_rows()}\newline
\NormalTok{nSpalten\ensuremath{\text{ }}=\ensuremath{\text{ }}result.num_fields()}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Anzahl\ensuremath{\text{ }}Zeilen:"}\NormalTok{,\ensuremath{\text{ }}nZeilen,\ensuremath{\text{ }}}\StringTok{"Anzahl\ensuremath{\text{ }}Spalten:"}\NormalTok{,\ensuremath{\text{ }}nSpalten}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{zeile\ensuremath{\text{ }}in\ensuremath{\text{ }}}\DataTypeTok{xrange}\NormalTok{(nZeilen):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{row\ensuremath{\text{ }}=\ensuremath{\text{ }}result.fetch_row()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{uid,\ensuremath{\text{ }}datum\ensuremath{\text{ }}=\ensuremath{\text{ }}row[}\DecValTok{0}\NormalTok{]}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{uid,\ensuremath{\text{ }}datum}\newline
\NormalTok{db.close()}\newline
\end{Highlighting}
\end{Shaded}



\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./my2.py\newline Anzahl$\text{ }${}Zeilen:$\text{ }${}2$\text{ }${}Anzahl$\text{ }${}Spalten:$\text{ }${}2$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
0$\text{ }${}2009-{}04-{}17$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
0$\text{ }${}2009-{}03-{}13}}
\\ \hline \end{tabular}


Anders als im oberen Beispiel nutzen wir {\ttfamily \uline{query()}}, um eine Anfrage an die Datenbank zu senden. Wir können das Ergebnis dieser Abfrage mit {\ttfamily \uline{store_result()}} speichern und erhalten so die Ergebnismenge als Speicherobjekt zurück. Alternativ können wir {\ttfamily \uline{use_result()}} verwenden, um die Ergebniszeilen nach und nach zu erhalten.

Mit {\ttfamily \uline{num_rows()}} und {\ttfamily \uline{num_fields()}} ermitteln wir die Anzahl der Ergebniszeilen und die Anzahl der Felder pro Zeile. 

{\ttfamily \uline{fetch_row()}} entnimmt der Ergebnismenge eine Zeile und liefert sie als Zeilentupel heraus. Die einzelnen Felder (hier {\ttfamily \uline{uid}} und {\ttfamily \uline{datum}}) sind selbst ein Tupel im ersten Element der Zeile.
\section{AnyDBM}
\label{140}
AnyDBM ist ein Modul, welches sich mit DBM-{}ähnlichen Datenbanken beschäftigt. Von dieser Sorte gibt es zwei Stück\myfootnote{Soweit wir wissen...}, nämlich {\itshape DBM} und {\itshape GNU-{}DBM}. Diese unterscheiden sich in ihrem internen Aufbau und der Lizenz, sind aber ansonsten gleich. 

DBM-{}Datenbanken sind eine Art von Wörterbüchern, sie speichern String-{}Dictionaries ab. Folgendes Beispiel zeigt die grundsätzliche Arbeitsweise mit ihnen:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}encoding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{anydbm}\newline
\ensuremath{\text{ }}\newline
\NormalTok{db\ensuremath{\text{ }}=\ensuremath{\text{ }}anydbm.}\DataTypeTok{open}\NormalTok{(}\StringTok{"wertpapiere.gdbm"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"c"}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{0660}\NormalTok{)}\newline
\NormalTok{db[}\StringTok{"Siemens"}\NormalTok{]\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"1000"}\newline
\NormalTok{db[}\StringTok{"Apple"}\NormalTok{]\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"2000"}\newline
\NormalTok{db[}\StringTok{"Red\ensuremath{\text{ }}Hat"}\NormalTok{]\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"3000"}\newline
\NormalTok{db.close()}\newline
\ensuremath{\text{ }}\newline
\NormalTok{db\ensuremath{\text{ }}=\ensuremath{\text{ }}anydbm.}\DataTypeTok{open}\NormalTok{(}\StringTok{"wertpapiere.gdbm"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"r"}\NormalTok{)}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{key,\ensuremath{\text{ }}value\ensuremath{\text{ }}in\ensuremath{\text{ }}db.iteritems():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Von\ensuremath{\text{ }}der\ensuremath{\text{ }}Aktie"}\NormalTok{,\ensuremath{\text{ }}key,\ensuremath{\text{ }}}\StringTok{"habe\ensuremath{\text{ }}ich"}\NormalTok{,\ensuremath{\text{ }}value,\ensuremath{\text{ }}}\StringTok{"Stück"}\newline
\NormalTok{db.close()}\newline
\end{Highlighting}
\end{Shaded}


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./dbm1.py\newline Von$\text{ }${}der$\text{ }${}Aktie$\text{ }${}Apple$\text{ }${}habe$\text{ }${}ich$\text{ }${}2000$\text{ }${}Stück$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Von$\text{ }${}der$\text{ }${}Aktie$\text{ }${}Red$\text{ }${}Hat$\text{ }${}habe$\text{ }${}ich$\text{ }${}3000$\text{ }${}Stück$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Von$\text{ }${}der$\text{ }${}Aktie$\text{ }${}Siemens$\text{ }${}habe$\text{ }${}ich$\text{ }${}1000$\text{ }${}Stück}}
\\ \hline \end{tabular}


Man kann nur Strings speichern. Mit  {\ttfamily \uline{open(dateiname,$\text{ }${}art,$\text{ }${}dateiflags)}} wird eine solche Datei angelegt oder gelesen. Die {\itshape art} ist {\ttfamily \symbol{34}c\symbol{34}} zum Erzeugen der Datenbank, wenn sie nicht existiert, {\ttfamily \symbol{34}w\symbol{34}} zum Schreiben, {\ttfamily \symbol{34}r\symbol{34}} zum Lesen. {\itshape dateiflags} ist ein numerischer Wert, der, in Abhängigkeit von der aktuellen {\itshape umask}\myfootnote{Siehe die Manual-{}Seite zu {\itshape bash(1)}}, den Dateimodus spezifiziert.

Die Werte werden wie in einem Dictionary eingetragen, anschließend wird die Datei mit  {\ttfamily \uline{close()}} wieder geschlossen. Über die Schlüssel-{}Wertpaare kann man mit der Methode {\ttfamily \uline{iteritems()}} iterieren.
\section{Zusammenfassung}
\label{141}
In diesem Kapitel haben wir einige Datenbanken kennen gelernt und die typische Arbeitsweise mit ihnen aufgezeigt.
\section{Anmerkungen}
\label{142}



\chapter{Netzwerk}

\myminitoc
\label{143}





\label{144}\section{Einfacher Zugriff auf Webressourcen}
\label{145}
{\itshape \symbol{34}Wie ist das Wetter auf Hawaii?\symbol{34}}, {\itshape \symbol{34}Welches Stück wird gerade im Radio gespielt?\symbol{34}} oder {\itshape \symbol{34}Wie lautet die aktuelle Linux-{}Kernelversion?\symbol{34}} sind typische Fragen, deren Antworten sich zumeist mit Hilfe eines Browsers finden lassen. Möchte man jedoch in einer konkreten Anwendung nicht immer den Browser aufrufen, helfen zumeist kleine Programme dabei, die benötigten Antworten automatisch zu finden. Die aktuelle Kernelversion zum Beispiel ist leicht aus einer Webseite herauszuextrahieren. Hierzu sind allerdings Kenntnisse vom Aufbau der Seite unerlässlich.


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{urllib2,\ensuremath{\text{ }}re}\newline
\ensuremath{\text{ }}\newline
\NormalTok{url\ensuremath{\text{ }}=\ensuremath{\text{ }}urllib2.urlopen(}\StringTok{\textquotesingle{}http://www.kernel.org\textquotesingle{}}\NormalTok{)}\newline
\NormalTok{html\ensuremath{\text{ }}=\ensuremath{\text{ }}url.read()}\newline
\NormalTok{url.close()}\newline
\ensuremath{\text{ }}\newline
\NormalTok{table\ensuremath{\text{ }}=\ensuremath{\text{ }}re.search(}\StringTok{"""<table}\newline
\StringTok{\ensuremath{\text{ }}class="kver">.*?<td>(?P<kertext>.*?)&.*?</td>.*?<td><b><a}\newline
\StringTok{\ensuremath{\text{ }}href=".*?">(?P<kerver>.*?)</a></b></td>"""}\NormalTok{,\ensuremath{\text{ }}html,\ensuremath{\text{ }}re.S)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{table.group(}\StringTok{\textquotesingle{}kertext\textquotesingle{}}\NormalTok{),\ensuremath{\text{ }}table.group(}\StringTok{\textquotesingle{}kerver\textquotesingle{}}\NormalTok{)}\newline
\end{Highlighting}
\end{Shaded}



\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./url1.py\newline The$\text{ }${}latest$\text{ }${}stable$\text{ }${}version$\text{ }${}of$\text{ }${}the$\text{ }${}Linux$\text{ }${}kernel$\text{ }${}is:$\text{ }${}2.6.23.13$\text{ }${}}}
\\ \hline \end{tabular}


Die Funktion {\ttfamily \uline{urllib2.urlopen()}} öffnet eine angegebene Webseite, die wir mit {\ttfamily \uline{url.read()}} vollständig lesen können. In der Variablen {\ttfamily \uline{html}} ist nun der gesamte Inhalt der Webseite gespeichert, wir benötigen also den weiteren Netzwerkzugriff nicht mehr und schließen daher die Verbindung mit {\ttfamily \uline{url.close()}}. Schaut man sich die Webseite auf \myhref{http://www.kernel.org}{ http://www.kernel.org} im Quellcode an, so stellt man fest, dass die für uns interessanten Informationen in einer Tabelle hinterlegt sind, die mit {\ttfamily {\mbox{$<$}}table class=\symbol{34}kver\symbol{34}{\mbox{$>$}}} beginnt. Innerhalb der ersten beiden {\ttfamily {\mbox{$<$}}td{\mbox{$>$}}}-{}Zeilen befinden sich die Informationen, die wir mit dem regulären Ausdruck herauslösen.
\section{Lesen bei WikiBooks}
\label{146}
Etwas komplizierter ist es, auf Wikibooks-{}Inhalte zuzugreifen. Die MediaWiki-{}Software verlangt ein Mindestmaß an übertragenen Browser-{}Informationen und das Protokoll {\itshape GET}. Das nun folgende Programm benutzt daher einen Request, dem wir einige Header hinzufügen.

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{urllib2,\ensuremath{\text{ }}re}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{xml.sax.saxutils\ensuremath{\text{ }}}\CharTok{as}\ensuremath{\text{ }}\NormalTok{util}\newline
\ensuremath{\text{ }}\newline
\NormalTok{header\ensuremath{\text{ }}=\ensuremath{\text{ }}\{}\StringTok{\textquotesingle{}User-agent\textquotesingle{}}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}}\StringTok{\textquotesingle{}PythonUnterLinux\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}Accept-Charset\textquotesingle{}}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}}\StringTok{\textquotesingle{}utf-8\textquotesingle{}}\NormalTok{\}}\newline
\NormalTok{request\ensuremath{\text{ }}=\ensuremath{\text{ }}urllib2.Request(}\StringTok{\textquotesingle{}http://de.wiki}\newline
\StringTok{books.org/w/index.php?title=Diskussion:Python_unter_Linux:_Netzwerk&action=edit\textquotesingle{}}\NormalTok{,}\newline
\ensuremath{\text{ }}\NormalTok{headers=header)}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"DEBUG:\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}request.get_method()}\newline
\NormalTok{url\ensuremath{\text{ }}=\ensuremath{\text{ }}urllib2.urlopen(request)}\newline
\NormalTok{html\ensuremath{\text{ }}=\ensuremath{\text{ }}url.read()}\newline
\NormalTok{url.close()}\newline
\ensuremath{\text{ }}\newline
\NormalTok{found\ensuremath{\text{ }}=\ensuremath{\text{ }}re.search(}\StringTok{"<textarea\ensuremath{\text{ }}.*?>(?P<inhalt>.*?)</textarea>"}\NormalTok{,\ensuremath{\text{ }}html,\ensuremath{\text{ }}re.S)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{util.unescape(found.group(}\StringTok{\textquotesingle{}inhalt\textquotesingle{}}\NormalTok{))}\newline
\end{Highlighting}
\end{Shaded}



\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./url2.py\newline DEBUG:$\text{ }${}$\text{ }${}GET$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
{\mbox{$<$}}!-{}-{}$\text{ }${}Dient$\text{ }${}zum$\text{ }${}Testen$\text{ }${}der$\text{ }${}hier$\text{ }${}vorgestellten$\text{ }${}Skripte$\text{ }${}-{}-{}{\mbox{$>$}}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
TESTINHALT}}
\\ \hline \end{tabular}


Die {\itshape HTTP Request Header} geben den Namen unseres selbstgeschriebenen Browsers mit \symbol{34}PythonUnterLinux\symbol{34} an. {\ttfamily Accept-{}Charset} ist eine Information darüber, welche Zeichencodierung dieser Browser versteht. Diese Header werden als Argument unserem Request mit auf den Weg gegeben. Die Verbindung wird wieder mit {\ttfamily \uline{urlopen()}} geöffnet, der Rest des Programmes gleicht dem aus dem ersten Beispiel. 

Wir öffnen die Diskussionsseite dieser Seite, um die dort enthaltenen Informationen bequem aus einer HTML-{}Textbox extrahieren zu können. Mit dem Argument {\ttfamily \uline{action=edit}} in der URL geben wir an, dass wir die Seite eigentlich zum Schreiben öffnen. Das machen wir, da so die interessanten Informationen leichter zu finden sind. Der Reguläre Ausdruck extrahiert aus dem {\ttfamily {\mbox{$<$}}textarea{\mbox{$>$}}}-{}Bereich der Webseite den Inhalt. Dieser Inhalt ist HTML-{}codiert, weswegen wir den String mit {\ttfamily \uline{xml.sax.saxutils.unescape()}} wieder in eine natürlich-{}lesbare Zeichenkette umwandeln.
\section{Auf WikiBooks schreiben}
\label{147}
Um anonym\myfootnote{So anonym sind Sie gar nicht. Auf WB werden alle Änderungen, die ein Nutzer oder eine IP macht protokoliert} auf WB schreiben zu können, müssen zuerst einige Informationen von der Webseite geholt werden, auf der Sie schreiben möchten. Im HTML-{}Quellcode der Seite sind sie als {\ttfamily {\mbox{$<$}}input...} zu erkennen. Diese Daten müssen beim schreibenden Zugriff mitübergeben werden, es handelt sich in diesem Fall um ein {\itshape POST}-{}Request. Das folgende Programm fügt auf die Diskussionsseite dieses Kapitels einen kleinen Text hinzu, weitere Ausgabe erfolgt nicht.


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/env\ensuremath{\text{ }}python}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{urllib,\ensuremath{\text{ }}urllib2,\ensuremath{\text{ }}re}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{xml.sax.saxutils\ensuremath{\text{ }}}\CharTok{as}\ensuremath{\text{ }}\NormalTok{util}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Lies\ensuremath{\text{ }}die\ensuremath{\text{ }}Seite}\newline
\NormalTok{header\ensuremath{\text{ }}=\ensuremath{\text{ }}\{}\StringTok{\textquotesingle{}User-agent\textquotesingle{}}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}}\StringTok{\textquotesingle{}PythonUnterLinux\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}Accept-Charset\textquotesingle{}}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}}\StringTok{\textquotesingle{}utf-8\textquotesingle{}}\NormalTok{\}}\newline
\NormalTok{request\ensuremath{\text{ }}=\ensuremath{\text{ }}urllib2.Request(}\StringTok{\textquotesingle{}http://de.wiki}\newline
\StringTok{books.org/w/index.php?title=Diskussion:Python_unter_Linux:_Netzwerk&action=edit\textquotesingle{}}\NormalTok{)}\newline
\NormalTok{url\ensuremath{\text{ }}=\ensuremath{\text{ }}urllib2.urlopen(request)}\newline
\NormalTok{html\ensuremath{\text{ }}=\ensuremath{\text{ }}url.read()}\newline
\NormalTok{url.close()}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}RegExp\ensuremath{\text{ }}vorbereiten}\newline
\NormalTok{s_str\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"<form\ensuremath{\text{ }}id=}\CharTok{\textbackslash{}"}\StringTok{editform}\CharTok{\textbackslash{}"}\StringTok{\ensuremath{\text{ }}name=}\CharTok{\textbackslash{}"}\StringTok{editform}\CharTok{\textbackslash{}"}\StringTok{\ensuremath{\text{ }}method=}\CharTok{\textbackslash{}"}\StringTok{post}\CharTok{\textbackslash{}"}\newline
\StringTok{\ensuremath{\text{ }}action=}\CharTok{\textbackslash{}"}\StringTok{(?P<actionurl>.*?)}\CharTok{\textbackslash{}"}\StringTok{.*?>"}\newline
\NormalTok{s_str\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\StringTok{".*?<input\ensuremath{\text{ }}type=}\CharTok{\textbackslash{}"}\StringTok{text}\CharTok{\textbackslash{}"}\StringTok{\ensuremath{\text{ }}name=}\CharTok{\textbackslash{}"}\StringTok{wpAntispam}\CharTok{\textbackslash{}"}\StringTok{\ensuremath{\text{ }}id=}\CharTok{\textbackslash{}"}\StringTok{wpAntispam}\CharTok{\textbackslash{}"}\newline
\StringTok{\ensuremath{\text{ }}value=}\CharTok{\textbackslash{}"}\StringTok{(?P<wpAntispamValue>)}\CharTok{\textbackslash{}"}\StringTok{\ensuremath{\text{ }}/>"}\newline
\NormalTok{s_str\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\StringTok{".*?<input\ensuremath{\text{ }}type=}\CharTok{\textbackslash{}\textquotesingle{}}\StringTok{hidden}\CharTok{\textbackslash{}\textquotesingle{}}\StringTok{\ensuremath{\text{ }}value=}\CharTok{\textbackslash{}"}\StringTok{(?P<wpSectionValue>.*?)}\CharTok{\textbackslash{}"}\newline
\StringTok{\ensuremath{\text{ }}name=}\CharTok{\textbackslash{}"}\StringTok{wpSection}\CharTok{\textbackslash{}"}\StringTok{\ensuremath{\text{ }}/>"}\newline
\NormalTok{s_str\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\StringTok{".*?<input\ensuremath{\text{ }}type=}\CharTok{\textbackslash{}\textquotesingle{}}\StringTok{hidden}\CharTok{\textbackslash{}\textquotesingle{}}\StringTok{\ensuremath{\text{ }}value=}\CharTok{\textbackslash{}"}\StringTok{(?P<wpStarttimeValue>.*?)}\CharTok{\textbackslash{}"}\newline
\StringTok{\ensuremath{\text{ }}name=}\CharTok{\textbackslash{}"}\StringTok{wpStarttime}\CharTok{\textbackslash{}"}\StringTok{\ensuremath{\text{ }}/>"}\newline
\NormalTok{s_str\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\StringTok{".*?<input\ensuremath{\text{ }}type=}\CharTok{\textbackslash{}\textquotesingle{}}\StringTok{hidden}\CharTok{\textbackslash{}\textquotesingle{}}\StringTok{\ensuremath{\text{ }}value=}\CharTok{\textbackslash{}"}\StringTok{(?P<wpEdittimeValue>.*?)}\CharTok{\textbackslash{}"}\newline
\StringTok{\ensuremath{\text{ }}name=}\CharTok{\textbackslash{}"}\StringTok{wpEdittime}\CharTok{\textbackslash{}"}\StringTok{\ensuremath{\text{ }}/>"}\newline
\NormalTok{s_str\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\StringTok{".*?<input\ensuremath{\text{ }}type=}\CharTok{\textbackslash{}\textquotesingle{}}\StringTok{hidden\textquotesingle{}\ensuremath{\text{ }}value=}\CharTok{\textbackslash{}"}\StringTok{(?P<wpScrolltopValue>.*?)}\CharTok{\textbackslash{}"}\newline
\StringTok{\ensuremath{\text{ }}name=}\CharTok{\textbackslash{}"}\StringTok{wpScrolltop}\CharTok{\textbackslash{}"}\StringTok{\ensuremath{\text{ }}id=}\CharTok{\textbackslash{}"}\StringTok{wpScrolltop}\CharTok{\textbackslash{}"}\StringTok{\ensuremath{\text{ }}/>"}\newline
\NormalTok{s_str\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\StringTok{".*?<textarea\ensuremath{\text{ }}name=}\CharTok{\textbackslash{}"}\StringTok{wpTextbox1}\CharTok{\textbackslash{}"}\StringTok{\ensuremath{\text{ }}id=}\CharTok{\textbackslash{}"}\StringTok{wpTextbox1}\CharTok{\textbackslash{}"}\StringTok{\ensuremath{\text{ }}cols=}\CharTok{\textbackslash{}"}\StringTok{80}\CharTok{\textbackslash{}"}\newline
\StringTok{\ensuremath{\text{ }}rows=}\CharTok{\textbackslash{}"}\StringTok{25}\CharTok{\textbackslash{}"}\StringTok{\ensuremath{\text{ }}.*?>(?P<content>.*?)</textarea>"}\newline
\NormalTok{s_str\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\StringTok{".*?<input\ensuremath{\text{ }}tabindex=}\CharTok{\textbackslash{}\textquotesingle{}}\StringTok{2}\CharTok{\textbackslash{}\textquotesingle{}}\StringTok{\ensuremath{\text{ }}type=}\CharTok{\textbackslash{}\textquotesingle{}}\StringTok{text}\CharTok{\textbackslash{}\textquotesingle{}}\newline
\StringTok{\ensuremath{\text{ }}value=}\CharTok{\textbackslash{}"}\StringTok{(?P<wpSummaryValue>.*?)}\CharTok{\textbackslash{}"}\StringTok{\ensuremath{\text{ }}name=}\CharTok{\textbackslash{}\textquotesingle{}}\StringTok{wpSummary}\CharTok{\textbackslash{}\textquotesingle{}}\StringTok{\ensuremath{\text{ }}id=}\CharTok{\textbackslash{}\textquotesingle{}}\StringTok{wpSummary}\CharTok{\textbackslash{}\textquotesingle{}}\newline
\StringTok{\ensuremath{\text{ }}maxlength=}\CharTok{\textbackslash{}\textquotesingle{}}\StringTok{200}\CharTok{\textbackslash{}\textquotesingle{}}\StringTok{\ensuremath{\text{ }}size=}\CharTok{\textbackslash{}\textquotesingle{}}\StringTok{60}\CharTok{\textbackslash{}\textquotesingle{}}\StringTok{\ensuremath{\text{ }}/>"}\newline
\NormalTok{s_str\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\StringTok{".*?<input\ensuremath{\text{ }}name=}\CharTok{\textbackslash{}"}\StringTok{wpAutoSummary}\CharTok{\textbackslash{}"}\StringTok{\ensuremath{\text{ }}type=}\CharTok{\textbackslash{}"}\StringTok{hidden}\CharTok{\textbackslash{}"}\newline
\StringTok{\ensuremath{\text{ }}value=}\CharTok{\textbackslash{}"}\StringTok{(?P<wpAutoSummaryValue>.*?)}\CharTok{\textbackslash{}"}\StringTok{\ensuremath{\text{ }}/>"}\newline
\NormalTok{s_str\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\StringTok{".*?<input\ensuremath{\text{ }}type=}\CharTok{\textbackslash{}\textquotesingle{}}\StringTok{hidden}\CharTok{\textbackslash{}\textquotesingle{}}\StringTok{\ensuremath{\text{ }}value=}\CharTok{\textbackslash{}"}\StringTok{(?P<wpEditTokenValue>.\{2\})}\CharTok{\textbackslash{}"}\newline
\StringTok{\ensuremath{\text{ }}name=}\CharTok{\textbackslash{}"}\StringTok{wpEditToken}\CharTok{\textbackslash{}"}\StringTok{\ensuremath{\text{ }}/>"}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}RegExp\ensuremath{\text{ }}ausfuehren}\newline
\NormalTok{found\ensuremath{\text{ }}=\ensuremath{\text{ }}re.search(s_str,\ensuremath{\text{ }}html,\ensuremath{\text{ }}re.S)}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Neuen\ensuremath{\text{ }}Inhalt\ensuremath{\text{ }}aufbauen}\newline
\NormalTok{new_content\ensuremath{\text{ }}=\ensuremath{\text{ }}util.unescape(found.group(}\StringTok{"content"}\NormalTok{))\ensuremath{\text{ }}+\ensuremath{\text{ }}}\StringTok{"}\CharTok{\textbackslash{}n}\StringTok{===Neuer\ensuremath{\text{ }}Inhalt===}\CharTok{\textbackslash{}n}\StringTok{test}\newline
\StringTok{\ensuremath{\text{ }}neues\ensuremath{\text{ }}Skript"}\newline
\NormalTok{summary\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"Python\ensuremath{\text{ }}unter\ensuremath{\text{ }}Linux\ensuremath{\text{ }}Browser"}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}zu\ensuremath{\text{ }}uebermittelnde\ensuremath{\text{ }}Daten\ensuremath{\text{ }}vorbereiten}\newline
\NormalTok{data_dict\ensuremath{\text{ }}=\ensuremath{\text{ }}\{}\StringTok{"wpAntispam"}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}found.group(}\StringTok{"wpSectionValue"}\NormalTok{),}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"wpSection"}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}found.group(}\StringTok{"wpSectionValue"}\NormalTok{),}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"wpStarttime"}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}found.group(}\StringTok{"wpStarttimeValue"}\NormalTok{),}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"wpEdittime"}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}found.group(}\StringTok{"wpEdittimeValue"}\NormalTok{),}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"wpScrolltop"}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}found.group(}\StringTok{"wpScrolltopValue"}\NormalTok{),}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"wpTextbox1"}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}new_content,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"wpSummary"}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}summary,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"wpAutoSummary"}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}found.group(}\StringTok{"wpAutoSummaryValue"}\NormalTok{),}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"wpEditToken"}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}found.group(}\StringTok{"wpEditTokenValue"}\NormalTok{)\}}\newline
\ensuremath{\text{ }}\newline
\NormalTok{data\ensuremath{\text{ }}=\ensuremath{\text{ }}urllib.urlencode(data_dict)}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}und\ensuremath{\text{ }}abschicken...}\newline
\NormalTok{request\ensuremath{\text{ }}=\ensuremath{\text{ }}urllib2.Request(}\StringTok{\textquotesingle{}http://de.wiki}\newline
\StringTok{books.org/w/index.php?title=Diskussion:Python_unter_Linux:_Netzwerk&action=edit\textquotesingle{}}\NormalTok{)}\newline
\NormalTok{url\ensuremath{\text{ }}=\ensuremath{\text{ }}urllib2.urlopen(request)}\newline
\NormalTok{url.close()}\newline
\end{Highlighting}
\end{Shaded}


Der erste Teil des Programmes ist dazu da, die Seite zu lesen. Der neue Inhalt, wie auch die Zusammenfassung der Änderung, werden in den Variablen {\ttfamily \uline{new_content}} und {\ttfamily \uline{summary}} vorbereitet. Auf der gelesenen Webseite befinden sich einige Daten wie {\ttfamily wpSummary} -{}Zusammenfassung der Änderung-{}, {\ttfamily wpAutoSummary} -{}Konstanter Wert, der zurückgegeben werden muss-{} und {\ttfamily wpTextbox1}, der den eigentlichen, zu übermittelnden Inhalt der Seite darstellt. Diese Felder müssen extrahiert und, gegebenfalls modifiziert, zurückgeschickt werden. {\ttfamily \uline{urllib.urlencode()}} erzeugt aus dem Dictionary einen String, der dem Request mitgegeben wird.
\section{Anmelden mit Cookies}
\label{148}
In manchen Foren und Wikis kann oder muss man sich anmelden, um Beiträge zu schreiben. Die Anmeldedaten werden häufig in einem Cookie gespeichert. So auch bei Wikibooks. Das folgende Beispiel zeigt eine Möglichkeit, sich bei Wikibooks anzumelden. Auf eine Testausgabe auf der Diskussionsseite haben wir diesmal verzichtet, den Code dazu kennen Sie schon aus dem vorherigen Beispiel. Es wird lediglich eine Bestätigung über den erfolgreichen Anmeldevorgang ausgegeben:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{urllib,\ensuremath{\text{ }}urllib2,\ensuremath{\text{ }}re}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{cookielib}\newline
\ensuremath{\text{ }}\newline
\NormalTok{USERNAME\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"Testaccount007"}\newline
\NormalTok{PASSWORD\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"test123"}\newline
\ensuremath{\text{ }}\newline
\NormalTok{header\ensuremath{\text{ }}=\ensuremath{\text{ }}\{}\StringTok{\textquotesingle{}User-agent\textquotesingle{}}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}}\StringTok{\textquotesingle{}PythonUnterLinux\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}Accept-Charset\textquotesingle{}}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}}\StringTok{\textquotesingle{}utf-8\textquotesingle{}}\NormalTok{\}}\newline
\NormalTok{data_dict\ensuremath{\text{ }}=\ensuremath{\text{ }}\{}\StringTok{"wpName"}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}USERNAME,\ensuremath{\text{ }}}\StringTok{"wpPassword"}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}PASSWORD,\ensuremath{\text{ }}}\StringTok{"wpRemember"}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}}\StringTok{"1"}\NormalTok{\}}\newline
\NormalTok{data\ensuremath{\text{ }}=\ensuremath{\text{ }}urllib.urlencode(data_dict)}\newline
\ensuremath{\text{ }}\newline
\NormalTok{cookieMonster\ensuremath{\text{ }}=\ensuremath{\text{ }}cookielib.CookieJar()}\newline
\NormalTok{opener\ensuremath{\text{ }}=\ensuremath{\text{ }}urllib2.build_opener(urllib2.HTTPCookieProcessor(cookieMonster))}\newline
\NormalTok{urllib2.install_opener(opener)}\newline
\NormalTok{request\ensuremath{\text{ }}=\ensuremath{\text{ }}urllib2.Request(}\StringTok{\textquotesingle{}http://de}\newline
\StringTok{.wikibooks.org/w/index.php?title=Spezial:Anmelden&action=submitlogin&type=login\textquotesingle{}}\NormalTok{,}\newline
\ensuremath{\text{ }}\NormalTok{data,\ensuremath{\text{ }}header)}\newline
\NormalTok{url\ensuremath{\text{ }}=\ensuremath{\text{ }}urllib2.urlopen(request)}\newline
\NormalTok{html\ensuremath{\text{ }}=\ensuremath{\text{ }}url.read()}\newline
\NormalTok{url.close()}\newline
\ensuremath{\text{ }}\newline
\NormalTok{res\ensuremath{\text{ }}=\ensuremath{\text{ }}re.search(}\StringTok{"<p>(?P<ret>.*?)</p>"}\NormalTok{,\ensuremath{\text{ }}html,\ensuremath{\text{ }}re.S)}\newline
\KeywordTok{print}\ensuremath{\text{ }}\NormalTok{res.group(}\StringTok{\textquotesingle{}ret\textquotesingle{}}\NormalTok{)}\newline
\end{Highlighting}
\end{Shaded}



\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./url4.py\newline Du$\text{ }${}bist$\text{ }${}jetzt$\text{ }${}als$\text{ }${}„Testaccount007“$\text{ }${}bei$\text{ }${}Wikibooks$\text{ }${}angemeldet.}}
\\ \hline \end{tabular}


Auf der Anmeldeseite stehen im Formular unter anderem die Eingabezeilen, die mit {\ttfamily wpName} und {\ttfamily wpPassword} im HTML-{}Code benannt sind. Diese Variablen werden mittels {\ttfamily \uline{urllib.urlencode()}} in Daten für den anstehenden {\itshape POST}-{}Request umgewandelt. Bei der Verwaltung von Cookies hilft uns die Klasse {\ttfamily \uline{cookielib.CookieJar()}}. Mit ihrer Hilfe bauen wir einen {\itshape Opener}, den man sich als eine Art Schlüssel vorstellen kann. Mit {\ttfamily \uline{opener.open()}} könnten wir die Webseite schon öffnen, jedoch haben wir es an der Stelle vorgezogen, den Opener global mit {\ttfamily \uline{urllib2.install_opener()}} zu installieren.
\section{Zeitserver}
\label{149}
Selbstverständlich kann man mit Python nicht nur Browser schreiben, sondern ganz bequem auch Server. Wir implementieren hier einen Server, bei dem sich Clients anmelden müssen und zur Belohnung die Zeit dauerhaft angezeigt bekommen. Clients sind hier einfache Telnet-{}Sitzungen, die sie nach dem Starten des Servers in einem anderen Fenster öffnen können.

Unser Server wartet auf zwei Verbindungen. Die Clients müssen sich durch die Eingabe von \LaTeXTTUlineTemplate{HELO} ausweisen. Sind zwei Clients akzeptiert worden, wird an beide die aktuelle Zeit geschickt.


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{socket,\ensuremath{\text{ }}select,\ensuremath{\text{ }}time}\newline
\ensuremath{\text{ }}\newline
\NormalTok{host\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{\textquotesingle{}127.0.0.1\textquotesingle{}}\newline
\NormalTok{port\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{6000}\newline
\ensuremath{\text{ }}\newline
\NormalTok{s\ensuremath{\text{ }}=\ensuremath{\text{ }}socket.socket(socket.AF_INET,\ensuremath{\text{ }}socket.SOCK_STREAM)}\newline
\NormalTok{s.setsockopt(socket.SOL_SOCKET,\ensuremath{\text{ }}socket.SO_REUSEADDR,\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{)}\newline
\NormalTok{s.bind((host,\ensuremath{\text{ }}port))}\newline
\ensuremath{\text{ }}\newline
\NormalTok{s.listen(}\DecValTok{2}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\NormalTok{allConnected\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{False}\newline
\NormalTok{allClients\ensuremath{\text{ }}=\ensuremath{\text{ }}[]}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Clients\ensuremath{\text{ }}verbinden}\newline
\KeywordTok{while}\ensuremath{\text{ }}\NormalTok{not\ensuremath{\text{ }}allConnected:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{clientsock,\ensuremath{\text{ }}clientaddr\ensuremath{\text{ }}=\ensuremath{\text{ }}s.accept()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Verbindungswunsch\ensuremath{\text{ }}von"}\NormalTok{,\ensuremath{\text{ }}clientsock.getpeername(),}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{data\ensuremath{\text{ }}=\ensuremath{\text{ }}clientsock.recv(}\DecValTok{4096}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{data.strip()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{data.startswith(}\StringTok{"HELO"}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{allClients.append(clientsock)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"akzeptiert"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{clientsock.close()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"nicht\ensuremath{\text{ }}akzeptiert"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Wir\ensuremath{\text{ }}haben\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}}\DataTypeTok{len}\NormalTok{(allClients),\ensuremath{\text{ }}}\StringTok{"Clients"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\DataTypeTok{len}\NormalTok{(allClients)\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{allConnected\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{True}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Daten\ensuremath{\text{ }}senden,\ensuremath{\text{ }}empfangen}\newline
\KeywordTok{while}\ensuremath{\text{ }}\OtherTok{True}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{time.sleep(}\DecValTok{2}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{listIn,\ensuremath{\text{ }}listOut,\ensuremath{\text{ }}listTmp\ensuremath{\text{ }}=\ensuremath{\text{ }}select.select(allClients,\ensuremath{\text{ }}allClients,\ensuremath{\text{ }}[],\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{sock\ensuremath{\text{ }}in\ensuremath{\text{ }}listIn:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{data\ensuremath{\text{ }}=\ensuremath{\text{ }}sock.recv(}\DecValTok{4096}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"--}\CharTok{\textbackslash{}n}\StringTok{Ankommende\ensuremath{\text{ }}Daten:"}\NormalTok{,\ensuremath{\text{ }}}\DataTypeTok{len}\NormalTok{(data),\ensuremath{\text{ }}}\StringTok{"Zeichen.\ensuremath{\text{ }}Inhalt:\ensuremath{\text{ }}"}\NormalTok{,\ensuremath{\text{ }}data}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\DataTypeTok{len}\NormalTok{(data)\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"Client\ensuremath{\text{ }}hat\ensuremath{\text{ }}die\ensuremath{\text{ }}Verbindung\ensuremath{\text{ }}getrennt"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{sock.close()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{allClients.remove(sock)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{listIn.remove(sock)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{listOut.remove(sock)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{sock\ensuremath{\text{ }}in\ensuremath{\text{ }}listOut:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{msg\ensuremath{\text{ }}=\ensuremath{\text{ }}time.strftime(}\StringTok{"%H:%M:%S}\CharTok{\textbackslash{}n}\StringTok{"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{num\ensuremath{\text{ }}=\ensuremath{\text{ }}sock.send(msg)}\newline
\end{Highlighting}
\end{Shaded}

Mit {\ttfamily \uline{socket.socket(socket.AF_INET,$\text{ }${}socket.SOCK_STREAM)}} wird ein Socket erzeugt, eine Struktur, die eine Netzwerkverbindung repräsentiert. In diesem Fall soll es eine dauerhafte TCP/IP-{}Verbindung sein. Der Port, auf dem diese Verbindung lauscht, soll wiederverwertbar sein. Wenn der Server sich beendet, soll der Port wieder genutzt werden können. Dazu dient {\ttfamily \uline{setsockopt(socket.SOL_SOCKET,$\text{ }${}socket.SO_REUSEADDR,$\text{ }${}1)}}. Anschließend binden wir den Port an die IP-{}Adresse und die Portnummer ({\ttfamily \uline{bind((host,$\text{ }${}port))}}). Solange nicht alle Clients verbunden sind, werden Verbindungswünsche akzeptiert ({\ttfamily \uline{accept()}}). Sendet der Client etwas, das mit \LaTeXTTUlineTemplate{HELO} beginnt, so wird er aufgenommen, sonst abgelehnt. 

Die folgende Schleife wird alle zwei Sekunden ausgeführt. {\ttfamily \uline{select.select(allClients,$\text{ }${}allClients,$\text{ }${}{$\text{[}$}{$\text{]}$},$\text{ }${}1)}} wartet höchstens eine Sekunde auf Clients, die zum Senden oder Empfangen bereit sind. Die Funktion gibt drei Listen zurück. Die ersten beiden Listen enthalten dabei diejenigen Sockets, die zum Senden oder zum Empfangen bereit sind. Sendet ein Socket eine leere Zeichenkette, dann bedeutet das, dass er sich beendet hat. Sonst wird an alle Clients die Zeit ausgegeben.


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$./server.py\newline Verbindungswunsch$\text{ }${}von$\text{ }${}(\textquotesingle{}127.0.0.1\textquotesingle{},$\text{ }${}40510)$\text{ }${}akzeptiert$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Wir$\text{ }${}haben$\text{ }${}$\text{ }${}1$\text{ }${}Clients$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Verbindungswunsch$\text{ }${}von$\text{ }${}(\textquotesingle{}127.0.0.1\textquotesingle{},$\text{ }${}40511)$\text{ }${}akzeptiert$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Wir$\text{ }${}haben$\text{ }${}$\text{ }${}2$\text{ }${}Clients}}
\\ \hline \end{tabular}


Auf zwei anderen Konsolen (Hier wird \LaTeXTTUlineTemplate{HELO} eingegeben):

\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$telnet localhost 6000\newline Trying$\text{ }${}127.0.0.1...$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Connected$\text{ }${}to$\text{ }${}localhost.$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Escape$\text{ }${}character$\text{ }${}is$\text{ }${}\textquotesingle{}\^{}{$\text{]}$}\textquotesingle{}.$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
\LaTeXTTUlineTemplate{HELO}$\text{ }${}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
15:46:20$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
...}}
\\ \hline \end{tabular}


\section{Chatserver}
\label{150}
Einen Server fürs Chatten zu schreiben ist nur wenig schwerer. Hierbei geht es darum, dass sich einige Clients während einer Chat-{}Sitzung verbinden, wieder abmelden und Daten von einem Client an alle anderen Clients übertragen werden. Folgendes Beispiel verdeutlicht das:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{socket,\ensuremath{\text{ }}select,\ensuremath{\text{ }}time}\newline
\ensuremath{\text{ }}\newline
\NormalTok{host\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{\textquotesingle{}127.0.0.1\textquotesingle{}}\newline
\NormalTok{port\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{6000}\newline
\ensuremath{\text{ }}\newline
\NormalTok{s\ensuremath{\text{ }}=\ensuremath{\text{ }}socket.socket(socket.AF_INET,\ensuremath{\text{ }}socket.SOCK_STREAM)}\newline
\NormalTok{s.setsockopt(socket.SOL_SOCKET,\ensuremath{\text{ }}socket.SO_REUSEADDR,\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{)}\newline
\NormalTok{s.bind((host,\ensuremath{\text{ }}port))}\newline
\NormalTok{s.listen(}\DecValTok{1}\NormalTok{)}\newline
\NormalTok{allClients\ensuremath{\text{ }}=\ensuremath{\text{ }}[]}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Daten\ensuremath{\text{ }}senden,\ensuremath{\text{ }}empfangen}\newline
\KeywordTok{while}\ensuremath{\text{ }}\OtherTok{True}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{time.sleep(}\DecValTok{2}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}Server\ensuremath{\text{ }}socket\ensuremath{\text{ }}hinzufuegen}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{listIn,\ensuremath{\text{ }}listOut,\ensuremath{\text{ }}listTmp\ensuremath{\text{ }}=\ensuremath{\text{ }}select.select(allClients\ensuremath{\text{ }}+\ensuremath{\text{ }}[s],\ensuremath{\text{ }}allClients,\ensuremath{\text{ }}[],\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{sock\ensuremath{\text{ }}in\ensuremath{\text{ }}listIn:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{sock\ensuremath{\text{ }}is\ensuremath{\text{ }}s:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{clientsock,\ensuremath{\text{ }}clientaddr\ensuremath{\text{ }}=\ensuremath{\text{ }}s.accept()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"+\ensuremath{\text{ }}Verbindungswunsch\ensuremath{\text{ }}von"}\NormalTok{,\ensuremath{\text{ }}clientsock.getpeername(),}\newline
\ensuremath{\text{ }}\StringTok{"akzeptiert"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{allClients.append(clientsock)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{data\ensuremath{\text{ }}=\ensuremath{\text{ }}sock.recv(}\DecValTok{4096}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\DataTypeTok{len}\NormalTok{(data)\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DecValTok{0}\ensuremath{\text{ }}\NormalTok{or\ensuremath{\text{ }}data.startswith(}\StringTok{"quit"}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"-\ensuremath{\text{ }}Client"}\NormalTok{,\ensuremath{\text{ }}clientsock.getpeername(),\ensuremath{\text{ }}}\StringTok{"hat\ensuremath{\text{ }}die\ensuremath{\text{ }}Verbindung}\newline
\StringTok{\ensuremath{\text{ }}getrennt"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{sock.close()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{allClients.remove(sock)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{listIn.remove(sock)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{listOut.remove(sock)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}nicht\ensuremath{\text{ }}an\ensuremath{\text{ }}den\ensuremath{\text{ }}Sender\ensuremath{\text{ }}schreiben}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{listOut.remove(sock)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{sout\ensuremath{\text{ }}in\ensuremath{\text{ }}listOut:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{sout.send(data)}\newline
\end{Highlighting}
\end{Shaded}

Der Server läuft anfangs ohne Verbindung. Wenn ein Client sich verbinden möchte, so wird der Server-{}Socket ({\ttfamily \uline{s}}) lesebereit. Vorraussetzung dafür ist, dass wir im Aufruf von {\ttfamily \uline{select()}} den Server als im Prinzip {\itshape empfangsbereit} einstufen. 

Ein Client kann sich nun durch Eingabe von \LaTeXTTUlineTemplate{quit} beenden. Falls der Client Daten sendet, werden diese Daten an alle anderen Clients ebenfalls verschickt, nicht jedoch an denjenigen, der gesendet hat. Dadurch soll ein weiteres Echo der Eingabe vermieden werden. 

Die Ausgabe des Programmes ist bei einer Telnet-{}Sitzung das, was man von einem Chat erwartet: Es werden Daten an alle Clients übertragen. Deswegen verzichten wir hier auf die Darstellung.
\section{Zusammenfassung}
\label{151}
Um spezialisierte Browser zu schreiben, benötigt man Wissen über die Webseite und Kenntnisse der benötigten Protokolle. Beides kann man zumeist aus den Quelltexten der Webseiten herauslesen. Zumeist sind nur wenige Zeilen Programmcode nötig, um eine Webseite komplett einzulesen, dafür viele Programmzeilen, die Daten aus dem HTML-{}Code zu extrahieren. Falls Sie die hier vorgestellten und gegebenenfalls modifizierten Programme auf Wikibooks zu mehr, als nur zu Testzwecken benutzen wollen, fragen Sie bitte die Administratoren um Erlaubnis.
Python enthält ebenfalls eine vollständige Anbindung an Netzwerkprotokollen. Hiermit lassen sich Clients und Server schreiben.
\section{Anmerkung}
\label{152}



\chapter{PyGame}

\myminitoc
\label{153}





\label{154}
PyGame ist eine Gruppe von Modulen, die einen Programmierer bei der Erstellung von Spielen unterstützt. Diese Module beinhalten Zugriff auf genau ein Grafikfenster. PyGame unterstützt den Entwickler mit Grafikprimitiven, einfachem Soundzugriff sowie Sprites und vielem mehr. Typische GUI-{}Elemente gibt es in diesen Modulen jedoch nicht. PyGame beinhaltet eine Grafikbibliothek, zu der Wikibooks auch ein Buch hat, nämlich {\bfseries \myhref{http://de.wikibooks.org/wiki/SDL}{SDL}}. Einige der hier angeführten Beispiele sind diesem Buch entlehnt. Hintergrundinformationen zu den Modulen findet sich auf der \myhref{http://www.pygame.org/}{ PyGame-{}Webseite}. 
\section{Ein Grafikfenster}
\label{155}

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{pygame}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{sys}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{init():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{WINWIDTH\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{640}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{WINHEIGHT\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{480}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{pygame.init()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{screen\ensuremath{\text{ }}=\ensuremath{\text{ }}pygame.display.set_mode((WINWIDTH,\ensuremath{\text{ }}WINHEIGHT))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{screen.fill((}\DecValTok{200}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{200}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{200}\NormalTok{))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{pygame.display.update()}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{event_loop():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\OtherTok{True}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{event\ensuremath{\text{ }}in\ensuremath{\text{ }}pygame.event.get():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{event.}\DataTypeTok{type}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}pygame.QUIT:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{sys.exit()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{event.}\DataTypeTok{type}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}pygame.KEYDOWN:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{sys.exit()}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\DataTypeTok{__name__}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}}\StringTok{\textquotesingle{}__main__\textquotesingle{}}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{init()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{event_loop()}\newline
\end{Highlighting}
\end{Shaded}




\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/2.png}
\end{center}
\raggedright{}\myfigurewithcaption{2}{Bild der Anwendung}
\end{minipage}\vspace{0.75cm}


PyGame muss initialisiert werden, das übernimmt die Funktion {\ttfamily \uline{pygame.init()}}, welche vor allen anderen PyGame-{}Funktionen aufgerufen werden muss. Ein neues Fenster erhalten wir mit der Methode {\ttfamily \uline{pygame.display.set_mode()}}, der wir neben der Fenstergröße als Tupel auch noch weitere Flags mitgeben könnten. Weitere Angaben wären zum Beispiel, dass wir den Vollbildmodus ({\ttfamily \uline{pygame.FULLSCREEN}}) oder OpenGL-{}Unterstützung ({\ttfamily \uline{pygame.OPENGL}}) wünschen. {\ttfamily \uline{pygame.display.set_mode()}} übergibt eine so genannte {\itshape Surface}, eine Struktur, die das Grafikfenster repräsentiert.
\LaTeXNullTemplate{}
Den Bildschirm füllen wir mit einer Farbe {\ttfamily \uline{screen.fill((200,$\text{ }${}200,$\text{ }${}200))}} (grau), die wir als Tupel übergeben. Damit diese Färbung wirksam wird, frischt {\ttfamily \uline{pygame.display.update()}} den gesamten Bildschirm auf. 

PyGame speichert alle Ereignisse wie Tastendrücke, Mausbewegungen und Joystick-{}Kommandos in einer Folge von Events. Mit {\ttfamily \uline{pygame.event.get()}} holen wir uns das nächste anstehende Ereignis. Im Attribut {\ttfamily \uline{event.type}} ist die Art von Ereignis gespeichert, die anliegt. In unserem einfachen Beispiel wird nur nach {\ttfamily \uline{pygame.QUIT}} und {\ttfamily \uline{pygame.KEYDOWN}} verzweigt, in diesen Fällen beendet sich das Programm. Die nachstehende Tabelle enthält einen Ausschnitt der möglichen Ereignisse, für eine vollständige Liste ziehen Sie bitte die Online-{}Dokumentation zu Rate.


\begin{longtable}{|>{\RaggedRight}p{0.47143\linewidth}|>{\RaggedRight}p{0.47143\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Ereignis }&\hspace*{0pt}\ignorespaces{}  Bedeutung\endhead  \hline 
\hspace*{0pt}\ignorespaces{} QUIT &\hspace*{0pt}\ignorespaces{} Anwender wünscht das Programm zu beenden, beispielsweise durch Drücken des Schließen-{}Knopfes\\ \hline 
\hspace*{0pt}\ignorespaces{} KEYDOWN &\hspace*{0pt}\ignorespaces{} Taste wurde heruntergedrückt\\ \hline 
\hspace*{0pt}\ignorespaces{} KEYUP &\hspace*{0pt}\ignorespaces{} heruntergedrückte Taste wurde wieder losgelassen\\ \hline 
\hspace*{0pt}\ignorespaces{} MOUSEMOTION &\hspace*{0pt}\ignorespaces{} Die Maus wurde bewegt\\ \hline 
\hspace*{0pt}\ignorespaces{} MOUSEBUTTONDOWN &\hspace*{0pt}\ignorespaces{} Ein Knopf an der Maus wurde gedrückt\\ \hline 
\hspace*{0pt}\ignorespaces{} USEREVENT &\hspace*{0pt}\ignorespaces{} Ein frei definierbares Ereignis passierte. Genau genommen gibt es hier viele weitere Events, die frei definierbar sind, nämlich alle zwischen USEREVENT und NUMEVENTS-{}1. \\ \hline 
\end{longtable}

\section{Malprogramm}
\label{156}
Um die Events einmal real zu benutzen, haben wir ein Malprogramm als Beispiel geschrieben. Mit den Tasten \LaTeXTTUlineTemplate{0} bis \LaTeXTTUlineTemplate{3} steuert man die Farbwahl, drückt man einen der Mausknöpfe im Fenster, so wird dort ein Klecks mit der aktuell gewählten Farbe gezeichnet. Die Taste \LaTeXTTUlineTemplate{Escape} bricht das Programm ab.

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{pygame}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{sys}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Malprogramm:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}width,\ensuremath{\text{ }}height):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._width\ensuremath{\text{ }}=\ensuremath{\text{ }}width}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._height\ensuremath{\text{ }}=\ensuremath{\text{ }}height}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{pygame.init()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._screen\ensuremath{\text{ }}=\ensuremath{\text{ }}pygame.display.set_mode((}\OtherTok{self}\NormalTok{._width,\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._height))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._screen.fill((}\DecValTok{200}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{200}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{200}\NormalTok{))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{pygame.display.update()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._drawColor\ensuremath{\text{ }}=\ensuremath{\text{ }}(}\DecValTok{200}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{malen(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}(x,\ensuremath{\text{ }}y)):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{pygame.draw.circle(}\OtherTok{self}\NormalTok{._screen,\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._drawColor,\ensuremath{\text{ }}(x,\ensuremath{\text{ }}y),\ensuremath{\text{ }}}\DecValTok{10}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{pygame.display.update((x}\DecValTok{-10}\NormalTok{,\ensuremath{\text{ }}y}\DecValTok{-10}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{20}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{20}\NormalTok{))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{event_loop(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\OtherTok{True}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{event\ensuremath{\text{ }}in\ensuremath{\text{ }}pygame.event.get():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{event.}\DataTypeTok{type}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}pygame.QUIT:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{sys.exit()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{event.}\DataTypeTok{type}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}pygame.KEYDOWN:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{event.key\ensuremath{\text{ }}==\ensuremath{\text{ }}pygame.K_ESCAPE:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{sys.exit()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{event.key\ensuremath{\text{ }}==\ensuremath{\text{ }}pygame.K_0:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._drawColor\ensuremath{\text{ }}=\ensuremath{\text{ }}(}\DecValTok{255}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{255}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{255}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{event.key\ensuremath{\text{ }}==\ensuremath{\text{ }}pygame.K_1:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._drawColor\ensuremath{\text{ }}=\ensuremath{\text{ }}(}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{255}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{event.key\ensuremath{\text{ }}==\ensuremath{\text{ }}pygame.K_2:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._drawColor\ensuremath{\text{ }}=\ensuremath{\text{ }}(}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{255}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{event.key\ensuremath{\text{ }}==\ensuremath{\text{ }}pygame.K_3:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._drawColor\ensuremath{\text{ }}=\ensuremath{\text{ }}(}\DecValTok{255}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{event.}\DataTypeTok{type}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}pygame.MOUSEBUTTONDOWN:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.malen(event.pos)}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\DataTypeTok{__name__}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}}\StringTok{\textquotesingle{}__main__\textquotesingle{}}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{m\ensuremath{\text{ }}=\ensuremath{\text{ }}Malprogramm(}\DecValTok{640}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{480}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{m.event_loop()}\newline
\end{Highlighting}
\end{Shaded}




\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/3.png}
\end{center}
\raggedright{}\myfigurewithcaption{3}{Bild der Anwendung}
\end{minipage}\vspace{0.75cm}


Die {\ttfamily \uline{__init__()}}-{}Methode der Klasse verhält sich, wie die Funktion {\ttfamily \uline{init()}} aus dem ersten Beispiel, bis auf dass sie eine Startfarbe belegt: {\ttfamily \uline{self._drawColor$\text{ }${}=$\text{ }${}(200,$\text{ }${}0,$\text{ }${}0)}} (rot). Diese Farbe wird in der Methode {\ttfamily \uline{{\itshape event_loop()}}} bei entsprechenden Tastendrücken verändert.

In der Methode {\ttfamily \uline{malen()}} wird eine bestimmte angegeben Stelle mit einem ausgefüllten Kreis bemalt. {\ttfamily \uline{pygame.draw.circle()}} benötigt dazu die Surface, die Farbe als Tupel, den Mittelpunkt als Tupel und den Radius. {\ttfamily \uline{pygame.display.update()}} frischt den Bildschirm wieder auf, damit wir diesen Kreis sehen können. In diesem Fall benutzen wir eine Variante der Methode, da wir nicht den gesamten Bildschirm bemalt haben, sondern nur ein Rechteck. Dieses den Kreisfleck umgebene Rechteck übergeben wir der Methode {\ttfamily \uline{pygame.display.update()}}, die dadurch wesentlich schneller arbeiten kann, als müsste sie den gesamten Bildschirm auffrischen.

Bei gedrückter Taste ist in {\ttfamily \uline{event.key}} die Konstante der gedrückten Taste gespeichert. Einen unvollständigen Überblick über die Informationen, die Sie aus der {\ttfamily \uline{event}}-{}Variablen herauslösen können in Abhängigkeit vom gewählten Ereignistyp gibt die folgende Tabelle:
\LaTeXNullTemplate{}


\begin{longtable}{|>{\RaggedRight}p{0.36571\linewidth}|>{\RaggedRight}p{0.18286\linewidth}|>{\RaggedRight}p{0.36571\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Ereignistyp }&\hspace*{0pt}\ignorespaces{} Event-{}Felder &\hspace*{0pt}\ignorespaces{} Bedeutung\endhead  \hline 
\hspace*{0pt}\ignorespaces{} KEYDOWN&\hspace*{0pt}\ignorespaces{} unicode &\hspace*{0pt}\ignorespaces{} Das Unicode-{}Zeichen dieses Tastendruckes\\ \hline 
\hspace*{0pt}\ignorespaces{}         &\hspace*{0pt}\ignorespaces{} key     &\hspace*{0pt}\ignorespaces{}  K_0..K_9  -{} Zifferntaste\newline{}
K_a..K_z Buchstabentaste und viele mehr\\ \hline 
\hspace*{0pt}\ignorespaces{}          &\hspace*{0pt}\ignorespaces{} mod&\hspace*{0pt}\ignorespaces{}  KMOD_LSHIFT -{} linke Schift-{}Taste, \newline{}
KMOD_LCTRL linke STRG-{}Taste\newline{}
KMOD_RALT recht ALT-{}Taste und viele mehr\\ \hline 
\hspace*{0pt}\ignorespaces{} KEYUP &\hspace*{0pt}\ignorespaces{} key, mod &\hspace*{0pt}\ignorespaces{} wie oben\\ \hline 
\hspace*{0pt}\ignorespaces{} MOUSEMOTION &\hspace*{0pt}\ignorespaces{} pos &\hspace*{0pt}\ignorespaces{} Absolute Position innerhalb des Fensters als Tupel\\ \hline 
\hspace*{0pt}\ignorespaces{}             &\hspace*{0pt}\ignorespaces{} rel &\hspace*{0pt}\ignorespaces{} Veränderung zur letzten Position\\ \hline 
\hspace*{0pt}\ignorespaces{}             &\hspace*{0pt}\ignorespaces{} buttons &\hspace*{0pt}\ignorespaces{} gedrückte Mausknöpfe\\ \hline 
\hspace*{0pt}\ignorespaces{} MOUSEBUTTONDOWN, MOUSEBUTTONUP &\hspace*{0pt}\ignorespaces{} pos, button &\hspace*{0pt}\ignorespaces{} wie oben\\ \hline 
\end{longtable}

\section{Animation}
\label{157} 
Zu folgendem Beispiel passt der Ausschnitt aus Heinrich Heines Gedicht: {\itshape Ein Jüngling liebt ein Mädchen}:

\begin{Shaded}
\begin{Highlighting}[]

\NormalTok{Ein\ensuremath{\text{ }}Jüngling\ensuremath{\text{ }}liebt\ensuremath{\text{ }}ein\ensuremath{\text{ }}Mädchen,}\newline
\NormalTok{die\ensuremath{\text{ }}hat\ensuremath{\text{ }}einen\ensuremath{\text{ }}andern\ensuremath{\text{ }}erwählt;}\newline
\NormalTok{der\ensuremath{\text{ }}andre\ensuremath{\text{ }}liebt\ensuremath{\text{ }}eine\ensuremath{\text{ }}andre,}\newline
\NormalTok{und\ensuremath{\text{ }}hat\ensuremath{\text{ }}sich\ensuremath{\text{ }}mit\ensuremath{\text{ }}dieser\ensuremath{\text{ }}vermählt.}\newline
\ensuremath{\text{ }}\newline
\NormalTok{Das\ensuremath{\text{ }}Mädchen\ensuremath{\text{ }}heiratet\ensuremath{\text{ }}aus\ensuremath{\text{ }}Ärger}\newline
\NormalTok{den\ensuremath{\text{ }}ersten\ensuremath{\text{ }}besten\ensuremath{\text{ }}Mann,}\newline
\NormalTok{der\ensuremath{\text{ }}ihr\ensuremath{\text{ }}in\ensuremath{\text{ }}den\ensuremath{\text{ }}Weg\ensuremath{\text{ }}gelaufen;}\newline
\NormalTok{der\ensuremath{\text{ }}Jüngling\ensuremath{\text{ }}ist\ensuremath{\text{ }}übel\ensuremath{\text{ }}dran.}\newline
\end{Highlighting}
\end{Shaded}

Wir versuchen einmal eine ähnliche Situation zu programmieren, wobei der Jüngling dem Mädchen hinterherläuft, diese wiederum ihrem Erwählten, der seinerseits einer anderen hinterherläuft. Diese wiederum versucht den Jüngling zu erhaschen. Technisch gesehen lassen wir schlicht einige Punkte sich aufeinander zu bewegen.

Das folgende Programm generiert ein Ereignis ({\ttfamily \uline{USEREVENT}}) auf der Basis eines Timers. Der Timer löst das Ereignis nach 200 Millisekunden aus, in der Event-{}Loop wird entschieden, ob nach weiteren 0,2 Sekunden erneut das gleiche Ereignis erfolgen soll. Nach jedem Zeitintervall werden Linien zwschen Punkten, die sich bewegen, neu gezeichnet:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{pygame}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{math}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{sys}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Animation:}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}width,\ensuremath{\text{ }}height):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._width\ensuremath{\text{ }}=\ensuremath{\text{ }}width}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._height\ensuremath{\text{ }}=\ensuremath{\text{ }}height}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{pygame.init()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._screen\ensuremath{\text{ }}=\ensuremath{\text{ }}pygame.display.set_mode((}\OtherTok{self}\NormalTok{._width,\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._height))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._screen.fill((}\DecValTok{200}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{200}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{200}\NormalTok{))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{pygame.display.update()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._punkte\ensuremath{\text{ }}=\ensuremath{\text{ }}[(}\FloatTok{0.0}\NormalTok{,\ensuremath{\text{ }}}\FloatTok{0.0}\NormalTok{),\ensuremath{\text{ }}(width\ensuremath{\text{ }}-\ensuremath{\text{ }}}\FloatTok{1.0}\NormalTok{,\ensuremath{\text{ }}}\FloatTok{0.0}\NormalTok{),\ensuremath{\text{ }}(width\ensuremath{\text{ }}-\ensuremath{\text{ }}}\FloatTok{1.0}\NormalTok{,\ensuremath{\text{ }}height\ensuremath{\text{ }}-}\newline
\ensuremath{\text{ }}\FloatTok{1.0}\NormalTok{),\ensuremath{\text{ }}(}\FloatTok{0.0}\NormalTok{,\ensuremath{\text{ }}height\ensuremath{\text{ }}-\ensuremath{\text{ }}}\FloatTok{1.0}\NormalTok{)]}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{pygame.time.set_timer(pygame.USEREVENT,\ensuremath{\text{ }}}\DecValTok{200}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{malen(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{pygame.draw.line(}\OtherTok{self}\NormalTok{._screen,\ensuremath{\text{ }}(}\DecValTok{0}\NormalTok{,}\DecValTok{0}\NormalTok{,}\DecValTok{0}\NormalTok{),\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._punkte[}\DecValTok{0}\NormalTok{],\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._punkte[}\DecValTok{1}\NormalTok{],}\newline
\ensuremath{\text{ }}\DecValTok{1}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{pygame.draw.line(}\OtherTok{self}\NormalTok{._screen,\ensuremath{\text{ }}(}\DecValTok{0}\NormalTok{,}\DecValTok{0}\NormalTok{,}\DecValTok{0}\NormalTok{),\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._punkte[}\DecValTok{1}\NormalTok{],\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._punkte[}\DecValTok{2}\NormalTok{],}\newline
\ensuremath{\text{ }}\DecValTok{1}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{pygame.draw.line(}\OtherTok{self}\NormalTok{._screen,\ensuremath{\text{ }}(}\DecValTok{0}\NormalTok{,}\DecValTok{0}\NormalTok{,}\DecValTok{0}\NormalTok{),\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._punkte[}\DecValTok{2}\NormalTok{],\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._punkte[}\DecValTok{3}\NormalTok{],}\newline
\ensuremath{\text{ }}\DecValTok{1}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{pygame.draw.line(}\OtherTok{self}\NormalTok{._screen,\ensuremath{\text{ }}(}\DecValTok{0}\NormalTok{,}\DecValTok{0}\NormalTok{,}\DecValTok{0}\NormalTok{),\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._punkte[}\DecValTok{3}\NormalTok{],\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._punkte[}\DecValTok{0}\NormalTok{],}\newline
\ensuremath{\text{ }}\DecValTok{1}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{pygame.display.update()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{berechnen(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{punkte_tmp\ensuremath{\text{ }}=\ensuremath{\text{ }}[]}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{anz_punkte\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{len}\NormalTok{(}\OtherTok{self}\NormalTok{._punkte)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{dx\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{0.0}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}vorbelegt,\ensuremath{\text{ }}da\ensuremath{\text{ }}wir\ensuremath{\text{ }}den\ensuremath{\text{ }}Wert\ensuremath{\text{ }}zurueckgeben}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{i\ensuremath{\text{ }}in\ensuremath{\text{ }}}\DataTypeTok{xrange}\NormalTok{(}\DecValTok{4}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{x1,\ensuremath{\text{ }}y1\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._punkte[i]}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{x2,\ensuremath{\text{ }}y2\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._punkte[(i}\DecValTok{+1}\NormalTok{)\ensuremath{\text{ }}%\ensuremath{\text{ }}anz_punkte]}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{dx\ensuremath{\text{ }}=\ensuremath{\text{ }}x2\ensuremath{\text{ }}-\ensuremath{\text{ }}x1}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{dy\ensuremath{\text{ }}=\ensuremath{\text{ }}y2\ensuremath{\text{ }}-\ensuremath{\text{ }}y1}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}Einheitsvektor}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{laenge\ensuremath{\text{ }}=\ensuremath{\text{ }}math.sqrt(dx\ensuremath{\text{ }}*\ensuremath{\text{ }}dx\ensuremath{\text{ }}+\ensuremath{\text{ }}dy\ensuremath{\text{ }}*\ensuremath{\text{ }}dy)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{ex\ensuremath{\text{ }}=\ensuremath{\text{ }}dx\ensuremath{\text{ }}/\ensuremath{\text{ }}laenge}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{ey\ensuremath{\text{ }}=\ensuremath{\text{ }}dy\ensuremath{\text{ }}/\ensuremath{\text{ }}laenge}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{x_neu\ensuremath{\text{ }}=\ensuremath{\text{ }}x1\ensuremath{\text{ }}+\ensuremath{\text{ }}}\FloatTok{5.0}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}ex}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{y_neu\ensuremath{\text{ }}=\ensuremath{\text{ }}y1\ensuremath{\text{ }}+\ensuremath{\text{ }}}\FloatTok{5.0}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}ey}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{punkte_tmp.append((x_neu,\ensuremath{\text{ }}y_neu))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._punkte\ensuremath{\text{ }}=\ensuremath{\text{ }}punkte_tmp}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{dx}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{event_loop(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\OtherTok{True}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{event\ensuremath{\text{ }}in\ensuremath{\text{ }}pygame.event.get():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{event.}\DataTypeTok{type}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}pygame.QUIT:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{sys.exit()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{event.}\DataTypeTok{type}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}pygame.KEYDOWN:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{event.key\ensuremath{\text{ }}==\ensuremath{\text{ }}pygame.K_ESCAPE:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{sys.exit()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{event.}\DataTypeTok{type}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}pygame.USEREVENT:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.malen()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{dist\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.berechnen()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{dist\ensuremath{\text{ }}>\ensuremath{\text{ }}}\FloatTok{20.0}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{pygame.time.set_timer(pygame.USEREVENT,\ensuremath{\text{ }}}\DecValTok{200}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\DataTypeTok{__name__}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}}\StringTok{\textquotesingle{}__main__\textquotesingle{}}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{a\ensuremath{\text{ }}=\ensuremath{\text{ }}Animation(}\DecValTok{800}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{800}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{a.event_loop()}\newline
\end{Highlighting}
\end{Shaded}



\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/4.png}
\end{center}
\raggedright{}\myfigurewithcaption{4}{Bild der Animation}
\end{minipage}\vspace{0.75cm}


{\ttfamily \uline{self._punkte}} ist eine Liste, die Punkte als Tupel enthält. Diese Punkte werden in der Methode {\ttfamily \uline{berechnen()}} neu berechnet und es werden Linien zwischen den Punkten neu gezeichnet. Die Punkte sollen sich dabei aufeinander zubewegen. Der Timer wird in {\ttfamily \uline{__init__()}} mit dem Aufruf {\ttfamily \uline{pygame.time.set_timer()}} gestartet. Die Argumente sind der Ereignistyp und die Zeitspanne in Millisekunden. Die Methode {\ttfamily \uline{malen()}} sorgt dafür, daß zwischen allen vier Punkten Linien in schwarz gemalt werden. Tritt ein {\ttfamily \uline{USEREVENT}} ein, so werden die Linien zwischen den Punkten gemalt, es werden neue Punkte berechnet und entschieden, ob weitere Punkte berechnet werden müssen. Gegebenenfalls wird der Timer erneut gestartet. 
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\LaTeXPythonUnterLinuxVorlagenVorlageDetailsTemplate{Die Berechnung erfolgt nach folgendem Schema:$\text{ }$\newline{}
 Zuerst werden alle  Punkte in den Ecken verteilt. Anschließend bewegt sich jeder Punkt ein Stück auf den anderen zu. Der Punkt {\itshape self._punkte{$\text{[}$}0{$\text{]}$}} bewegt sich in die Richtung des Punktes  {\itshape self._punkte{$\text{[}$}1{$\text{]}$}} und so fort, der letzte bewegt sich wieder auf den ersten Punkt zu. Mathematisch bedeutet das,  {$\vec P_{(t+200 ms)} = \vec P_t + v * \vec e$}zu berechnen, wobei {$\vec e$} der normierte Richtungsvektor zwischen zwei benachbarten Punkten ist. und {$t+200 ms$} den nächsten Zeitschritt bedeutet.}
\section{Bilder und Fonts}
\label{158} 
Das folgende Beispiel demonstriert, wie man Bilder in PyGame lädt und mit Hilfe von Fonts einen Text in ihnen aufbringt. Damit das Programm korrekt funktioniert, muss ein Bild mit dem Namen \LaTeXTTUlineTemplate{beispiel.png} im aktuellen Verzeichnis liegen.

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{pygame}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{sys}\newline
\ensuremath{\text{ }}\newline
\NormalTok{WINWIDTH\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{640}\newline
\NormalTok{WINHEIGHT\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{480}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{init(width,\ensuremath{\text{ }}height):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{pygame.init()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{screen\ensuremath{\text{ }}=\ensuremath{\text{ }}pygame.display.set_mode((width,\ensuremath{\text{ }}height))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{screen.fill((}\DecValTok{250}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{250}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{250}\NormalTok{))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{pygame.display.update()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{screen}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{load_pic(filename,\ensuremath{\text{ }}width,\ensuremath{\text{ }}height):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{surface\ensuremath{\text{ }}=\ensuremath{\text{ }}pygame.image.load(filename)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{picW,\ensuremath{\text{ }}picH\ensuremath{\text{ }}=\ensuremath{\text{ }}surface.get_size()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{transform\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{False}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{picW\ensuremath{\text{ }}>\ensuremath{\text{ }}width:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{picH\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{1.0}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}width\ensuremath{\text{ }}/\ensuremath{\text{ }}picW\ensuremath{\text{ }}*\ensuremath{\text{ }}picH}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{picW\ensuremath{\text{ }}=\ensuremath{\text{ }}width}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{transform\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{True}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{picH\ensuremath{\text{ }}>\ensuremath{\text{ }}height:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{picW\ensuremath{\text{ }}=\ensuremath{\text{ }}}\FloatTok{1.0}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}height\ensuremath{\text{ }}/\ensuremath{\text{ }}picH\ensuremath{\text{ }}*\ensuremath{\text{ }}picW}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{picH\ensuremath{\text{ }}=\ensuremath{\text{ }}height}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{transform\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{True}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{transform:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{w\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{(}\DataTypeTok{round}\NormalTok{(picW))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{h\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DataTypeTok{int}\NormalTok{(}\DataTypeTok{round}\NormalTok{(picH))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{tmp\ensuremath{\text{ }}=\ensuremath{\text{ }}pygame.transform.scale(surface,\ensuremath{\text{ }}(w,\ensuremath{\text{ }}h))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{surface\ensuremath{\text{ }}=\ensuremath{\text{ }}tmp}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{surface\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{blit_pic(surface,\ensuremath{\text{ }}pic,\ensuremath{\text{ }}width,\ensuremath{\text{ }}height):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{picW,\ensuremath{\text{ }}picH\ensuremath{\text{ }}=\ensuremath{\text{ }}pic.get_size()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{w\ensuremath{\text{ }}=\ensuremath{\text{ }}(width\ensuremath{\text{ }}-\ensuremath{\text{ }}picW)\ensuremath{\text{ }}/\ensuremath{\text{ }}}\DecValTok{2}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{h\ensuremath{\text{ }}=\ensuremath{\text{ }}(height\ensuremath{\text{ }}-\ensuremath{\text{ }}picH)\ensuremath{\text{ }}/\ensuremath{\text{ }}}\DecValTok{2}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{surface.blit(pic,\ensuremath{\text{ }}(w,\ensuremath{\text{ }}h))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{font\ensuremath{\text{ }}=\ensuremath{\text{ }}pygame.font.SysFont(}\StringTok{\textquotesingle{}curier\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{50}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{text\ensuremath{\text{ }}=\ensuremath{\text{ }}font.render(}\StringTok{"Hallo,\ensuremath{\text{ }}Welt"}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{True}\NormalTok{,\ensuremath{\text{ }}(}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{200}\NormalTok{))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{picW,\ensuremath{\text{ }}picH\ensuremath{\text{ }}=\ensuremath{\text{ }}text.get_size()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{w\ensuremath{\text{ }}=\ensuremath{\text{ }}(width\ensuremath{\text{ }}-\ensuremath{\text{ }}picW)\ensuremath{\text{ }}/\ensuremath{\text{ }}}\DecValTok{2}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{h\ensuremath{\text{ }}=\ensuremath{\text{ }}(height\ensuremath{\text{ }}-\ensuremath{\text{ }}picH)\ensuremath{\text{ }}/\ensuremath{\text{ }}}\DecValTok{2}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{surface.blit(text,\ensuremath{\text{ }}(w,\ensuremath{\text{ }}h))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{pygame.display.update()}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{event_loop():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\OtherTok{True}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{event\ensuremath{\text{ }}in\ensuremath{\text{ }}pygame.event.get():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{event.}\DataTypeTok{type}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}pygame.QUIT:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{sys.exit()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{event.}\DataTypeTok{type}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}pygame.KEYDOWN:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{sys.exit()}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\DataTypeTok{__name__}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}}\StringTok{\textquotesingle{}__main__\textquotesingle{}}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{screen\ensuremath{\text{ }}=\ensuremath{\text{ }}init(WINWIDTH,\ensuremath{\text{ }}WINHEIGHT)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{pic\ensuremath{\text{ }}=\ensuremath{\text{ }}load_pic(}\StringTok{\textquotesingle{}beispiel.png\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}WINWIDTH,\ensuremath{\text{ }}WINHEIGHT)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{blit_pic(screen,\ensuremath{\text{ }}pic,\ensuremath{\text{ }}WINWIDTH,\ensuremath{\text{ }}WINHEIGHT)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{event_loop()}\newline
\end{Highlighting}
\end{Shaded}



\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/5.png}
\end{center}
\raggedright{}\myfigurewithcaption{5}{Bilder anzeigen}
\end{minipage}\vspace{0.75cm}


Neu an diesem Programm sind die beiden Funktionen {\ttfamily \uline{load_pic()}} und {\ttfamily \uline{blit_pic()}}. In {\ttfamily \uline{load_pic()}} wird ein Bild geladen. Dieses Bild wird repräsentiert durch eine Surface, die sich manipulieren lässt, also beispielsweise drehen, bemalen und skalieren. Die Methode {\ttfamily \uline{surface.get_size()}} liefert uns die Größe des Bildes. Das Bild wird so skaliert, dass es auf das Fenster passt.
\LaTeXNullTemplate{}

{\ttfamily \uline{blit_pic()}} dient dazu, das Bild auf das Grafikfenster zu zeichnen. Damit es mittig erscheint, wird hier mit Hilfe der Surface-{}Größe der Rand ausgerechnet.{\ttfamily \uline{surface.blit(pic,$\text{ }${}(w,$\text{ }${}h))}} übernimmt das eigentliche Blitten, eine Operation, die eine Surface auf einen andere kopiert. Der Parameter {\ttfamily \uline{(w,$\text{ }${}h)}} ist hierbei der Ursprung des Bildes.

Ebenfalls mittig soll eine Schrift auf das Bild gebracht werden. Hierzu laden wir mit {\ttfamily \uline{pygame.font.SysFont()}} eine Schriftart \symbol{34}Curier\symbol{34} in 50 Punkte Größe. Mit {\ttfamily \uline{font.render()}} wird dann eine neue Surface erzeugt, die einen konkreten Text unter Anwendung von Anti-{}Alias mit der gewählten Farbe repräsentiert. Auch diese wird auf den Bildschirm gezeichnet. Nach beiden Blit-{}Operationen wird das Grafikfenster aufgefrischt.
\section{Musik}
\label{159}
Das folgende Programm spielt {\itshape WAV} und {\itshape OGG/Vorbis}-{}Dateien, die auf der Kommandozeile übergeben werden ab:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{pygame}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{sys}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{os.path}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{hinweis():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"./sound\ensuremath{\text{ }}soundfile"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{sys.exit()}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\DataTypeTok{len}\NormalTok{(sys.argv)\ensuremath{\text{ }}!=\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{hinweis()}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{not\ensuremath{\text{ }}os.path.exists(sys.argv[}\DecValTok{1}\NormalTok{]):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{hinweis()}\newline
\ensuremath{\text{ }}\newline
\NormalTok{pygame.init()}\newline
\NormalTok{pygame.mixer.music.set_endevent(pygame.USEREVENT)}\newline
\NormalTok{pygame.mixer.music.load(sys.argv[}\DecValTok{1}\NormalTok{])}\newline
\NormalTok{pygame.mixer.music.play()}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{while}\ensuremath{\text{ }}\OtherTok{True}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{event\ensuremath{\text{ }}in\ensuremath{\text{ }}pygame.event.get():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{event.}\DataTypeTok{type}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}pygame.USEREVENT:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{sys.exit()}\newline
\end{Highlighting}
\end{Shaded}

Die Funktion {\ttfamily \uline{pygame.init()}} initialisiert auch den Mixer. {\ttfamily \uline{pygame.mixer.music.set_endevent()}} legt ein Ereignis fest, welches eintrifft, sobald eine Sound-{}Datei zu ende gespielt ist. Die auf der Kommandozeile übergebene Sounddatei wird mit {\ttfamily \uline{pygame.mixer.music.load()}} geladen, anschließend mit {\ttfamily \uline{pygame.mixer.music.play()}} abgespielt.

Mit Hilfe einer zusätzlichen Funktion {\ttfamily \uline{pygame.mixer.set_volume(lautstärke)}} könnten wir noch die Lautstärke einstellen. Dieser Wert liegt zwischen {\ttfamily 0.0} und {\ttfamily 1.0}. Da das Abspielen einer Sounddatei das Programm überdauern kann, müssen wir hier eine Event-{}Loop einsetzen. Das Programm würde sonst beendet werden, bevor die Datei abgespielt würde. Am Ende bekommen wir das angeforderte Ereignis, das Programm kann sich dann zum richtigen Zeitpunkt beenden.
\section{Zusammenfassung}
\label{160}
Dieses Kapitel hat einen Überblick über Möglichkeiten von PyGame geboten. Wir können genau ein Grafikfenster öffnen, zeichnen, auf Ereignisse reagieren und selber Ereignisse erzeugen. Darüber hinaus haben wir gezeigt, wie man Bilder lädt und Texte zeichnet. PyGame kann mehr, als wir hier ausgeführt haben... Experimentieren Sie selbst!


\chapter{Grafische Benutzeroberflächen mit Qt4}

\myminitoc
\label{161}





\label{162}
In diesem Kapitel geht es um grafische Benutzeroberflächen. Wir geben einen Einblick in die Programmierung mit Qt Version 4, zu der Wikibooks das Buch \myhref{http://de.wikibooks.org/wiki/Qt\%20f\%FCr\%20C\%2B\%2B-Anf\%E4nger}{Qt für C++-{}Anfänger} als zusätzliches Angebot hat.
\section{Fenster, öffne Dich!}
\label{163}
Die erste Anwendung öffnet ein Fenster und hat einen Fenstertitel:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{sys}\newline
\CharTok{from}\ensuremath{\text{ }}\NormalTok{PyQt4\ensuremath{\text{ }}}\CharTok{import}\ensuremath{\text{ }}\NormalTok{QtGui}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Fenster(QtGui.QMainWindow):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{QtGui.QMainWindow.}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.setWindowTitle(}\StringTok{"Python\ensuremath{\text{ }}unter\ensuremath{\text{ }}Linux"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.resize(}\DecValTok{300}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{300}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.show()}\newline
\ensuremath{\text{ }}\newline
\NormalTok{app\ensuremath{\text{ }}=\ensuremath{\text{ }}QtGui.QApplication(sys.argv)}\newline
\NormalTok{f\ensuremath{\text{ }}=\ensuremath{\text{ }}Fenster()}\newline
\NormalTok{app.exec_()}\newline
\end{Highlighting}
\end{Shaded}
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Wir binden {\ttfamily \uline{PyQt4.QtGui}} ein, um auf Elemente der grafischen Benutzeroberfläche zugreifen zu können. Die {\ttfamily \uline{Fenster}}klasse wird von {\ttfamily \uline{QMainWindow}} abgeleitet, einer Klasse, die schon die wichtigsten Elemente eines Hauptfensters mitbringt. Es ist recht einfach, wie wir später sehen werden, auf Grundlage dieser Klasse Menüs und eine Statusleiste hinzuzufügen. {\ttfamily \uline{setWindowTitle()}} legt den Namen für das Fenster fest, {\ttfamily \uline{resize()}} eine Anfangsgröße, die wir dynamisch ändern können. Mit {\ttfamily \uline{show()}} wird das Objekt angezeigt.

Im Hauptprogramm erzeugen wir ein {\ttfamily \uline{QApplication()}}-{}Objekt und unser Fenster. {\ttfamily \uline{exec_()}} startet die Anwendung und wartet, bis das Fenster geschlossen wird.
\LaTeXNullTemplate{}
\section{Signale empfangen}
\label{164}
Grafische Nutzeroberflächen bestehen aus Elementen, in Qt {\bfseries Widgets} genannt, die sich um die Interaktion mit Benutzern kümmern. Widgets sind zum Beispiel Textfelder ({\ttfamily \uline{QLabel}}), Editoren ({\ttfamily \uline{QTextEdit}}) oder Knöpfe ({\ttfamily \uline{QPushButton}}). Viele dieser Widgets nehmen Benutzereingaben entgegen, so kann ein Knopf gedrückt werden, ein Menüpunkt aktiviert werden. Qts Widgets senden bei Interaktionen Signale aus, die man verarbeiten kann. Die folgende Anwendung zeigt, wie man Menüs erzeugt und reagiert, wenn sie aktiviert werden:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{sys}\newline
\CharTok{from}\ensuremath{\text{ }}\NormalTok{PyQt4\ensuremath{\text{ }}}\CharTok{import}\ensuremath{\text{ }}\NormalTok{QtCore,\ensuremath{\text{ }}QtGui}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Fenster(QtGui.QMainWindow):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{QtGui.QMainWindow.}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.setWindowTitle(}\StringTok{"Python\ensuremath{\text{ }}unter\ensuremath{\text{ }}Linux"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.makeActions()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.makeMenu()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.show()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{makeActions(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._exitAction\ensuremath{\text{ }}=\ensuremath{\text{ }}QtGui.QAction(}\StringTok{"&Ende"}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{None}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._helpAction\ensuremath{\text{ }}=\ensuremath{\text{ }}QtGui.QAction(}\StringTok{"Hilfe!"}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{None}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.}\OtherTok{connect}\NormalTok{(}\OtherTok{self}\NormalTok{._exitAction,\ensuremath{\text{ }}QtCore.}\OtherTok{SIGNAL}\NormalTok{(}\StringTok{\textquotesingle{}triggered()\textquotesingle{}}\NormalTok{),}\newline
\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.slotClose)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.}\OtherTok{connect}\NormalTok{(}\OtherTok{self}\NormalTok{._helpAction,\ensuremath{\text{ }}QtCore.}\OtherTok{SIGNAL}\NormalTok{(}\StringTok{\textquotesingle{}triggered()\textquotesingle{}}\NormalTok{),}\newline
\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.slotHelp)}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{makeMenu(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{menuBar\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.menuBar()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{fileMenu\ensuremath{\text{ }}=\ensuremath{\text{ }}menuBar.addMenu(}\StringTok{"&Datei"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{fileMenu.addAction(}\OtherTok{self}\NormalTok{._exitAction)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{helpMenu\ensuremath{\text{ }}=\ensuremath{\text{ }}menuBar.addMenu(}\StringTok{"&Hilfe"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{helpMenu.addAction(}\OtherTok{self}\NormalTok{._helpAction)}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{slotClose(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.close()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{slotHelp(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{QtGui.QMessageBox.information(}\OtherTok{None}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"Dies\ensuremath{\text{ }}ist\ensuremath{\text{ }}die\ensuremath{\text{ }}Hilfe"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"Hilf\ensuremath{\text{ }}dir}\newline
\StringTok{\ensuremath{\text{ }}selbst,\ensuremath{\text{ }}sonst\ensuremath{\text{ }}hilft\ensuremath{\text{ }}dir\ensuremath{\text{ }}keiner!"}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\NormalTok{app\ensuremath{\text{ }}=\ensuremath{\text{ }}QtGui.QApplication(sys.argv)}\newline
\NormalTok{f\ensuremath{\text{ }}=\ensuremath{\text{ }}Fenster()}\newline
\NormalTok{app.exec_()}\newline
\end{Highlighting}
\end{Shaded}
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Innerhalb von {\ttfamily \uline{makeActions()}} definieren wir zwei {\ttfamily \uline{QAction()}}-{}Objekte. Diese Objekte haben einen Namen und optional ein Bild. Wann immer {\ttfamily \uline{QAction()}}-{}Objekte aktiviert werden, sie also das Signal {\ttfamily \uline{QtCore.SIGNAL(\textquotesingle{}triggered()\textquotesingle{})}} senden, soll eine Funktion aufgerufen werden, die wir in der Klasse definiert haben, also beispielsweise {\ttfamily \uline{slotClose()}}. Diese Verknüpfung zwischen den beiden Objekten, {\ttfamily \uline{QAction()}} auf der einen Seite und dem {\ttfamily \uline{Fenster()}}-{}Objekt auf der anderen Seite übernimmt die Funktion {\ttfamily \uline{connect()}}. 

{\ttfamily \uline{makeMenu()}} erzeugt die Menüs. {\ttfamily \uline{QtGui.QMainWindow}} enthält selbst schon eine Menüzeile, die man sich mit {\ttfamily \uline{menuBar()}} beschafft. An diese Menüzeile fügt man mit {\ttfamily \uline{addMenu()}} einen Menüeintrag hinzu. Diese Menüs findet man zuoberst in der Menüzeile einer jeden Anwendung. Jedes Menü kann beliebig viele {\ttfamily \uline{QAction()}}-{}Einträge haben. Da diese einen eigenen Titel haben, werden sie sogleich angezeigt. Die weiteren Methoden der Klasse beinhalten die Ereignisse: {\ttfamily \uline{close()}} schließt das Fenster und {\ttfamily \uline{QMessageBox.information()}} zeigt einen informativen Text an.
\LaTeXNullTemplate{}
\section{Mehr Widgets}
\label{165}
Hauptfenster haben üblicherweise zentrale Widgets. Das sind zumeist selbst geschriebene Widget-{}Klassen, in denen die hauptsächliche Interaktion stattfindet, wie zum Beispiel die Anzeige einer Webseite im Browser. Das folgende Beispiel implementiert einen Einkaufsberater. Der eigentliche Einkauf findet in einem eigenen Dialog statt, die Zusammenfassung erfolgt in einer Tabelle im Hauptfenster. Zwischen Dialog und Hauptfenster wird eine Nachricht über den Kaufwunsch und die Zahlungsweise ausgetauscht. 

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:utf-8\ensuremath{\text{ }}-*-}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{sys}\newline
\CharTok{from}\ensuremath{\text{ }}\NormalTok{PyQt4\ensuremath{\text{ }}}\CharTok{import}\ensuremath{\text{ }}\NormalTok{QtCore,\ensuremath{\text{ }}QtGui}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Dialog(QtGui.QDialog):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{"""Der\ensuremath{\text{ }}Einkaufsdialog"""}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{QtGui.QDialog.}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.setWindowTitle(}\StringTok{"Elektronischer\ensuremath{\text{ }}Einkauf"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vbox\ensuremath{\text{ }}=\ensuremath{\text{ }}QtGui.QVBoxLayout()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._liste\ensuremath{\text{ }}=\ensuremath{\text{ }}QtGui.QListWidget()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._liste.addItem(}\StringTok{u"Milch"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._liste.addItem(}\StringTok{u"Eier"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._liste.addItem(}\StringTok{u"Käse"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vbox.addWidget(}\OtherTok{self}\NormalTok{._liste)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{group\ensuremath{\text{ }}=\ensuremath{\text{ }}QtGui.QGroupBox(}\StringTok{"Zahlungsweise"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vboxGroup\ensuremath{\text{ }}=\ensuremath{\text{ }}QtGui.QVBoxLayout()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._r1\ensuremath{\text{ }}=\ensuremath{\text{ }}QtGui.QRadioButton(}\StringTok{"Kreditkarte"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vboxGroup.addWidget(}\OtherTok{self}\NormalTok{._r1)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._r2\ensuremath{\text{ }}=\ensuremath{\text{ }}QtGui.QRadioButton(}\StringTok{"Bargeld"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vboxGroup.addWidget(}\OtherTok{self}\NormalTok{._r2)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._r3\ensuremath{\text{ }}=\ensuremath{\text{ }}QtGui.QRadioButton(}\StringTok{"Nachnahme"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vboxGroup.addWidget(}\OtherTok{self}\NormalTok{._r3)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._r2.setChecked(}\OtherTok{True}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{group.setLayout(vboxGroup)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vbox.addWidget(group)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{fertigButton\ensuremath{\text{ }}=\ensuremath{\text{ }}QtGui.QPushButton(}\StringTok{"Fertig"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.}\OtherTok{connect}\NormalTok{(fertigButton,\ensuremath{\text{ }}QtCore.}\OtherTok{SIGNAL}\NormalTok{(}\StringTok{\textquotesingle{}clicked()\textquotesingle{}}\NormalTok{),\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.fertig)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vbox.addWidget(fertigButton)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.setLayout(vbox)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.show()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{fertig(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{ware\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{u"}\OtherTok{%s}\StringTok{"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._liste.currentItem().text()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{label\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{""}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{rb\ensuremath{\text{ }}in\ensuremath{\text{ }}[}\OtherTok{self}\NormalTok{._r1,\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._r2,\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._r3]:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{rb.isChecked():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{label\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"}\OtherTok{%s}\StringTok{"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}rb.text()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{break}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.emit(QtCore.}\OtherTok{SIGNAL}\NormalTok{(}\StringTok{\textquotesingle{}signalEinkaufFertig\textquotesingle{}}\NormalTok{),\ensuremath{\text{ }}(ware,\ensuremath{\text{ }}label))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.accept()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Fenster(QtGui.QMainWindow):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{"""Diese\ensuremath{\text{ }}Klasse\ensuremath{\text{ }}stellt\ensuremath{\text{ }}das\ensuremath{\text{ }}Hauptfenster\ensuremath{\text{ }}dar,\ensuremath{\text{ }}das\ensuremath{\text{ }}zentrale\ensuremath{\text{ }}Widget\ensuremath{\text{ }}ist\ensuremath{\text{ }}eine}\newline
\CommentTok{\ensuremath{\text{ }}Tabelle"""}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{QtGui.QMainWindow.}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.setWindowTitle(}\StringTok{"Python\ensuremath{\text{ }}unter\ensuremath{\text{ }}Linux"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.makeActions()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.makeMenu()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}Statuszeile}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._label\ensuremath{\text{ }}=\ensuremath{\text{ }}QtGui.QLabel(}\StringTok{u"Einkaufszähler"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.statusBar().addWidget(}\OtherTok{self}\NormalTok{._label)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}Tabelle}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._tableWidget\ensuremath{\text{ }}=\ensuremath{\text{ }}QtGui.QTableWidget(}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._tableWidget.setHorizontalHeaderLabels([}\StringTok{"Ware"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"Zahlungsweise"}\NormalTok{])}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.setCentralWidget(}\OtherTok{self}\NormalTok{._tableWidget)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.show()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{makeActions(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._dialogAction\ensuremath{\text{ }}=\ensuremath{\text{ }}QtGui.QAction(}\StringTok{"Einkauf"}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{None}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._exitAction\ensuremath{\text{ }}=\ensuremath{\text{ }}QtGui.QAction(}\StringTok{"&Ende"}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{None}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.}\OtherTok{connect}\NormalTok{(}\OtherTok{self}\NormalTok{._dialogAction,\ensuremath{\text{ }}QtCore.}\OtherTok{SIGNAL}\NormalTok{(}\StringTok{\textquotesingle{}triggered()\textquotesingle{}}\NormalTok{),}\newline
\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.slotEinkauf)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.}\OtherTok{connect}\NormalTok{(}\OtherTok{self}\NormalTok{._exitAction,\ensuremath{\text{ }}QtCore.}\OtherTok{SIGNAL}\NormalTok{(}\StringTok{\textquotesingle{}triggered()\textquotesingle{}}\NormalTok{),}\newline
\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.slotClose)}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{makeMenu(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{menuBar\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.menuBar()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{fileMenu\ensuremath{\text{ }}=\ensuremath{\text{ }}menuBar.addMenu(}\StringTok{"&Datei"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{fileMenu.addAction(}\OtherTok{self}\NormalTok{._dialogAction)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{fileMenu.addSeparator()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{fileMenu.addAction(}\OtherTok{self}\NormalTok{._exitAction)}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{slotEinkauf(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{"""Ruft\ensuremath{\text{ }}den\ensuremath{\text{ }}Einkaufsdialog\ensuremath{\text{ }}auf"""}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{d\ensuremath{\text{ }}=\ensuremath{\text{ }}Dialog()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.}\OtherTok{connect}\NormalTok{(d,\ensuremath{\text{ }}QtCore.}\OtherTok{SIGNAL}\NormalTok{(}\StringTok{\textquotesingle{}signalEinkaufFertig\textquotesingle{}}\NormalTok{),}\newline
\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.slotEinkaufFertig)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{d.exec_()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{slotClose(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{"""Wird\ensuremath{\text{ }}aufgerufen,\ensuremath{\text{ }}wenn\ensuremath{\text{ }}das\ensuremath{\text{ }}Fenster\ensuremath{\text{ }}geschlossen\ensuremath{\text{ }}wird"""}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{ret\ensuremath{\text{ }}=\ensuremath{\text{ }}QtGui.QMessageBox.question(}\OtherTok{None}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"Ende?"}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"Wollen\ensuremath{\text{ }}Sie\ensuremath{\text{ }}wirklich}\newline
\StringTok{\ensuremath{\text{ }}schon\ensuremath{\text{ }}gehen?"}\NormalTok{,\ensuremath{\text{ }}QtGui.QMessageBox.Yes,\ensuremath{\text{ }}QtGui.QMessageBox.No)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{ret\ensuremath{\text{ }}==\ensuremath{\text{ }}QtGui.QMessageBox.Yes:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.close()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{slotEinkaufFertig(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}ware):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{"""Dieser\ensuremath{\text{ }}Slot\ensuremath{\text{ }}fügt\ensuremath{\text{ }}eine\ensuremath{\text{ }}Tabellenzeile\ensuremath{\text{ }}an\ensuremath{\text{ }}und\ensuremath{\text{ }}stellt\ensuremath{\text{ }}in\ensuremath{\text{ }}dieser\ensuremath{\text{ }}die}\newline
\CommentTok{\ensuremath{\text{ }}gekaufen\ensuremath{\text{ }}Waren\ensuremath{\text{ }}vor"""}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{numRows\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._tableWidget.rowCount()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}Neue\ensuremath{\text{ }}Zeile}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._tableWidget.insertRow(numRows)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}Inhalte\ensuremath{\text{ }}einfügen}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{t1\ensuremath{\text{ }}=\ensuremath{\text{ }}QtGui.QTableWidgetItem(ware[}\DecValTok{0}\NormalTok{])}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{t2\ensuremath{\text{ }}=\ensuremath{\text{ }}QtGui.QTableWidgetItem(ware[}\DecValTok{1}\NormalTok{])}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._tableWidget.setItem(numRows,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}t1)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._tableWidget.setItem(numRows,\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}t2)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}Update\ensuremath{\text{ }}Statuszeile\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{text\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{u"Heute\ensuremath{\text{ }}wurden\ensuremath{\text{ }}}\OtherTok{%d}\StringTok{\ensuremath{\text{ }}Aktionen\ensuremath{\text{ }}getätigt"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}(numRows\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._label.setText(text)}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\DataTypeTok{__name__}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}}\StringTok{"__main__"}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{app\ensuremath{\text{ }}=\ensuremath{\text{ }}QtGui.QApplication(sys.argv)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{f\ensuremath{\text{ }}=\ensuremath{\text{ }}Fenster()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{app.exec_()}\newline
\end{Highlighting}
\end{Shaded}
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\end{longtable}

Der Einkaufsberater besteht aus zwei Elementen, nämlich dem Dialog, einer von {\ttfamily \uline{QDialog}} abgeleiteten Klasse, und dem Hauptfenster. Der Dialog wird angezeigt, wenn die Methode {\ttfamily \uline{slotEinkauf()}} vom Hauptfenster aufgerufen wurde. Der Dialog besteht aus einigen ineinander geschachtelten Elementen: Innerhalb des {\bfseries v}ertikalen Layouts ({\ttfamily \uline{QVBoxLayout}}) werden ein List-{}Widget ({\ttfamily \uline{QListWidget}}), eine Group-{}Box ({\ttfamily \uline{QGroupBox}}) und ein Knopf ({\ttfamily \uline{QPushButton}}) eingefügt. Der Listbox werden mit {\ttfamily \uline{addItem()}} einige Beispielwaren hinzugefügt. Die Group-{}Box enthält ein eigenes vertikales Layout, mit dem sie drei Auswahlschalter ({\ttfamily \uline{QRadioButton}}) zur Angabe der Zahlungsweise verwaltet, von denen einer vorselektiert ({\ttfamily \uline{self._r2.setChecked(True)}}) ist.

Wird der Knopf (\symbol{34}Fertig\symbol{34}) gedrückt, soll die Methode {\ttfamily \uline{Dialog.fertig()}} aufgerufen werden. In dieser Methode werden die Auswahlknöpfe abgefragt, genau einer von ihnen ist immer aktiviert. Ebenfalls wird der im List-{}Widget aktivierte Text abgefragt. Sobald beide Informationen vorliegen, wird ein Signal abgeschickt. Dieses besorgt die Methode {\ttfamily \uline{emit()}}, die das Signal wie auch ein Tupel mit Informationen erwartet. Anschließend wird der Dialog geschlossen. 
\LaTeXNullTemplate{}

Das Hauptfenster enthält Menüs, eine Statuszeile, in der sich eine Textfeld ({\ttfamily \uline{QLabel}}) befindet wie auch als zentrales Element eine Tabelle. Wird per Menü die Methode {\ttfamily \uline{slotEinkauf()}} aufgerufen, erstellt sie den beschriebenen Dialog, verknüft das von diesem ausgehende Signal mit dem Slot {\ttfamily \uline{slotEinkaufFertig()}} und ruft dessen {\ttfamily \uline{exec_()}}-{}Methode auf.

{\ttfamily \uline{slotEinkaufFertig()}} enthält im Parameter {\ttfamily \uline{ware}} das Tupel mit den aktuellen Einkaufsinformationen. Diese Informationen sollen in die Tabelle geschrieben werden, wobei diese zuerst um eine Zeile wachsen muss. Dann werden pro Spalte ein {\ttfamily \uline{QTableWidgetItem}} erstellt, diese werden per {\ttfamily \uline{setItem(Reihe,$\text{ }${}Spalte,$\text{ }${}Item)}} in die Tabelle eingefügt. Zu guter Letzt wird das Label der Statuszeile auf den neusten Stand gebracht.
\section{Design-{}Server}
\label{166}
Der Einkaufsführer brachte es an den Tag: Das händische schreiben von Widgets und das passende Plazieren derselbigen auf einem Fenster macht viel Mühe. Viel leichter geht es, wenn man sich die Fenster und deren Inhalte zusammenklickt. Das Programm hierzu heißt {\itshape Designer} (\LaTeXTTUlineTemplate{designer-{}qt4}). Mit seiner Hilfe plaziert man auf Fenstern die Widgets, die man benötigt und layoutet sie auf grafische Weise.
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\LaTeXNullTemplate{}

Das folgende Programm benötigt nur drei Labels in einem Dialog-{}Fenster, von denen zwei {\ttfamily \uline{label_client1}} und {\ttfamily \uline{label_client2}} heißen. Auf diese beiden Labels wollen wir im Quelltext verweisen. Schauen Sie sich hierzu bitte das Bild {\itshape Unser Dialogfenster} an. Speichern Sie die Designer-{}Datei unter dem Namen \LaTeXTTUlineTemplate{server.ui} ab. Sie enthält in XML-{}Notation alle Informationen über das Dialog-{}Fenster. 

Um den Dialog für Python benutzbar zu machen, ist noch ein Zwischenschritt nötig: 
\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$pyuic4 -{}o server_ui.py server.ui  \newline (keine$\text{ }${}Ausgabe)}}
\\ \hline \end{tabular}

Sie erhalten eine Datei mit dem Namen \LaTeXTTUlineTemplate{server_ui.py}. Diese können Sie direkt in den Python-{}Code importieren. 

Das Programm, welches wir nun besprechen wollen, ist ein Server, der Verbindungsinformationen bereit hält. Man kann sich an ihm anmelden, wobei er zwei Clients akzeptiert. Diesen sendet er einen Willkommensgruß und schreibt auf den Dialog einen Verbindungshinweis. Wird ein Client beendet, so registriert der Server das ist bereit, eine weitere Verbindung zu akzeptieren. Der Server tut also nichts als zu merken, ob gerade ein Client verbunden ist oder nicht. 


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{sys}\newline
\CharTok{from}\ensuremath{\text{ }}\NormalTok{server_ui\ensuremath{\text{ }}}\CharTok{import}\ensuremath{\text{ }}\NormalTok{Ui_Dialog}\newline
\CharTok{from}\ensuremath{\text{ }}\NormalTok{PyQt4\ensuremath{\text{ }}}\CharTok{import}\ensuremath{\text{ }}\NormalTok{QtCore,\ensuremath{\text{ }}QtGui,\ensuremath{\text{ }}QtNetwork}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Dialog(QtGui.QDialog,\ensuremath{\text{ }}Ui_Dialog):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{QtGui.QDialog.}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.setupUi(}\OtherTok{self}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{connect}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}num):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{num\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.label_client1.setText\ensuremath{\text{ }}(}\StringTok{"Client1\ensuremath{\text{ }}connected"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.label_client2.setText\ensuremath{\text{ }}(}\StringTok{"Client2\ensuremath{\text{ }}connected"}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{disconnect(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}num):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{num\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.label_client1.setText\ensuremath{\text{ }}(}\StringTok{"Client1\ensuremath{\text{ }}disconnected"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.label_client2.setText\ensuremath{\text{ }}(}\StringTok{"Client2\ensuremath{\text{ }}disconnected"}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Server(QtNetwork.QTcpServer):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}numClients):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{QtNetwork.QTcpServer.}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._numClientsWanted\ensuremath{\text{ }}=\ensuremath{\text{ }}numClients}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._numClients\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.address\ensuremath{\text{ }}=\ensuremath{\text{ }}QtNetwork.QHostAddress(QtNetwork.QHostAddress.LocalHost)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}socketInfo:\ensuremath{\text{ }}[(socket,\ensuremath{\text{ }}connected,\ensuremath{\text{ }}num),\ensuremath{\text{ }}...]}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.socketInfo\ensuremath{\text{ }}=\ensuremath{\text{ }}[]}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{i\ensuremath{\text{ }}in\ensuremath{\text{ }}}\DataTypeTok{xrange}\NormalTok{(numClients):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.socketInfo.append((}\OtherTok{None}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{False}\NormalTok{,\ensuremath{\text{ }}i}\DecValTok{+1}\NormalTok{))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{ret\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.listen(}\OtherTok{self}\NormalTok{.address,\ensuremath{\text{ }}}\DecValTok{6000}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.}\OtherTok{connect}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}QtCore.}\OtherTok{SIGNAL}\NormalTok{(}\StringTok{"newConnection()"}\NormalTok{),\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.connection)}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{connection(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.hasPendingConnections():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"connection\ensuremath{\text{ }}available"}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{socket\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.nextPendingConnection()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._numClients\ensuremath{\text{ }}<\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{._numClientsWanted:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.}\OtherTok{connect}\NormalTok{(socket,\ensuremath{\text{ }}QtCore.}\OtherTok{SIGNAL}\NormalTok{(}\StringTok{"disconnected()"}\NormalTok{),\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.dis)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{i,\ensuremath{\text{ }}(p,\ensuremath{\text{ }}c,\ensuremath{\text{ }}n)\ensuremath{\text{ }}in\ensuremath{\text{ }}}\DataTypeTok{enumerate}\NormalTok{(}\OtherTok{self}\NormalTok{.socketInfo):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}==\ensuremath{\text{ }}}\OtherTok{False}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.socketInfo[i]\ensuremath{\text{ }}=\ensuremath{\text{ }}(socket,\ensuremath{\text{ }}}\OtherTok{True}\NormalTok{,\ensuremath{\text{ }}n)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"accepted"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{msg\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"You\ensuremath{\text{ }}are\ensuremath{\text{ }}accepted.\ensuremath{\text{ }}Client\ensuremath{\text{ }}}\OtherTok{%d}\StringTok{"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}n}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{socket.write(msg)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.emit(QtCore.}\OtherTok{SIGNAL}\NormalTok{(}\StringTok{"connected"}\NormalTok{),\ensuremath{\text{ }}n)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{break}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._numClients\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\DecValTok{1}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\NormalTok{:\ensuremath{\text{ }}\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"rejected"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{socket.close()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{dis(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{print}\ensuremath{\text{ }}\StringTok{"socket\ensuremath{\text{ }}disconnected"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._numClients\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{i,\ensuremath{\text{ }}(p,\ensuremath{\text{ }}c,\ensuremath{\text{ }}n)\ensuremath{\text{ }}in\ensuremath{\text{ }}}\DataTypeTok{enumerate}\NormalTok{(}\OtherTok{self}\NormalTok{.socketInfo):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{c:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{p.state()\ensuremath{\text{ }}==\ensuremath{\text{ }}QtNetwork.QAbstractSocket.UnconnectedState:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{p.close()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.socketInfo[i]\ensuremath{\text{ }}=\ensuremath{\text{ }}(}\OtherTok{None}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{False}\NormalTok{,\ensuremath{\text{ }}n)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.emit(QtCore.}\OtherTok{SIGNAL}\NormalTok{(}\StringTok{"disconnected"}\NormalTok{),\ensuremath{\text{ }}n)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{._numClients\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\DecValTok{1}\newline
\ensuremath{\text{ }}\newline
\NormalTok{app\ensuremath{\text{ }}=\ensuremath{\text{ }}QtGui.QApplication(sys.argv)}\newline
\NormalTok{window\ensuremath{\text{ }}=\ensuremath{\text{ }}Dialog()}\newline
\NormalTok{server\ensuremath{\text{ }}=\ensuremath{\text{ }}Server(}\DecValTok{2}\NormalTok{)}\newline
\NormalTok{app.}\OtherTok{connect}\NormalTok{(server,\ensuremath{\text{ }}QtCore.}\OtherTok{SIGNAL}\NormalTok{(}\StringTok{"connected"}\NormalTok{),\ensuremath{\text{ }}window.}\OtherTok{connect}\NormalTok{)}\newline
\NormalTok{app.}\OtherTok{connect}\NormalTok{(server,\ensuremath{\text{ }}QtCore.}\OtherTok{SIGNAL}\NormalTok{(}\StringTok{"disconnected"}\NormalTok{),\ensuremath{\text{ }}window.disconnect)}\newline
\NormalTok{window.show()}\newline
\NormalTok{sys.exit(app.exec_())}\newline
\end{Highlighting}
\end{Shaded}


Die Designer-{}Datei wird mit {\ttfamily \uline{from$\text{ }${}server_ui$\text{ }${}import$\text{ }${}Ui_Dialog}} eingebunden. Der Name ist in der Python-{}Datei \LaTeXTTUlineTemplate{server_ui.py} bekannt. Ein Dialog auf der Basis wird erstellt, in dem er vom {\ttfamily \uline{QDialog}} und dem {\ttfamily \uline{Ui_Dialog}} abgeleitet wird: {\ttfamily \uline{class$\text{ }${}Dialog(QtGui.QDialog,$\text{ }${}Ui_Dialog)}}. Die Methode {\ttfamily \uline{setupUi(self)}} initialisiert diesen Dialog anschließend. Der Rest der Klasse dient dazu, die Verbindungsinformationen anzuzeigen. 

Der Server wird von der Basisklasse {\ttfamily \uline{QTcpServer}} abgeleitet. Der Server soll maximal 2 Verbingungen gleichzeitig haben, und auf dem eigenen Host (Local host, {\ttfamily \uline{QHostAddress(QtNetwork.QHostAddress.LocalHost))}} laufen, seine Portadresse lautet 6000. {\ttfamily \uline{socketInfo}} ist eine Liste, die die Clients speichert, wobei jeder Client durch einen TCP-{}Socket, einen Hinweis darauf, ob die Verbindung aktiv ist und eine eindeutige Nummer gekennzeichnet ist. Mit {\ttfamily \uline{listen(self.address,$\text{ }${}6000)}} wird auf Verbindungswünsche der Clients gewartet. Treffen diese ein, wird die Methode {\ttfamily \uline{connection()}} aufgerufen. Falls wir den Verbindungswunsch akzeptieren, wird mit {\ttfamily \uline{nextPendingConnection()}} der Socket des Clients geholt und an passender Stelle in die Struktur {\ttfamily \uline{socketInfo}} eingefügt. Dem Client wird eine Nachricht geschickt und dem Dialog wird angezeigt, dass sich ein Client verbunden hat.

Falls sich ein Client verabschiedet, beispielsweise, weil die DSL-{}Leitung unterbrochen wurde oder der Nutzer das Client-{}Programm auf andere Weise beendete, wird die Methode {\ttfamily \uline{dis()}} aufgerufen. Sie findet heraus, welcher Client sich abgemeldet hat und gibt entsprechend Nachricht darüber aus.

Um das Programm zu testen, benutzen Sie einfach das Programm {\itshape Telnet}. Starten Sie hierzu den Server und rufen auf einer anderen Konsole folgendes auf:

\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$telnet localhost 6000\newline Trying$\text{ }${}127.0.0.1...$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Connected$\text{ }${}to$\text{ }${}localhost.$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Escape$\text{ }${}character$\text{ }${}is$\text{ }${}\textquotesingle{}\^{}{$\text{]}$}\textquotesingle{}.$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
You$\text{ }${}are$\text{ }${}accepted.$\text{ }${}Client$\text{ }${}1}}
\\ \hline \end{tabular}

Sobald Sie sich verbunden haben, wird dieses auch im Dialogfenster angezeigt.
\section{Zusammenfassung}
\label{167}
In diesem Kapitel haben Sie die Grundzüge der Programmierung mit dem Toolkit Qt Version 4 kennen gelernt. Wir haben einige Widgets besprochen, das Signal-{}Slot-{}Konzept kennen gelernt und Server-{}Programmierung als Thema für Fortgeschrittene Benutzer besprochen. Das Kapitel wurde mit einer Einführung in den Qt-{}Designer abgerundet.


\chapter{Grafische Benutzeroberflächen mit wxPython}

\myminitoc
\label{168}





\label{169}
Sie haben nun einen weiteren Abschnitt erreicht, der sich mit grafischen Benutzeroberflächen in Python beschäftigt. Diesmal mit der plattformunabhängigen, auf wxWidgets aufbauenden Variante \myhref{http://de.wikipedia.org/wiki/WxPython}{ wxPython}. Genauere Details zu den besonderen Aspekten wxPythons finden sich in den jeweiligen Abschnitten.

\section{Vorbereitung und Installation}
\label{170}

Da wxPython nicht zum Standardrepertoire einer Pythoninstallation gehört, muss es erst installiert werden -{} und zwar überall da, wo die Anwendung später ausgeführt werden soll. Es gibt Installationspakete für alle möglichen Betriebssysteme. In den meisten Linux-{}Distributionen findet sich wxPython im Paketmanager. Falls das bei Ihnen nicht der Fall ist, können Sie Pythons \myhref{http://pypi.python.org/pypi/setuptools}{ setuptools} oder ein \myhref{http://www.wxpython.org/download.php\#binaries}{ Installationspaket} verwenden. Die erste Variante sollte die einfachste sein, funktionierte bei mir im Test aber (ohne größere Schritte zur Aufklärung des Problemes) leider nicht:


\begin{tabular}{|p{\linewidth}|}\hline
 {\bfseries Ausgabe}\\ \hline{\ttfamily {\scriptsize user@localhost:~\$sudo easy_install wxpython\newline Searching$\text{ }${}for$\text{ }${}wxpython$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Reading$\text{ }${}\myhref{http://pypi.python.org/simple/wxpython/}{http://pypi.python.org/simple/wxpython/}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Reading$\text{ }${}\myhref{http://wxPython.org/}{http://wxPython.org/}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Reading$\text{ }${}\myhref{http://wxPython.org/download.php}{http://wxPython.org/download.php}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Best$\text{ }${}match:$\text{ }${}wxPython$\text{ }${}src-{}2.8.9.1$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Downloading$\text{ }${}\myhref{http://downloads.sourceforge.net/wxpython/wxPython-src-2.8.9.1.tar.bz2}{http://downloads.sourceforge.net/wxpython/wxPython-src-2.8.9.1.tar.bz2}$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
Processing$\text{ }${}wxPython-{}src-{}2.8.9.1.tar.bz2$\text{ }$\newline{}
$\text{ }${}$\text{ }$\newline{}
error:$\text{ }${}Couldn\textquotesingle{}t$\text{ }${}find$\text{ }${}a$\text{ }${}setup$\text{ }${}script$\text{ }${}in$\text{ }${}/tmp/easy_install-{}PkAhhW/wxPython-{}src-{}2.8.9.1.tar.bz2}}
\\ \hline \end{tabular}

Lassen Sie sich davon aber nicht beirren. Vermutlich brauchen Sie nur in Ihrem Paketmanager nach {\itshape wxPython} zu suchen und alles andere geht von selbst.
\section{Plopp!}
\label{171}

...oder welches Geräusch auch immer Sie mit dem Öffnen eines Fensters assoziieren: Mit wxPython erreichen Sie diesen Punkt jedenfalls einfach und schnell:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{wx}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\DataTypeTok{__name__}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}}\StringTok{\textquotesingle{}__main__\textquotesingle{}}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{app\ensuremath{\text{ }}=\ensuremath{\text{ }}wx.PySimpleApp()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{frame\ensuremath{\text{ }}=\ensuremath{\text{ }}wx.Frame(}\OtherTok{None}\NormalTok{,\ensuremath{\text{ }}title=}\StringTok{"Hallo\ensuremath{\text{ }}Welt!"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{frame.Show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{app.MainLoop()}\newline
\end{Highlighting}
\end{Shaded}

Kurz zur Erläuterung:

In {\bfseries Zeile 4} importieren wir das Paket {\ttfamily \uline{wx}}, welches alle Komponenten von wxPython beinhaltet. In älteren Beispielen könnten sich auch noch die Varianten \symbol{34}{\ttfamily import wxPython as wx}\symbol{34} oder \symbol{34}{\ttfamily from wxPython import *}\symbol{34} finden. {\bfseries Verwenden Sie diese nicht!} Sie sind veraltet. Sternchen-{}Importe -{} wie in der zweiten Variante -{} sind außerdem generell nicht gern gesehen.

In {\bfseries Zeile 7} wird das Applikations-{}Objekt erstellt. Ohne dieses Objekt geht erstmal garnichts. Bei der Erstellung wird das grafische System, der Message-{} bzw. Eventhandler und alles weitere wichtige initialisiert. Die Nutzung von {\ttfamily \uline{wx.PySimpleApp()}} macht das ganze am unkompliziertesten.

{\bfseries Zeile 8} erzeugt ein Frame-{}Objekt. Dieser stellt in unserem Beispiel das Hauptfenster dar. Eine Applikation kann aus mehreren Frames bestehen, aber nur einen Haupt-{}Frame haben. Allen weiteren muss dann als ersten Parameter den ihnen übergeordneten Frame übergeben werden. An dieser Stelle wird hier {\ttfamily \uline{None}} übergeben, da ein Hauptframe keinen {\itshape Parent} hat. Bisher gibt es fuer diesen Parameter auch keinen Standard-{}Wert, so das mindestens {\ttfamily \uline{None}} angegeben werden muss.

Die folgende {\bfseries Zeile 9} sorgt dafür, dass der Frame auch angezeigt wird. Der Frame kann zwar auch dynamisch im laufenden Betrieb erzeugt und variiert werden, aber die initialen Elemente sollten erzeugt werden, bevor {\ttfamily \uline{.Show()}} ausgeführt wird.

Abschließend starten wir die {\itshape MainLoop}, also die Haupt-{}Eventschleife von wxWidgets. Diese Schleife läuft so lange, bis das Hauptfenster (genauer alle Threads) in irgendeiner Weise geschlossen wird.

Bravo! Nun haben Sie das erste Fenster erstellt und auch schon einiges grundlegendes ueber wxPython gelernt. Das war auch gar nicht so schwer, oder?
\section{Einen Schritt weiter}
\label{172}

Komplexere Anwendungen erben üblicherweise von Hauptelementen wie {\ttfamily \uline{wx.Frame}} ab. Beispielsweise so:


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{wx}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{MyFrame(wx.Frame):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{wx.Frame.}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{None}\NormalTok{,\ensuremath{\text{ }}title=}\StringTok{"Hallo\ensuremath{\text{ }}Welt!"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.panel\ensuremath{\text{ }}=\ensuremath{\text{ }}wx.Panel(}\OtherTok{self}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.label\ensuremath{\text{ }}=\ensuremath{\text{ }}wx.StaticText(}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.panel,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{label\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"Python\ensuremath{\text{ }}unter\ensuremath{\text{ }}Linux"}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{pos\ensuremath{\text{ }}=\ensuremath{\text{ }}(}\DecValTok{5}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{),}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\DataTypeTok{__name__}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}}\StringTok{\textquotesingle{}__main__\textquotesingle{}}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{app\ensuremath{\text{ }}=\ensuremath{\text{ }}wx.PySimpleApp()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{frame\ensuremath{\text{ }}=\ensuremath{\text{ }}MyFrame()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{frame.Show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{app.MainLoop()}\newline
\end{Highlighting}
\end{Shaded}


Je nach Anforderung wird beispielsweise auch von wx.Panel abgeerbt. Im Laufe dieses Tutorials werden wir ein entsprechendes Beispiel behandeln.
\section{Windows}
\label{173}

In {\itshape wx} stammen alle sichtbaren Elemente von wx.Window ab. Somit wird jedes entsprechende Element von einfachem Text bis hin zur Menüleiste auch {\itshape window} genannt. Dabei unterscheiden wir zum einen zwischen {\bfseries Containerobjekten}, die weitere Windows enthalten können, zum Beispiel {\ttfamily \uline{wx.Frame}}, {\ttfamily \uline{wx.Panel}} und zum anderen {\bfseries Controls}: {\ttfamily \uline{wx.StaticText}}, {\ttfamily \uline{wx.TextCtrl}}, {\ttfamily \uline{wx.Button}}. Diese Unterscheidung ist zwar etwas oberflächlich, aber im Moment völlig ausreichend für uns.


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{wx}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{MyFrame(wx.Frame):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{wx.Frame.}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{None}\NormalTok{,\ensuremath{\text{ }}title=}\StringTok{"Hallo\ensuremath{\text{ }}Welt!"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.panel\ensuremath{\text{ }}=\ensuremath{\text{ }}wx.Panel(}\OtherTok{self}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.label\ensuremath{\text{ }}=\ensuremath{\text{ }}wx.StaticText(}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.panel,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{label\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"Python\ensuremath{\text{ }}unter\ensuremath{\text{ }}Linux"}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{pos\ensuremath{\text{ }}=\ensuremath{\text{ }}(}\DecValTok{5}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{),}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\DataTypeTok{__name__}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}}\StringTok{\textquotesingle{}__main__\textquotesingle{}}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{app\ensuremath{\text{ }}=\ensuremath{\text{ }}wx.PySimpleApp()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{frame\ensuremath{\text{ }}=\ensuremath{\text{ }}MyFrame()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{frame.Show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{app.MainLoop()}\newline
\end{Highlighting}
\end{Shaded}


Die Markierung zeigt den derzeitigen Hauptteil des Programmes. Falls Sie {\bfseries Zeile 9} nicht ganz verstehen, schauen Sie noch einmal zurück in das Kapitel \myhref{http://de.wikibooks.org/wiki/Python_unter_Linux:_Rund_um_OOP\#Vererbung}{ OOP}.

Das Hauptpanel des Frames wird in {\bfseries Zeile 10} angelegt und dann mit einem einfachen Text versehen. Die Parameter für {\ttfamily \uline{wx.StaticText}} bekommen der Übersicht halber jeweils eine eigene Zeile und sollten selbsterklärend sein. Nähere Informationen finden Sie im \myhref{http://www.wxpython.org/docs/api/wx.StaticText-class.html}{ entsprechenden Eintrag der API}.

Hier sieht man gut den grundlegenden Aufbau eines Fensters. Das Panel dient als Eltern-{}Element fuer alle weiteren Controls. Es erscheint manchmal nicht notwendig, sollte aber immer genutzt werden. Manche Systeme können Controls nicht korrekt oder gar nicht darstellen, wenn sie direkt auf dem Frame angebracht werden.
\section{Events}
\label{174}

Alle modernen grafischen Anwendungen arbeiten Eventbasiert. Ihre Elemente senden Signale an den sogenannten Eventhandler und empfangen sie von ihm. Der Löwenanteil der Funktionalität wird so realisiert. Hier werden wir nun darauf eingehen, wie man Events in wxPython benutzt.
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\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{wx}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{MyFrame(wx.Frame):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{wx.Frame.}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{None}\NormalTok{,\ensuremath{\text{ }}title=}\StringTok{"Hallo\ensuremath{\text{ }}Welt!"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.panel\ensuremath{\text{ }}=\ensuremath{\text{ }}wx.Panel(}\OtherTok{self}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.label\ensuremath{\text{ }}=\ensuremath{\text{ }}wx.StaticText(}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.panel,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{label\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"Python\ensuremath{\text{ }}unter\ensuremath{\text{ }}Linux"}\NormalTok{,}\newline
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\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.btn_text\ensuremath{\text{ }}=\ensuremath{\text{ }}wx.Button(}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.panel,}\newline
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\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.btn_text.Bind(wx.EVT_BUTTON,\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.on_change_text)}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.btn_title\ensuremath{\text{ }}=\ensuremath{\text{ }}wx.Button(}\newline
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\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{label\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"Titel\ensuremath{\text{ }}ändern"}\NormalTok{,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{pos\ensuremath{\text{ }}=\ensuremath{\text{ }}(}\DecValTok{210}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{30}\NormalTok{),}\newline
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\KeywordTok{if}\ensuremath{\text{ }}\DataTypeTok{__name__}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}}\StringTok{\textquotesingle{}__main__\textquotesingle{}}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{app\ensuremath{\text{ }}=\ensuremath{\text{ }}wx.PySimpleApp()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{frame\ensuremath{\text{ }}=\ensuremath{\text{ }}MyFrame()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{frame.Show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{app.MainLoop()}\newline
\end{Highlighting}
\end{Shaded}


Das Beispiel zeigt eine einfache Anwendung von Buttons. Mit Hilfe der Bind-{}Methode werden der Event-{}Binder wx.EVT_BUTTON und eine Methode an einen Knopf gebunden. Diese Methode wird dann aufgerufen, sobald der Knopf gedrueckt wird.

Alle Event-{}Binder fangen mit {\itshape EVT_} an und sind komplett groß geschrieben. Im von mir genutzten wxPython 2.8.9.1 gibt es 233 solcher Objekte mit meist selbsterklärendem Namen. Einige davon werden wir hier im Laufe des Programmaufbaus noch kennenlernen.

\LaTeXPythonUnterLinuxVorlagenVorlageDetailsTemplate{{\bfseries Wie funktioniert ein Event?}$\text{ }$\newline{}

Objekte oder Methoden können jederzeit Events auslösen. Dabei erzeugen sie Instanzen$\text{ }$\newline{}

von entsprechenden Event-{}Klassen und schicken diese dann an den EventHandler.$\text{ }$\newline{}

Bei diesem sind auch die Bindungen der Events gespeichert, so das er die entsprechenden$\text{ }$\newline{}

Methoden mit der Instanz des ausgelösten Events aufrufen kann.}
\section{Anmerkungen}
\label{175}

\chapter{Grafische Benutzeroberflächen mit GTK+}

\myminitoc
\label{176}





\label{177}
In diesem Kapitel geht es um die Programmierung von grafischen Benutzeroberflächen mit GTK+. GTK+ wird in Anwendungen wie \myhref{http://de.wikibooks.org/wiki/GIMP}{GIMP} benutzt und bildet die Basis für die Desktop-{}Umgebung \myhref{http://de.wikibooks.org/wiki/GNOME}{GNOME}. Falls Sie mehr Informationen zur Programmierung in GTK+ in anderen Sprachen suchen, werden Sie im Wikibuch \myhref{http://de.wikibooks.org/wiki/GTK}{GTK} fündig. In diesem Kapitel geben wir ihnen einen Einblick in die Programmierung mit dem Modul {\itshape python-{}gtk2}, welches Sie sich mit ihrem Paketmanager leicht installieren können. 
\section{Das erste Fenster}
\label{178}
Das folgende Programm öffnet ein Fenster und stellt Text in einem Label dar. Anschließend wartet das Programm darauf, beendet zu werden:
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\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Window(gtk.WINDOW_TOPLEVEL)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.set_title(}\StringTok{"Mein\ensuremath{\text{ }}erstes\ensuremath{\text{ }}Fenster"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.set_default_size(}\DecValTok{300}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{100}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.}\OtherTok{connect}\NormalTok{(}\StringTok{"delete_event"}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.event_delete)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.}\OtherTok{connect}\NormalTok{(}\StringTok{"destroy"}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.destroy)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{label\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Label(}\StringTok{"Hallo,\ensuremath{\text{ }}Welt!"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.add(label)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{label.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.show()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{event_delete(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}widget,\ensuremath{\text{ }}event,\ensuremath{\text{ }}data=}\OtherTok{None}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{"""\ensuremath{\text{ }}reagiert\ensuremath{\text{ }}auf\ensuremath{\text{ }}\textquotesingle{}delete_event\textquotesingle{}\ensuremath{\text{ }}"""}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\OtherTok{False}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{destroy(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}data=}\OtherTok{None}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{"""\ensuremath{\text{ }}reagiert\ensuremath{\text{ }}auf\ensuremath{\text{ }}\textquotesingle{}destroy\textquotesingle{}\ensuremath{\text{ }}"""}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{gtk.main_quit()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{main(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{"""\ensuremath{\text{ }}Nachrichtenschleife\ensuremath{\text{ }}"""}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{gtk.main()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\DataTypeTok{__name__}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}}\StringTok{"__main__"}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{hallo\ensuremath{\text{ }}=\ensuremath{\text{ }}HalloWelt()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{hallo.main()}\newline
\end{Highlighting}
\end{Shaded}


Die Klasse {\ttfamily \uline{HalloWelt}} enthält vier Methoden.

Innerhalb von {\ttfamily \uline{__init__()}} wird mit {\ttfamily \uline{gtk.Window()}} ein neues so genanntes {\itshape Top-{}Level}-{}Fenster erzeugt. Es gibt verschiedene Arten von Fenstern, auf die wir nicht eingehen. Dieses Top-{}Level-{}Fenster ist genau das, was man sich unter einem Programm-{}Fenster vorstellt. {\ttfamily \uline{set_title()}} legt einen Fenstertitel fest und {\ttfamily \uline{set_default_size()}} eine Anfangsgröße. Die Größe des Fensters ist zur Laufzeit änderbar. 

Die nächsten beiden Funktionen verknüpfen Ereignisse mit so genannten Callback-{}Methoden. Diese werden aufgerufen, wenn das Ereignis \symbol{34}{\ttfamily delete_event}\symbol{34} oder \symbol{34}{\ttfamily destroy}\symbol{34} auftritt. Das {\ttfamily delete_event} wird immer dann aufgerufen, wenn der Anwender versucht, das Fenster zu schließen. {\ttfamily destroy} erfolgt dann, wenn das Fenster echt geschlossen wird. Dieses Signal kann man im Gegensatz zum {\ttfamily delete_event} nicht abweisen. 

Nun fehlt uns noch ein Label, das wir mit {\ttfamily \uline{gtk.Label()}} erzeugen und mit {\ttfamily \uline{window.add()}} dem Fenster hinzufügen. Das Label wie auch das Fenster werden sichtbar gemacht. Hierzu dient die Funktion {\ttfamily \uline{show()}}.

Die Methode {\ttfamily \uline{event_delete()}} ist verknüpft mit dem {\ttfamily delete_event}. An dieser Stelle könnte das Programm fragen, ob der Anwender das Programm wirklich beenden möchte. Gibt die Methode {\ttfamily \uline{False}} zurück, wird {\ttfamily destroy} als neues Signal gesendet. Gibt man {\ttfamily \uline{True}} zurück, wird das Ereignis abgewiesen. 

Die Methode {\ttfamily \uline{destroy()}} hat nun die Aufgabe, das Fenster zu zerstören, in diesem Fall soll die gesamte Anwendung beendet werden. 

Jede Anwendung, die grafische Nutzeroberflächen benutzt, verfügt über eine Hauptschleife, in der Nachrichten an ihre Empfänger weitergeleitet werden. Solche Nachrichten können Anwenderwünsche wie das Beenden der Anwendung sein, Mausbewegungen oder das Drücken von Knöpfen. Diese Hauptschleife wird mit {\ttfamily \uline{gtk.main()}} bereitgestellt.
\section{Layout}
\label{179}
Benutzt man mehrere grafische Elemente, wie zum Beispiel mehrere Labels, kann man mit Hilfe von Layout-{}Funktionen bestimmen, wie diese Elemente angeordnet werden. So lässt sich ein Hauptfenster mit einem Tabellenlayout versehen oder in waagerechte und senkrechte Boxen unterteilen. 
\subsection{Tabellenlayout}
\label{180}
Das einfachste Layout ist die Anordnung von Elementen in Form einer Tabelle. Folgendes Beispiel verdeutlicht das:
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\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{gtk}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Tabelle1(}\DataTypeTok{object}\NormalTok{):}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Window(gtk.WINDOW_TOPLEVEL)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.set_title(}\StringTok{"Mein\ensuremath{\text{ }}erstes\ensuremath{\text{ }}Fenster"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.set_default_size(}\DecValTok{300}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{100}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.}\OtherTok{connect}\NormalTok{(}\StringTok{"delete_event"}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.event_delete)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.}\OtherTok{connect}\NormalTok{(}\StringTok{"destroy"}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.destroy)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{table\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Table(}\DecValTok{3}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{False}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.add(table)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{label\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Label(}\StringTok{"Zelle\ensuremath{\text{ }}1-1"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{table.attach(label,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{label.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{label\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Label(}\StringTok{"Zelle\ensuremath{\text{ }}1-2"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{table.attach(label,\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{label.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{label\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Label(}\StringTok{"Eine\ensuremath{\text{ }}etwas\ensuremath{\text{ }}größere\ensuremath{\text{ }}Zelle"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{table.attach(label,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{label.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{label\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Label(}\StringTok{"Zelle\ensuremath{\text{ }}2-2"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{table.attach(label,\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{label.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{label\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Label(}\StringTok{"<u>die\ensuremath{\text{ }}letzte\ensuremath{\text{ }}Zeile\ensuremath{\text{ }}geht\ensuremath{\text{ }}über\ensuremath{\text{ }}die\ensuremath{\text{ }}gesamte}\newline
\StringTok{\ensuremath{\text{ }}Tabellenbreite</u>"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{label.set_use_markup(}\OtherTok{True}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{table.attach(label,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{3}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{label.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{table.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.show()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{event_delete(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}widget,\ensuremath{\text{ }}event,\ensuremath{\text{ }}data=}\OtherTok{None}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\OtherTok{False}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{destroy(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}data=}\OtherTok{None}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{gtk.main_quit()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{main(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{gtk.main()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\DataTypeTok{__name__}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}}\StringTok{"__main__"}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{tab\ensuremath{\text{ }}=\ensuremath{\text{ }}Tabelle1()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{tab.main()}\newline
\end{Highlighting}
\end{Shaded}


Innerhalb von {\ttfamily \uline{__init__()}} wird eine Tabelle erzeugt. In die Tabellenzellen werden jeweils einige Labels untergebracht. Eines der Labels benutzt HTML-{}Markup, um seinen Text darzustellen und geht über die gesamte Tabellenbreite.

Eine Tabelle wird mit {\ttfamily \uline{gtk.Table(Zeilen,$\text{ }${}Spalten,$\text{ }${}homogen)}}. Zeilen und Spalten sind selbst erklärend. Ist der Wert von {\itshape homogen} {\ttfamily \uline{True}}, dann haben alle Tabellenelemente die gleiche Größe. Obwohl man die Tabelle selbst nicht sieht, muss man sie mit {\ttfamily \uline{window.add(table)}} dem Fenster hinzufügen und mit {\ttfamily \uline{show()}} sichtbar machen.

Ein Element wird der Tabelle mit der Methode {\ttfamily \uline{attach(Element,$\text{ }${}links,$\text{ }${}rechts,$\text{ }${}oben,$\text{ }${}unten)}} hinzugefügt. Dabei beziehen sich die Koordinaten auf die Tabellenränder, nicht auf die Zeilen/Spalten-{}Nummerierung. Der linke Rand einer 3X2-{}Tabelle ist 0, der rechte Rand ist 2. Oben ist 0, unten ist 3. Es werden also die (gedachten) Gitterlinien durchnummeriert. Auf diese Weise kann man auch Elemente einfügen, die sich über mehrere Zeilen und Spalten erstrecken, wie im letzten Label-{}Beispiel.

Der Text in einem Label kann mit HTML-{}Markup versehen werden, in diesem Fall wird er unterstrichen dargestellt. Um Markup zu aktivieren, benutzt man die Methode {\ttfamily \uline{set_use_markup()}}. 
\subsection{Boxenlayout}
\label{181}
Es gibt horizontale und vertikale Boxen. Horizontale Boxen legen Widgets nebeneinander, vertikale übereinander. Im folgenden Beispiel benutzen wir statt Labels {\ttfamily \uline{gtk.Button()}}-{}Objekte (Schaltknöpfe), diese haben den Vorteil, dass man ihre Ausdehnung sieht. Das Hauptlayout besteht aus einer horizontalen Box, in die eine vertikale Box und ein Schaltknopf gelegt werden:
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\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{gtk}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Box1(}\DataTypeTok{object}\NormalTok{):}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{):\ensuremath{\text{ }}\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Window(gtk.WINDOW_TOPLEVEL)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.set_title(}\StringTok{"Mein\ensuremath{\text{ }}erstes\ensuremath{\text{ }}Fenster"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.set_default_size(}\DecValTok{300}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{100}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.}\OtherTok{connect}\NormalTok{(}\StringTok{"delete_event"}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.event_delete)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.}\OtherTok{connect}\NormalTok{(}\StringTok{"destroy"}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.destroy)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}horizontale\ensuremath{\text{ }}Box}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{hbox\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.HBox(}\OtherTok{True}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{30}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}Vertikale\ensuremath{\text{ }}Box}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vbox\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.VBox(}\OtherTok{True}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{button\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Button(}\StringTok{"vbox\ensuremath{\text{ }}0"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{button.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vbox.pack_start(button)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{button\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Button(}\StringTok{"vbox\ensuremath{\text{ }}1"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{button.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vbox.pack_start(button)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{button\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Button(}\StringTok{"vbox\ensuremath{\text{ }}2"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{button.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vbox.pack_start(button)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{button\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Button(}\StringTok{"vbox\ensuremath{\text{ }}3\ensuremath{\text{ }}in\ensuremath{\text{ }}der\ensuremath{\text{ }}letzten\ensuremath{\text{ }}Reihe"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{button.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vbox.pack_start(button)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}Ende\ensuremath{\text{ }}vertikale\ensuremath{\text{ }}box\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{hbox.pack_start(vbox)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{button\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Button(}\StringTok{"Noch\ensuremath{\text{ }}ein\ensuremath{\text{ }}Knopf"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{button.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{hbox.pack_start(button)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}Alles\ensuremath{\text{ }}zusammenfügen}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.add(hbox)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}Anzeigen\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vbox.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{hbox.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.show()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{event_delete(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}widget,\ensuremath{\text{ }}event,\ensuremath{\text{ }}data=}\OtherTok{None}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\OtherTok{False}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{destroy(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}data=}\OtherTok{None}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{gtk.main_quit()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{main(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{gtk.main()\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\DataTypeTok{__name__}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}}\StringTok{"__main__"}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{box\ensuremath{\text{ }}=\ensuremath{\text{ }}Box1()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{box.main()}\newline
\end{Highlighting}
\end{Shaded}


Boxen werden erzeugt mit {\ttfamily \uline{gtk.HBox(homogen,$\text{ }${}abstand)}} und {\ttfamily \uline{gtk.VBox(homogen,$\text{ }${}abstand)}}. Der Parameter {\itshape homogen} bestimmt, dass alle enthaltenen Widgets dieselbe Breite (HBox) oder dieselbe Höhe (VBox) haben. {\itshape abstand} ist ein Wert in Pixeln, der den Abstand zweier benachbarter Widgets vorgibt.

Widgets werden mit {\ttfamily \uline{pack_start(Widget)}} von links nach rechts und von oben nach unten hinzugefügt.Um in umgekehrter Reihenfolge hinzuzufügen, kann man die Funktion {\ttfamily \uline{pack_end(Widget)}} benutzen. Beide Funktionen haben mehr Parameter, als hier dargestellt, nämlich {\ttfamily \uline{pack_start(Widget,$\text{ }${}expandieren,$\text{ }${}füllen,$\text{ }${}platz)}}. Mit ihnen kann man bestimmen, ob ein Widget sich über den gesamten Platz ausdehnen darf ({\itshape expandieren=True}) und wenn ja, ob der zusätzliche Platz dem Widget gehört ({\itshape füllen=True}). Mit {\itshape platz} wird zusätzlicher Rand um das hinzugefügte Widget herum belegt. 

Boxen müssen ebenso wie andere Widgets sichtbar gemacht werden.

Wir ermutigen Sie an dieser Stelle, die verschiedenen Möglichkeiten der Parameter auszuprobieren, um ein Gefühl für ihre Bedeutung zu bekommen.
\section{Grafische Elemente}
\label{182}\subsection{Button}
\label{183}
Schaltknöpfe dienen dazu, beim Drücken ein Signal zu erzeugen. Dieses Signal kann mit einer so genannten Callback-{}Funktion aufgefangen und bearbeitet werden, wie folgendes Beispiel zeigt. Auf Knopfdruck wird der Text eines Labels verändert:

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{gtk}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Button1(}\DataTypeTok{object}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Window(gtk.WINDOW_TOPLEVEL)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.set_title(}\StringTok{"Von\ensuremath{\text{ }}Buttons\ensuremath{\text{ }}und\ensuremath{\text{ }}Labeln"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.set_default_size(}\DecValTok{300}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{100}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.}\OtherTok{connect}\NormalTok{(}\StringTok{"delete_event"}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.event_delete)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.}\OtherTok{connect}\NormalTok{(}\StringTok{"destroy"}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.destroy)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}vertikale\ensuremath{\text{ }}Box}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vbox\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.VBox(}\OtherTok{True}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{30}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{button\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Button(}\StringTok{"Drück\ensuremath{\text{ }}mich"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{button.}\OtherTok{connect}\NormalTok{(}\StringTok{"clicked"}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.button_clicked)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{button.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vbox.pack_start(button)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.label\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Label(}\StringTok{""}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.label.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vbox.pack_start(}\OtherTok{self}\NormalTok{.label)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.add(vbox)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vbox.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.show()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{button_clicked(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}data=}\OtherTok{None}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.label.set_text(}\StringTok{"Danke!\ensuremath{\text{ }}Sie\ensuremath{\text{ }}haben\ensuremath{\text{ }}ein\ensuremath{\text{ }}einfaches}\CharTok{\textbackslash{}n}\StringTok{Label\ensuremath{\text{ }}sehr\ensuremath{\text{ }}glücklich}\newline
\StringTok{\ensuremath{\text{ }}gemacht."}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{event_delete(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}widget,\ensuremath{\text{ }}event,\ensuremath{\text{ }}data=}\OtherTok{None}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\OtherTok{False}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{destroy(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}data=}\OtherTok{None}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{gtk.main_quit()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{main(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{gtk.main()\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\DataTypeTok{__name__}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}}\StringTok{"__main__"}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{b\ensuremath{\text{ }}=\ensuremath{\text{ }}Button1()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{b.main()}\newline
\end{Highlighting}
\end{Shaded}


Callback-{}Funktionen wie {\ttfamily \uline{button_clicked(data)}}, oder in diesem Fall Methoden, haben in GTK+ immer eine ähnliche Gestalt. Mit dem optionalen Parameter {\ttfamily \uline{data}} können Daten übergeben werden, die von {\ttfamily \uline{connect(signal,$\text{ }${}callback,$\text{ }${}data)}} bereitgestellt werden.
\subsection{Dialog, Textfeld, Rahmen}
\label{184}
Das folgende Beispiel enthält zwei Textzeilen, in die der Anwender seinen Namen und seine E-{}Mail eingeben kann. Diese Daten werden in einem Anzeigedialog aufgeführt. Die Widgets sind innerhalb eines Rahmens mit einem Titelfeld untergebracht.


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{gtk}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Entry1(}\DataTypeTok{object}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Window(gtk.WINDOW_TOPLEVEL)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.set_title(}\StringTok{"Entry\ensuremath{\text{ }}und\ensuremath{\text{ }}Frame"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.set_default_size(}\DecValTok{300}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{100}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.}\OtherTok{connect}\NormalTok{(}\StringTok{"delete_event"}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.event_delete)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.}\OtherTok{connect}\NormalTok{(}\StringTok{"destroy"}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.destroy)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{frame\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Frame(}\StringTok{"Möchten\ensuremath{\text{ }}Sie\ensuremath{\text{ }}SPAM\ensuremath{\text{ }}bekommen?"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.add(frame)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}vertikale\ensuremath{\text{ }}Box}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vbox\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.VBox(}\OtherTok{True}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{10}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{frame.add(vbox)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}obere\ensuremath{\text{ }}hbox}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{hbox1\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.HBox(}\OtherTok{True}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vbox.pack_start(hbox1)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{label\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Label(}\StringTok{"Name"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{label.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{hbox1.pack_start(label)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.entry1\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Entry()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.entry1.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{hbox1.pack_start(}\OtherTok{self}\NormalTok{.entry1)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{hbox1.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}untere\ensuremath{\text{ }}hbox}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{hbox2\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.HBox(}\OtherTok{True}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vbox.pack_start(hbox2)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{label\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Label(}\StringTok{"E-Mail"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{label.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{hbox2.pack_start(label)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.entry2\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Entry()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.entry2.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{hbox2.pack_start(}\OtherTok{self}\NormalTok{.entry2)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{hbox2.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}Knopf}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{button\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Button(}\StringTok{"Im\ensuremath{\text{ }}SPAM-Verteiler\ensuremath{\text{ }}eintragen"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{button.}\OtherTok{connect}\NormalTok{(}\StringTok{"clicked"}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.button_clicked)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{button.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vbox.pack_start(button)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}fertig\ensuremath{\text{ }}vertikale\ensuremath{\text{ }}Box}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vbox.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{frame.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.show()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{button_clicked(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}data=}\OtherTok{None}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{name\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.entry1.get_text()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{email\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.entry2.get_text()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{text\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"}\OtherTok{%s}\StringTok{,\ensuremath{\text{ }}wir\ensuremath{\text{ }}schicken\ensuremath{\text{ }}ihnen\ensuremath{\text{ }}ab\ensuremath{\text{ }}sofort\ensuremath{\text{ }}regelmäßig\ensuremath{\text{ }}SPAM\ensuremath{\text{ }}an\ensuremath{\text{ }}die\ensuremath{\text{ }}Adresse}\newline
\StringTok{\ensuremath{\text{ }}}\OtherTok{%s}\StringTok{!"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}(name,\ensuremath{\text{ }}email)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{dlg\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.MessageDialog(flags=gtk.DIALOG_MODAL,\ensuremath{\text{ }}buttons=gtk.BUTTONS_OK,}\newline
\ensuremath{\text{ }}\NormalTok{message_format=text)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{dlg.set_title(}\StringTok{"Danke\ensuremath{\text{ }}für\ensuremath{\text{ }}ihre\ensuremath{\text{ }}Adresse"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{dlg.run()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{dlg.destroy()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{event_delete(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}widget,\ensuremath{\text{ }}event,\ensuremath{\text{ }}data=}\OtherTok{None}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\OtherTok{False}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{destroy(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}data=}\OtherTok{None}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{gtk.main_quit()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{main(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{gtk.main()}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\DataTypeTok{__name__}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}}\StringTok{"__main__"}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{e\ensuremath{\text{ }}=\ensuremath{\text{ }}Entry1()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{e.main()}\newline
\end{Highlighting}
\end{Shaded}


Rahmen werden mit einem optionalen Titelfeld durch die Funktion {\ttfamily \uline{gtk.Frame(titel)}} erzeugt. Dieser Rahmen kann selbst ein Layout aufnehmen, in diesem Fall eine vertikale Box. Innerhalb dieser Box werden Label und Texteingaben eingefügt. Texteingaben sind einzeilige Textfelder, die mit {\ttfamily \uline{gtk.Entry(länge)}} erzeugt werden. {\itshape länge} ist optional und meint die maximale Anzahl an Zeichen, die das Feld aufnehmen kann. Zum Schluss wird ein Knopf eingefügt, der mit der Callback-{}Methode {\ttfamily \uline{button_clicked()}} verknüpft wird.

Innerhalb von {\ttfamily \uline{button_clicked()}} werden die Textzeilen mit {\ttfamily \uline{get_text()}} ausgelesen und in einem Text zusammengefügt. Anschließend wird ein Dialogobjekt erstellt. Dieser Dialog ist modal, lässt bis zum Ende keine weiteren Eingaben zu. Er enthält lediglich den Knopf \symbol{34}OK\symbol{34} und stellt den Text wie auch einen Titel dar. 

Der Dialog wird mit {\ttfamily \uline{run()}} gestartet. Wenn der Anwender auf \symbol{34}OK\symbol{34} klickt, wird die {\ttfamily \uline{run()}}-{}Methode beendet und der Dialog mit {\ttfamily \uline{destroy()}} geschlossen.
\subsection{Menü, Zeichnen mit Cairo}
\label{185}


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/12.png}
\end{center}
\raggedright{}\myfigurewithcaption{12}{Vektorgrafik mit Cairo}
\end{minipage}\vspace{0.75cm}


Im folgenden Beispiel erzeugen wir ein Menü und eine Malfläche, in die wir mit Hilfe der Vektorgrafik-{}Bibliothek {\itshape Cairo} einige Grafikprimitive wie Kreise, Rechtecke oder Text zeichnen. Hierzu benötigen wir zwei Klassen, nämlich {\ttfamily \uline{Malfeld}}, die Klasse, die den Zeichenbereich bereitstellt und {\ttfamily \uline{Menu1}}, die das Menü erzeugt und das Malfeld innerhalb eines Frames aufnimmt. Aktiviert der Nutzer das Menü, wird entweder etwas Text gezeichnet oder das Programm verlassen.
\LaTeXNullTemplate{}


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{gtk}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{math}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Malfeld(gtk.DrawingArea):}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{gtk.DrawingArea.}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.}\OtherTok{connect}\NormalTok{(}\StringTok{"expose_event"}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.event_expose)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.drawText\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{False}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{event_expose(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}widget,\ensuremath{\text{ }}event):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{grafik\ensuremath{\text{ }}=\ensuremath{\text{ }}widget.window.cairo_create()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{width,\ensuremath{\text{ }}height\ensuremath{\text{ }}=\ensuremath{\text{ }}widget.window.get_size()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{width\ensuremath{\text{ }}=\ensuremath{\text{ }}width\ensuremath{\text{ }}/\ensuremath{\text{ }}}\DecValTok{5}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{height\ensuremath{\text{ }}=\ensuremath{\text{ }}height\ensuremath{\text{ }}/\ensuremath{\text{ }}}\DecValTok{3}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.draw(grafik,\ensuremath{\text{ }}width,\ensuremath{\text{ }}height)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.drawText:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.draw_text(grafik,\ensuremath{\text{ }}*}\OtherTok{self}\NormalTok{.drawText)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.drawText\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{False}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\OtherTok{False}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{draw(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}context,\ensuremath{\text{ }}w,\ensuremath{\text{ }}h):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{context.set_source_rgb(}\FloatTok{0.5}\NormalTok{,\ensuremath{\text{ }}}\FloatTok{0.0}\NormalTok{,\ensuremath{\text{ }}}\FloatTok{0.0}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{context.rectangle(w,\ensuremath{\text{ }}h,\ensuremath{\text{ }}w,\ensuremath{\text{ }}h)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{context.stroke()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{context.set_source_rgb(}\FloatTok{0.0}\NormalTok{,\ensuremath{\text{ }}}\FloatTok{1.0}\NormalTok{,\ensuremath{\text{ }}}\FloatTok{0.0}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{context.arc(}\FloatTok{3.0}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}w,\ensuremath{\text{ }}h,\ensuremath{\text{ }}}\DataTypeTok{min}\NormalTok{(w,\ensuremath{\text{ }}h),\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}}\FloatTok{2.0}\ensuremath{\text{ }}\NormalTok{*\ensuremath{\text{ }}math.pi)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{context.fill()\ensuremath{\text{ }}}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{draw_text(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}context,\ensuremath{\text{ }}x,\ensuremath{\text{ }}y,\ensuremath{\text{ }}text):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{context.set_source_rgb(}\FloatTok{0.0}\NormalTok{,\ensuremath{\text{ }}}\FloatTok{0.0}\NormalTok{,\ensuremath{\text{ }}}\FloatTok{1.0}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{context.set_font_size(}\DecValTok{30}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{context.move_to(x,\ensuremath{\text{ }}y\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{30}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{context.show_text(text)}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{set_draw_text(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}x,\ensuremath{\text{ }}y,\ensuremath{\text{ }}text):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.drawText\ensuremath{\text{ }}=\ensuremath{\text{ }}(x,\ensuremath{\text{ }}y,\ensuremath{\text{ }}text)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.queue_draw()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{Menu1(}\DataTypeTok{object}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Window(gtk.WINDOW_TOPLEVEL)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.set_title(}\StringTok{"Menü"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.set_default_size(}\DecValTok{300}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{100}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.}\OtherTok{connect}\NormalTok{(}\StringTok{"delete_event"}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.event_delete)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.}\OtherTok{connect}\NormalTok{(}\StringTok{"destroy"}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.destroy)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}Menu}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{menu\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Menu()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}erstes\ensuremath{\text{ }}Item}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{menuItem\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.MenuItem(}\StringTok{"Hallo"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{menuItem.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{menuItem.}\OtherTok{connect}\NormalTok{(}\StringTok{"activate"}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.menu_clicked)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{menu.append(menuItem)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}Quit-Item}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{menuItem\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.MenuItem(}\StringTok{"Quit"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{menuItem.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{menuItem.}\OtherTok{connect}\NormalTok{(}\StringTok{"activate"}\NormalTok{,\ensuremath{\text{ }}}\KeywordTok{lambda}\ensuremath{\text{ }}\NormalTok{w:\ensuremath{\text{ }}gtk.main_quit())}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{menu.append(menuItem)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}Hauptmenu\ensuremath{\text{ }}wird\ensuremath{\text{ }}in\ensuremath{\text{ }}der\ensuremath{\text{ }}Menuzeile\ensuremath{\text{ }}angezeigt}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{mainMenu\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.MenuItem(}\StringTok{"Hauptmenu"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{mainMenu.set_submenu(menu)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{mainMenu.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}Menuzeile}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{menuBar\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.MenuBar()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{menuBar.append(mainMenu)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{menuBar.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}Malfeld}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{frame\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.Frame(}\StringTok{"Malfeld"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.malen\ensuremath{\text{ }}=\ensuremath{\text{ }}Malfeld()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.malen.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{frame.add(}\OtherTok{self}\NormalTok{.malen)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{frame.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}VBox}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vbox\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.VBox()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vbox.pack_start(menuBar,\ensuremath{\text{ }}}\OtherTok{False}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{False}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vbox.pack_start(frame,\ensuremath{\text{ }}}\OtherTok{True}\NormalTok{,\ensuremath{\text{ }}}\OtherTok{True}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{vbox.show()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.add(vbox)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.window.show()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{menu_clicked(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}widget,\ensuremath{\text{ }}data=}\OtherTok{None}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.malen.set_draw_text(}\DecValTok{10}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{10}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"Menü\ensuremath{\text{ }}wurde\ensuremath{\text{ }}geklickt"}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{event_delete(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}widget,\ensuremath{\text{ }}event,\ensuremath{\text{ }}data=}\OtherTok{None}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\OtherTok{False}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{destroy(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}data=}\OtherTok{None}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{gtk.main_quit()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{main(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{gtk.main()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\DataTypeTok{__name__}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}}\StringTok{"__main__"}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{m\ensuremath{\text{ }}=\ensuremath{\text{ }}Menu1()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{m.main()}\newline
\end{Highlighting}
\end{Shaded}


Die Klasse {\ttfamily \uline{Malfeld}} wird von der GTK+-{}Klasse {\ttfamily \uline{DrawingArea}} abgeleitet, einer Klasse, die selbst eine Zeichenfläche implementiert, jedoch nur wenig Unterstützung für Grafikprimitive mitbringt. Diese Klasse stellt Ereignisse bereit, die darauf hinweisen, wann neu gezeichnet werden soll. \symbol{34}{\ttfamily expose_event}\symbol{34} ist ein solches Ereignis. Es tritt dann ein, wenn das Fenster verdeckt oder seine Größe verändert wurde. Dieses Ereignis verknüpfen wir mit der Methode {\ttfamily \uline{event_expose()}}. 

{\ttfamily \uline{event_expose(widget,$\text{ }${}event)}} übergibt das neu zu zeichnende Widget und das betreffende Ereignis. Innerhalb der Funktion wird mit {\ttfamily \uline{cairo_create()}} die Unterstützung für Vektorgrafiken aktiviert. Der Rückgabewert ist ein Grafikkontext, also eine Klasse, die alles Nötige zum Zeichnen mitbringt. Es kann übrigens nur innerhalb von {\ttfamily \uline{event_expose()}} gezeichnet werden. Der Grafikkontext kann nicht für spätere Zwecke gespeichert werden. Mit {\ttfamily \uline{get_size()}} holen wir uns die Größe des Zeichenbereiches und berechnen Orte vor, wo wir Dinge zeichnen wollen. Anschließend werden einige Grafiken gemalt und bei Bedarf Text gezeichnet. Der Bedarf ergibt sich aus dem Aufruf der Methode {\ttfamily \uline{set_draw_text()}}, die beim Aktivieren eines Menüs aufgerufen wird.

Innerhalb von {\ttfamily \uline{draw()}} wird mit {\ttfamily \uline{set_source_rgb(rot,$\text{ }${}grün,$\text{ }${}blau)}} eine Farbe vorgegeben. Die Farbwerte dürfen zwischen {\ttfamily 0.0} und {\ttfamily 1.0} liegen. Ein Rechteck wird mit {\ttfamily \uline{rectangle(x,$\text{ }${}y,$\text{ }${}Breite,$\text{ }${}Höhe)}} vorbereitet, mit {\ttfamily \uline{stroke()}} wird das Rechteck in seinen Umrissen gezeichnet. Füllen kann man das zuletzt angegebene Objekt mit {\ttfamily \uline{fill()}}. Einen Kreis zeichnet man mit der Methode {\ttfamily \uline{arc(x,$\text{ }${}y,$\text{ }${}Radius,$\text{ }${}Winkel_Von,$\text{ }${}Winkel_Bis)}}.

{\ttfamily \uline{draw_text()}} zeichnet Text an einer angegebenen Position. Hierzu wird die Schriftgröße festgelegt, anschließend wird ein Grafikcursor an eine Stelle im Fenster gesetzt ({\ttfamily \uline{move_to(x,$\text{ }${}y)}}). {\ttfamily \uline{show_text(Text)}} zeichnet dann den eigentlichen Text in der zuletzt festgelegten Farbe.

Die Klasse {\ttfamily \uline{Menu1}} erzeugt das Hauptfenster. Es werden einige Menüitems mit {\ttfamily \uline{MenuItem(Text)}} erzeugt und mit entsprechenden Callback-{}Funktionen verknüpft. Diese Items werden zu einem Menüeintrag zusammengefasst und dem Menü, das mit {\ttfamily \uline{Menu()}} erzeugt wird, hinzugefügt. Das angezeigte Menü ist wiederum ein Menuitem und hat den Namen {\ttfamily \uline{mainMenu}}. Dieses wird der {\ttfamily \uline{MenuBar()}} hinzugefügt. Dies ist schon das, was im oberen Bereich des Fensters angezeigt werden soll. 

Es werden also zuerst Items erzeugt, dann werden diese Items in einem Menü zusammengefasst und wiederum in einem Item eingetragen. Diese Items werden einer Menüzeile hinzugefügt. Auf diese Weise erzeugt man Menüs und Untermenüs. Das Verfahren gleicht jenem der Layouts. Dabei werden ebenfalls Elemente in Layoutboxen gepackt, diese werden wiederum in Boxen verpackt und irgendwann dem Fenster oder dem Frame hinzugefügt.
\section{Benutzeroberflächen -{} schnell und einfach}
\label{186}


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/13.png}
\end{center}
\raggedright{}\myfigurewithcaption{13}{Glade hilft beim Erstellen von grafischen Benutzeroberfächen}
\end{minipage}\vspace{0.75cm}


Benutzeroberflächen können unter GTK+ mit grafischen Werkzeugen erstellt werden. Ein bekanntes Werkzeug ist {\itshape Glade}\myfootnote{Weitere Designer-{}Tools finden Sie unter \myfnhref{http://wiki.python.org/moin/GuiProgramming}{ http://wiki.python.org/moin/GuiProgramming} aufgelistet.}, dessen Bedienung wir kurz ansprechen wollen. Sie benötigen für das Beispiel das Modul {\ttfamily \uline{python-{}glade2}} sowie -{} selbstverständlich -{} Glade Version 2\myfootnote{Zur neuen Version 3 liegen uns noch keine Python-{}Erfahrungen vor.}. 

Eine Benutzeroberfläche erstellt man in Glade fast vollständig visuell. Es wird eine XML-{}Datei gespeichert, die im Hauptprogramm geöffnet wird. Dort werden auch die in Glade erstellten Callback-{}Funktionen registriert, anschließend kann die Benutzeroberfläche genutzt werden.
\LaTeXNullTemplate{}
\subsection{Benutzeroberfläche erstellen}
\label{187}


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/14.png}
\end{center}
\raggedright{}\myfigurewithcaption{14}{Benutzeroberfläche in Glade erstellen}
\end{minipage}\vspace{0.75cm}


Für das folgende Beispiel starten Sie {\itshape Glade} und erzeugen ein Hauptfenster und einen Dialog. Wenn Sie das Beispiel praktisch nachvollziehen wollen, müssen Sie darauf achten, dass die Namen der GUI-{}Elemente (ID) mit denen im Quellcode übereinstimmen. 
\LaTeXNullTemplate{}
\subsubsection{Hauptfenster}
\label{188}


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/15.png}
\end{center}
\raggedright{}\myfigurewithcaption{15}{Das Hauptfenster}
\end{minipage}\vspace{0.75cm}


In das Hauptfenster kommt zuerst eine vertikale Box mit drei Abschnitten. Anschließend wird ein Menü, ein Knopf und ein Label (als Statuszeile) eingefügt. Im Eigenschaften-{}Dialog wird im Reiter \symbol{34}Signale\symbol{34} ein Signal hinzugefügt. Wir verbinden dazu das Signal {\ttfamily destroy} (nicht zu verwechseln mit {\ttfamily destroy_signal}) mit der Callbackfunktion {\ttfamily \uline{on_fenster1_destroy}}. Ebenfalls wird das \symbol{34}{\ttfamily clicked}\symbol{34}-{}Signal vom Knopf mit der Callback-{}Funktion {\ttfamily \uline{on_button1_clicked}} verknüpft.

Das Menü wird etwas aufgeräumt, übrig bleiben {\ttfamily Datei-{}>{}Quit} und {\ttfamily Hilfe-{}>{}Info}. Die \symbol{34}{\ttfamily activate}\symbol{34}-{}Signale werden mit {\ttfamily \uline{on_quit1_activate}} beziehungsweise {\ttfamily \uline{on_info1_activate}} verknüpft.

Damit das folgende Beispiel funktioniert, muss das Statuszeilen-{}Label die ID \symbol{34}{\ttfamily Label2}\symbol{34} tragen und das Fenster die ID \symbol{34}{\ttfamily fenster1}\symbol{34} haben.  
\LaTeXNullTemplate{}
\subsubsection{Dialog}
\label{189}


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/16.png}
\end{center}
\raggedright{}\myfigurewithcaption{16}{Der Dialog}
\end{minipage}\vspace{0.75cm}


Es wird ein Dialog mit der ID \symbol{34}{\ttfamily dialog1}\symbol{34} erstellt. Der Dialog soll über eine Standard-{}Knopfanordnung mit einem Schließen-{}Knopf verfügen. Das {\ttfamily clicked}-{}Signal dieses Knopfes wird mit {\ttfamily \uline{on_closebutton1_clicked}} verknüpft. Wir fügen ein Label mit etwas Beispieltext hinzu.
\LaTeXNullTemplate{}
\subsubsection{Abschluss}
\label{190}
Dann sind wir fertig und können das Projekt speichern, wobei wir nur die entstehende \LaTeXTTUlineTemplate{projekt1.glade}-{}Datei benötigen. Im Speichern-{}Dialog können wir darauf verzichten, dass alle sonstigen Programmdateien erstellt werden. Diese sind für Python nur überflüssiger Ballast.
\subsection{Quellcode}
\label{191}
Das folgende Programm lädt die in Glade erstellte Benutzeroberfläche und stellt sie dar. In der Statuszeile wird verfolgt, wie oft der zentrale Knopf gedrückt wird. Mit den Menüs kann man das Programm verlassen oder den erstellten Dialog aufrufen. 


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{gtk}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{gtk.glade}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{class}\ensuremath{\text{ }}\NormalTok{HelloGlade(}\DataTypeTok{object}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\OtherTok{__init__}\NormalTok{(}\OtherTok{self}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.gladeDatei\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"projekt1.glade"}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.widgets\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.glade.XML(}\OtherTok{self}\NormalTok{.gladeDatei,\ensuremath{\text{ }}}\StringTok{"fenster1"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{events\ensuremath{\text{ }}=\ensuremath{\text{ }}\{}\StringTok{"on_fenster1_destroy"}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}gtk.main_quit,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"on_quit1_activate"}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}gtk.main_quit,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"on_info1_activate"}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.info_dlg,}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\StringTok{"on_button1_clicked"}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.statusbar_info\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.widgets.signal_autoconnect(events)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.numClicked\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{0}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{info_dlg(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}widget):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.dlg\ensuremath{\text{ }}=\ensuremath{\text{ }}gtk.glade.XML(}\OtherTok{self}\NormalTok{.gladeDatei,\ensuremath{\text{ }}}\StringTok{"dialog1"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{events\ensuremath{\text{ }}=\ensuremath{\text{ }}\{}\StringTok{"on_closebutton1_clicked"}\ensuremath{\text{ }}\NormalTok{:\ensuremath{\text{ }}\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.dlg_close\}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.dlg.signal_autoconnect(events)}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{dlg_close(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}widget):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{d\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.dlg.get_widget(}\StringTok{"dialog1"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{d.destroy()}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{statusbar_info(}\OtherTok{self}\NormalTok{,\ensuremath{\text{ }}widget):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{label\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.widgets.get_widget(}\StringTok{"label2"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\OtherTok{self}\NormalTok{.numClicked\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\DecValTok{1}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{text\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"Es\ensuremath{\text{ }}wurde\ensuremath{\text{ }}}\OtherTok{%d}\StringTok{\ensuremath{\text{ }}mal\ensuremath{\text{ }}geklickt"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}}\OtherTok{self}\NormalTok{.numClicked}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{label.set_text(text)}\newline
\ensuremath{\text{ }}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{if}\ensuremath{\text{ }}\DataTypeTok{__name__}\ensuremath{\text{ }}\NormalTok{==\ensuremath{\text{ }}}\StringTok{"__main__"}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{h\ensuremath{\text{ }}=\ensuremath{\text{ }}HelloGlade()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{gtk.main()}\newline
\end{Highlighting}
\end{Shaded}

Die GUI-{}Datei wird mit {\ttfamily \uline{gtk.glade.XML(datei,$\text{ }${}id)}} geladen. {\itshape id} ist hierbei optional, kann also entfallen. Sonst bezeichnet dieser Parameter den Namen des GUI-{}elementes, das geladen werden soll.

In einem Dictionary legen wir alle das Fenster betreffenden Callback-{}Funktionen mit ihren zugehörigen Aktionen an. Wird beispielsweise {\ttfamily \uline{on_info1_activate}} aufgerufen, führt das in unserem Beispiel dazu, dass {\ttfamily \uline{info_dlg()}} ebenfalls aufgerufen wird. Mit {\ttfamily \uline{signal_autoconnect(events)}} verknüpfen wir die Ereignisse mit unseren entsprechenden Klassenmethoden. 

Wenn das {\ttfamily Hilfe-{}Info}-{}Menü betätigt wird, dann wird in {\ttfamily \uline{info_dlg()}} der betreffende Dialog gestartet. Auch hierfür holen wir uns die Beschreibung des Dialogs aus der Glade-{}Datei und verknüpfen die passenden Ereignisse. Soll mit einem Klick auf den Schließen-{}Knopf der Dialog beendet werden, wird {\ttfamily \uline{dlg_close()}} aufgerufen. Das eigentliche Widget dieses Dialogs wird mit {\ttfamily \uline{get_widget(id)}} ermittelt, anschließend wird ihm das {\ttfamily destroy}-{}Signal mit {\ttfamily \uline{destroy()}} geschickt.

Drückt der Anwender auf den zentralen Knopf in der Mitte vom Hauptfenster, wird die Methode {\ttfamily \uline{statusbar_info()}} aufgerufen. Es wird auch hier das Label-{}Widget mit {\ttfamily \uline{get_widget(id)}} geholt, anschließend wird der Text mit {\ttfamily \uline{set_text()}} verändert.
\section{Zusammenfassung}
\label{192}
Anwendungen mit grafischen Benutzeroberflächen lassen sich mit PyGTK leicht schreiben. In diesem Kapitel haben wir die Grundlagen des Layouts kennen gelernt, einige wenige Widgets vorgestellt und gezeigt, wie sich GUIs mit Glade erstellen lassen.
\section{Anmerkungen}
\label{193}


\chapter{Textorientierte Benutzeroberflächen mit Curses}

\myminitoc
\label{194}





\label{195}
In diesem Kapitel geht es um rein textorientierte Benutzeroberflächen, wie Sie sie möglicherweise von rein textorientierten Programmen wie {\itshape mutt}, {\itshape lynx} oder dem Midnight-{}Commander her kennen. Es werden Teile des Curses-{}Moduls vorgestellt. Zu Curses gibt es ein eigenes hervorragendes Wikibook, nämlich \myhref{http://de.wikibooks.org/wiki/Ncurses}{Ncurses}. Dieser Abschnitt benutzt einige der dort vorgestellten Ideen.
\section{Hallo, Welt!}
\label{196}
Unser erstes Beispiel erzeugt ein Fenster, in dem sich der historisch bekannte Spruch {\itshape Hallo, Welt!} zeigt. Bitte beachten Sie, dass dieses Beispiel Farben voraussetzt. Es wird nicht geprüft, ob ihr Terminal Farben darstellen kann. 

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{curses}\newline
\CommentTok{#start}\newline
\NormalTok{stdscr\ensuremath{\text{ }}=\ensuremath{\text{ }}curses.initscr()}\newline
\CommentTok{#\ensuremath{\text{ }}Keine\ensuremath{\text{ }}Anzeige\ensuremath{\text{ }}gedrückter\ensuremath{\text{ }}Tasten}\newline
\NormalTok{curses.noecho()}\newline
\CommentTok{#\ensuremath{\text{ }}Kein\ensuremath{\text{ }}line-buffer}\newline
\NormalTok{curses.cbreak()}\newline
\CommentTok{#\ensuremath{\text{ }}Escape-Sequenzen\ensuremath{\text{ }}aktivieren}\newline
\NormalTok{stdscr.keypad(}\DecValTok{1}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Farben}\newline
\NormalTok{curses.start_color()}\newline
\NormalTok{curses.init_pair(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}curses.COLOR_GREEN,\ensuremath{\text{ }}curses.COLOR_BLUE)}\newline
\NormalTok{curses.init_pair(}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}curses.COLOR_YELLOW,\ensuremath{\text{ }}curses.COLOR_BLACK)}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Fenster\ensuremath{\text{ }}und\ensuremath{\text{ }}Hintergrundfarben}\newline
\NormalTok{stdscr.bkgd(curses.color_pair(}\DecValTok{1}\NormalTok{))}\newline
\NormalTok{stdscr.refresh()}\newline
\ensuremath{\text{ }}\newline
\NormalTok{win\ensuremath{\text{ }}=\ensuremath{\text{ }}curses.newwin(}\DecValTok{5}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{20}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{)}\newline
\NormalTok{win.bkgd(curses.color_pair(}\DecValTok{2}\NormalTok{))}\newline
\NormalTok{win.box()}\newline
\NormalTok{win.addstr(}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"Hallo,\ensuremath{\text{ }}Welt!"}\NormalTok{)}\newline
\NormalTok{win.refresh()}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Warten\ensuremath{\text{ }}auf\ensuremath{\text{ }}Tastendruck}\newline
\NormalTok{c\ensuremath{\text{ }}=\ensuremath{\text{ }}stdscr.getch()}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Ende}\newline
\NormalTok{curses.nocbreak()}\newline
\NormalTok{stdscr.keypad(}\DecValTok{0}\NormalTok{)}\newline
\NormalTok{curses.echo()}\newline
\NormalTok{curses.endwin()}\newline
\end{Highlighting}
\end{Shaded}



\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/17.png}
\end{center}
\raggedright{}\myfigurewithcaption{17}{Hallo Welt}
\end{minipage}\vspace{0.75cm}


Die beiden wichtigen Initialisierungsfunktionen in diesem Beispiel sind {\ttfamily \uline{curses.initscr()}}, mit der die Curses-{}Umgebung eingerichtet wird und {\ttfamily \uline{curses.start_color()}}, mit der das Programm die Möglichkeit erhält, Farbe darzustellen. Farben werden als Paar erzeugt, mit {\ttfamily \uline{curses.init_pair(2,$\text{ }${}curses.COLOR_YELLOW,$\text{ }${}curses.COLOR_BLACK)}} wird ein Paar mit der Nummer {\ttfamily 2} erzeugt, welches gelb auf schwarzem Grund darstellen kann. {\ttfamily \uline{stdscr.bkgd(curses.color_pair(1))}} referenziert ein solches Paar und legt den Hintergrund für das Terminal fest. Es wird nichts angezeigt, ohne dass ein Refresh ({\ttfamily \uline{stdscr.refresh()}}) erfolgt.

Ein Fenster kann mit {\ttfamily \uline{curses.newwin(Höhe,$\text{ }${}Breite,$\text{ }${}Y0,$\text{ }${}X0)}} erzeugt werden. Die Parameter sind ungewöhnlich, stehen hier Y-{}Werte vor den betreffenden X-{}Werten. Das ist eine Besonderheit der Terminal-{}Bibliotheken {\itshape curses} und {\itshape ncurses} und war schon immer so.

Einem so erzeugten Fenster kann ebenfalls ein Hintergrund zugewiesen werden, zur Verschönerung dient auch die Funktion {\ttfamily \uline{box()}}. Sie zeichnet einen Rahmen rund um das Fenster. {\ttfamily \uline{addstr(Y,$\text{ }${}X,$\text{ }${}Text)}} schreibt sodann einen Text auf das Fenster. Auch hier benötigt man wieder einen Refresh, um etwas sehen zu können. Die Ereignisbehandlung ist anders als in bisherigen Nutzeroberflächen rein von der Tastatur gesteuert. Mausereignisse werden ebenfalls zuerst von {\ttfamily \uline{getch()}} entgegengenommen.

Nach dem der Nutzer eine Taste drückte, wird das Programm freundlich beendet. Hier ist insbesondere {\ttfamily \uline{curses.endwin()}} zu nennen, das Gegenstück zu {\ttfamily \uline{curses.initscr()}}. 

Einige der im Quellcode genutzten Funktionen haben wir Ihnen bei der Erläuterung unterschlagen. Das wollen wir gleich nachholen.
\LaTeXNullTemplate{}
\section{Kurzreferenz Curses}
\label{197}
Hier werden ausgewählte Funktionen und Konstanten vorgestellt. Die Liste ist selbstverständlich nicht vollständig. Eine Darstellung der Art {\itshape {\ttfamily {$\text{[}$}attrib{$\text{]}$}}} bedeutet, dass der Wert optional ist und damit weggelassen werden darf.
\subsection{Curses Funktionen}
\label{198}
Hier eine Auflistung einiger gebräuchlicher curses-{}Funktionen:

\begin{longtable}{|>{\RaggedRight}p{0.28286\linewidth}|>{\RaggedRight}p{0.66000\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Funktion }&\hspace*{0pt}\ignorespaces{} Bedeutung \endhead  \hline 
\hspace*{0pt}\ignorespaces{} cbreak()\newline{}
nocbreak() &\hspace*{0pt}\ignorespaces{} Im CBreak-{}Modus werden Tasten einzeln angenommen, es wird nicht auf die Bestätigung durch {\itshape Return} gewartet. \\ \hline 
\hspace*{0pt}\ignorespaces{} attrib = color_pair(Farbnummer)\newline{}
 init_pair(nummer, vordergrund, hintergrund)&\hspace*{0pt}\ignorespaces{} {\itshape color_pair()}: Es wird auf eine vorher mit {\itshape Farbnummer} vordefinierte Vorder-{} und Hintergrundfarbe verwiesen. Die Attribute werden zurückgegeben. \newline{}
{\itshape init_pair()}: Erzeugt ein Farbpaar aus Vordergrundfarbe und Hintergrundfarbe und weist diese Kombination der Nummer zu. {\itshape nummer} kann ein Wert zwischen 1 und {\itshape COLOR_PAIRS}-{}1 sein.\\ \hline 
\hspace*{0pt}\ignorespaces{} doupdate()\newline{}
noutrefresh()\newline{}
refresh()   &\hspace*{0pt}\ignorespaces{} Diese Gruppe von Funktionen kümmert sich um den Refresh. {\itshape refresh()} ist ein {\itshape noutrefresh()} gefolgt von {\itshape doupdate()}. {\itshape noutrefresh()} updatet den virtuellen Bildschirm, markiert also den Bereich als einen, den es zu refreshen gilt, während {\itshape doupdate()} den physikalischen Bildschirm, also die echte Anzeige, auffrischt. \\ \hline 
\hspace*{0pt}\ignorespaces{} echo()\newline{}
noecho()    &\hspace*{0pt}\ignorespaces{} {\itshape echo()} bewirkt, dass Tastendrücke angezeigt werden. Dieses lässt sich mit {\itshape noecho()} ausschalten.\\ \hline 
\hspace*{0pt}\ignorespaces{} mouse = getmouse()\newline{}
(alle, aktuell) = mousemask(neu)\newline{}
vorher= mouseinterval(neu)&\hspace*{0pt}\ignorespaces{} {\itshape getmouse()}: Bei einem Mausereignis kann mit dieser Funktion der Mauszustand als Tupel ({\itshape ID}, {\itshape X}, {\itshape Y}, unbenutzt, {\itshape Knopf}) bereitgestellt werden.\newline{}
{\itshape mousemask()}: erwartet eine Maske, bestehend aus den zu behandelnden Mausereignissen. Es wird ein Tupel aus allen verfügbaren Mausereignissen als Maske und den zuletzt aktiven zurückgeliefert.\newline{}
{\itshape mouseinterval()}: Setzt ein neues Intervall in Millisekunden, welches zwischen zwei Maustastendrücken vergehen darf, damit das Ereignis noch als {\itshape Doppelklick} erkannt wird. Die Funktion gibt das zuletzt aktive Intervall zurück.\\ \hline 
\hspace*{0pt}\ignorespaces{} bool = has_colors() &\hspace*{0pt}\ignorespaces{} {\itshape True}, wenn das Teminal Farben darstellen kann. Sonst {\itshape False}.\\ \hline 
\end{longtable}

\subsection{Window-{}Funktionen}
\label{199}
Einige Funktionen, die nur mit einem Window-{}Argument Sinn ergeben:

\begin{longtable}{|>{\RaggedRight}p{0.28286\linewidth}|>{\RaggedRight}p{0.66000\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Funktion }&\hspace*{0pt}\ignorespaces{} Bedeutung \endhead  \hline 
\hspace*{0pt}\ignorespaces{}addch({$\text{[}$}y, x,{$\text{]}$} Z{$\text{[}$},attrib{$\text{]}$})\newline{}
 addstr({$\text{[}$}y,x,{$\text{]}$} str{$\text{[}$},attrib{$\text{]}$})&\hspace*{0pt}\ignorespaces{} {\itshape addch()}:Zeichnet an der (optionalen) Stelle (y, x) das einzelne Zeichen {\itshape Z}. Dieses Zeichen kann mit Attributen versehen werden.\newline{}
{\itshape addstr()}: Selbiges für Strings\\ \hline 
\hspace*{0pt}\ignorespaces{} bkgd(Z{$\text{[}$},attr{$\text{]}$}) &\hspace*{0pt}\ignorespaces{} Legt die Hintergrundfarbe / Zeichen / Attribute fest.\\ \hline 
\hspace*{0pt}\ignorespaces{} box({$\text{[}$}vertZ, horZ{$\text{]}$}) &\hspace*{0pt}\ignorespaces{} benutzt {\itshape vertZ} und {\itshape horZ} (beide optional) um einen Rahmen um ein Fenster zu Zeichnen. Ohne diese Parameter wird ein Linienrand gezeichnet.\\ \hline 
\hspace*{0pt}\ignorespaces{} clear() &\hspace*{0pt}\ignorespaces{} Löscht beim nächsten {\itshape refresh()} das komplette Fenster\\ \hline 
\hspace*{0pt}\ignorespaces{} clrtoeol() &\hspace*{0pt}\ignorespaces{} Löscht von der momentanen Cursorposition bis zum Ende der Zeile\\ \hline 
\hspace*{0pt}\ignorespaces{} keypad(value) &\hspace*{0pt}\ignorespaces{} Ist {\itshape value} == 1, dann werden spezielle Tasten wie Funktionstasten von Curses als solche interpretiert. Mit {\itshape 0} schaltet man dieses Verhalten wieder ab.\\ \hline 
\end{longtable}

\subsection{Konstanten}
\label{200}
\begin{myitemize}
\item{}  Attribute, mit denen das Verhalten von Zeichen und geändert werden kann:
\end{myitemize}


\begin{longtable}{|>{\RaggedRight}p{0.28286\linewidth}|>{\RaggedRight}p{0.66000\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Konstante }&\hspace*{0pt}\ignorespaces{} Bedeutung \endhead  \hline 
\hspace*{0pt}\ignorespaces{} A_BLINK &\hspace*{0pt}\ignorespaces{} Text wird blinkend dargestellt\\ \hline 
\hspace*{0pt}\ignorespaces{} A_BOLD &\hspace*{0pt}\ignorespaces{} Text wird in Fettdruck dargestellt\\ \hline 
\hspace*{0pt}\ignorespaces{} A_NORMAL &\hspace*{0pt}\ignorespaces{} Text wird wieder normal dargestellt.\\ \hline 
\hspace*{0pt}\ignorespaces{} A_UNDERLINE &\hspace*{0pt}\ignorespaces{} Text wird unterstrichen angezeigt\\ \hline 
\end{longtable}


\begin{myitemize}
\item{}  Tastaturkonstanten:
\end{myitemize}


\begin{longtable}{|>{\RaggedRight}p{0.28286\linewidth}|>{\RaggedRight}p{0.66000\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Konstante }&\hspace*{0pt}\ignorespaces{} Bedeutung \endhead  \hline 
\hspace*{0pt}\ignorespaces{} KEY_UP, KEY_LEFT, KEY_RIGHT, KEY_DOWN&\hspace*{0pt}\ignorespaces{} Cursortasten\\ \hline 
\hspace*{0pt}\ignorespaces{} KEY_F1...KEY_Fn&\hspace*{0pt}\ignorespaces{} Funktionstasten\\ \hline 
\hspace*{0pt}\ignorespaces{} KEY_BACKSPACE &\hspace*{0pt}\ignorespaces{} Backspace-{}Taste\\ \hline 
\hspace*{0pt}\ignorespaces{}  KEY_MOUSE &\hspace*{0pt}\ignorespaces{} Ein Mausereignis trat ein\\ \hline 
\end{longtable}


\begin{myitemize}
\item{}  Mauskonstanten:
\end{myitemize}


\begin{longtable}{|>{\RaggedRight}p{0.37714\linewidth}|>{\RaggedRight}p{0.56571\linewidth}|} \hline 
{\bfseries \hspace*{0pt}\ignorespaces{} Konstante }&\hspace*{0pt}\ignorespaces{} Bedeutung \endhead  \hline 
\hspace*{0pt}\ignorespaces{} BUTTON1_PRESSED .. BUTTON4_PRESSED&\hspace*{0pt}\ignorespaces{} Knopf wurde gedrückt\\ \hline 
\hspace*{0pt}\ignorespaces{} BUTTON1_RELEASED .. BUTTON4_RELEASED&\hspace*{0pt}\ignorespaces{} Knopf wurde losgelassen\\ \hline 
\hspace*{0pt}\ignorespaces{} BUTTON1_CLICKED .. BUTTON4_CLICKED &\hspace*{0pt}\ignorespaces{} Knopf gedrück und wieder losgelassen, innerhalt eines mit {\itshape mouseinterval()} einstellbaren Intervalles.\\ \hline 
\hspace*{0pt}\ignorespaces{}  BUTTON1_DOUBLE_CLICKED .. BUTTON4_DOUBLE_CLICKED, &\hspace*{0pt}\ignorespaces{} Doppelklick\\ \hline 
\hspace*{0pt}\ignorespaces{}  BUTTON1_TRIPLE_CLICKED, .. BUTTON4_TRIPLE_CLICKED, &\hspace*{0pt}\ignorespaces{} 3 klicks hintereinander\\ \hline 
\hspace*{0pt}\ignorespaces{} BUTTON_SHIFT, BUTTON_CTRL, BUTTON_ALT &\hspace*{0pt}\ignorespaces{} Es wurde die {\itshape Shift}-{}, {\itshape Steuerungs}, oder die {\itshape Alt}-{}Taste beim Klicken gedrückt. Man beachte, dass einige Terminals selbst darauf reagieren, das Programm diese Ereignisse also nicht mitbekommt.\\ \hline 
\end{longtable}


\begin{myitemize}
\item{}  Farbkonstanten: COLOR_BLACK, COLOR_BLUE, COLOR_CYAN, COLOR_GREEN, COLOR_MAGENTA, COLOR_RED, COLOR_WHITE, COLOR_YELLOW
\end{myitemize}

\section{Mehr Fenster}
\label{201}
Im folgenden Beispiel geht es um das Lesen von Log-{}Dateien (Sie müssen Leserecht darauf haben, sonst funktioniert es nicht) und Menüs. Es werden auf Wunsch zwei Fenster erzeugt, eines stellt ein Menü dar, im anderen wird wahlweise \LaTeXTTUlineTemplate{/var/log/syslog} und \LaTeXTTUlineTemplate{/var/log/messages} dargestellt. Scrollen kann man in den Dateien mit den Cursor-{}Tasten. Beendet wird mit der Taste \LaTeXTTUlineTemplate{x}. 


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{curses}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{linecache}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{init_curses():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{stdscr\ensuremath{\text{ }}=\ensuremath{\text{ }}curses.initscr()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{curses.noecho()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{curses.cbreak()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{stdscr.keypad(}\DecValTok{1}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{curses.start_color()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{curses.init_pair(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}curses.COLOR_GREEN,\ensuremath{\text{ }}curses.COLOR_BLUE)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{curses.init_pair(}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}curses.COLOR_YELLOW,\ensuremath{\text{ }}curses.COLOR_BLACK)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{stdscr.bkgd(curses.color_pair(}\DecValTok{1}\NormalTok{))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{stdscr.refresh()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{stdscr}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{show_menu(win):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{win.clear()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{win.bkgd(curses.color_pair(}\DecValTok{2}\NormalTok{))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{win.box()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{win.addstr(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"F1:"}\NormalTok{,\ensuremath{\text{ }}curses.A_UNDERLINE)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{win.addstr(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{6}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"messages"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{win.addstr(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{20}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"F2:"}\NormalTok{,\ensuremath{\text{ }}curses.A_UNDERLINE)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{win.addstr(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{24}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"syslog"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{win.addstr(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{38}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"x:"}\NormalTok{,\ensuremath{\text{ }}curses.A_UNDERLINE)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{win.addstr(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{42}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"Exit"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{win.refresh()}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{read_file(menu_win,\ensuremath{\text{ }}filename):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{menu_win.clear()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{menu_win.box()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{menu_win.addstr(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"x:"}\NormalTok{,\ensuremath{\text{ }}curses.A_UNDERLINE)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{menu_win.addstr(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{,\ensuremath{\text{ }}}\StringTok{"Ende\ensuremath{\text{ }}->"}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{menu_win.addstr(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{14}\NormalTok{,\ensuremath{\text{ }}filename)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{menu_win.refresh()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{file_win\ensuremath{\text{ }}=\ensuremath{\text{ }}curses.newwin(}\DecValTok{22}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{80}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{4}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{file_win.box()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{line_start\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{1}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{line_max\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{20}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{while}\ensuremath{\text{ }}\OtherTok{True}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{file_win.clear()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{file_win.box()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{i\ensuremath{\text{ }}in\ensuremath{\text{ }}}\DataTypeTok{xrange}\NormalTok{(line_start,\ensuremath{\text{ }}line_max\ensuremath{\text{ }}+\ensuremath{\text{ }}line_start):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{line\ensuremath{\text{ }}=\ensuremath{\text{ }}linecache.getline(filename,\ensuremath{\text{ }}i)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{s\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{\textquotesingle{}\textquotesingle{}}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\DataTypeTok{len}\NormalTok{(line)\ensuremath{\text{ }}>\ensuremath{\text{ }}}\DecValTok{60}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{s\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{\textquotesingle{}[}\OtherTok{%d}\StringTok{\ensuremath{\text{ }}}\OtherTok{%s}\StringTok{]\textquotesingle{}}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}(i,\ensuremath{\text{ }}line[:}\DecValTok{60}\NormalTok{])}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{else}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{s\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{\textquotesingle{}[}\OtherTok{%d}\StringTok{\ensuremath{\text{ }}}\OtherTok{%s}\StringTok{]\textquotesingle{}}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}(i,\ensuremath{\text{ }}line[:-}\DecValTok{1}\NormalTok{])}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{file_win.addstr(i\ensuremath{\text{ }}-\ensuremath{\text{ }}line_start\ensuremath{\text{ }}+\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}s)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{file_win.refresh()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}=\ensuremath{\text{ }}stdscr.getch()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DataTypeTok{ord}\NormalTok{(}\StringTok{\textquotesingle{}x\textquotesingle{}}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{break}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}==\ensuremath{\text{ }}curses.KEY_UP:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{line_start\ensuremath{\text{ }}>\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{line_start\ensuremath{\text{ }}-=\ensuremath{\text{ }}}\DecValTok{1}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}==\ensuremath{\text{ }}curses.KEY_DOWN:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{line_start\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\DecValTok{1}\newline
\ensuremath{\text{ }}\newline
\NormalTok{stdscr\ensuremath{\text{ }}=\ensuremath{\text{ }}init_curses()}\newline
\NormalTok{mwin\ensuremath{\text{ }}=\ensuremath{\text{ }}curses.newwin(}\DecValTok{3}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{80}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{)}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{while}\ensuremath{\text{ }}\OtherTok{True}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{stdscr.clear()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{stdscr.refresh()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{show_menu(mwin)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}=\ensuremath{\text{ }}stdscr.getch()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DataTypeTok{ord}\NormalTok{(}\StringTok{\textquotesingle{}x\textquotesingle{}}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{break}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}==\ensuremath{\text{ }}curses.KEY_F1:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{read_file(mwin,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}/var/log/messages\textquotesingle{}}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{show_menu(mwin)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}==\ensuremath{\text{ }}curses.KEY_F2:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{read_file(mwin,\ensuremath{\text{ }}}\StringTok{\textquotesingle{}/var/log/syslog\textquotesingle{}}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{show_menu(mwin)}\newline
\ensuremath{\text{ }}\newline
\NormalTok{curses.nocbreak()}\newline
\NormalTok{stdscr.keypad(}\DecValTok{0}\NormalTok{)}\newline
\NormalTok{curses.echo()}\newline
\NormalTok{curses.endwin()}\newline
\end{Highlighting}
\end{Shaded}



\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/18.png}
\end{center}
\raggedright{}\myfigurewithcaption{18}{Logdateien}
\end{minipage}\vspace{0.75cm}


Es wird ein neues Modul mit dem Namen {\itshape linecache} eingebunden. Dieses Modul enthält die Funktion {\ttfamily \uline{linecache.getline(filename,$\text{ }${}i)}}. Hiermit kann eine bestimmte Zeile aus der Datei ausgegeben werden.  Wir nutzen sie in {\ttfamily \uline{read_file()}}. 

In {\ttfamily \uline{read_file()}} wird eine Datei gelesen. Zuerst wird das Menüfenster aktualisiert, dann wird ein neues Fenster erzeugt und eine Datei zeilenweise eingelesen. Es wird darauf geachtet, dass maximal 60 Zeichen einer Zeile dargestellt werden. Anschließend wird eine eigene Warteschleife durchlaufen, die die Tastatureingaben empfängt. Bei der Eingabe von \LaTeXTTUlineTemplate{x} wird die Schleife abgebrochen und zum Hauptprogramm zurückverzweigt. Falls eine Cursortaste gedrückt wurde, so wird der Bereich der Logdatei, der beim nächsten Durchgang gelesen wird, neu berechnet. Hier ist nicht wichtig, wie lang die Datei ist, denn {\ttfamily \uline{linecache.getline()}} liefert uns einen leeren String zurück, wenn wir versuchen, über das Dateiende hinaus zu lesen. 

Im Hauptprogramm wird ein neues Fenster {\ttfamily \uline{stdscr}} erzeugt. Von dort aus wird die Hauptschleife abgearbeitet. Bei \LaTeXTTUlineTemplate{F1} wird \LaTeXTTUlineTemplate{/var/log/messages} und bei \LaTeXTTUlineTemplate{F2} \LaTeXTTUlineTemplate{/var/log/syslog} gelesen. Mit \LaTeXTTUlineTemplate{x} wird das Programm abgebrochen. Bei jedem Durchgang wird das Menü aktualisiert und das alte Log-{}Fenster, welches vielleicht noch auf dem Bildschirm erscheint, gelöscht.
\LaTeXNullTemplate{}
\section{Große Fenster}
\label{202}
Im letzten Beispiel haben wir gesehen, dass es Mühe kostet, einen Text in einem Fenster darzustellen, wenn die Zeilenlänge oder die Textlänge größer ist als die Fensterausmaße. Es gibt einen Weg darum herum. Wir können mit Curses sehr große Fenster erzeugen, und nur einen Teil auf den Bildschirm bringen. Solche großen Fenster heißen {\itshape Pad} und sind nicht an die Ausmaße des darunter liegenden Fensters gebunden. 
Das folgende Programm nutzt solch ein Pad, es ist 10000 Zeilen hoch und 3000 Spalten breit. Es wird diesmal die Datei \LaTeXTTUlineTemplate{/var/log/messages} gelesen, navigieren können Sie mit allen vier Cursortasten, bei der Eingabe von \LaTeXTTUlineTemplate{x} wird das Programm beendet.

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{curses}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{linecache}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{init_curses():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{stdscr\ensuremath{\text{ }}=\ensuremath{\text{ }}curses.initscr()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{curses.noecho()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{curses.cbreak()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{stdscr.keypad(}\DecValTok{1}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{curses.start_color()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{curses.init_pair(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}curses.COLOR_BLACK,\ensuremath{\text{ }}curses.COLOR_BLUE)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{curses.init_pair(}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}curses.COLOR_GREEN,\ensuremath{\text{ }}curses.COLOR_BLUE)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{stdscr.bkgd(curses.color_pair(}\DecValTok{1}\NormalTok{))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{stdscr.box()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{stdscr.refresh()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{stdscr}\newline
\ensuremath{\text{ }}\newline
\NormalTok{stdscr\ensuremath{\text{ }}=\ensuremath{\text{ }}init_curses()}\newline
\CommentTok{#\ensuremath{\text{ }}Aktuelle\ensuremath{\text{ }}Screengröße\ensuremath{\text{ }}ermitteln}\newline
\NormalTok{maxy,\ensuremath{\text{ }}maxx\ensuremath{\text{ }}=\ensuremath{\text{ }}stdscr.getmaxyx()}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Großes\ensuremath{\text{ }}Pad\ensuremath{\text{ }}erzeugen}\newline
\NormalTok{pad\ensuremath{\text{ }}=\ensuremath{\text{ }}curses.newpad(}\DecValTok{10000}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{3000}\NormalTok{)}\newline
\KeywordTok{for}\ensuremath{\text{ }}\NormalTok{i\ensuremath{\text{ }}in\ensuremath{\text{ }}}\DataTypeTok{xrange}\NormalTok{(}\DecValTok{10000}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{line\ensuremath{\text{ }}=\ensuremath{\text{ }}linecache.getline(}\StringTok{\textquotesingle{}/var/log/messages\textquotesingle{}}\NormalTok{,\ensuremath{\text{ }}i)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{s\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{\textquotesingle{}[}\OtherTok{%5d}\StringTok{]\ensuremath{\text{ }}}\OtherTok{%s}\StringTok{\textquotesingle{}}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}(i,\ensuremath{\text{ }}line)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{pad.addstr(i,\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}s)}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Wir\ensuremath{\text{ }}merken\ensuremath{\text{ }}uns,\ensuremath{\text{ }}wo\ensuremath{\text{ }}wir\ensuremath{\text{ }}sind}\newline
\NormalTok{line_start\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{1}\newline
\NormalTok{col_start\ensuremath{\text{ }}=\ensuremath{\text{ }}}\DecValTok{1}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{while}\ensuremath{\text{ }}\OtherTok{True}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\CommentTok{#\ensuremath{\text{ }}Teile\ensuremath{\text{ }}des\ensuremath{\text{ }}Pads\ensuremath{\text{ }}aufs\ensuremath{\text{ }}Display\ensuremath{\text{ }}bringen}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{pad.refresh(line_start,\ensuremath{\text{ }}col_start,\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}maxy}\DecValTok{-2}\NormalTok{,\ensuremath{\text{ }}maxx}\DecValTok{-2}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}=\ensuremath{\text{ }}stdscr.getch()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DataTypeTok{ord}\NormalTok{(}\StringTok{\textquotesingle{}x\textquotesingle{}}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{break}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}==\ensuremath{\text{ }}curses.KEY_DOWN:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{line_start\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\DecValTok{1}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}==\ensuremath{\text{ }}curses.KEY_UP:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{line_start\ensuremath{\text{ }}>\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{:\ensuremath{\text{ }}line_start\ensuremath{\text{ }}-=\ensuremath{\text{ }}}\DecValTok{1}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}==\ensuremath{\text{ }}curses.KEY_LEFT:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{col_start\ensuremath{\text{ }}>\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{:\ensuremath{\text{ }}col_start\ensuremath{\text{ }}-=\ensuremath{\text{ }}}\DecValTok{1}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}==\ensuremath{\text{ }}curses.KEY_RIGHT:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{col_start\ensuremath{\text{ }}+=\ensuremath{\text{ }}}\DecValTok{1}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}ende}\newline
\NormalTok{curses.nocbreak()}\newline
\NormalTok{stdscr.keypad(}\DecValTok{0}\NormalTok{)}\newline
\NormalTok{curses.echo()}\newline
\NormalTok{curses.endwin()}\newline
\end{Highlighting}
\end{Shaded}


Um das innere Pad an das äußere Fenster anzupassen, fragen wir mit {\ttfamily \uline{stdscr.getmaxyx()}} die Ausmaße des Fensters ab. Unser Pad wird dann im Inneren liegen, umgeben von einem Rand. Das eigentliche Pad wird mit {\ttfamily \uline{curses.newpad(10000,$\text{ }${}3000)}} erzeugt. Es ist 10000 Zeilen hoch und 3000 Zeilen lang. Das sollte für diese Datei reichen. Mit der schon bekannten Methode wird das Fenster mit dem Dateiinhalt gefüllt. Neu ist noch, dass wir lediglich einen Ausschnitt aus dem Pad auf den Bildschirm bringen. Dies erledigt {\ttfamily \uline{pad.refresh(PadStartZeile,$\text{ }${}PadStartSpalte,$\text{ }${}WinY,$\text{ }${}WinX,$\text{ }${}WinBreite,$\text{ }${}WinHöhe)}}. Hierbei sind \symbol{34}{\ttfamily Win*}\symbol{34}-{}Argumente die Ausmaße des umgebenden Fensters. \symbol{34}{\ttfamily PadStartZeile}\symbol{34} und \symbol{34}{\ttfamily PadStartSpalte}\symbol{34} hingegen sind derjenige Ursprung, der im inneren des Pads liegt und in der linken oberen Ecke des Fensters zu sehen sein soll. Beim Druck auf eine Cursor-{}Taste werden diese Werte entsprechend modifiziert, dann wird das Pad neu gezeichnet. Es wird also innerhalb des Pads gescrollt.
\section{Mausereignisse}
\label{203}
Auf Mausereignisse sind wir bisher noch nicht eingegangen. Grund genug, das hier in einem kleinen Abschnitt nachzuholen. Mausereignisse werden in der Hauptschleife ebenso bearbeitet wie Tasten, die spezielle Taste ist {\ttfamily \uline{curses.KEY_MOUSE}}. 

\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{curses}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{linecache}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{def}\ensuremath{\text{ }}\NormalTok{init_curses():}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{stdscr\ensuremath{\text{ }}=\ensuremath{\text{ }}curses.initscr()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{curses.noecho()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{curses.cbreak()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{stdscr.keypad(}\DecValTok{1}\NormalTok{)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{curses.start_color()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{curses.init_pair(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}curses.COLOR_BLACK,\ensuremath{\text{ }}curses.COLOR_BLUE)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{stdscr.bkgd(curses.color_pair(}\DecValTok{1}\NormalTok{))}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{stdscr.box()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{stdscr.refresh()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{return}\ensuremath{\text{ }}\NormalTok{stdscr}\newline
\ensuremath{\text{ }}\newline
\NormalTok{stdscr\ensuremath{\text{ }}=\ensuremath{\text{ }}init_curses()}\newline
\CommentTok{#\ensuremath{\text{ }}Maus\ensuremath{\text{ }}initialisieren}\newline
\NormalTok{avail,\ensuremath{\text{ }}oldmask\ensuremath{\text{ }}=\ensuremath{\text{ }}curses.mousemask(curses.BUTTON1_PRESSED)}\newline
\NormalTok{curses.mousemask(avail)}\newline
\ensuremath{\text{ }}\newline
\KeywordTok{while}\ensuremath{\text{ }}\OtherTok{True}\NormalTok{:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}=\ensuremath{\text{ }}stdscr.getch()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{if}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}==\ensuremath{\text{ }}}\DataTypeTok{ord}\NormalTok{(}\StringTok{\textquotesingle{}x\textquotesingle{}}\NormalTok{):}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{break}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\KeywordTok{elif}\ensuremath{\text{ }}\NormalTok{c\ensuremath{\text{ }}==\ensuremath{\text{ }}curses.KEY_MOUSE:}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\DataTypeTok{id}\NormalTok{,\ensuremath{\text{ }}x,\ensuremath{\text{ }}y,\ensuremath{\text{ }}z,\ensuremath{\text{ }}button\ensuremath{\text{ }}=\ensuremath{\text{ }}curses.getmouse()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{s\ensuremath{\text{ }}=\ensuremath{\text{ }}}\StringTok{"Mouse-Ereignis\ensuremath{\text{ }}bei\ensuremath{\text{ }}(}\OtherTok{%d}\StringTok{\ensuremath{\text{ }};\ensuremath{\text{ }}}\OtherTok{%d}\StringTok{\ensuremath{\text{ }};\ensuremath{\text{ }}}\OtherTok{%d}\StringTok{),\ensuremath{\text{ }}ID=\ensuremath{\text{ }}}\OtherTok{%d}\StringTok{,\ensuremath{\text{ }}button\ensuremath{\text{ }}=\ensuremath{\text{ }}}\OtherTok{%d}\StringTok{"}\ensuremath{\text{ }}\NormalTok{%\ensuremath{\text{ }}(x,\ensuremath{\text{ }}y,\ensuremath{\text{ }}z,\ensuremath{\text{ }}}\DataTypeTok{id}\NormalTok{,}\newline
\ensuremath{\text{ }}\NormalTok{button)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{stdscr.addstr(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}s)}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{stdscr.clrtoeol()}\newline
\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\ensuremath{\text{ }}\NormalTok{stdscr.refresh()}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}ende}\newline
\NormalTok{curses.nocbreak()}\newline
\NormalTok{stdscr.keypad(}\DecValTok{0}\NormalTok{)}\newline
\NormalTok{curses.echo()}\newline
\NormalTok{curses.endwin()}\newline
\end{Highlighting}
\end{Shaded}


Damit auf Mausereignisse überhaupt reagiert werden kann, muss eine Maus-{}Maske erstellt werden. Die Funktion {\ttfamily \uline{curses.mousemask()}} erwartet eine solche Maske und liefert ein Tupel aus allen verfügbaren Mausereignissen und der letzten Maske zurück. Wir wollen wirklich alle Ereignisse behandelt wissen und nutzen einen zweiten Aufruf dieser Funktion, um das mitzuteilen.

{\ttfamily \uline{curses.getmouse()}} liefert uns ein Tupel mit den benötigten Mausinformationen. Diese werden auf dem Bildschirm dargestellt.
\section{Textbox}
\label{204}
Curses enthält einen rudimentären Editor, den man nutzen kann, um innerhalb eines Fensters Text zu schreiben. Er wird eingebunden durch {\ttfamily \uline{curses.textpad.Textbox(Fenster)}} und beinhaltet eine Methode {\ttfamily \uline{edit()}}, um Text entgegenzunehmen. Diese Methode kann mit einem Validator zum Filtern von Tastendrücken versehen werden. Das folgende Programm demonstriert, wie man diesen Editor einbindet und den eingegebenen Text in einem anderen Fenster darstellt. Beendet wird der Editor mit \LaTeXTTUlineTemplate{STRG+G}. Dann wird im anderen Fenster der eingegebene Text dargestellt, das Programm kann anschließend mit einem Tastendruck beendet werden.


\begin{Shaded}
\begin{Highlighting}[]

\CommentTok{#!/usr/bin/python}\newline
\CommentTok{#\ensuremath{\text{ }}-*-\ensuremath{\text{ }}coding:\ensuremath{\text{ }}utf-8\ensuremath{\text{ }}-*-}\newline
\ensuremath{\text{ }}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{curses}\newline
\CharTok{import}\ensuremath{\text{ }}\NormalTok{curses.textpad}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Initialisieren}\newline
\NormalTok{stdscr\ensuremath{\text{ }}=\ensuremath{\text{ }}curses.initscr()}\newline
\NormalTok{curses.noecho()}\newline
\NormalTok{curses.cbreak()}\newline
\NormalTok{stdscr.keypad(}\DecValTok{1}\NormalTok{)}\newline
\NormalTok{curses.start_color()}\newline
\NormalTok{curses.init_pair(}\DecValTok{1}\NormalTok{,\ensuremath{\text{ }}curses.COLOR_GREEN,\ensuremath{\text{ }}curses.COLOR_BLUE)}\newline
\NormalTok{curses.init_pair(}\DecValTok{2}\NormalTok{,\ensuremath{\text{ }}curses.COLOR_YELLOW,\ensuremath{\text{ }}curses.COLOR_BLACK)}\newline
\NormalTok{stdscr.bkgd(curses.color_pair(}\DecValTok{1}\NormalTok{))}\newline
\NormalTok{stdscr.refresh()}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Edit-Fenster}\newline
\NormalTok{win1\ensuremath{\text{ }}=\ensuremath{\text{ }}curses.newwin(}\DecValTok{20}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{40}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{10}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{5}\NormalTok{)}\newline
\NormalTok{win1.bkgd(curses.color_pair(}\DecValTok{2}\NormalTok{))}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Darstellungsfenster}\newline
\NormalTok{win2\ensuremath{\text{ }}=\ensuremath{\text{ }}curses.newwin(}\DecValTok{20}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{40}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{10}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{50}\NormalTok{)}\newline
\NormalTok{win2.bkgd(curses.color_pair(}\DecValTok{2}\NormalTok{))}\newline
\NormalTok{win2.refresh()}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Textbox}\newline
\NormalTok{textbox\ensuremath{\text{ }}=\ensuremath{\text{ }}curses.textpad.Textbox(win1)}\newline
\NormalTok{text\ensuremath{\text{ }}=\ensuremath{\text{ }}textbox.edit()}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Text\ensuremath{\text{ }}übernehmen}\newline
\NormalTok{win2.addstr(}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}}\DecValTok{0}\NormalTok{,\ensuremath{\text{ }}text)}\newline
\NormalTok{win2.refresh()}\newline
\ensuremath{\text{ }}\newline
\CommentTok{#\ensuremath{\text{ }}Ende}\newline
\NormalTok{c\ensuremath{\text{ }}=\ensuremath{\text{ }}stdscr.getch()}\newline
\NormalTok{curses.nocbreak()}\newline
\NormalTok{stdscr.keypad(}\DecValTok{0}\NormalTok{)}\newline
\NormalTok{curses.echo()}\newline
\NormalTok{curses.endwin()}\newline
\end{Highlighting}
\end{Shaded}

\section{Zusammenfassung}
\label{205}
Sie haben in diesem Kapitel einen groben Überblick über einige ausgewählte Fähigkeiten von {\itshape Curses} erhalten. {\itshape Curses} selbst kann nur sehr einfache Dinge, wie Rechtecke als Fenster verwalten und auf Tastendrücke reagieren. Dafür sind mit {\itshape Curses} geschriebene Oberflächen schneller als grafische, was aber auch kein Kunststück ist. Als Ausblick können wir Ihnen das Modul \myhref{http://excess.org/urwid/}{ UrWid} nennen, welches ein recht vollständiges TUI-{}Toolkit darstellt und auf {\itshape Curses} basiert.

\chapter{Weiterführende Informationen}

\myminitoc
\label{206}





\label{207}
Bitte bis auf begründbare Ausnahmen nicht mehr als {\bfseries 2} Links pro Thema. Dies soll keine Linksammlung werden, sondern das Buch sinnvoll ergänzen. Vorhandene Wikibücher sollen am Anfang der Kapitel oder in der Projektbeschreibung stehen. Bessere Verweise sollen weniger aussagekräftige Links ablösen.
\section{Einführung, erste Schritte}
\label{208}
(Allgemeine Einführungen)
\begin{myitemize}
\item{}  \myhref{http://diveintopython.org/toc/index.html}{ http://diveintopython.org/toc/index.html} englisch, Beispiele
\end{myitemize}

\section{Module}
\label{209}
(Mitgelieferte Module)
\begin{myitemize}
\item{}  \myhref{http://docs.python.org/modindex.html}{ http://docs.python.org/modindex.html} Liste von Modulen, englisch, Beispiele
\end{myitemize}

\section{Dateien, I/O}
\label{210}
\begin{myitemize}
\item{}  \myhref{http://www.johnny-lin.com/cdat_tips/tips_fileio/bin_array.html}{ http://www.johnny-{}lin.com/cdat_tips/tips_fileio/bin_array.html} englisch, einlesen eines Arrays
\item{}  \myhref{http://www.freenetpages.co.uk/hp/alan.gauld/tutfiles.htm}{ http://www.freenetpages.co.uk/hp/alan.gauld/tutfiles.htm} englisch, Dateibehandlung
\end{myitemize}

\section{XML}
\label{211}
\begin{myitemize}
\item{}  \myhref{http://codespeak.net/lxml/}{ http://codespeak.net/lxml/} Python-{}Implementation von \myhref{http://xmlsoft.org/}{ libXML2}, englisch, Beispiele
\end{myitemize}


\section{Datenbanken}
\label{212}
\begin{myitemize}
\item{}  \myhref{http://wiki.python.org/moin/MySQL}{ http://wiki.python.org/moin/MySQL} -{} Linksammlung, englisch
\item{}  \myhref{http://wiki.python.org/moin/PostgreSQL}{ http://wiki.python.org/moin/PostgreSQL} -{} Linksammlung, englisch
\end{myitemize}

\section{PyGame}
\label{213}
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\chapter{Licenses}
\label{Licenses}
{\tiny
\section {GNU GENERAL PUBLIC LICENSE}
\begin{multicols}{4}

Version 3, 29 June 2007

Copyright © 2007 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.
Preamble

The GNU General Public License is a free, copyleft license for software and other kinds of works.

The licenses for most software and other practical works are designed to take away your freedom to share and change the works. By contrast, the GNU General Public License is intended to guarantee your freedom to share and change all versions of a program--to make sure it remains free software for all its users. We, the Free Software Foundation, use the GNU General Public License for most of our software; it applies also to any other work released this way by its authors. You can apply it to your programs, too.

When we speak of free software, we are referring to freedom, not price. Our General Public Licenses are designed to make sure that you have the freedom to distribute copies of free software (and charge for them if you wish), that you receive source code or can get it if you want it, that you can change the software or use pieces of it in new free programs, and that you know you can do these things.

To protect your rights, we need to prevent others from denying you these rights or asking you to surrender the rights. Therefore, you have certain responsibilities if you distribute copies of the software, or if you modify it: responsibilities to respect the freedom of others.

For example, if you distribute copies of such a program, whether gratis or for a fee, you must pass on to the recipients the same freedoms that you received. You must make sure that they, too, receive or can get the source code. And you must show them these terms so they know their rights.

Developers that use the GNU GPL protect your rights with two steps: (1) assert copyright on the software, and (2) offer you this License giving you legal permission to copy, distribute and/or modify it.

For the developers' and authors' protection, the GPL clearly explains that there is no warranty for this free software. For both users' and authors' sake, the GPL requires that modified versions be marked as changed, so that their problems will not be attributed erroneously to authors of previous versions.

Some devices are designed to deny users access to install or run modified versions of the software inside them, although the manufacturer can do so. This is fundamentally incompatible with the aim of protecting users' freedom to change the software. The systematic pattern of such abuse occurs in the area of products for individuals to use, which is precisely where it is most unacceptable. Therefore, we have designed this version of the GPL to prohibit the practice for those products. If such problems arise substantially in other domains, we stand ready to extend this provision to those domains in future versions of the GPL, as needed to protect the freedom of users.

Finally, every program is threatened constantly by software patents. States should not allow patents to restrict development and use of software on general-purpose computers, but in those that do, we wish to avoid the special danger that patents applied to a free program could make it effectively proprietary. To prevent this, the GPL assures that patents cannot be used to render the program non-free.

The precise terms and conditions for copying, distribution and modification follow.
TERMS AND CONDITIONS
0. Definitions.

“This License” refers to version 3 of the GNU General Public License.

“Copyright” also means copyright-like laws that apply to other kinds of works, such as semiconductor masks.

“The Program” refers to any copyrightable work licensed under this License. Each licensee is addressed as “you”. “Licensees” and “recipients” may be individuals or organizations.

To “modify” a work means to copy from or adapt all or part of the work in a fashion requiring copyright permission, other than the making of an exact copy. The resulting work is called a “modified version” of the earlier work or a work “based on” the earlier work.

A “covered work” means either the unmodified Program or a work based on the Program.

To “propagate” a work means to do anything with it that, without permission, would make you directly or secondarily liable for infringement under applicable copyright law, except executing it on a computer or modifying a private copy. Propagation includes copying, distribution (with or without modification), making available to the public, and in some countries other activities as well.

To “convey” a work means any kind of propagation that enables other parties to make or receive copies. Mere interaction with a user through a computer network, with no transfer of a copy, is not conveying.

An interactive user interface displays “Appropriate Legal Notices” to the extent that it includes a convenient and prominently visible feature that (1) displays an appropriate copyright notice, and (2) tells the user that there is no warranty for the work (except to the extent that warranties are provided), that licensees may convey the work under this License, and how to view a copy of this License. If the interface presents a list of user commands or options, such as a menu, a prominent item in the list meets this criterion.
1. Source Code.

The “source code” for a work means the preferred form of the work for making modifications to it. “Object code” means any non-source form of a work.

A “Standard Interface” means an interface that either is an official standard defined by a recognized standards body, or, in the case of interfaces specified for a particular programming language, one that is widely used among developers working in that language.

The “System Libraries” of an executable work include anything, other than the work as a whole, that (a) is included in the normal form of packaging a Major Component, but which is not part of that Major Component, and (b) serves only to enable use of the work with that Major Component, or to implement a Standard Interface for which an implementation is available to the public in source code form. A “Major Component”, in this context, means a major essential component (kernel, window system, and so on) of the specific operating system (if any) on which the executable work runs, or a compiler used to produce the work, or an object code interpreter used to run it.

The “Corresponding Source” for a work in object code form means all the source code needed to generate, install, and (for an executable work) run the object code and to modify the work, including scripts to control those activities. However, it does not include the work's System Libraries, or general-purpose tools or generally available free programs which are used unmodified in performing those activities but which are not part of the work. For example, Corresponding Source includes interface definition files associated with source files for the work, and the source code for shared libraries and dynamically linked subprograms that the work is specifically designed to require, such as by intimate data communication or control flow between those subprograms and other parts of the work.

The Corresponding Source need not include anything that users can regenerate automatically from other parts of the Corresponding Source.

The Corresponding Source for a work in source code form is that same work.
2. Basic Permissions.

All rights granted under this License are granted for the term of copyright on the Program, and are irrevocable provided the stated conditions are met. This License explicitly affirms your unlimited permission to run the unmodified Program. The output from running a covered work is covered by this License only if the output, given its content, constitutes a covered work. This License acknowledges your rights of fair use or other equivalent, as provided by copyright law.

You may make, run and propagate covered works that you do not convey, without conditions so long as your license otherwise remains in force. You may convey covered works to others for the sole purpose of having them make modifications exclusively for you, or provide you with facilities for running those works, provided that you comply with the terms of this License in conveying all material for which you do not control copyright. Those thus making or running the covered works for you must do so exclusively on your behalf, under your direction and control, on terms that prohibit them from making any copies of your copyrighted material outside their relationship with you.

Conveying under any other circumstances is permitted solely under the conditions stated below. Sublicensing is not allowed; section 10 makes it unnecessary.
3. Protecting Users' Legal Rights From Anti-Circumvention Law.

No covered work shall be deemed part of an effective technological measure under any applicable law fulfilling obligations under article 11 of the WIPO copyright treaty adopted on 20 December 1996, or similar laws prohibiting or restricting circumvention of such measures.

When you convey a covered work, you waive any legal power to forbid circumvention of technological measures to the extent such circumvention is effected by exercising rights under this License with respect to the covered work, and you disclaim any intention to limit operation or modification of the work as a means of enforcing, against the work's users, your or third parties' legal rights to forbid circumvention of technological measures.
4. Conveying Verbatim Copies.

You may convey verbatim copies of the Program's source code as you receive it, in any medium, provided that you conspicuously and appropriately publish on each copy an appropriate copyright notice; keep intact all notices stating that this License and any non-permissive terms added in accord with section 7 apply to the code; keep intact all notices of the absence of any warranty; and give all recipients a copy of this License along with the Program.

You may charge any price or no price for each copy that you convey, and you may offer support or warranty protection for a fee.
5. Conveying Modified Source Versions.

You may convey a work based on the Program, or the modifications to produce it from the Program, in the form of source code under the terms of section 4, provided that you also meet all of these conditions:

    * a) The work must carry prominent notices stating that you modified it, and giving a relevant date.
    * b) The work must carry prominent notices stating that it is released under this License and any conditions added under section 7. This requirement modifies the requirement in section 4 to “keep intact all notices”.
    * c) You must license the entire work, as a whole, under this License to anyone who comes into possession of a copy. This License will therefore apply, along with any applicable section 7 additional terms, to the whole of the work, and all its parts, regardless of how they are packaged. This License gives no permission to license the work in any other way, but it does not invalidate such permission if you have separately received it.
    * d) If the work has interactive user interfaces, each must display Appropriate Legal Notices; however, if the Program has interactive interfaces that do not display Appropriate Legal Notices, your work need not make them do so.

A compilation of a covered work with other separate and independent works, which are not by their nature extensions of the covered work, and which are not combined with it such as to form a larger program, in or on a volume of a storage or distribution medium, is called an “aggregate” if the compilation and its resulting copyright are not used to limit the access or legal rights of the compilation's users beyond what the individual works permit. Inclusion of a covered work in an aggregate does not cause this License to apply to the other parts of the aggregate.
6. Conveying Non-Source Forms.

You may convey a covered work in object code form under the terms of sections 4 and 5, provided that you also convey the machine-readable Corresponding Source under the terms of this License, in one of these ways:

    * a) Convey the object code in, or embodied in, a physical product (including a physical distribution medium), accompanied by the Corresponding Source fixed on a durable physical medium customarily used for software interchange.
    * b) Convey the object code in, or embodied in, a physical product (including a physical distribution medium), accompanied by a written offer, valid for at least three years and valid for as long as you offer spare parts or customer support for that product model, to give anyone who possesses the object code either (1) a copy of the Corresponding Source for all the software in the product that is covered by this License, on a durable physical medium customarily used for software interchange, for a price no more than your reasonable cost of physically performing this conveying of source, or (2) access to copy the Corresponding Source from a network server at no charge.
    * c) Convey individual copies of the object code with a copy of the written offer to provide the Corresponding Source. This alternative is allowed only occasionally and noncommercially, and only if you received the object code with such an offer, in accord with subsection 6b.
    * d) Convey the object code by offering access from a designated place (gratis or for a charge), and offer equivalent access to the Corresponding Source in the same way through the same place at no further charge. You need not require recipients to copy the Corresponding Source along with the object code. If the place to copy the object code is a network server, the Corresponding Source may be on a different server (operated by you or a third party) that supports equivalent copying facilities, provided you maintain clear directions next to the object code saying where to find the Corresponding Source. Regardless of what server hosts the Corresponding Source, you remain obligated to ensure that it is available for as long as needed to satisfy these requirements.
    * e) Convey the object code using peer-to-peer transmission, provided you inform other peers where the object code and Corresponding Source of the work are being offered to the general public at no charge under subsection 6d.

A separable portion of the object code, whose source code is excluded from the Corresponding Source as a System Library, need not be included in conveying the object code work.

A “User Product” is either (1) a “consumer product”, which means any tangible personal property which is normally used for personal, family, or household purposes, or (2) anything designed or sold for incorporation into a dwelling. In determining whether a product is a consumer product, doubtful cases shall be resolved in favor of coverage. For a particular product received by a particular user, “normally used” refers to a typical or common use of that class of product, regardless of the status of the particular user or of the way in which the particular user actually uses, or expects or is expected to use, the product. A product is a consumer product regardless of whether the product has substantial commercial, industrial or non-consumer uses, unless such uses represent the only significant mode of use of the product.

“Installation Information” for a User Product means any methods, procedures, authorization keys, or other information required to install and execute modified versions of a covered work in that User Product from a modified version of its Corresponding Source. The information must suffice to ensure that the continued functioning of the modified object code is in no case prevented or interfered with solely because modification has been made.

If you convey an object code work under this section in, or with, or specifically for use in, a User Product, and the conveying occurs as part of a transaction in which the right of possession and use of the User Product is transferred to the recipient in perpetuity or for a fixed term (regardless of how the transaction is characterized), the Corresponding Source conveyed under this section must be accompanied by the Installation Information. But this requirement does not apply if neither you nor any third party retains the ability to install modified object code on the User Product (for example, the work has been installed in ROM).

The requirement to provide Installation Information does not include a requirement to continue to provide support service, warranty, or updates for a work that has been modified or installed by the recipient, or for the User Product in which it has been modified or installed. Access to a network may be denied when the modification itself materially and adversely affects the operation of the network or violates the rules and protocols for communication across the network.

Corresponding Source conveyed, and Installation Information provided, in accord with this section must be in a format that is publicly documented (and with an implementation available to the public in source code form), and must require no special password or key for unpacking, reading or copying.
7. Additional Terms.

“Additional permissions” are terms that supplement the terms of this License by making exceptions from one or more of its conditions. Additional permissions that are applicable to the entire Program shall be treated as though they were included in this License, to the extent that they are valid under applicable law. If additional permissions apply only to part of the Program, that part may be used separately under those permissions, but the entire Program remains governed by this License without regard to the additional permissions.

When you convey a copy of a covered work, you may at your option remove any additional permissions from that copy, or from any part of it. (Additional permissions may be written to require their own removal in certain cases when you modify the work.) You may place additional permissions on material, added by you to a covered work, for which you have or can give appropriate copyright permission.

Notwithstanding any other provision of this License, for material you add to a covered work, you may (if authorized by the copyright holders of that material) supplement the terms of this License with terms:

    * a) Disclaiming warranty or limiting liability differently from the terms of sections 15 and 16 of this License; or
    * b) Requiring preservation of specified reasonable legal notices or author attributions in that material or in the Appropriate Legal Notices displayed by works containing it; or
    * c) Prohibiting misrepresentation of the origin of that material, or requiring that modified versions of such material be marked in reasonable ways as different from the original version; or
    * d) Limiting the use for publicity purposes of names of licensors or authors of the material; or
    * e) Declining to grant rights under trademark law for use of some trade names, trademarks, or service marks; or
    * f) Requiring indemnification of licensors and authors of that material by anyone who conveys the material (or modified versions of it) with contractual assumptions of liability to the recipient, for any liability that these contractual assumptions directly impose on those licensors and authors.

All other non-permissive additional terms are considered “further restrictions” within the meaning of section 10. If the Program as you received it, or any part of it, contains a notice stating that it is governed by this License along with a term that is a further restriction, you may remove that term. If a license document contains a further restriction but permits relicensing or conveying under this License, you may add to a covered work material governed by the terms of that license document, provided that the further restriction does not survive such relicensing or conveying.

If you add terms to a covered work in accord with this section, you must place, in the relevant source files, a statement of the additional terms that apply to those files, or a notice indicating where to find the applicable terms.

Additional terms, permissive or non-permissive, may be stated in the form of a separately written license, or stated as exceptions; the above requirements apply either way.
8. Termination.

You may not propagate or modify a covered work except as expressly provided under this License. Any attempt otherwise to propagate or modify it is void, and will automatically terminate your rights under this License (including any patent licenses granted under the third paragraph of section 11).

However, if you cease all violation of this License, then your license from a particular copyright holder is reinstated (a) provisionally, unless and until the copyright holder explicitly and finally terminates your license, and (b) permanently, if the copyright holder fails to notify you of the violation by some reasonable means prior to 60 days after the cessation.

Moreover, your license from a particular copyright holder is reinstated permanently if the copyright holder notifies you of the violation by some reasonable means, this is the first time you have received notice of violation of this License (for any work) from that copyright holder, and you cure the violation prior to 30 days after your receipt of the notice.

Termination of your rights under this section does not terminate the licenses of parties who have received copies or rights from you under this License. If your rights have been terminated and not permanently reinstated, you do not qualify to receive new licenses for the same material under section 10.
9. Acceptance Not Required for Having Copies.

You are not required to accept this License in order to receive or run a copy of the Program. Ancillary propagation of a covered work occurring solely as a consequence of using peer-to-peer transmission to receive a copy likewise does not require acceptance. However, nothing other than this License grants you permission to propagate or modify any covered work. These actions infringe copyright if you do not accept this License. Therefore, by modifying or propagating a covered work, you indicate your acceptance of this License to do so.
10. Automatic Licensing of Downstream Recipients.

Each time you convey a covered work, the recipient automatically receives a license from the original licensors, to run, modify and propagate that work, subject to this License. You are not responsible for enforcing compliance by third parties with this License.

An “entity transaction” is a transaction transferring control of an organization, or substantially all assets of one, or subdividing an organization, or merging organizations. If propagation of a covered work results from an entity transaction, each party to that transaction who receives a copy of the work also receives whatever licenses to the work the party's predecessor in interest had or could give under the previous paragraph, plus a right to possession of the Corresponding Source of the work from the predecessor in interest, if the predecessor has it or can get it with reasonable efforts.

You may not impose any further restrictions on the exercise of the rights granted or affirmed under this License. For example, you may not impose a license fee, royalty, or other charge for exercise of rights granted under this License, and you may not initiate litigation (including a cross-claim or counterclaim in a lawsuit) alleging that any patent claim is infringed by making, using, selling, offering for sale, or importing the Program or any portion of it.
11. Patents.

A “contributor” is a copyright holder who authorizes use under this License of the Program or a work on which the Program is based. The work thus licensed is called the contributor's “contributor version”.

A contributor's “essential patent claims” are all patent claims owned or controlled by the contributor, whether already acquired or hereafter acquired, that would be infringed by some manner, permitted by this License, of making, using, or selling its contributor version, but do not include claims that would be infringed only as a consequence of further modification of the contributor version. For purposes of this definition, “control” includes the right to grant patent sublicenses in a manner consistent with the requirements of this License.

Each contributor grants you a non-exclusive, worldwide, royalty-free patent license under the contributor's essential patent claims, to make, use, sell, offer for sale, import and otherwise run, modify and propagate the contents of its contributor version.

In the following three paragraphs, a “patent license” is any express agreement or commitment, however denominated, not to enforce a patent (such as an express permission to practice a patent or covenant not to sue for patent infringement). To “grant” such a patent license to a party means to make such an agreement or commitment not to enforce a patent against the party.

If you convey a covered work, knowingly relying on a patent license, and the Corresponding Source of the work is not available for anyone to copy, free of charge and under the terms of this License, through a publicly available network server or other readily accessible means, then you must either (1) cause the Corresponding Source to be so available, or (2) arrange to deprive yourself of the benefit of the patent license for this particular work, or (3) arrange, in a manner consistent with the requirements of this License, to extend the patent license to downstream recipients. “Knowingly relying” means you have actual knowledge that, but for the patent license, your conveying the covered work in a country, or your recipient's use of the covered work in a country, would infringe one or more identifiable patents in that country that you have reason to believe are valid.

If, pursuant to or in connection with a single transaction or arrangement, you convey, or propagate by procuring conveyance of, a covered work, and grant a patent license to some of the parties receiving the covered work authorizing them to use, propagate, modify or convey a specific copy of the covered work, then the patent license you grant is automatically extended to all recipients of the covered work and works based on it.

A patent license is “discriminatory” if it does not include within the scope of its coverage, prohibits the exercise of, or is conditioned on the non-exercise of one or more of the rights that are specifically granted under this License. You may not convey a covered work if you are a party to an arrangement with a third party that is in the business of distributing software, under which you make payment to the third party based on the extent of your activity of conveying the work, and under which the third party grants, to any of the parties who would receive the covered work from you, a discriminatory patent license (a) in connection with copies of the covered work conveyed by you (or copies made from those copies), or (b) primarily for and in connection with specific products or compilations that contain the covered work, unless you entered into that arrangement, or that patent license was granted, prior to 28 March 2007.

Nothing in this License shall be construed as excluding or limiting any implied license or other defenses to infringement that may otherwise be available to you under applicable patent law.
12. No Surrender of Others' Freedom.

If conditions are imposed on you (whether by court order, agreement or otherwise) that contradict the conditions of this License, they do not excuse you from the conditions of this License. If you cannot convey a covered work so as to satisfy simultaneously your obligations under this License and any other pertinent obligations, then as a consequence you may not convey it at all. For example, if you agree to terms that obligate you to collect a royalty for further conveying from those to whom you convey the Program, the only way you could satisfy both those terms and this License would be to refrain entirely from conveying the Program.
13. Use with the GNU Affero General Public License.

Notwithstanding any other provision of this License, you have permission to link or combine any covered work with a work licensed under version 3 of the GNU Affero General Public License into a single combined work, and to convey the resulting work. The terms of this License will continue to apply to the part which is the covered work, but the special requirements of the GNU Affero General Public License, section 13, concerning interaction through a network will apply to the combination as such.
14. Revised Versions of this License.

The Free Software Foundation may publish revised and/or new versions of the GNU General Public License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Program specifies that a certain numbered version of the GNU General Public License “or any later version” applies to it, you have the option of following the terms and conditions either of that numbered version or of any later version published by the Free Software Foundation. If the Program does not specify a version number of the GNU General Public License, you may choose any version ever published by the Free Software Foundation.

If the Program specifies that a proxy can decide which future versions of the GNU General Public License can be used, that proxy's public statement of acceptance of a version permanently authorizes you to choose that version for the Program.

Later license versions may give you additional or different permissions. However, no additional obligations are imposed on any author or copyright holder as a result of your choosing to follow a later version.
15. Disclaimer of Warranty.

THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM “AS IS” WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION.
16. Limitation of Liability.

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS), EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.
17. Interpretation of Sections 15 and 16.

If the disclaimer of warranty and limitation of liability provided above cannot be given local legal effect according to their terms, reviewing courts shall apply local law that most closely approximates an absolute waiver of all civil liability in connection with the Program, unless a warranty or assumption of liability accompanies a copy of the Program in return for a fee.

END OF TERMS AND CONDITIONS
How to Apply These Terms to Your New Programs

If you develop a new program, and you want it to be of the greatest possible use to the public, the best way to achieve this is to make it free software which everyone can redistribute and change under these terms.

To do so, attach the following notices to the program. It is safest to attach them to the start of each source file to most effectively state the exclusion of warranty; and each file should have at least the “copyright” line and a pointer to where the full notice is found.

    <one line to give the program's name and a brief idea of what it does.>
    Copyright (C) <year>  <name of author>

    This program is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    This program is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with this program.  If not, see <http://www.gnu.org/licenses/>.

Also add information on how to contact you by electronic and paper mail.

If the program does terminal interaction, make it output a short notice like this when it starts in an interactive mode:

    <program>  Copyright (C) <year>  <name of author>
    This program comes with ABSOLUTELY NO WARRANTY; for details type `show w'.
    This is free software, and you are welcome to redistribute it
    under certain conditions; type `show c' for details.

The hypothetical commands `show w' and `show c' should show the appropriate parts of the General Public License. Of course, your program's commands might be different; for a GUI interface, you would use an “about box”.

You should also get your employer (if you work as a programmer) or school, if any, to sign a “copyright disclaimer” for the program, if necessary. For more information on this, and how to apply and follow the GNU GPL, see <http://www.gnu.org/licenses/>.

The GNU General Public License does not permit incorporating your program into proprietary programs. If your program is a subroutine library, you may consider it more useful to permit linking proprietary applications with the library. If this is what you want to do, use the GNU Lesser General Public License instead of this License. But first, please read <http://www.gnu.org/philosophy/why-not-lgpl.html>.
\end{multicols}

\section{GNU Free Documentation License}
\begin{multicols}{4}

Version 1.3, 3 November 2008

Copyright © 2000, 2001, 2002, 2007, 2008 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.
0. PREAMBLE

The purpose of this License is to make a manual, textbook, or other functional and useful document "free" in the sense of freedom: to assure everyone the effective freedom to copy and redistribute it, with or without modifying it, either commercially or noncommercially. Secondarily, this License preserves for the author and publisher a way to get credit for their work, while not being considered responsible for modifications made by others.

This License is a kind of "copyleft", which means that derivative works of the document must themselves be free in the same sense. It complements the GNU General Public License, which is a copyleft license designed for free software.

We have designed this License in order to use it for manuals for free software, because free software needs free documentation: a free program should come with manuals providing the same freedoms that the software does. But this License is not limited to software manuals; it can be used for any textual work, regardless of subject matter or whether it is published as a printed book. We recommend this License principally for works whose purpose is instruction or reference.
1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a notice placed by the copyright holder saying it can be distributed under the terms of this License. Such a notice grants a world-wide, royalty-free license, unlimited in duration, to use that work under the conditions stated herein. The "Document", below, refers to any such manual or work. Any member of the public is a licensee, and is addressed as "you". You accept the license if you copy, modify or distribute the work in a way requiring permission under copyright law.

A "Modified Version" of the Document means any work containing the Document or a portion of it, either copied verbatim, or with modifications and/or translated into another language.

A "Secondary Section" is a named appendix or a front-matter section of the Document that deals exclusively with the relationship of the publishers or authors of the Document to the Document's overall subject (or to related matters) and contains nothing that could fall directly within that overall subject. (Thus, if the Document is in part a textbook of mathematics, a Secondary Section may not explain any mathematics.) The relationship could be a matter of historical connection with the subject or with related matters, or of legal, commercial, philosophical, ethical or political position regarding them.

The "Invariant Sections" are certain Secondary Sections whose titles are designated, as being those of Invariant Sections, in the notice that says that the Document is released under this License. If a section does not fit the above definition of Secondary then it is not allowed to be designated as Invariant. The Document may contain zero Invariant Sections. If the Document does not identify any Invariant Sections then there are none.

The "Cover Texts" are certain short passages of text that are listed, as Front-Cover Texts or Back-Cover Texts, in the notice that says that the Document is released under this License. A Front-Cover Text may be at most 5 words, and a Back-Cover Text may be at most 25 words.

A "Transparent" copy of the Document means a machine-readable copy, represented in a format whose specification is available to the general public, that is suitable for revising the document straightforwardly with generic text editors or (for images composed of pixels) generic paint programs or (for drawings) some widely available drawing editor, and that is suitable for input to text formatters or for automatic translation to a variety of formats suitable for input to text formatters. A copy made in an otherwise Transparent file format whose markup, or absence of markup, has been arranged to thwart or discourage subsequent modification by readers is not Transparent. An image format is not Transparent if used for any substantial amount of text. A copy that is not "Transparent" is called "Opaque".

Examples of suitable formats for Transparent copies include plain ASCII without markup, Texinfo input format, LaTeX input format, SGML or XML using a publicly available DTD, and standard-conforming simple HTML, PostScript or PDF designed for human modification. Examples of transparent image formats include PNG, XCF and JPG. Opaque formats include proprietary formats that can be read and edited only by proprietary word processors, SGML or XML for which the DTD and/or processing tools are not generally available, and the machine-generated HTML, PostScript or PDF produced by some word processors for output purposes only.

The "Title Page" means, for a printed book, the title page itself, plus such following pages as are needed to hold, legibly, the material this License requires to appear in the title page. For works in formats which do not have any title page as such, "Title Page" means the text near the most prominent appearance of the work's title, preceding the beginning of the body of the text.

The "publisher" means any person or entity that distributes copies of the Document to the public.

A section "Entitled XYZ" means a named subunit of the Document whose title either is precisely XYZ or contains XYZ in parentheses following text that translates XYZ in another language. (Here XYZ stands for a specific section name mentioned below, such as "Acknowledgements", "Dedications", "Endorsements", or "History".) To "Preserve the Title" of such a section when you modify the Document means that it remains a section "Entitled XYZ" according to this definition.

The Document may include Warranty Disclaimers next to the notice which states that this License applies to the Document. These Warranty Disclaimers are considered to be included by reference in this License, but only as regards disclaiming warranties: any other implication that these Warranty Disclaimers may have is void and has no effect on the meaning of this License.
2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or noncommercially, provided that this License, the copyright notices, and the license notice saying this License applies to the Document are reproduced in all copies, and that you add no other conditions whatsoever to those of this License. You may not use technical measures to obstruct or control the reading or further copying of the copies you make or distribute. However, you may accept compensation in exchange for copies. If you distribute a large enough number of copies you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you may publicly display copies.
3. COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed covers) of the Document, numbering more than 100, and the Document's license notice requires Cover Texts, you must enclose the copies in covers that carry, clearly and legibly, all these Cover Texts: Front-Cover Texts on the front cover, and Back-Cover Texts on the back cover. Both covers must also clearly and legibly identify you as the publisher of these copies. The front cover must present the full title with all words of the title equally prominent and visible. You may add other material on the covers in addition. Copying with changes limited to the covers, as long as they preserve the title of the Document and satisfy these conditions, can be treated as verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the first ones listed (as many as fit reasonably) on the actual cover, and continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more than 100, you must either include a machine-readable Transparent copy along with each Opaque copy, or state in or with each Opaque copy a computer-network location from which the general network-using public has access to download using public-standard network protocols a complete Transparent copy of the Document, free of added material. If you use the latter option, you must take reasonably prudent steps, when you begin distribution of Opaque copies in quantity, to ensure that this Transparent copy will remain thus accessible at the stated location until at least one year after the last time you distribute an Opaque copy (directly or through your agents or retailers) of that edition to the public.

It is requested, but not required, that you contact the authors of the Document well before redistributing any large number of copies, to give them a chance to provide you with an updated version of the Document.
4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions of sections 2 and 3 above, provided that you release the Modified Version under precisely this License, with the Modified Version filling the role of the Document, thus licensing distribution and modification of the Modified Version to whoever possesses a copy of it. In addition, you must do these things in the Modified Version:

    * A. Use in the Title Page (and on the covers, if any) a title distinct from that of the Document, and from those of previous versions (which should, if there were any, be listed in the History section of the Document). You may use the same title as a previous version if the original publisher of that version gives permission.
    * B. List on the Title Page, as authors, one or more persons or entities responsible for authorship of the modifications in the Modified Version, together with at least five of the principal authors of the Document (all of its principal authors, if it has fewer than five), unless they release you from this requirement.
    * C. State on the Title page the name of the publisher of the Modified Version, as the publisher.
    * D. Preserve all the copyright notices of the Document.
    * E. Add an appropriate copyright notice for your modifications adjacent to the other copyright notices.
    * F. Include, immediately after the copyright notices, a license notice giving the public permission to use the Modified Version under the terms of this License, in the form shown in the Addendum below.
    * G. Preserve in that license notice the full lists of Invariant Sections and required Cover Texts given in the Document's license notice.
    * H. Include an unaltered copy of this License.
    * I. Preserve the section Entitled "History", Preserve its Title, and add to it an item stating at least the title, year, new authors, and publisher of the Modified Version as given on the Title Page. If there is no section Entitled "History" in the Document, create one stating the title, year, authors, and publisher of the Document as given on its Title Page, then add an item describing the Modified Version as stated in the previous sentence.
    * J. Preserve the network location, if any, given in the Document for public access to a Transparent copy of the Document, and likewise the network locations given in the Document for previous versions it was based on. These may be placed in the "History" section. You may omit a network location for a work that was published at least four years before the Document itself, or if the original publisher of the version it refers to gives permission.
    * K. For any section Entitled "Acknowledgements" or "Dedications", Preserve the Title of the section, and preserve in the section all the substance and tone of each of the contributor acknowledgements and/or dedications given therein.
    * L. Preserve all the Invariant Sections of the Document, unaltered in their text and in their titles. Section numbers or the equivalent are not considered part of the section titles.
    * M. Delete any section Entitled "Endorsements". Such a section may not be included in the Modified Version.
    * N. Do not retitle any existing section to be Entitled "Endorsements" or to conflict in title with any Invariant Section.
    * O. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices that qualify as Secondary Sections and contain no material copied from the Document, you may at your option designate some or all of these sections as invariant. To do this, add their titles to the list of Invariant Sections in the Modified Version's license notice. These titles must be distinct from any other section titles.

You may add a section Entitled "Endorsements", provided it contains nothing but endorsements of your Modified Version by various parties—for example, statements of peer review or that the text has been approved by an organization as the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage of up to 25 words as a Back-Cover Text, to the end of the list of Cover Texts in the Modified Version. Only one passage of Front-Cover Text and one of Back-Cover Text may be added by (or through arrangements made by) any one entity. If the Document already includes a cover text for the same cover, previously added by you or by arrangement made by the same entity you are acting on behalf of, you may not add another; but you may replace the old one, on explicit permission from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give permission to use their names for publicity for or to assert or imply endorsement of any Modified Version.
5. COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under the terms defined in section 4 above for modified versions, provided that you include in the combination all of the Invariant Sections of all of the original documents, unmodified, and list them all as Invariant Sections of your combined work in its license notice, and that you preserve all their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical Invariant Sections may be replaced with a single copy. If there are multiple Invariant Sections with the same name but different contents, make the title of each such section unique by adding at the end of it, in parentheses, the name of the original author or publisher of that section if known, or else a unique number. Make the same adjustment to the section titles in the list of Invariant Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled "History" in the various original documents, forming one section Entitled "History"; likewise combine any sections Entitled "Acknowledgements", and any sections Entitled "Dedications". You must delete all sections Entitled "Endorsements".
6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released under this License, and replace the individual copies of this License in the various documents with a single copy that is included in the collection, provided that you follow the rules of this License for verbatim copying of each of the documents in all other respects.

You may extract a single document from such a collection, and distribute it individually under this License, provided you insert a copy of this License into the extracted document, and follow this License in all other respects regarding verbatim copying of that document.
7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent documents or works, in or on a volume of a storage or distribution medium, is called an "aggregate" if the copyright resulting from the compilation is not used to limit the legal rights of the compilation's users beyond what the individual works permit. When the Document is included in an aggregate, this License does not apply to the other works in the aggregate which are not themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the Document, then if the Document is less than one half of the entire aggregate, the Document's Cover Texts may be placed on covers that bracket the Document within the aggregate, or the electronic equivalent of covers if the Document is in electronic form. Otherwise they must appear on printed covers that bracket the whole aggregate.
8. TRANSLATION

Translation is considered a kind of modification, so you may distribute translations of the Document under the terms of section 4. Replacing Invariant Sections with translations requires special permission from their copyright holders, but you may include translations of some or all Invariant Sections in addition to the original versions of these Invariant Sections. You may include a translation of this License, and all the license notices in the Document, and any Warranty Disclaimers, provided that you also include the original English version of this License and the original versions of those notices and disclaimers. In case of a disagreement between the translation and the original version of this License or a notice or disclaimer, the original version will prevail.

If a section in the Document is Entitled "Acknowledgements", "Dedications", or "History", the requirement (section 4) to Preserve its Title (section 1) will typically require changing the actual title.
9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly provided under this License. Any attempt otherwise to copy, modify, sublicense, or distribute it is void, and will automatically terminate your rights under this License.

However, if you cease all violation of this License, then your license from a particular copyright holder is reinstated (a) provisionally, unless and until the copyright holder explicitly and finally terminates your license, and (b) permanently, if the copyright holder fails to notify you of the violation by some reasonable means prior to 60 days after the cessation.

Moreover, your license from a particular copyright holder is reinstated permanently if the copyright holder notifies you of the violation by some reasonable means, this is the first time you have received notice of violation of this License (for any work) from that copyright holder, and you cure the violation prior to 30 days after your receipt of the notice.

Termination of your rights under this section does not terminate the licenses of parties who have received copies or rights from you under this License. If your rights have been terminated and not permanently reinstated, receipt of a copy of some or all of the same material does not give you any rights to use it.
10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns. See http://www.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number. If the Document specifies that a particular numbered version of this License "or any later version" applies to it, you have the option of following the terms and conditions either of that specified version or of any later version that has been published (not as a draft) by the Free Software Foundation. If the Document does not specify a version number of this License, you may choose any version ever published (not as a draft) by the Free Software Foundation. If the Document specifies that a proxy can decide which future versions of this License can be used, that proxy's public statement of acceptance of a version permanently authorizes you to choose that version for the Document.
11. RELICENSING

"Massive Multiauthor Collaboration Site" (or "MMC Site") means any World Wide Web server that publishes copyrightable works and also provides prominent facilities for anybody to edit those works. A public wiki that anybody can edit is an example of such a server. A "Massive Multiauthor Collaboration" (or "MMC") contained in the site means any set of copyrightable works thus published on the MMC site.

"CC-BY-SA" means the Creative Commons Attribution-Share Alike 3.0 license published by Creative Commons Corporation, a not-for-profit corporation with a principal place of business in San Francisco, California, as well as future copyleft versions of that license published by that same organization.

"Incorporate" means to publish or republish a Document, in whole or in part, as part of another Document.

An MMC is "eligible for relicensing" if it is licensed under this License, and if all works that were first published under this License somewhere other than this MMC, and subsequently incorporated in whole or in part into the MMC, (1) had no cover texts or invariant sections, and (2) were thus incorporated prior to November 1, 2008.

The operator of an MMC Site may republish an MMC contained in the site under CC-BY-SA on the same site at any time before August 1, 2009, provided the MMC is eligible for relicensing.
ADDENDUM: How to use this License for your documents

To use this License in a document you have written, include a copy of the License in the document and put the following copyright and license notices just after the title page:

    Copyright (C)  YEAR  YOUR NAME.
    Permission is granted to copy, distribute and/or modify this document
    under the terms of the GNU Free Documentation License, Version 1.3
    or any later version published by the Free Software Foundation;
    with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts.
    A copy of the license is included in the section entitled "GNU
    Free Documentation License".

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the "with … Texts." line with this:

    with the Invariant Sections being LIST THEIR TITLES, with the
    Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other combination of the three, merge those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend releasing these examples in parallel under your choice of free software license, such as the GNU General Public License, to permit their use in free software.
\end{multicols}

\section{GNU Lesser General Public License}
\begin{multicols}{4}


GNU LESSER GENERAL PUBLIC LICENSE

Version 3, 29 June 2007

Copyright © 2007 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.

This version of the GNU Lesser General Public License incorporates the terms and conditions of version 3 of the GNU General Public License, supplemented by the additional permissions listed below.
0. Additional Definitions.

As used herein, “this License” refers to version 3 of the GNU Lesser General Public License, and the “GNU GPL” refers to version 3 of the GNU General Public License.

“The Library” refers to a covered work governed by this License, other than an Application or a Combined Work as defined below.

An “Application” is any work that makes use of an interface provided by the Library, but which is not otherwise based on the Library. Defining a subclass of a class defined by the Library is deemed a mode of using an interface provided by the Library.

A “Combined Work” is a work produced by combining or linking an Application with the Library. The particular version of the Library with which the Combined Work was made is also called the “Linked Version”.

The “Minimal Corresponding Source” for a Combined Work means the Corresponding Source for the Combined Work, excluding any source code for portions of the Combined Work that, considered in isolation, are based on the Application, and not on the Linked Version.

The “Corresponding Application Code” for a Combined Work means the object code and/or source code for the Application, including any data and utility programs needed for reproducing the Combined Work from the Application, but excluding the System Libraries of the Combined Work.
1. Exception to Section 3 of the GNU GPL.

You may convey a covered work under sections 3 and 4 of this License without being bound by section 3 of the GNU GPL.
2. Conveying Modified Versions.

If you modify a copy of the Library, and, in your modifications, a facility refers to a function or data to be supplied by an Application that uses the facility (other than as an argument passed when the facility is invoked), then you may convey a copy of the modified version:

    * a) under this License, provided that you make a good faith effort to ensure that, in the event an Application does not supply the function or data, the facility still operates, and performs whatever part of its purpose remains meaningful, or
    * b) under the GNU GPL, with none of the additional permissions of this License applicable to that copy.

3. Object Code Incorporating Material from Library Header Files.

The object code form of an Application may incorporate material from a header file that is part of the Library. You may convey such object code under terms of your choice, provided that, if the incorporated material is not limited to numerical parameters, data structure layouts and accessors, or small macros, inline functions and templates (ten or fewer lines in length), you do both of the following:

    * a) Give prominent notice with each copy of the object code that the Library is used in it and that the Library and its use are covered by this License.
    * b) Accompany the object code with a copy of the GNU GPL and this license document.

4. Combined Works.

You may convey a Combined Work under terms of your choice that, taken together, effectively do not restrict modification of the portions of the Library contained in the Combined Work and reverse engineering for debugging such modifications, if you also do each of the following:

    * a) Give prominent notice with each copy of the Combined Work that the Library is used in it and that the Library and its use are covered by this License.
    * b) Accompany the Combined Work with a copy of the GNU GPL and this license document.
    * c) For a Combined Work that displays copyright notices during execution, include the copyright notice for the Library among these notices, as well as a reference directing the user to the copies of the GNU GPL and this license document.
    * d) Do one of the following:
          o 0) Convey the Minimal Corresponding Source under the terms of this License, and the Corresponding Application Code in a form suitable for, and under terms that permit, the user to recombine or relink the Application with a modified version of the Linked Version to produce a modified Combined Work, in the manner specified by section 6 of the GNU GPL for conveying Corresponding Source.
          o 1) Use a suitable shared library mechanism for linking with the Library. A suitable mechanism is one that (a) uses at run time a copy of the Library already present on the user's computer system, and (b) will operate properly with a modified version of the Library that is interface-compatible with the Linked Version.
    * e) Provide Installation Information, but only if you would otherwise be required to provide such information under section 6 of the GNU GPL, and only to the extent that such information is necessary to install and execute a modified version of the Combined Work produced by recombining or relinking the Application with a modified version of the Linked Version. (If you use option 4d0, the Installation Information must accompany the Minimal Corresponding Source and Corresponding Application Code. If you use option 4d1, you must provide the Installation Information in the manner specified by section 6 of the GNU GPL for conveying Corresponding Source.)

5. Combined Libraries.

You may place library facilities that are a work based on the Library side by side in a single library together with other library facilities that are not Applications and are not covered by this License, and convey such a combined library under terms of your choice, if you do both of the following:

    * a) Accompany the combined library with a copy of the same work based on the Library, uncombined with any other library facilities, conveyed under the terms of this License.
    * b) Give prominent notice with the combined library that part of it is a work based on the Library, and explaining where to find the accompanying uncombined form of the same work.

6. Revised Versions of the GNU Lesser General Public License.

The Free Software Foundation may publish revised and/or new versions of the GNU Lesser General Public License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Library as you received it specifies that a certain numbered version of the GNU Lesser General Public License “or any later version” applies to it, you have the option of following the terms and conditions either of that published version or of any later version published by the Free Software Foundation. If the Library as you received it does not specify a version number of the GNU Lesser General Public License, you may choose any version of the GNU Lesser General Public License ever published by the Free Software Foundation.

If the Library as you received it specifies that a proxy can decide whether future versions of the GNU Lesser General Public License shall apply, that proxy's public statement of acceptance of any version is permanent authorization for you to choose that version for the Library.
\end{multicols}
}
\pagebreak
\end{CJK}
\end{document}







headers/options.tex~

% Festlegungen für minitoc
% \renewcommand{\myminitoc}{\minitoc}
% \renewcommand{\mtctitle}{Überblick}
% \setcounter{minitocdepth}{1}
% \dominitoc   % diese Zeile aktiviert das Erstellen der minitocs, sie muss vor \tableofcontents kommen

% Seitenformat
% ------------
%\KOMAoption{paper}{A5}          % zulässig: letter, legal, executive; A-, B-, C-, D-Reihen
\KOMAoption{open}{right}			% zulässig: right (jedes Kapitel beginnt rechts), left, any
\KOMAoption{numbers}{auto}
% Satzspiegel jetzt neu berechnen, damit er bei Kopf- und Fußzeilen beachtet wird
\KOMAoptions{DIV=13}

% Kopf- und Fusszeilen
% --------------------
% Breite und Trennlinie
%\setheadwidth[-6mm]{textwithmarginpar}
%\setheadsepline[textwithmarginpar]{0.4pt}
\setheadwidth{text}
\setheadsepline[text]{0.4pt}

% Variante 1: Kopf: links Kapitel, rechts Abschnitt (ohne Nummer); Fuß: außen die Seitenzahl
\ohead{\headmark}
\renewcommand{\chaptermark}[1]{\markleft{#1}{}}
\renewcommand{\sectionmark}[1]{\markright{#1}{}}
\ofoot[\pagemark]{\pagemark}

% Variante 2: Kopf außen die Seitenzahl, Fuß nichts
%\ohead{\pagemark}
%\ofoot{}

% Standardschriften
% -----------------
%\KOMAoption{fontsize}{18pt}
\addtokomafont{disposition}{\rmfamily}
\addtokomafont{title}{\rmfamily} 
\setkomafont{pageheadfoot}{\normalfont\rmfamily\mdseries}

% vertikaler Ausgleich
% -------------------- 
% nein -> \raggedbottom
% ja   -> \flushbottom    aber ungeeignet bei Fußnoten
%\raggedbottom
\flushbottom

% Tiefe des Inhaltsverzeichnisses bestimmen
% -----------------------------------------
% -1   nur \part{}
%  0   bis \chapter{}
%  1   bis \section{}
%  2   bis \subsection{} usw.
\newcommand{\mytocdepth}{1}

% mypart - Teile des Buches und Inhaltsverzeichnis
% ------------------------------------------------
% Standard: nur im Inhaltsverzeichnis, zusätzlicher Eintrag ohne Seitenzahl
% Variante: nur im Inhaltsverzeichnis, zusätzlicher Eintrag mit Seitenzahl 
%\renewcommand{\mypart}[1]{\addcontentsline{toc}{part}{#1}}
% Variante: mit eigener Seite vor dem ersten Kapitel, mit Eintrag und Seitenzahl im Inhaltsverzeichnis
\renewcommand{\mypart}[1]{\part{#1}}


% maketitle
% -----------------------------------------------
% Bestandteile des Innentitels
%\title{Einführung in SQL}
%\author{Jürgen Thomas}
%\subtitle{Datenbanken bearbeiten}
\date{}
% Bestandteile von Impressum und CR
% Bestandteile von Impressum und CR

\uppertitleback{
%Detaillierte Daten zu dieser Publikation sind bei Wikibooks zu erhalten:\newline{} \url{http://de.wikibooks.org/}
%Diese Publikation ist bei der Deutschen Nationalbibliothek registriert. Detaillierte Daten sind im Internet  zu erhalten: \newline{}\url{https://portal.d-nb.de/opac.htm?method=showSearchForm#top}
%Diese Publikation ist bei der Deutschen Nationalbibliothek registriert. Detaillierte Daten sind im Internet unter der Katalog-Nr. 1008575860 zu erhalten: \newline{}\url{http://d-nb.info/1008575860}

%Namen von Programmen und Produkten sowie sonstige Angaben sind häufig geschützt. Da es auch freie Bezeichnungen gibt, wird das Symbol \textregistered{} nicht verwendet.

%Erstellt am 
\today{}
}

\lowertitleback{
{\footnotesize
On the 28th of April 2012 the contents of the English as well as German Wikibooks and Wikipedia projects were licensed under Creative Commons Attribution-ShareAlike 3.0 Unported license. An URI to this license is given in the list of figures on page \pageref{ListOfFigures}. If this document is a derived work from the contents of one of these projects and the content was still licensed by the project under this license at the time of derivation this document has to be licensed under the same, a similar or a compatible license, as stated in section 4b of the license. The list of contributors is included in chapter Contributors on page \pageref{Contributors}. The licenses GPL, LGPL and GFDL are included in chapter Licenses on page \pageref{Licenses}, since this book and/or parts of it may or may not be licensed under one or more of these licenses, and thus require inclusion of these licenses. The licenses of the figures are given in the list of figures on page \pageref{ListOfFigures}. This PDF was generated by the \LaTeX{} typesetting  software. The \LaTeX{} source code is included as an attachment ({\tt source.7z.txt}) in this PDF file. To extract the source from the PDF file, we recommend the use of {\tt pdftk} utility or clicking the paper clip attachment symbol on the lower left of your PDF Viewer, selecting {\tt Save Attachment}. After extracting it from the PDF file you have to rename it to {\tt source.7z}. To uncompress the resulting archive we recommend the use of \url{http://www.7-zip.org/}. The \LaTeX{} source itself was generated by a program written by Dirk Hünniger, which is freely available under an open source license from \url{http://de.wikibooks.org/wiki/Benutzer:Dirk_Huenniger/wb2pdf}. This distribution also contains a configured version of the {\tt pdflatex 
} compiler with all necessary packages and fonts needed to compile the \LaTeX{} source included in this PDF file.
}}


\renewcommand{\mysubtitle}[1]{}
\renewcommand{\mymaintitle}[1]{}
\renewcommand{\myauthor}[1]{}

\newenvironment{myshaded}{%
  \def\FrameCommand{ \hskip-2pt \fboxsep=\FrameSep \colorbox{shadecolor}}%
  \MakeFramed {\advance\hsize-\width \FrameRestore}}%
 {\endMakeFramed}








headers/packages1.tex~

% Standard für Formatierung
%\usepackage[utf8plain]{inputenc} 
%\usepackage[utf8]{inputenc} % use \usepackage[utf8]{inputenc} for tex4ht
\usepackage[usenames]{color}
\usepackage{textcomp} 
\usepackage{alltt} 
\usepackage{syntax}
\usepackage{parskip} 
\usepackage[normalem]{ulem}
\usepackage[pdftex,unicode=true]{hyperref}
%\usepackage{tocstyle}
\usepackage[defblank]{paralist}
\usepackage{trace}

% Minitoc
%\usepackage{minitoc}

% Keystroke
\usepackage{keystroke}

\usepackage{wrapfig}








headers/packages2.tex~

% für Zeichensätze


%replacemnt for pslatex
%\usepackage{mathptmx}
%\usepackage[scaled=.92]{helvet}
%\usepackage{courier}


\usepackage[T1]{fontenc} % disable this line for tex4ht

% für Tabellen
\usepackage{multirow}
\usepackage{multicol}
\usepackage{array,ragged2e}
\usepackage{longtable}

% für Kopf- und Fußzeilen, Fußnoten
\usepackage{scrpage2}
\usepackage{footnote}

% für Rahmen
\usepackage{verbatim}
\usepackage{framed}
\usepackage{mdframed}
\usepackage{listings}
\usepackage{lineno}

% für Symbole
\usepackage{amsmath}
\usepackage{amssymb}
\usepackage{amsfonts}

\usepackage{pifont}
\usepackage{marvosym}
\let\Cross\undefined 
\usepackage{fourier-orns}  % disable this line for tex4ht   % für weitere Logos, z.B. \danger

% für Grafik-Einbindung
\usepackage[pdftex]{graphicx}
\usepackage{wasysym}
\let\Square\undefined 

% unklare Verwendung
\usepackage{bbm}
\usepackage{skull}

%arabtex
\usepackage{arabtex}
\usepackage[T1]{tipa}  % disable this line for tex4ht

\usepackage{fancyvrb}
\usepackage{bbding} 
\usepackage{textcomp}
\usepackage[table]{xcolor}
\usepackage{microtype}
\usepackage{lscape}








headers/paper.tex~

\KOMAoption{paper}{A5}






headers/templates-chemie.tex~

\newcommand{\TemplateEnergieerhaltung}[1]{
\begin{longtable}{|>{\RaggedRight}p{\linewidth}|} \hline
{\bf Gesetz von der Erhaltung der Energie}\\ \hline
{\bf Albert Einstein (14.3. 1879 - 18.4.1955)}: Umwandlung von Energie in Masse und von Masse in Energie ist möglich.\\ 
$E = m \cdot c^2$ (c = Lichtgeschwindigkeit = 300.000 km/s)\\ \hline
{\bf 
Bei einer chemischen Reaktion ist die Summe aus Masse und Energie der Ausgangsstoffe gleich der Summe aus Masse und Energie der Endstoffe.
}\\\hline
Wird Energie frei, tritt ein unwägbar kleiner Massenverlust auf. Wird Energie investiert, tritt Massenzunahme auf. Dieses kann allerdings mit herkömmlichen Waagen nicht gemessen werden. \\ \hline
\end{longtable}
}

\newcommand{\TemplatePeriodensystem}[1]{
Hier sollte das Periodensystem stehen. Ein solches wird sehr wahrscheinlich von Orlando Camargo Rodriguez frei zur Verfügung gestellt werden. Dateiname: tabela_periodica.tex ist bereits online. Lizenz aber noch nicht genau genug definiert.
}

\newcommand{\TemplateMassenerhaltung}[1]{
\begin{longtable}{|>{\RaggedRight}p{\linewidth}|} \hline
{\bf Gesetz von der Erhaltung der Masse}\\ \hline
{\bf Antoine Lavoisier (1743 - 1794)}: Rien ne se perd, rien ne se crée\\ 
Die Gesamtmasse ändert sich bei chemischen Reaktionen (im Rahmen der Messgenauigkeiten) nicht.\\ \hline
Masse der Ausgangsstoffe=Masse der Produkte \\ \hline
\end{longtable}
}

\newcommand{\TemplateDaltonsAtomhyposthese}[1]{
\begin{longtable}{|>{\RaggedRight}p{\linewidth}|} \hline
\begin{enumerate}
\item Materie besteht aus extrem kleinen, bei Reaktion ungeteilt bleibenden Teilchen, den Atomen.
\item Die Masse der Atome eines bestimmten Elements sind gleich (alle Atome eines Elements sind gleich). Die Atome verschiedener Elemente unterscheiden sich in ihren Eigenschaften (zum Beispiel in Größe, Masse, usw.).
\item Es existieren so viele Atomsorten wie Elemente.
\item Bei chemischen Reaktionen werden Atome in neuer Kombination vereinigt oder voneinander getrennt.
\item Eine bestimmte Verbindung wird von den Atomen der betreffenden Elemente in einem bestimmten, einfachen Zahlenverhältnis gebildet.
\end{enumerate}
\\ \hline
\end{longtable}
}

\newcommand{\TemplateUnveraenderlicheMassenverhaeltnisse}[1]{
\begin{longtable}{|>{\RaggedRight}p{\linewidth}|} \hline
{\bf Gesetz der unveränderlichen Massenverhältnisse}\\ \hline
Louis Proust (1799) \\ \hline
Bei chemischen Reaktionen, also Vereinigung beziehungsweise Zersetzung, reagieren die Reinstoffe immer in einem von der Natur vorgegebenen festen Verhältnis miteinander.
\\ \hline
\end{longtable}
}







headers/templates.tex~

\newcommand{\wbtempcolora}{white}
\newcommand{\wbtempcolorb}{white}
\newcommand{\wbtempcolorc}{white}
\newcommand{\wbtemptexta}{}
\newcommand{\wbtemptextb}{}
\newcommand{\wbtemptextc}{}
\newlength{\wbtemplengtha}
\setlength{\wbtemplengtha}{0pt}
\newlength{\wbtemplengthb}
\setlength{\wbtemplengthb}{0pt}
\newlength{\wbtemplengthc}
\setlength{\wbtemplengthc}{0pt}
\newlength{\wbtemplengthd}
\setlength{\wbtemplengthd}{0pt}
\newlength{\wbtemplengthe}
\setlength{\wbtemplengthe}{0pt}
\newcount\wbtempcounta
\wbtempcounta=0
\newcount\wbtempcountb
\wbtempcountb=0
\newcount\wbtempcountc
\wbtempcountc=0

\newcommand{\CPPAuthorsTemplate}[4]{
\LaTeXZeroBoxTemplate{
The following people are authors to this book:

#3

You can verify who has contributed to this book by examining the history logs at Wikibooks (http://en.wikibooks.org/).

Acknowledgment is given for using some contents from other works like #1, as from the authors #2.

The above authors release their work under the following license:

This work is licensed under the Creative Commons Attribution-Share Alike 3.0 Unported license. In short: you are free to share and to make derivatives of this work under the conditions that you appropriately attribute it, and that you only distribute it under the same, similar or a compatible license. Any of the above conditions can be waived if you get permission from the copyright holder.
Unless otherwise noted, #4 used in this book have their own copyright, may use different licenses than the one used here, and were not created by the above authors. The authors, contributors, and licenses used should be acknowledged separately.}
}


\newcommand{\LaTeXCodeTipTemplate}[3]{

\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
#1 \\
#2 \\
#3
\end{myshaded}
}


\newcommand{\LaTeXDeutschTemplate}[1]{ {\bfseries deutsch:} #1 }



\newcommand{\LaTeXNullTemplate}[1]{}

\newcommand{\LaTeXDoubleBoxTemplate}[2]{

\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries #1} \\
#2
\end{myshaded}
\end{minipage}

}

\newcommand{\SolutionBoxTemplate}[2]{
{\centering \bfseries #1}\newline
#2
}


\newcommand{\LaTeXDoubleBoxOpenTemplate}[2]{

\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries #1} \\
#2
\end{myshaded}

}


\newcommand{\LaTeXShadedColorBoxTemplate}[2]{
{\linewidth}#1\begin{myshaded}
#2
\end{myshaded}
}


\newcommand{\LaTeXZeroBoxTemplate}[1]{
\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}
#1
\end{myshaded}
\end{minipage}
}


\newcommand{\VorlageReferenzenEintrag}[3]{
\begin{longtable}{p{0.2\linewidth}p{0.8\linewidth}}

{[\bfseries #1]} & {\itshape #2} #3 \\
\end{longtable}

}

\newcommand{\LaTeXIdentityTemplate}[1]{#1
}

\newcommand{\TychoBrahe}[1]{Tycho Brahe}

\newcommand{\LaTeXPlainBoxTemplate}[1]{
\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded} 
#1
\end{myshaded}
\end{minipage}
}

\newcommand{\LaTexInfoTemplateOne}[1]{
\begin{TemplateInfo}{\Info}{Information}
#1
\end{TemplateInfo}}

\newcommand{\EqnTemplate}[1]{
\begin{flushright}
\textbf{[#1]}
\end{flushright}}

\newcommand{\RefTemplate}[1]{[#1]}


\newcommand{\LaTeXGCCTakeTemplate}[1]{
\LaTeXDoubleBoxTemplate{Take home:}{#1}
}

\newcommand{\LaTeXEditorNote}[1]{\LaTeXDoubleBoxTemplate{Editor's note}{#1}}

\newcommand{\BNPForVersion}[1]{
\LaTeXInfoTemplateOne{Applicable Blender version: #1}
}

\newcommand{\LaTeXInfoTemplateOne}[1]{
\begin{TemplateInfo}{\Info}{Information}
#1
\end{TemplateInfo}
}


\newcommand{\LaTexHelpFulHintTemplate}[1]{
\LaTeXDoubleBoxTemplate{Helpful Hint:}{#1}
}

\newcommand{\MyLaTeXTemplate}[3]{
\LaTeXDoubleBoxTemplate{MyLaTeXTemplate1:}{#1 \\ #2 \\ #3}
}

\newcommand{\TemplatePreformat}[1]{
\par
\begin{scriptsize}
%\setlength{\baselineskip}{0.9\baselineskip}
\ttfamily
#1
\par
\end{scriptsize}
}

\newcommand{\TemplateSpaceIndent}[1]{
\begin{scriptsize}
\begin{framed}
\ttfamily
#1
\end{framed}
\end{scriptsize}
}

\newcommand{\GenericColorBox}[2]
{
\newline
\begin{tabular}[t]{p{0.6cm}p{4cm}}
#1&#2\\  
\end{tabular}
}

\newcommand{\legendNamedColorBox}[2]
{
  \GenericColorBox{
    \parbox[t]{0.5\linewidth}{
      \textsuperscript{
        \fcolorbox{black}{#1}{
          \Huge{\,\,}
        }
      }
    }
  }{
    #2
  } 
}

\newcommand{\legendColorBox}[2]
{
  \GenericColorBox{
    \definecolor{tempColor}{rgb}{#1}
    \parbox[t]{0.5\linewidth}{
      \textsuperscript{
        \fcolorbox{black}{tempColor}{
           \Huge{\,\,}
        }
      }
    }
  }{
    #2
  } 
}



%\newcommand{\ubung} {{\LARGE $\triangleright$}}
\newcommand{\ubung}{\ding{228} \textbf{Aufgabe:}\,}

\newcommand{\TemplateSource}[1]
{
%\begin{TemplateCodeInside}{}{\baselineskip}{\baselineskip}{}{}{true}
\begin{scriptsize}
\begin{myshaded}\ttfamily
#1
\end{myshaded}
\end{scriptsize}
%\end{TemplateCodeInside}
}


\newenvironment{TemplateInfo}[2]
% no more parameters
%****************************************************
% Template Info
% Kasten mit Logo, Titelzeile, Text
% kann für folgende Wiki-Vorlagen benutzt werden:
%          Vorlage:merke, Vorlage:Achtung u.ä.
%
% #1 Logo  (optional) default: \Info
% #2 Titel (optional) default: Information; könnte theoretisch auch leer sein,
%                     das ist aber wegen des Logos nicht sinnvoll
%****************************************************
{
% Definition des Kastens mit Standardwerten
% u.U. ist linewidth=1pt erorderlich
\begin{mdframed}[ skipabove=\baselineskip, skipbelow=\baselineskip,
linewidth=1pt,
innertopmargin=0, innerbottommargin=0 ]
% linksbündig ist besser, weil es in der Regel wenige Zeilen sind, die teilweise kurz sind
\begin{flushleft}
% Überschrift größer darstellen
\begin{Large}
% #1 wird als Logo verwendet, Vorgabe ist \Info aus marvosym
%    für andere Logos muss ggf. das Package eingebunden werden
%    das Logo kann auch mit einer Größe verbunden werden, z.B. \LARGE\danger als #1
{#1 } \
% #2 wird als Titelzeile verwendet, Vorgabe ist 'Information'
{\bfseries #2}
\medskip \end{Large} \\
} % Ende der begin-Anweisungen, es folgenden die end-Anweisungen
{ \end{flushleft}\end{mdframed} }


\newcommand{\TemplateHeaderExercise}[3]
% no more parameters
%****************************************************
% Template Header Exercise
% Rahmen als minisec mit Nummer der Aufgabe und Titel und grauem Hintergrund
% ist gedacht für folgende Wiki-Vorlage:
%          Vorlage:Übung4
% kann genauso für den Aufgaben-Teil folgender Vorlagen verwendet werden:
%          Vorlage:Übung    (wird zz. nur einmal benutzt)
%          Vorlage:Übung2   (wird zz. gar nicht benutzt)
%          Vorlage:Übung3   (wird zz. in 2 Büchern häufig benutzt)
%          C++-Programmierung/ Vorlage:Aufgabe  (wird zz. nur selten benutzt,
%                            ist in LatexRenderer.hs schon erledigt)
%
% #1 Text   (optional) 'Aufgabe' oder 'Übung', kann auch leer sein
% #2 Nummer (Pflicht)  könnte theoretisch auch leer sein, aber dann sieht die Zeile
%                      seltsam aus; oder die if-Abfragen wären unnötig komplex
% #3 Titel  (optional) Inhaltsangabe der Aufgabe, kann auch leer sein
%****************************************************
{
\minisec{\normalfont \fcolorbox{black}{shadecolor}{\large \, #1 #2 \ifx{#3}{}{}\else{-- #3}\fi \,} \medskip }
}
 
\newcommand{\TemplateHeaderSolution}[3]
% no more parameters
%****************************************************
% Template Header Solution
% Rahmen als minisec mit Nummer der Aufgabe und Titel und grauem Hintergrund
%
% ist gedacht für den Lösungen-Teil der Vorlagen und wird genauso
% verwendet wie \TemplateHeaderExercise
%****************************************************
{
\minisec{\normalfont \fcolorbox{black}{shadecolor}{\large \, Lösung zu #1 #2 \ifx{#3}{}{}\else{-- #3}\fi \,} \medskip }
}

\newcommand{\TemplateUbungDrei}[4]
{
\TemplateHeaderExercise{Übung}{#1}{#2}
#3
\TemplateHeaderSolution{Übung}{#1}{#2}
#4
}

\newcommand{\Mywrapfigure}[2]
{
\begin{wrapfigure}{r}{#1\textwidth}
\begin{center}
#2
\end{center}
\end{wrapfigure}
}



\newcommand{\Mymakebox}[2]
{
\begin{minipage}{#1\textwidth}
#2
\end{minipage}
}

\newcommand{\MyBlau}[1]{
\textcolor{darkblue}{#1}
} 
\newcommand{\MyRot}[1]{
\textcolor{red}{#1}
} 
\newcommand{\MyGrun}[1]{
\textcolor{mydarkgreen}{#1}
} 
\newcommand{\MyBg}[2]{
\fcolorbox{#1}{#1}{#2} 
} 

\newcommand{\BNPModule}[1]{
the "#1" module
} 


\newcommand{\LaTeXMerkeZweiTemplate}[1]{\LaTeXDoubleBoxTemplate{Merke}{#1}}

\newcommand{\LaTeXDefinitionTemplate}[1]{\LaTeXDoubleBoxTemplate{Definition}{#1}}

\newcommand{\LaTeXAnorganischeChemieFuerSchuelerVorlageMerksatzTemplate}[1]{\LaTeXDoubleBoxTemplate{Merksatz}{#1}}

\newcommand{\LaTeXTextTemplate}[1]{\LaTeXDoubleBoxTemplate{}{#1}}

\newcommand{\LaTeXExampleTemplate}[1]{\LaTeXDoubleBoxTemplate{Example:}{#1}}

\newcommand{\LaTeXexampleTemplate}[1]{\LaTeXDoubleBoxTemplate{Example:}{#1}}

\newcommand{\LaTeXPTPBoxTemplate}[1]{\LaTeXDoubleBoxTemplate{Points to ponder:}{#1}}

\newcommand{\LaTeXNOTETemplate}[2]{\LaTeXDoubleBoxTemplate{Note:}{#1 #2}}

\newcommand{\LaTeXNotizTemplate}[1]{\LaTeXDoubleBoxTemplate{Notiz:}{#1}}

\newcommand{\LaTeXbodynoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Note:}{#1}}

\newcommand{\LaTeXcquoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Quote:}{#1}}

\newcommand{\LaTeXCquoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Quote:}{#1}}

\newcommand{\LaTeXSideNoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Note:}{#1}}

\newcommand{\LaTeXsideNoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Note:}{#1}}

\newcommand{\LaTeXExercisesTemplate}[1]{\LaTeXDoubleBoxTemplate{Exercises:}{#1}}

\newcommand{\LaTeXCppProgrammierungVorlageTippTemplate}[1]{\LaTeXDoubleBoxTemplate{Tip}{#1}}

\newcommand{\LaTeXTipTemplate}[1]{\LaTeXDoubleBoxTemplate{Tip}{#1}}
\newcommand{\LaTeXUnknownTemplate}[1]{unknown}

\newcommand{\LaTeXCppProgrammierungVorlageHinweisTemplate}[1]{\LaTeXDoubleBoxTemplate{Hinweis}{#1}}

\newcommand{\LaTeXCppProgrammierungVorlageSpaeterImBuchTemplate}[1]{\LaTeXDoubleBoxTemplate{Thema wird Sp\195\164ter n\195\164her erl\195\164utert...}{#1}}

\newcommand{\SGreen}[1]{This page uses material from Dr. Sheldon Green's Hypertext Help with LaTeX.}
\newcommand{\ARoberts}[1]{This page uses material from Andy Roberts' Getting to grips with LaTeX with permission from the author.}

\newcommand{\LaTeXCppProgrammierungVorlageAnderesBuchTemplate}[1]{\LaTeXDoubleBoxTemplate{Buchempfehlung}{#1}}

\newcommand{\LaTeXCppProgrammierungVorlageNichtNaeherBeschriebenTemplate}[1]{\LaTeXDoubleBoxTemplate{Nicht Thema dieses Buches...}{#1}}

\newcommand{\LaTeXPythonUnterLinuxVorlagenVorlageDetailsTemplate}[1]{\LaTeXDoubleBoxTemplate{Details}{#1}}

\newcommand{\LaTeXChapterTemplate}[1]{\chapter{#1}
\myminitoc
}

\newcommand{\Sample}[2]{
\begin{longtable}{|p{\linewidth}|}
\hline
#1 \\ \hline
#2 \\ \hline
\end{longtable}
}
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\LaTeXDoubleBoxTemplate{Syntax}{#1}}
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\newcommand{\LaTeXBF}[1]{{\bfseries #1}}
\newcommand{\LaTeXCenter}[1]{
\begin{center}
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\newcommand{\BNPManual}[2]{The Blender Manual page on #1 at \url{http://wiki.blender.org/index.php/Doc:Manual/#1}}
\newcommand{\BNPWeb}[2]{#1 at \url{#2}}

\newcommand{\Noframecenter}[2]{
\begin{tablular}{p{\linewidth}}
#2\\ 
#1 
\end{tabluar}
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\newcommand{\PythonUnterLinuxDenulltails}[1]{
\begin{tabular}{|p{\linewidth}|}\hline
\textbf{Denulltails} \\ \hline
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\newcommand{\GNURTip}[1]{
\begin{longtable}{|p{\linewidth}|}\hline
\textbf{Tip} \\ \hline
#1 \\ \hline 
\end{longtable}}

\newcommand{\PerlUebung}[1]{
\begin{longtable}{|p{\linewidth}|}\hline
#1 \\ \hline 
\end{longtable}}

\newcommand{\PerlNotiz}[1]{
\begin{table}{|p{\linewidth}|}\hline
#1 \\ \hline 
\end{table}}

\newcommand{\ACFSZusatz}[1]{\textbf{ Zusatzinformation }}
\newcommand{\ACFSVorlageB}[1]{\textbf{ Beobachtung }}
\newcommand{\ACFSVorlageV}[1]{\textbf{ Versuchsbeschreibung }}
\newcommand{\TemplateHeaderSolutionUebung}[2]{\TemplateHeaderSolution{Übung}{#1}{#2}}
\newcommand{\TemplateHeaderExerciseUebung}[2]{\TemplateHeaderExercise{Übung}{#1}{#2}}

\newcommand{\ChemTemplate}[9]{\texttt{     
#1#2#3#4#5#6#7#8#9}}


\newcommand{\WaningTemplate}[1]{     
\begin{TemplateInfo}{\danger}{Warning}
#1
\end{TemplateInfo}}


\newcommand{\BlenderAlignedToViewIssue}[1]{     
\begin{TemplateInfo}{\danger}{Blender3d Aligned to view issue}
This tutorial relies on objects being created so that they are aligned to the view that you’re looking through. Versions 2.48 and above have changed the way this works. Visit Aligned (\url{http://en.wikibooks.org/wiki/Blender_3D:_Noob_to_Pro/Aligned_to_view_issue}) to view issue to understand the settings that need to be changed.
\end{TemplateInfo}}


\newcommand{\BlenderVersion}[1]{     
{\itshape Diese Seite bezieht sich auf }{\bfseries \quad Blender Version #1}}

\newcommand{\Literal}[1]{{\itshape #1}}

\newcommand{\JavaIllustration}[3]{
\begin{tablular}
{Figure #1: #2}
\\
#3
\end{ltablular}
}

\newcommand{\PDFLink}[1]{#1 PDF}

\newcommand{\Ja}[1]{\Checkmark {\bfseries Ja}}
\newcommand{\Nein}[1]{\XSolidBrush {\bfseries Nein}}

\newcommand{\SVGVersions}[8]{
{\scriptsize
\begin{tabular}{|p{0.45\linewidth}|p{0.13\linewidth}|}\hline
Squiggle (Batik) & #1 \\ \hline
Opera (Presto) & #2 \\ \hline
Firefox (Gecko; auch SeaMonkey, Iceape, Iceweasel etc) & #3 \\ \hline
Konqueror (KSVG) & #4 \\ \hline
Safari (Webkit) & #5 \\ \hline
Chrome (Webkit) & #6 \\ \hline
Microsoft Internet Explorer (Trident) & #7 \\ \hline
librsvg & #8 \\\hline
\end{tabular}}
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\DeclareUnicodeCharacter {981} {\ensuremath{\phi}}
\DeclareUnicodeCharacter {8532} {\ensuremath{\frac{2}{3}}}
\DeclareUnicodeCharacter {9800} {\aries}
\DeclareUnicodeCharacter {9738} {\ascnode}
\DeclareUnicodeCharacter {9739} {\descnode}
\DeclareUnicodeCharacter {10752} {\ensuremath{\bigodot}}
\DeclareUnicodeCharacter {9737} {\astrosun}
\DeclareUnicodeCharacter {8260} {\ensuremath{/}}
\DeclareUnicodeCharacter {8213} {\ensuremath{-}}
\DeclareUnicodeCharacter {9798} {\neptune}
\DeclareUnicodeCharacter {9799} {\pluto}
\DeclareUnicodeCharacter {982} {\ensuremath{\varpi}}
\DeclareUnicodeCharacter {8793} {\ensuremath{\hat{=}}}
\DeclareUnicodeCharacter {8793} {\ensuremath{\hat{=}}}
\DeclareUnicodeCharacter {9792} {\female}
\DeclareUnicodeCharacter {9794} {\male}

\renewcommand{\R}{\ensuremath{\mathbb{R}}}
\newcommand{\N}{\ensuremath{\mathbb{N}}}
\newcommand{\Z}{\ensuremath{\mathbb{Z}}}
\newcommand{\Q}{\ensuremath{\mathbb{Q}}}
\renewcommand{\C}{\ensuremath{\mathbb{C}}}
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