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ABSTRACT
A method is described whereby a single FORTRAN cross reference
map can be generated for a multi-subroutive SIMCOMP simulation program.
This map is essential for tracing through the FORTRAN coding when the

simulation consists of a large number of statements.



INTRODUCT I ON

When making changes to or trying to comprehend a large multi-
subroutine SIMCOMP simulation (Gustafson and Innis 1973), a FORTRAN
cross reference map {(Control Data Corporation 1973) is essential for
tracing out where variables are utilized within the coding. Prior to
the development of this series of three programs which generates one
cross reference map, the user was required to accept a cross reference
map for each routine. This order method generates excessive amounts of
useless paper and is quite difficult to use for a large simulation with
many subroutines. The difficulty inQolves searching each map for the
variable of interest. For a small program, there is probably no advantage
to utilizing the approach described herein; however, for medium-sized
and certainly for a large program such as ELM, it Is essential for
sanity.

This method can also be used for a multi-subroutine FORTRAN program
by starting with an UPDATE file of the FORTRAN program, called UPDATE A

(see Task 2 below).

OBJECTIVES

The cbjective of this set of three programs, identified as Tasks 1,
2, and 3, is to take a SIMCOMP program, which has been successful ly
compiled and run, and produce a single R=2 FORTRAN cross reference map.
This is accomplished by combining all subroutines into a single subroutine
prior to compilation by the FORTRAN compiler.

Figures 1, 3, and 5 illustrate the sequence of steps in flow chart
format with tHe attendant control cards. For convenience the total jocb
has been subdivided intc three convenient tasks, whose separation points

coincide with those points in the procedure where manual intervention is
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required. In the following task descriptions, references to Fig. 1-6

are suggested.

Task 1 (See Fig. 1 and 2)

In this task the objective is to create a file of FORTRAN-compatible
statements; that is, we must correct all unique SIMCOMP statements to
their FORTRAN equivalent. This is required only for SIMCOMP FLOW &
STORAGE statements, since the rest of the subroutines are already
FORTRAN-compatible, with the exception of EVENTS which are handled in
Task 2, From Fig. 1 it can be noted the flows and storage statements
are processed first (UPDATE 1) and the rest of the subroutines are
processed later (UPDATE 2). The details are as follows.

It is assumed that a SIMCOMP source deck Is available on a previously
created UPDATE file (Control Data Corporation 1973). With this file we
perform UPDATE 1 to extract out the storage and flow statements which
are to be processed through the SIMCOMP compiler. Only the flows and
storage statements are used here, for if we fed the total simulation
into SIMCOMP, we would get redundant common cards in each subroutine.
These would eventually require removal, before the generation, in Task
3, of the cross reference map.

After storage on tape of the SIMCOMP listing of subroutine XFLOWS
and the storage statements (for future print out with the cross reference
map), a FORTRAN program (called SIFT) is compiled and executed. SIFT
sifts or fiiters out some SIMCOMP-generated subroutines and leaves only
subroutines XFLOW, START, CYCL1, CYCL2, and FINIS; the latter four
subroutines contain nothing. The results of the sifting are stored
temporarily on a file called FILTER. This file is used later with a

file called COMP1 to create a new update file.
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Jaoet CM53000eT7]100¢MT1sANMecaca, NAME/S TASK | CREATL UPDATE FIILE A
MAP (OFrF)
COMMENT, THE FOLLOWING ATTACH SHOULU Bt C(HANGED 10 ATTACH YUUR UPDATE FILE NAME
ATTACH{OLDPL +SELM74UFDATE 102374 IU=SNREL o MR=1) .
UPDATE{L=A12+D}
ATTACH(SIMCOMsSIMCOMICY= oaMR=] 9 IUSNREL)
SIMCOM(CUMPILE)
COMMENY, SIMCOMP LIST 1S5 STORED ON TAPE
REQUEST(TAPE Ly I[=Aenoc HY 4WRITEISWIFT
REWIND(TAFEL)
REWIND (OUTPUT}
SKIPF(TAFE1+2+17+C) THE EXACT POSITION DEPENDS ON YOUR TAPE
COPYCF (QUTPUY o TrPEL}
RETURNI(TAFEL)
REWINDG (SIMPRG)
FIN.
ATTACH(LIBsFTNLIB,IU=APPLE)
SELLCT.,
LGO(SIMPRGoFILTER)
HREWIND(FILTER)
REWIND(SIMPRGCOMP])
UPDATE (C=COMP Lt =Al2+D)
REWUEST (NEWNWy #PF)
UPCATE (QeN=NEWW,L=A1234+0)
CATALOG{NEWWUPUATEA s ID=NKEL yRP=5)
&
«JUENT GO
sCOMPILE ELM74
SD4ELMT4,.3
c ALLUWS GENERATION OF SIMCOMP LISTING
H#DJELMT4.13741356
S L M74,23T8y4566
&
PROGRAM SIFT (INPUTOUTPUTTAPEL,TAPES=INPUT)
C
Cee THIS PGM SIFTS THROUGH THE OUTPUT UF A SIMCUMP COMPILATION AND wrITES
Ceo SUBRUUTINE XFLOWS AND ALL FOLLUWING SUBROUTINES TO TAPE]
C
DIMENSION KARD(8)4IVAR(2)
IVAR(1})=]1pHSUBROUTINE $ 1VAR(2)=10KH XFLOWS
50 KREAD(54100} RKAKD
100 FORMAT(8A10)
IF({CMPRF (IVAR+1KARD s 74173)150:20+50
20 WRITE(1+100)KARD
30 READ(5.100) RARD
IF(EQF (S)) 40420
40 CONTINUE
END

s

¢ IDENT GOl
«COMPILE ELMT4
#DELMT4 20136
®OWELMT4, 13572377
&

+DECK DECK]

exbEAD FILTER

2READ COMP]

L

Fig. 2. Listing of typical control cards and source data decks for Task 1.
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File COMP1 which brings on the rest of the subroutines for binding
with subroutine XFLOWS is created after the second update of the original
update file is performed.

Finally a new update file is created by combining files FILTER
(subroutine XFLOW, essentially) and COMP1 (the remainder of the subroutines)

and storing on a file called UPDATE A.

Task 2 (see Fig. 3 and 4)

This task is required to (1) remove the extraneous subroutines
(START, CYCL1, CYCL2, and FINIS} added by the SIMCOMP, (2) change all
SIMCOMP EVENTS to subroutines, since the FORTRAN compiler will not
recognize these statements, and (3) resequence all statement numbers.

If the EVENTS are only called externally to the program, they will not

be present in the final map as ''externals." Consequently, if the cross
reference map is used to generate a glossary, these names wili be missing.
They must be accounted for manually. The resequencing is required

because the FORTRAN compiler will issue fatal errors Qhen the subroutine
boundaries are removed, if there is an overlap in statement numbers
between subroutines.

The resequencing of statement numbers is accomplished by using the
CSU Computer Center program CLEAN (CSU Computer Center Consultants).
Certain CLEAN directives are required and are shown in Fig. 4. The

basic directives are:

(1) /BASE = XXXX Sets lower index on statement number. One
required for each subroutines being
resequenced.,

(2) /LAST Lets CLEAN know that run is ended.

/STOP
(3) /NO COLLECT Prevents relocating format statements after

RETURN and before END cards. If not done,
this complicates subroutines boundary removal
in Task 3.
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TAvue ,CMT0000,T225+ANMROGcee, NAME/. TASK 2 CREATE UPDATE FILE B

MAF (OFF)

ATTACH(OLDPL yUPDATEA ID=NRELsMR=1)

UPDATE(L=AL2.D)

ATTACH(LIB,APPLIB,1D=APPLE)

SeLt CT{P=CLEAN)

LGOILOUT 14+ COMPILE)

REwWIND (OUTPUT)

REWIND(OUT]}

REGUEST (REwl 4 4PF)

UPDATE (QsN=NEWL L=A12344L)

CATALOG(NEwW1+UPLATEB s JD=NREL « RP=5}

&

#1DENT GO2

«COMPILE DECK]

#DyUECK]1,1008410609

Con THE FOLLOWING IF STATEMENT iIN

C LOGICAL IF
IF(SBF«2,0)80%0,8020+8020

Cen THE FOLLOWING IF STATEMENT IN
C LOGICAL IF
8020 IF (SBF-SPHF (K)}B8050,8030,8030

#D UDECK]1,1011
Ceo THE FOLLOWING IF STATEMENT IN
c LoGICAL If

IF (SBF=TEX1)8050+80640+8040
#DyUECK1.1168
Ces THE FOLLOWING IF STATEMENT IN
C LOGICAL IF

IF (STBLS=(.019000+49000+9001
#D4DECK]I, 1335
Con THE FOLLUAING JF STATEMENT INW
C LOGICAL IFf

IF (FRFCN,CE.0.G005) G0 TO 9008
Cos THE FOLLOWING IF STATEMENT IN
c LoGlIcalL If

IF(5TeLS.6T.0.0)G0 TO 9008
#D.DECK1.1339
Cea  THE FOLLUWING IF STATEMENT IN
¢ LOGICAL If

1F (SPHEN=G,.2)9010+9010+9009
#D4VECK1.1362
Cos THE FOLLOWING IF STATEMENT IN
C LOGICAL IF T

1F (FRECN.:EL0.0005)G0 TO 9018
Cue THE FOLLOWwING IF STATEMENT IN
C LoGICaAL 1f ’

1F(STBCRLGTL0.0160 TO 9018
@Dy DECK] 41366
Coe THE FOLLOWING IF STATEMENT IN
c LoslcaL Ir

IF (SPHEN=5,2) 9020+9020+9019
oD4DECK]1,1385, 1386 _
Ces  THE FULLU~ING IF STATEMENT IN
c LOGICAL IF

1F (SKEY (1) ~1.)830598300

Fig. 4. Listing of typical control
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THE
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THE
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THE
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OR1GINAL

ORIGINAL

ORIGINAL

. ORIGINAL

ORIGINAL

ORIGINAL

ORIGINAL

ORIGINAL

ORIGINAL

ORIGINAL

OR1GINAL

CUUING

CODING

CODING

COLING

COUING

COUING

COUVING

COUING

CODING

CODING

CODING

is

15

Is

i

is

is

is

Is

1%

Is

15

™~

BRANCH

BRANCH

BRANCH

BRANCH

BRANCH

HBRANCH

BRANCH

BRANCH

HRANCH

BRANCH

BRANCH

cards and source decks for Task 2.



Ceo THE FULLOWING ]F STATEMENT IN THE ORIGINAL COUING IS A 2 BRANCH

C  LOGICAL If

B300 IF(TIME=-TSTRT)IBI054830]

#UsUECK)Y 1404 .

Cao THE FOLLGWING 1F STATEMENT IN THE ORIGINAL CODING 15 A 2 BRANCH

C LOGICAL If
IF{SKEY(2)=1.018350+8340

«DoUDECK] 2601

Cos YHE FOLLUWING IF STATEMENTY IN THE ORIGINAL COUING 15 A 2 URANCH

C LaoslcaL IF
IF(FRPCN=0,001)9010+9020+9020

el 0ECK],1

F8BASE=]1000

#lyUECK1.141Ts1428

/BASE=2000

¢l2DECKL. 1786

/BASE=3000

#JyUECK],2649

FBASE=4000

#] yUECK] ,2694

/BASE=5000

#]1+WECK]1.2710

/BASE=6000

#]14DECKY,. 2727

SBASE=TOQD

2] yUECK]1 42743

FBASE=B000

#1+DECKY 27065

FBA5E=9000

FHASE=10000

2] yUVECK],2822

/ZBASE=11900

#1+s0LCK1.2970

/BASE=12000

&]4OECK].2975

/BASE=13000

#I,LECK]),.988

/BASE=14000

#],0ECK]1,3003

/BASE=15000

#]WECK] 3125

/BASE=16000

#]4DECK]1 L3257 .

/BASE=17000

#],UECK] 43358

FBASE=18000

2]l +0ECK]1,3370

/BASE=19000

@I +UECK] + 3525

78ASE=20000

#]2UECK] 3553

/OASE=21000

¢1+UECK] 43595

/HASE=22000

¢l +ULCK] 43695

Fig. 4. continued



/BASE=23000
ol 4DECK]1,3714
JBASE=24000
el yUELK],3729
/BASE=¢5000
#l4UELK]) 3784
JBASE=26000
1+ UECK] 3985
/BASE=27000
el UECK] ,3998
/BASE=28000
#DyDECK]L 4024
/BASE=29000
SUbROUTINt COUNT
#DyDECK] %115
/BASE=30000
SUBHOUT INg COWON
#DyDECK) L4152
SUBROUTINE COWOF
/JHASE=31000
«]sDLCK1,4182
JBASE=32000
@] ¢DECKY 4208
/BASE=33000
#]14UECK] L4255
/BASE=34000
#lJLECK]1,.4347
/BASE=3%000
#]+DECK]1 44356
/BASE=36000
eI 4DECK]1.4363
JBASE=3T000
#]4DECK]) . 4368
/BASE=38000
¢] yDECK].4378
/BASE=39000
#]LECK) 4387
/BASE=40000
] yUECK] 4671
/BASE=41000
#DyDECK] ., 4665
/BASE=42000
SUBROUTINF
#IyUECK] 44697
/BASE=43000
] JOECK] . 4715
ZBASE=44000
#lJVECK)Y 4724
JHASE=45000
®]JUECK] 44729
/BASE=46000
#DJDECK]) . 4736
/ZBASE=4T7000
SUBROUT INg

Fig. 4. continued

SACEF

SFERT

2938

3025
3050

3430

3463
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el yUECK] 4702

/BASE=4D000

0] DECK] 4768

JHASEZ4G000

] 4DECK]. 4802

JBASE=50000

] yUECK] 4809

/BASE=51000

2Dy DECK]) 4817

/BASE=52000 :

SUBKUUTINE SRSET 3500
»]yUECK] 4828
/BASE=53000
o) UECK].4837
ZLAST
/STUP
& .
«DECK DECK2 777
sREAD OUT}

#

Fig. 4. continued
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CLEAN has a problem in that it cannot handle two Branch logical IF
statements. These statements must be changed to absolute transfers or
three Branch arithmetic IF statements.

Should the resequencing of statement numbers not be required,
Task 2 can be eliminated with the exception that the EVENTS must still
be changed to subroutines; however, this could be.moved to Task 3..
Also, the input file for Task 3 would now be UPDATE A rather than the

present UPDATE B.

Task 3 (see Fig. 5 and 6)

Task 3 is basically the combining of many subroutines into one and
compiling the FORTRAN coding to get a single cross reference map. The
map is also stored on tape for future generation of extra copies. The
three essential tasks are outlined in Fig. 5.

Removai of subroutine boundaries is accomplied by using the update
directives In conjunction with update file UPDATE B. We remove END
cards except that of the last subroutine and all RETURN cards except
those that allow for the program to flow beyond the RETURN statement.
A1l DIMENSION statements which were local to.a given subroutine (i.e.,
not in a STORAGE. statement) must be moved forward to just after the
COMMON. statements in subroutine XFLOWS.

A1l FORTRAN FUNCTIONS must be accounted for In either of two ways,
or the FORTRAN compiler will scream:

(1)} For those functions with three or less arguments, include the
name of the function as a dimensioned variable,

(2) With greater than three arguments, delete the function or
rewrite as a subroutine if it is essential that it be included in the

map.
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Incidently, for all of these cases, sprinkle heavily with comment

cards. See examples in Fig. 2, 4, and 6.
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TAG#G4MT 1o CM]140000sT125ANMER0te, NAME, TASK 3 CREATE ANL STURE K=g2 MAP
RFL{53000)

ATTACH{OLDPL yUFDATEE » JD=NREL s MH= l)

UPDATE (L=AlZz40)

HFL(140000)

FINUI=COMPILE yR=2)

RFL (100000

REWINO (OUTPUT)

COPYCF (QUTPUT +B)

REQUEST (TAFE] 4 [ ~A%88a,HY WRITE)SWIFT

REWIND(TAPE])

REWIND(B)

SKIPF{TAPEL+3917+C} THE EXACT POSITION DEPENDS ON TAPE USLD
COPYCF (8.TAFEY)

REWIND (TAPE]L:

&

#IDENT GO3

#*COMPILE OECK2

#1,DECK2.102

C THE FOLLOSING S CARUS OF OIMENSION STATEMENTS WERE REWUIRED

C TO FOOL TrE FOKTRAN COMPILEN, THEY AKE KEALLY THE NAMES UF FUNCTIONS
DIMENSION ACLAS (10)«ABSEVIL0) yAPXT(10) sARAND (] 41])
DIMENSION ATENS(1+]1) ¢ATREV(10)CFBL1(10), : DEFT(i0)+0LCH(LO)

DIMENSION SFA(141)¢SFB{141)+SFSTC(]) B
DIMENSION DMERQ(10) +FS(10Y sPINTRIL10) 9SAVG (191} oSCACCHLa1}
DIMENSION SFSW1{1)+SFSW2{1)eSTANX(Llels})

< THE FOLLOWING 2 CARDS IN THE ORLGINAL LIST ARE IN SUBROUTINE ASTCH

ncopv DECK24DECK2 . 3054 4DECK2, 3055

Ceee THE FOLLOWING CARD IN THE ORIGINAL LIST 1S IN FUNCTION SAVG

#COPY DECR2,DECK2,5322

Coeo THE FOLLOWING 3 CAKUS IN THE ORIGINAL LIST ARE IN SUCHOUTIND CVILl

#COPY DECKZ4DECKZ.17934,0ECK2,]795

C THE FOLLOWING 2 CAKDS IN THE ORIGINAL LIST ‘ARE IN SUBROUTINE ASTCH

#COPY DECKZ,DECKZ.30564DECKZ,3057

#DyVECK2,1349

*DyUECK2,135541374

c SUBROUTINE START

oDy DECK2.17T3

2Dy VECK2,1789,1795

C SUBROUTINE CYCL]

eD.DECK2,2829

¢DyVECK2,2833,2837

c SUBROUTINE CYCL2

#DyUECK2,2687526%4

c SUBROUTIN: FINIS

*04,DECK2,2908

#DIDECK2,2912+2915

c FUNCTION £CLAS(I)

*DJUECK2,2931 42536

C FUNCTION ..BSEV(TEMI1)

4Dy DECK2.295) 42956

C SUBROUTINE AFPENN

+DyUECK2,297T42482

C FUNCTION aPXT{I)

®D4DECK2,30064+3011

Fig. 6. Listing of typical control cards and source decks for Task 3.
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C FUNCTION akaND(TEML,TEM2)
#DJWECK2,3043+304%0

C SUBROUTIN: ASTCH

*DLLECK? 430543057

DI VECK2,3223

o0 DECKZ2,3228+ 3238

C FUNCTION ATANF (Z9AsHeCoD}

C THIS FUNCTLION wAS ULVELETED FROH THIS COMPILATION DUt TO EXCESS
c ARGUMENTS, THE COMPILER COULD NOT BE FOOLED INTO THINKING THAT
C IT WAS A VECTOK,

C FUNCTION aTENS(K.TEM])
#DJDECK2.325043255

C FUNCTION ATREV(TEM])

2D LECK2,326943275

C SUBROUTINE BDULT

#DyVECK2,3413

PDL0ECK2,341843422

C SUBROUTINE 8YMPH

LY UECK2.35724+3578

C SUBROUTINE BEGOG

#DDECK2,.36u80

#DoUECKZ 3684436868

C SUBROUT INE gDEAD

#DJUECK2.3704+3709

C SUBROUT IN: CANON

#D,DECK2.3801]

2D DECK2,3665,3869

C SUBKROUTINE CBIND(Ied) ,
*D,DECK2.3H498

#DyDECKZ2,3902, 3905

C SUBROUTINE CBIRT(I»J)

#DyDECK2,.3942

#D,DECK2,394843951

C SUBROUTINE CDETH{IsJ)

#DyDECK2,406544070

C SUBROUTINE CDIGINFCel o}
“DyUECKZ,4095¢4100

C FUNCTION CFaliL)

#DyLECKZ . 812214127

C SUBROUTINE CFOFL(I)

#D4DECK2.4183

*DyDECKZ2,410F:,4192

C SUBROUTINg CGROW(I e}

*D¢DECKZ.4430+4450

FUNCTION CLI(AA.BB+CC+DDWEE}

THIS FUNCTION wAS DELETED FROM THIS COMPILATION DUE TO EXCESS
ARGUMENTS, THE COMPILER COULD NOT Bt FOOLED INTO THINKING THAT
1T wWAS A vECTOR, :
SUBROUTING CMISC

#DYDECK2,4465,4470

c SUBROUTINE COUNT

#DJVECK2,4559

DI DECKZ2 456644569

C SUBROUT INe CUWODN

eDHILECK2.4600+40605

C SUHBROUT Ihié COnOF

#DDECK2. 46314630

OO0

Fig. 6. continued
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C SUBROUTINE CPRIN{]1sJ}
'D.DECKE.“bbl
#DJDECKZ , 466544673

C SUBROUTINE CRANKINFCsIvJ)
eDyVECK2, 4712
BDWDECK2.4T7)1Tva721

o SUBROUTINE VLECUM
#UyULECKZ,4825

W UECKZ 482944832

c FUNCTION QEFT(DTEMP)
S0 DECKZ2, 484044845

C FUNCTLON UDLCH(DTEMP)
#DJDECKZ2,. 484944854

C FUNCTION UMERQ (DTEMP)
#DIDECKZ.48564+4n61

< FUNCTION FS(Y)
fDJDECKZ.4869 4074

C FUNCTION PINTH({A)
#DyDECKZ.48T79+ 4184

C SUBROUTINE PLANT
#DJLECK2.5279 49298

C FUNCTION PLICAsBsCoDsE)
C THIS FUNCTION WAS DELETED FROM THIS COMPILATIUN QDUE TO EXCESS
C ARGUMENTS, THE COMPILER COULD NOT BE FOOLED INTO THINKING THAY
C IT WAS A vECTOUR,

C SUBROUTINE SACF

#DJUECKZ2.5311+¢53106

C FUNCTION SAVG(ARRAY +KK)

“DyDECK2.%322

2D DECKZ2.,5335+5340

C FUNCTION sCACC(I.J)-

“DsDECK2.5350+5353

C FUNCTION SFA(STMP4STENN)

SDJDECKZ2.535%8+5363

C FURCTION SFB{STMP,STENN)

#DsDECK2,5368+5373

C SUBROUTINt, SFERT

QD|UECK205400!5“03

C FUNCTION SFSTC(STMP)

#+DH)PDECK245409+50 14

C SUBROUTINE SMALSS

*DyDECK2.5401+5466

C FUNCTION SFSW1{(STENN)

DY DECK2.5472454717

Cc FUNCTION SFOSWZ{STENN)

#DLZUECKZ.5483,5488

C SUBROUTINE SRSET

tD4DECKZ.5500,5505

C FUNCTION STANX(X]+X2eX3)

]

Fig. 6. continued
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