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Forttr provides a natural progranming _ervirorurent for creating
speciar p,ttp"il-- sinuLation linrg'lag.es.
cbntinuousl"vii*, simrlition langr,raie inprenpnteo in bottt integel- and
iioating-po$t versions. Forttr-rreisions of CSSLTs (including FDARET -€l
For*rG6,fuion-oriented isilr,l have the following advantages over cssf,rs
written- jn pascal and no*rant minimal rery requirenentsl kelboard
alteration of rmdel parau,eters witbout reorptfitionr 9n4 +ensibqity.
ottt-gj* itrt&"i Gtlion, progranned in F83 Forttr' wil| be disstrssed.

rn deveroiing a FAcg Sinilratisr, all state variables should be
scaled so that- ttrey do not exceed qre unit (= 100'0001000) QgnlS a
sinnrlation run. ScalarsT in contrast to state rmriablesr are defined so
that 1 scalar ,lnit = 10000. aff nrxbers excepE integers are_ entered and
aGpfiy"a itt-ae"ilal forlrat, using no rrore tLan 4 decillEl places- ttds
restriition is consistent wittr tJe degree of accurasy attainable with
reasonable infurition step sizes (ca., o.ot). The ctrrrent version
agcngs outSpt 

-to 
be dilpfayea oi piintea as well as lotr resolution

characr terp lot t ingmapr inter .  . , ,  __^__!^_
lbble r risB-the FAcs rrocabdtary ihcluded in the integer rtersion-.

Transcesdent€.L functions, r'trictr t6ve been iryflennnted using series
.pgto*ilrrtions, are geneiafry accurate to 7 decirnal places ln ttt" range
0 to l. un.like o*16r blockloriented CS$,rs, there-is no lirnit on the
nr.uber of or s#iiic orocfs whictr rrny be used in a sinurlation. special
oiockdefining rroras are r:sed to defiie integrators, arbitrary-frrnct'ion
generator", 

--iuOl&, 
differenliatorsi tracly'Ftore elernentsr €urd delays.

ite integritoi biocL furplerwrts the s6iond'order Rrrg*Kutta a1g-orittm.
Definitions of the ttrree principal FACS data t14ns are_listed below.

Bard1eii"-np'r solution is irsea to siuplily use of FAcs variabl€s.
ulo? is a double nurber version Of 1O?. *m converts a decfual nwber to
a scaled integer.

: INIffiER (S - n ) CREAIIE r mES> 10? i
: SCAIAR (S - n ) ffn INIrcER i
: vKaoR (s n - d ) 1+ CREAIE 4 ?t DUP HmE g{AP ERA.SE

AI,I0T DOES> Ss{AP 4 * 4 UTO? i

15e Van der pol equation sinulation outlined in figure + illustrates
hon FAGS is used as w6tt asr sorre of ttre irplernentation details. Itre FACS
usrer stpuld first scale ttre probleur so tflat state variables do not
exceed 1 unii, ttren cpnsLruct, an analogous block diagran. lrtle first
"t6-t aer"ropi"g t FActs program i g to seL ttre nurber of nodes to 3+
g1e nrnber ot- Ufocfs reqrrired by ttre sinulation. Ttre first 3 nodes are
resenred for system use. 

- 
rhe user nust define 2 vectors: one to store

current blocli outSHLs-1 e.g., %(l , and a second wttich stores inigial
conditiotts Giigrea- rc integialor blocks, €.g., z0 O . llhese definitions
have been def6rred to mlniurize system nenpry allocation, thereby
ivoiding reconpilation for large problenr . E:<ecution of SHI!-Y and SEI-IC
resolve the deferred vectors.
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: SEI-Y (S - ) DEE'INED DmP IS YO ,

I\ilo system pararrFters must ttren be set. @['{rNI is ttre cormnrnication

interyal I L.€.7 the nr,urber of integration. ?teps executed before outSut

is requested .-- Wti is onehalf ttre iniegrati"q sleg interyal' 10 is

trsed to assign values to scu"r"r" (always-in decfual format) or integers.

Mode1 puruto6iers are defined as s"afa?s (e.9:, . K) ; initial conditions

otrrcr tian 0 are asrsig""al".g., integratgt Srocr s is set to 0.5 unit);

and ttre specific blocfis roi w6iirr ouifut is requested are identified by

PR-I@E.
Eacrr integrator block nnrst be setrnrately.nallFd using ttre r$ord RK2;

thusr onty those integraiois ieeuirgd bt ttre Sirnrtation need be defined'

Execution of nl n2 arurr*j-ttri"e'reptJcel Y(nl) wittr ttre integral- of
y(rg) r since tbe 2nd-order intiEiator ieq,ryes g1vo -pastses' Eactt

integrator allocates rr=*ry _"p""e r5r a flag wnicrr identifies the paEis

and ior tenqnrary storage 
-of 

the previous integrator outtrrrt.

: RK2 (S n1 rO - ) CREHTE 0 , 4 ATLOT mEs> To PFA ( stores pfa )
yg'wn fOOOO t{tTttnltipfies inSxrt_vector by scalar ) *

pFA 0 b= m ( lst pas,s ,) }-PICK yo 2DUP PFA 2+ 2! D+
tr.sE ( 2nd pass ) p2* pFA 2+ 2e D+ 0 PFA t ( restore flag )
THED{ -> MI YO ( uPdat'e outPrt ) ;

lfhe sinulation npdel (e.g. t \IDFOL) is defined using l{ODEt: {a

redefinition oi-irn). tte gdneiaf format for bloclc- progr€m stateuents

is: scarar out-node i":n5a.r in-node2 . o. word. Figure 2 shows an

exanple or aispruvJ-o"tptt. su,nmcg (model nana> selects ttre nalred

npdel for sinurlation by--vectoring to ttre systern defined duttuuY word
nlflf,de1n.

: sPdel lmP i
s SII,TU1,11;IE (3 - ) DEFINED DAOP [t] npdel 2+ | t
: RI1N 1S tt - I iuSel INITIAIJZE @NIINUE MESSI i
: rlntfif.fZe (b - | W/2 10 DT' 0 10 W/2 npdel nodel

DIr W W/2 CR outtrxtt i
: @NIINUE (.S n - ) b DO HAIT @'IINI 0 Do npdel TII'IE

nPdel TIIIIE IIOP outSut IOOP ,

Drspr,Ag selects outSxrt in tabular form on the curren! outptrt derrice;

alternalively, pror "6ora protrid" lo� resorution ctraracter Plot!+-g.of
selected brocks. RuN controis ttre simulation: it sets all initial

conditions innsnri , it calculates ttre outgxrt of all ottrer blocks by

calling nmodelo twice *i*t-ur/ti"tte"TTi1y-s9! to O (INITIAIJZE) t and

executes rhe sirurlatioi:toffiNuni-n*@trivr tirnes (in tlris case' 5go).

Ttre 2ndrcrder integratoi i"gui."" ittrat trrrcdel rrME" be executed tnvice'

TTI,IE increnents y(0) by ar/i-i"oa" O is resenzed for tlre tilrE function) '

HALT suspends a run-when dy !."t-i- pressdr continues if any key is

pressed again o<cept eoi cn wrricrr aoort-s ttre n:n. Each tilrF 'outtrxrtn is

called, resurts ilil 
-be 

aispravea (or plotted). when a run is

conpreted, execution of n blwnnn will pro_yi{e furttrer output-
pararneter ctranges may be made or initiar conditions altered without

recorpilation. -^-.t ^-- --^,^1^r
rn FAqs, one may easily collapse conplex problems into single
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words, which can srrbseguently be used as blocks in rpre cougl.licated
sinulitions. For exanpfe, ftn-plF' (Figure 3) is a block-detining -lsorq
(really a special prrpole integrator) wtrictr solves ttre l-dilrFnsional
diffusion ploblem using ttre diiferencedifferentia_L equation mettpd. It
is used i-rrttre fonn n Frx-pIF (nane)n where n is ttre nrlrber of stations.
Execution of RtrI/SPq/CYIJN nl n2 <narre) (where nl is ttre output_ and
rA is tfre inprt boundary node) solves Fickrs Second Iaw in rectangglutt
spherical, 6t cylindrical coordinatesy depending on which ruord is first
executed. DX and DIDIQ are ufier Urdifiable trnraret€rs.

TAB[.,8 1 - FACS \NCABUIAHT

Data flrpes Qfstern Control
INIrcER I@E A.SSIGN.IC INITIATJZE
IABET SCAIAR ASSIGN-Y RUN
ITIAERIX VffiIOR @NIIM,E SI!,TI]IJIIIE

HAI.T TIII{E
Blocks

I
DISPTSS
Pr,or
PFTi@E
fo

ABSV
DIl/
ARCS
BAI{3

Figure I

GAIN
MULT
@s
CMP

IN/ OFFSET FOI
sQR SQEr $M
DIP IN IOG
DERD LII,IT ${ISCH

RAID SIOP
Y**:( 10**
SIN
{gJP {T'TP

dz
aT+ Z  =  0

11 vFron z0 o
sEr-rc z0 ( )
100 To @,trNI

5 4 11 PR-I\PDE
RK2 7,

Van der Pot Equation
/ -

i -  L

Y  +  k ( Z  - l )
J . & A

U L

BItrK DIACiRAT,T

FACS PROGRAII! 11 I@ES
11 \rFron z0
sHrt-Y a ( )
0.001 1o w/2
0.5 SCAIAR K
5 0.5 ASSrG\l-rC
?&2, DZ/W

l @ E L : \ I D P O L  4 L L D ? ' / W  5 4 7 '  6  5 S Q R  7 6  - R E F S U ! ' l
K 8 7  P g I  9 4  S M I l t T  l q g  5 s U l v l  1 1  1 0 n w  i

Block-Defjning Words
DEIAY RK2
DIF TABT,E
Fn*-prF T/S
ETlt\CIGm.I

Slrstem !{odes
T
+REF'
OREF'
-REF'
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Figrure 3

27 IJS'I 28 IIST
Scr f 27 A:FACS.BLK--0 

\ speciaf functions - finite-difference block

l 0 I N I E G E R I l 0 I N I r e E R B N 0 0 I N I r c E R B N N
2 : C I N  ( S - n )  B l v 0  1 1  + B N N B N O - +  i

3 : @ I I I  ( S - n )  B N O  I 1  + ?

4 : P o u r  i s - n )  P F A 2 + r 1 1 - 4 * a  i

5 0 . s c A I A R x 0 l . s c e r a n p x 0 . 0 l s c A I A R D / D x 2

Figrure 2
S$fi]I,HTE VDFOL
DISPIAS 5 R[]N

1 2 \
1 3 \
1 4 \
1 5 \
ok

Blocks
4 (dz/dEl

0
-0.1031
-0.2104
-0.3186
-0.4247
-0.5254

tr Gzz/ar2l
-0.5000
-0.5288
-0.5413
-0.5383
-0.5198
-0.4836

T

0
0 . 2
0 . 4
0 . 6
0 . 8
1 .0

5 v)
0.5000
0.4896
0 "4582
0.4052
0.3307
0.2354

9May85ng1

6 \ARTABIE @RD.TPE
7 : C,AI^C-RDR (S - )
8 @t'1' I+ Yo @tn 1- Yo D- Dx 10000 M't'/ 10000 11 Dx *

9  X0 +M*/  i
1 0 :  ( R E C l t )  ( s - d )  \ t 3 o P  i
l i i i s p n n n l  ( s d - d )  c A r c - R D R D t  i
1 ,  i  t c n r N i  ( s d - d i  c a r c - n o - n r 2 M t ' / D +  i
13 : RKT (S - ) t'] (RtrI) @RHIYPE ! '

14 : sPHER 
' 
(s -- ) t'l (SPHER) @RD-rsPE ! t

15 : cYr,rN is - i ['t (cYrJN) @Rp-TYPE ! i

Scr # 28 A:FACS.BLK
0 \ finitedifference block 9May86ng1

1 : FIIiFDIF (S nl n2 - )
2 CREAI; 0', Do 0. | 

', 
Lmp DOES> TO PFA fo BNo

3 ro BNN BNN Blo - I'm r To rt crN Yo w/2 10000 M*/

i pFA G 0= IF cour y ( ) 2Dnp poul 2 ! Dl-
5 ELSE 2 I M*/ POIIT 2e Or $Ia{ 2DUP
6 gotil To YO 2 L v{/ DNEGNTE @uI 1- Yg D.r @ur I+ Yo

7 Df @RD-rypE e Eildqtpc D/Dxz 10000 w/ crN ro Yo

8  L m P  P F A G 0 = P F A !  i
g \ A 2nd-order zung*iutta integrator which sinnrlates a 2nd-order

10 \ parriJ-aiir"i*rGi-"e,rJioi ny _golying n equations of the

p \ ?or* G.;:; in rectangutar corcrdinates) :

4Ur - D.' ( Ui-r -ZUr+ Ui+r )
dt - ax'
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