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PURFOSE

——————

Reliability,maintainability and extensibility are wajor
requirements of today in the ares of the seftware developement.

Structured programming is a technique for organiki ng and
coding programs to wake them easy to be understood and modified.

The cost of the maintenance, debugging and extension of
astructured progrems is much lower than the one for conventional
prograns /7/ .

It i the intention of this paper to present the bawsic
concepts of siructured prograuming,which is considered as a
remarkable invention and to describe an extension of FORTRAN
which can be used as a structured language.

The source listing of s precompiler for the extended FORTRAN
is presented in Appendix 1) eince it is written in 1ts own language

the precompiler is alsc a good example of how to use the

extended languasge.
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1, Historical considerations

The theoretical foundations of structured programming can be
traced back to a paper written by Bohm and Jacopini /1/ who showed
that only three structures are encugh to write any program whatever
sophisticated it might be
1+ - siuple sequances with statemenis executed one after the other,
2. = selection clauses of the type IF,.THEN..,ELSE,
3¢ = repetition blocks with a DO  WHILE or DO.. UNTIL loop control

mechanism.

Each structural block of the program must have only one eniry
point and one exit point. It follows that such blocks can be
combined in such a way that the flow of control goea from the top
to the bottom {or from the beginning to the end) without any
backtracking. For this reason, structured programming is alsc
called top-down programming.

Apparently there are only iwo situations when the use of the
pure three structures might lead Lo inefficiencyl
- when only one of a get of functione is to be performed depending
upon the value of a variable., This situation is handled by
computed GO TO type statements in conventional programuing. This
sltuation can be aveided by generalising the IP..THEN, ELSE
selection function from two to multiple valued;
~ when abnormal termination of a repetition block is foreseen,

The absence of the GO TO like statements ip nct felt 1f the
three structures are skilfully usedj however the resulting
programs are much easier to read,to understand and to debug,

The recognition of the idea of atructured programming seems

to be aspsociated to the DiJkstru'g letier /2/3;he  warned that
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' GO TO statements were potentially hazardous to the state of
mind of programmers in charge of debugging complex codes ' pince

it forcem them to examine these codes in an unnatural way.

. Eerhaps'thia is the reason why many people tend to conalder
th@ elimination of the GO TO statement as the whole point of
atruotured programuing; but, certainly, this ie not true.

We must recsll that H.uills /3/ proved that if only the three
bagle structures are used and a program module has only one entry
poi;t and one exit point 1t becomes possible to prove whether
a program is vorrect, Sometimes it is felt that the structured
prosraﬁming will help to awitch the study of 'the program proof
of correctnesa! from the theoretical to the practical sids. Up to
now all sttempts to prove analytically the correctneas of & program
failed to lead to a practical procedure and any skilfull proyrammer
knowe that there is oaly one way out: debugging on the machine.

It the question of the impact of eiructured prograusing upon
resl life arimes , we must mention the 'chief programmer team'
concept of Baker /7/ which ie a new approach to the problem of
tho'nlnlserial framework of program production ,using structured
progranwaing.

A toam of six IBM people &pplying Baker techniques developed
over 83,000 lines of high level code in 22 months . But not only
this unbelivable high rate of coding ie impressivejthe coding
‘srror rate waas one detected error per 10,000 lines of coding, or
one per mAN-Year.

Other big projects have since used this conceptjthe mimsion

sinulation system used in preparation for the Skylab operation

(400,000 lines of source coding) rsported the same level of
productivity and of error coding rates.



2. Structured programming in conventional Programming

languages

As we all kuow the three control structures are either directly
available or can be easily constructed in any programning language
80 that top-down programmning can be done by anyone aware of its

existence,

Certainly, the difficulty to do it varies from one language to
another,

In any asmembly language , especially when a macro facility
is available structured programning can be practiced but with the
known low productivity of essembly program writing,

Among the high level languages ALGOL and PL/1 have fesiures
that correspend directly to the three desired structures and thus
these languages are most suitsble for structured programming,
COBOL has equivalent capabilities too,

A5 far as FORTRAN is concerned,in spite of the existence of
IF eand DO constructs we can state that it is not an ideal langusge
for lop-down writing but,nevertheless, by applying the baesic ideas of
atructured programning better FORTRAL programa can be obtained,

We should now quote Daniel iic Cracken /4/3 'I predict that
within three to five year future there will be at long last y 8
swing to PL/1 , precisely because it is well suited for structured
programmingt,

But for the benefit of most PORTRAN addicts it is possible
to extend etandard FORTRAN to a structured languege and to provide
a precompiler for it. In this way one can have the advantages of

& structured language and otlll be able to uge FORTRAN,

3. SFOR - an extended FORTRAN for sLruciursd proyramning

3.1, SFOR function., SPOR ie a precompiler developed &t

" Bell Laboratories by D.M.O0'Weill in 1974 /8/ .

The idea was to provide a mean to write sbructured FORTRAMN

prograns without the need to change the PORTRAN compiler or to

‘alter in any other way an existing progremning system.

The input to SFOR is a file containing & progran written in
the exteanded language; SPUR scans this file for special operators
and when found ;xpands then to standard PORTRAN and produces an
output file that can bs compiled by any FORTRAN coupiler.
3+2. Language specifications. The following notations will be

used to dewcribe the features of SPOR 1
<lex> means any legal logical expression in FORTRAN
<mex> nmeans any legal arithmetic expression in FORTHAN
8, aw legal FORTRAN statement

3e241s Logical eelection etatement. The format of Lhis statement

ias
$IF(clex>)
$ILHEN §1
Sz
SRLSE ?;
$RUDI 3,
Sy

Note,that there is also one way seleciion statement:
$IP(<1lex>)
$THEN 8,
»

$ENDI 52
83



SFOR evaluates the logical expression «lex- and if it has the

AW - . .
value TRUE, the statements S1 to 62 and from bs on , are executed;
if it hag the. value PALSE, the statements 33 to S4 and from 85 on
are eXecuted. As far as the one way @election statement is concerned
either the statesents 81 to 52 and from 33 on are executed (when
TRUE) or only atatements from 83 on {when FALSE),

3+2.2. Avithmetic gelection statement. The general format of

this statement ig:
$BRANCH( caexy )
$CASE 51

e
LV 8

$CASE

0 Leeeeln
L S

¥CASE

o

$CASHE

]

$ENDB

) Coves (Gesseslnman
C

Here the arithmetic expression <¢aex> is evaluated and the value

of it is then converted to an integer k. Bupposebthat there are

n blecks {a block ie delimlited by two consecutive $CASE operators
or by & $CASE and a $ENDB; eug.;s block is the sequence of ptate-
ments from S1 to 82 » another block is the one atarting with Bx

and ending with Sy). If k is in the range 1 to n , the corrsaponding
block 18 seslected (e.g.,if kw2 , gtatements from 83 to 84 are
gelected), If k is either zero or greater than n, the control

goes %o ithe statement following the $ENDB (in our caae Sz

8tatement). Nole,that each $CASE keyword may have an optional

T .~ TS I e R e TR

two character identifier appended to it. For example $CASE1,

$CASE10
J¢243. Repetition statements, The first type of repetition

ptatement is 8 WHILE .., DO statewment with the foruats
$WHILE ( clex)
$D0 §

.
$ENDW 82
%3
Here the evaluation of the logical expression is performed; if
TRUE the block starting with statements 8, and ending with
statement 32 is executed and the logical expreseion is again
evaluated. If the value of it is FALSE control pasees to statement
83.
A REPEAT...,. UNTIL structure is alsc availables
$REPEAT §1

4
+

52
$UNTIL {<lex>)
83
Here the block (81 to 82) is repeated until the logical expression
< lex» has the value TRUE, Then execution regumes with 33 .

3+244, Internal subroutines. Internal subroutines are to be

defined whuvnever an identical block of code must be executed at
soveral different places in a program. The use of internal
subroutines ehorteng conaiderably the main program improving ite
readability.

In this implementation up to 20 internal subroutines may be
defined and each can be called up to 9 times,

All internal subroutine definitions must appear at the end



S5R5, No label greater than 90000 is allowed ian a prograa using
of the programn using them, Hested definitions of subroutines are

the extended language.
not allowed, Recursive calls of subroutines are prohibited;
otherwsine a subroubtine can ¢all another ong.

3.3+ The availability of the extended language.
The call ol & subroutine iss

#CALL name A vorsion of SBFOR has been recently installed on the

———

with nane a | {2 6 character name of an internal subroutine,. CDC 6400 wachine existing at Dubana, It is available for general

Hote Lhat & $CALL statement may not be the object of a logical usa .

1F statenent A typical deek set up for a ,job requesting a precompiletion,

the definition of an inbternal subroutine igt compilation and execution of a SFOR written progrem tfollowss

$5UB nane JOB CARD
5, ATTACH{SU3SSY ,MARINEICU63208, [D=LCTA ,liR=1)
: sussY,
VELDS 5, REWIND(TAPE2)
3+4.5, Heetrietions, Ay fur ne the wriling of SFOR statements is PTN(I=TAPE2)
Zonccrued the Following; rules must bes obBerveds 1GO,
l, the atatementn mup. Legiu at celuwn | or beyond. 1/8/9

g #2, The aelatemsntu muo! ot eitend pasl column 72, gource deck in SFOR

R3s Continuation lines wmunl have & non zero character in column 6.

o 7/8/9
Hi. If an exiendnd slateent which contains a condition is
— . . it 1 . ; ; data
continued over geverni linee ,only the last continuation line
iy end with n right paranthesais. 6/7/8/9

A8 fur as the syniat ot axtanded 3tatemants ig concerned

With only minor changes ihe extended FORTRAN can be
vhiere are several reslviclivaeg

; inatalled on practically every machine provided with a FORTRAN
5R1., Bxtended statemenls may not have a usger defined statecent labely

compilar.

8R2. Only one extended statement may appear on a line,
8R3. If the $BRANCH construct is uped,the user iep not allowed to
define variable or routine names of the form NBSWL ,1¢1¢99.

SH4. If internal wubroulines are coded,nacmes of the form NSUBi

with 1¢1499 are not allowed,

1"
10
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APPENOIX & SFOR PRECOMPTLEF SOURTT LISTINMG

QoDoCoD

PROGRAM SFOR{INPUT,GUTPUT (VY E2T1: IHPUT, TAPLS =0 }TRPUT, T T2}

THIS VERSION OF THI GFOR PRICUMPILER A4S ASEy NESTHS) 10 wORK
EFFICIENTLY ON THi £0C 6L50 4AZHI L, CHARAGTERS ARE 147<f7)

TEN TO A COMPUTER wWORD,

SEVERAL CHARACTER HAHIPULATI 3 FUNCTIONS FRIM THE HMATA.INE LI4RARY
ARE USED

INTEGER BLANK,DIGITS(Y)
INTEGER NAMESILS ) o HAMLEH LX) yHAHTYP (.5 ) ,iAMEMR (4)
IRTEGER ASSIGUZ) yuSUNSILY WMIF (L) (NOSHIT) ,CouTaL2)
INTEGER CONTI2),GOTOL12) ,GUTU2{2 3, CASE{10,50HLPPIL), 2o % uMil}
INTEGER LINE {3} sBUFF{d},yBLANCEIP Y 4SPTR, CURS LA, CAL SU
INTEGER BPLACE,SPLACE
IHTEGER DOLLAR,ONLE,CEE
LOGICAL EQUAL,DIGTT,00HE I w318, LASEL, 5. 0R%d , uOHORE
INTEGER SUINAMIG) ,SUITAG(23,9) S TACK (23} ,STATH(22)

DATA SUBTAB/2I7%0L/

DATA SUBNAH/Z9* LM 4

OATA HAXSUS,MXCALL,HAXSTK/3 ,20,20/

DATA GLANKS3ZB*LLH ?

DAYA BLANK/LL 7

CATA DIGITS/1dM,123450789%/

DATA NﬂHES’ZLIFIQLTHENIBLELSE'lLENUI|5L“HILE,aLUO.QLENDHgELREPEAT
X aSLUNTIL4BLBRANCH, 4LCASE 43,3807 4 3ILSUB, 4LE YOS LLCALL /
DATA HAHLEN/Z243%435 2341695 1502% 49 3,2%47

DATA NAHTYP/ 0, 3% 47428256431 542%4493%07

DATA NAMERR/2LIF SLHMILL yBLIZPEA T 6L HRANGH/

DATA ASSIG/LOHASSIGH 1304 To NSUB/

DATA NSUAS/LLHGL TO HSUBY/

DATA NIFZ410H IFU{ptiH elLTw s ADHLY o DR, ( )

1 iCH aGT, byalH) GO TO Ll /

DATA NBSW/LUHNBSH = /

0ATA CGOTO /10M GO Tal)Hdtl /
DATA CONT/LuH CONT, 104N JE 14
DATA GOTOL/1GH 1} GOL194 TO ’
DATA GOTQZ/1GH GO T,1342 /
DATA CASE/LOHSCASE ’

OATA COMLPR/L1iH, ¢ /

DATA RPRCOM/1uH), 4

OATA CEEZILC/
UATA ONE/LLL/
OATA OOLLAR/1LE/

JONE=. FALSE,
SPTR2y

N3uB=(

SUBSHE FALSE .

13



APPUNAIY 1 SFOR PPLCOMPILEAR SO0WRIE LISTING APPENDIX 1 SFOR PRECOMPILER SOURLE LISTING

LaLL=B3999 l $CASES IPZ=IP1+3
NURNUH =i ) LABEL=LADEL+2
BPLACE =1 SPTR=SPTR+1
c THIS IS FHE TuP OF THE HMAIN °SROCESSING LOO? .' IF(GPTR.GT,HAXSTK) 30 Tn 9p1¢
IPAGL=YL STACK{SPTR)=LA3I.
LINECT =0 STATE(SPTR)=N
WLITELS,9877) [PALE . KOURT =]
SREPEAT COITIULE ) CALL IFPRNHTCLINEZLENLABEL®1,LABELIPL[2)
SCALL READ HRITL 12,9001 LINEC
LINEGT=LINECT+1 ¢ CASE 6 - 300
LFLLINECT,GT.S6) GO TO 1483 $CASED CALL CHMIVI(LINE,TPL{ ,ALANKS,y i3}
1187 CONTINUE HRITE(2,93GL ) LINE
SLF L+ HOT L O0ONHE)D G CASE 7 ~ YIENDW
L IF THIS IS HOT AW EXTENDED STATIHENT,WRITF IT OUT [4MIOTATELY SCASEY CALL CHY WI (L IME, IPL,ALANYS,1,5)
SIF(aNOT  CHHHALILINE W IFL 4 DILLAR, L, 1)) s HRITE(2,9500) LINE
$THEN WRITELZ, 3,05} {LINIC(LY »I=1,8) KOUNT =1 2
$ELSE GOHTINUE $CALL ILAUFF :
W BETERHMINE THE TYPE OF STATEMENT AND BRANCH TO THE APPROPRIATE RALOCK CALL I'MTOUTISTACC{SPTRY 4GOT02,<0UNT 5]
$CALL 3TYPE CALL CHHOVE({BUFT,IPL,G0TQ2,7,41)
YORANLALS ITYPY KKIIPL+1y
C CASE L - S§IF WRITE(Z2,9C0LC) FIFF
$CASEL IPLTIPLi#2 STACK [SPTRI=STAGCK(SPTR) + 1
LABEL =L ABEL+2 SCALL LA3WRT
SPTR=SPTRFL c CASE 8 - S$FEPCAT
IFISPTR.GT.HAXSTK) 50 TO aG1r , $CASELS CALL CHMOVI(LINE IPL,OLANKS1,.7)
STACK{SPTRI=LABI. . LABEL=LABEL+2
STATE(SPTRI==1 SPTE=SPTR+1
Catl IFPRNTILINZ,.Ex,LABEL,U,I24,1IP2) IFLSPTR.GTMAXSTCE 50 TH 9014
ARITE 12,9380 LINE . STACK(SPTRI=LABEL
c CASE « = 3THEHN STATE(SRTRI=Y
$CASE? CALL CHYIVE{LINL 4JPL,BLANKSy 145} KOUNT =y
WPTTE (223050 LINE CALL THTOUT(STAZKLS?PTR) 4 LIME,XDUNT,5)
L CASL 3 - ptLsSE ‘ HRITE (2, 9000 . 1NE
LCASED CALL CHYOVEILINE ZIPL,OLANKS, 1,45} ¢ CASE 9 = FUNTIL
HXLAD=3TACKISPTY v 4 3CASES IP2=IPi+3
KOUHT =12 CALL IFPRNTILINZ_ENSTACKIGFTR) 14 IPL,1P2}
$CALL ILBUFF SPTR=SPTR=1
CALL IMTOUTIHX.2B,50TO2,KNUNT,3) HRITE12,99ul}  .IuE
CALL CHMOVELRUFF,IFL,GOTS2,7411) c CASE 10 ~ HEBRANCH
<Kz[PLein $CASELS XF=lFir?
WRITE (2,9u0L} BIFT . NCASES=
KOUNT ¢ < DETERMINE THE NUMGBSER OF CASIS
CALL IHTOUT{STAIKISE TR}, LTHE ,XJUNT, 5} SREPEAT DIGIT=,FA_SE,
STACKIGPTRIENXLAB 1=0
WRITEL2,9600) LINE $REPEAT IszIed
C CASE & ~ ENDI ‘ SIFLENIALILINE, <F,DIGITS I41))
$CASEy CALL CHMIVELLINL,IPL BLANKS 1,50 FTHEN HIGIT=,TRUJF,
WRITE (2,9406u) LIME 'k $LNOL ICASES=HIASEIS*iyel~1
$CALL LAJWRT l TUNTILIOIGIT. Ot EN lul}
C CASE 5 =~ IWHMILE KF&KF +1

14 15



AVRLNOT G 4 GFOR OPICIMPILEG SOURST LISTLING

TEARFLATLLEN) 6D Th 332y
BUNTIL(LNOT, OISLT)
IFINCASES LY ) G TO geay
CALL CHHJUL(LIME.[‘1.8LANKG.1.<F-IPLI
lF(tNCASES.LT-ZI.DJ.INGASES.GY.dQ)J 50 T2 9L 3L
Py JUTLD THE ASSIGHMENT STATEMINE FOR THY $RRANCH SHIT:4
LAJEL =L ACL+ NCASZS 3
SPIF=C0TIReE
TFUSPTR,GI . HAXST(} 20 TO 9Gin
STACK(3PTR) =LASE,L -1
HARHCOH <HARNG He |
IFTLRRGCH,FA, 10) 3P pLE=z
STATEASHTRY=NECASZ 32
KOunT =z
caLL THTOUTCHBRNS 13 i SWy KOUNT, 3PLACE)
CALL CAMOVE{LINZ, I8t sNUS W, 1 4 7}
WRITE(2,900L)  LINE
CALL ulHUUEEHI?,ll.ﬂesﬂ'i.bl
CaLL CANOVECHTFy 28 ,NASH, 1,6
KOUNT =37
CALL 1HTOUT[NC&SES.HIF,KDUVI.N
KOUNT =60
caLt IH70UT!STA:K(°=!R).NIF.£0JNT.51
HRITL{2,9008) NIF
[ BULLD THE #CONPUTED GO TO 2
SCALL ABLAJUFF
CALL GJHOUE(GU”,l.CGO!O.l-im
KOUKT =1 2
HxLAB=STACKt3PT!)-STATE(SPT&)+2
CALL lHIOUlruXLhG.bJFF,KOUNT.Bl
11
WREPEAT =T+
CALL CHHOVECBLF’.(?JNTOI,COHLPE.I.iﬁ
KCUHT s gL Te 1
NXLAB=HXL AR 1
CALL INTUUT‘NXLQB.HJFF.KOUNT.%J
SIFUT WHELNCASES)
%IF‘HOJ(I.&)-EI.D)
STHEN KQUMT=NOJNTSY
CALL CHMOVE(OUF =, KOUNT,COM PR, 1,1 )
WRITE (Z49900) 3JFF
FCALL A,.n4F"
CALL CHADVE LAUFF 6, 0NE, 1, 1)
KDUKHT =t 2
NXLAB2NXL AR ¢
CALL INTDJTINXLAB'BUFV,KOUNT.B!
GENDI I=Iey
vENDI CONTINUE
SUNTILUILEN, HCASES)
CALL CHHUVE(uufr,<0Jnr+1.apR001.1.2l

16
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APPENOIX 3 SFOR PRECOMPILER SOURZEI LISTING

CALL CHHOVE(B WSy COUNTH+IZHISH,L ,6)
KKTKQUNT ¢3

WRITE(24930G() 3JFF

CASEL =, TRUE,

«CALL RcAD

IF{aNOTLEGUALLLINZ S IPL,CASE,1,5)) GO TO 304¢

[ CASE 11 - $CASE
SCASELL CONTINJZ

11 TF{STATLUSPTRILED, E) S0 TO 9¢5)

KF2IP4

Cc GET THE ICASE IDENTIFIER (I° &NY)

SWHILEC NOT EQJALILINE JKFBLANC 1,107
S00 KF=KF+y
SENDN IFIKF.GT, .ENY GO TO 9570
IF(KF=TPL,GT.7) 52 TO 9069

. CALL CHMOVE{L INZ, TP ,BLANKS,,1,¢F=1P1}

c FOR SECOND AND SUCCEEDING BCASES, ENG THE PREVIOUS ECASE ALACK
NXLAB=STACKISPYR) -STATELSPTR I +2
STATE(SPIR)I=STATE(SP TR -1
$IF(«NOT.CASE L)

SCALL ALBUFF

KOUNT =12

CALL INTOUTISTAZCHISPTRILZGOTOZ, <OUNT, %)
GALL CHMUVE[BUFT . TPL,60TO2, 74119
KK2IP1+1)

SENDI  WRITE(2,300M) (BUFF(IV,I=1,A)
CASEL=, FALSE.

KQUHT =35

CALL THTOUT(HXLE34LIHEKOUNT,6)
WRITE(2,9C0L) LINE

c CASE 12 = $ENOB

$CASEL2 IF(STATT(3PTRILNEL2) 62 T2 3480
CALL CHNOVE [LINZ, IFL,9LANKS,1y3)
WRITEL2,9000) CINE
$CALL LABWRT
c CASE 13 - §s5u8
BCASEL3 IF(5UBSA) GI TO 9G90
IPL=IRLi+)
SU95H=, TRUE,
CALL CHMOVECLINZ . 44CEE, 1,1}
HRITE(2,9000) LINE
c OETERMINE ¥HE $SUB HAME, ANJ SEZ IF IT HMAS AECH REFIRTNGED
IPL=IPLsy
CALL BLTRIMILIMNE,IPL,LLH,IP2}
IFCIP2,EQ. L) GJ T 3100
NLENSLZH-1IP2+1
IFINLENWGT,E) 30 TO 91{C
NERSUB= . TRUL o
I=1
SWHILE(TILLE.NSUY)

17



PNl 1 AN HRELLETLE S TRURST L] L
APPENDIX 1 SFOR PRECOMPILER SOUR3: LISTING

IF UL N E L STTAL (1,103 4 AND I QUALILINZ,IP2,

! SUSHB 0 g Lhy Lyl N IFLIP2.EQ.L) GO T2 316¢
BTHE N <0UaT-3 NLENSLFH=IP#
CALL (ITUU183999%5+ I, LUNT  KOUNT, 5] : IF(HLENGT6) 5 TO 9140
ARITE tzg9o9Uy  3ONT NLWSUB=, TRUE,
CURSUH=I 1=y
SUATARIL, 1) =y c DETERHINE IF THIS »CALL REFIRINCES A NEW SSUB, &HD [F SO
BEWSUL=oFALSE, c HAKE AN ENTRY IN THL $5U7 TABLS, OTHERWISE GET ITS [YOEX
CERDT T EH3US SHHILE( L LE«NSUI)
FENLW [<]+d ¢IFLENLEN.EQ.SIBTAB(L, I} ) AND.ZAUAL(LINZ,IR2,
SLFINE 454U 0) ) i SUBHAHI1 1) 2L,NLENY)
ETHLEL IPC=1H2-1 $THEH IF(3UBTAI(2,1) +GE.MXGALL) GD TO 313D
’ HATTE Loy 3iiLt  LINE caLsup=i

Loide LRz . NEWSUD2 . TALSE,
LUNDL SUNTINUE SENDL TsNSUB

L LuSt & = FFNHOG LENUW I3l+g
$CASF 1 [V L HOT SJBS WY NG TD 9120 . . AIFENEWSJID)
CALL CH404FELINT TP AL 0HKS 143 «THEN NSU2=NSUB+YL

f, IF 11 W&y BEEH RFEFSRLOLED, IUTLY THE FASSESHED GO TJ# IFINSUB, 3T.4AX5UAR) GO TO i

& Tu HARDLE THE RETURN LINKASZ SUBTABI{L,NSJA)=NLEY
STF(NURSUA, GT. 00 CALL CAMIVE (SUINAMENSYI) ,1,LINZ,IP2,MLEN}
ETHEN W ITEL2, 0200 LINE $ENDI GaLsSuUB=NSIB
SUYLATFALSL CALL CHHOVELLIVI WL ,ZEE4344)
NCALL =5 JRTAULZ, SJ3T i) MRITE (2, dubk} LINF
TLFAHCALL o HE o 5} [H BUILD THE #ASSIGN L AJEL TOr AYD SAVE THE PITuGH LAg:L
1CALL HLUFF LABEL=LARELs?
CALL €MHOYFIANFF o7 30035 ,44,10) BCALL WLAUFF
KQUiif=1o ! KQUHT =7
SPLACE =L y . CALL INTOUTILABIL,ASSIG.KOUNT,5)
IF{LURSYA LT 41 S2LRNE=2 E CALL CHMUOVELBLTT,7,4551G,1,20)
CALL THTD.TACURS 33, JUFF K OUNT SPLACED ; KGQUNT =2t
CALL GHMOJABUF? o< JHT+1 ,COMLPI,4,2) : SPLACE=1
KAOULT v 3 Te 2 A4 ' IFLCAL 5U3.6T.9) SPLACL=2
JEN .

CALL IMTOUTICAL3UI,IUFF 4KOUNT ,3PLACES
§ _ WRITE (2, 33LL) 9377

: KOUNT =L 2

CALL INTOITI99930+CALSUB 6T 02, X0UNT 5]
SCALL ILOUFF

CALL CHYOVELBUF *47,60T02,7,11)

TEErEAT J= gl
CALL 1aTa Ti5U9TAILI + J,CURSURY, BUFF 4 KOUNT, 5)
L IVHEEES/IINEE R
CALL CAYOVELUUFF 4KOUNT,COMLPR 1,11
FIFCIMIDC B ETa Ul WA D s [ Jo HELHTALLY)

FTHEN ARITE0Z2,%9050) BUFF A WRITE (2, 3G0u) 3IFF

SCALL B_3uFT q KOUNT =%

CALL CHMOVLEHUFF 464 ONF 4 143) y CALL INTOUTCLABEL,CONT 4KOUNT45)
SEHUI KOUNT=SPLACE+ 1S T

WRITE(2,1.LL) ZONT
SUNTILL . Eq, NCRLL)Y E NCALL =3U3TAB (2, CAL 51) +1
CALL C440VE(HUFF ,KOUNT, RPKCOM, 14 1) 1 SUBTAB(Z, CALSUII sNCALL
JEMDI WRITE(2,9000) BUSF SUBTAD(S+CALL, CRLSIA) =L ABEL
LENDL CONTINJE TENDB GUHTINUE
GASL 1% - §CALL $ENDI CONTIHUE
¢ il BCAGELS IPL:1PIIG TENDI CONTINUE
CALL BLTRIMILINI,I+1,LEN,IP2)

SUNTIL (OONE)
' c PERFORM WRAP=UP
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ARPLLGIZ . SFOR PRaCOMPILEx USQURIZ LISTING APPENDIX 1 SFOR PRECOMPILER SQURZI LISTING

i F ISP TR EQ. D) [+ THE TYPE INDEX GORxeSPONDS TO THE VAR[OUS FCASES
$IF LSUBSH) 3ISUB $TYPE
¢ A ¥SUG JLOCK WAL HOF PRIPER.Y TIRMINATEO ITYPE=-1
FIFLLURSUBGT 453 1=0
STHEH  WRITE (6, 91300 SUBHAM(CUASUB) . SREPEAT I=1+1
$ELSE 4RITE(6,9152) SIFIEQUALILINE,) IPL+1 s HAMESIT) 1 NAMLENITND )
$CNUL CUNTINUE G IF THE EXTENOED $-OPERATOR IS hOT £ BLGCK 1EADER, KAKE SuWE
c CHECK TQ SEF WHETHFR ALL REFEIENCED $S5U8S AERE DEFINZ] I THAT 1T MAY LEGALLY FOLLOW THE PRECEEDING B+STATEMENT
BELOE WRITE{(6,9164) $IFLISPTRLEQaT) 4 AND. (NAMTYPIL), 6740}
i=1 ) $THEN ITYP=NANKTYP{I)
SHHILE{ I LE, NSU3} ' KRIYE(G9190) NAMERRIITYP)
SLF(SUSTAGLS, IhaNT L) ) SPTR=Y
ITHEN #RITE{H,9173) SUBNAYITI DONE=.TRUZ.
$1ENOL CONTINUE . $ELSE JTYPaSTATI(SPIRI#2
3ENDH T=T+1 . IFCITYPLGTL3) JFY2=4
$ENUT NUNTINUE ITYFaNAKTYPLL)
SLLSE CONTINUE . SIFIELITYP,GTe D) s&NDs UJTYPRELLTYPH)
c ONE OK MORE BLOGKS WERE NOT PROPERLY TERMINATED STHEN ARITE(R32(3) NAMERRIITY?)
$REPEAT ITYP=STATS(SPTR)+E - SPTR=]
TF(ITYP.GT.3) ITY?=4 DONE=s TRUE.
WRITE(64+918L) NAYIRRIITYP) . SELSE ITYPE=]
SPTR=SPTR~1 $ENDI CONTIWUE
TUNTILISPTR JEQ. 0] - $ENDY COGNTINUE
$ENUI CONTINUE I=15
5T0P $ENDI GONTINVE
C THIS 7SUB RZADS INPUT LINES JNTIL A NON-COYMENT, NON~NULL SUNTIL(IJGELLS)
HSUB READ c IF THE 5=WORD IS UNRECOGNIZA3.E, PRINT A CIAGNOSTIC
C LINE L[S FOUND SIFLNOTLOONEAND, LITYPELEDs~1})
PREPEAT KEAD(L,9069) LIME $THEN WRITE(G,9321)) LINE
IF(EOF (1)) 2uLy654 SENDE CONTIRNVE
B34 WRITE(6,98767 (LIHT{Ths1=L,8) $ENDS CONTINUE
3876 FURMATILH ,8410) ¢ THIS $SUB PLACES A LABEL IN T4I LIKL BJFFER
NOMORE=z « FALSES ¢ BEFURE MRITING IT QUT
$IF L HOTWEQUALILINE+ L vCEEHL,1)) $SUB LABWRT
$THEN LEN=72 ¥OUNT=y
SHHILECEQUALELINE W LENLBLANK, 1,1 }) $CALL 3LBUFF
00 LEMZLEH-L R CALL INTOQUT(STAZK(SPTR],AUFF ,KIUNT,5)
$INOW IF{LENJEQ, 41} LINE(1)=00L_AR CALL CHMQVE(BUFF,1PLCONT,T.8)
CALL BLTRIM{LINZ,7.LEN,IP{) KKsIP1¢7
IFLIPL+GT,0) NOYIE=.TRUE. WRITEL2,9300) BJFF
$ELSE WRITE{2,300)) LINE SENDS SPTR33PTR-%
$ENUl CONTIHUE $SUB BLOUFF
$UNTIL [ HOMORED TALPHASBLANKSI1)
15 CONTINUE DO 4400 K=i,8
$ENDS CONTINUE 440C BUFFIK)I=IALPHA
2u WRITE{6,9879) SENDS CONTINUE
2879 FORMAT{1H=,5%,* TIND OF SOURCE PROGRAM LISTING *,5X) [+ DIAGNOSTIC STATEHENTS
NONES o TRUE, 9394 - FORMAT (8AL0)
GO T 1% . 3010 WKITEC(H,9015) MAXSTK
c THLS »SUB OETERMINES THE TY®I OF THE EXTEWIED STATEMINT 9015 FORMAT(//2 ERROR = HOKE THAN #,13,# NESTED STATEMENTS IS TLLERAL#)
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APPENSLIX 1 SFoR BREGUMOILER ZULRLE LISTIMG )
APPENDIX 4 SFOR “RECOMPILER S0URZE LISTING
STOF
020 WRITE{E,3u5! HRITE(6,987T7) IPAGE
i y6 FURMAT(//# £ QR = &) 1 3HAENTH STATEAENT ) 9u77 FORMAT{iK1,5%,* SFOR VEKSION 2 = SOURCE PROGRAM LISTING* 410,15
5TO0P GO TO 1182
YL 36 HKITEL643035) END
03y FUAMAT (/72 LAROR - ILLESAL NUMBIR OF BCASEZR) ! c
ST0P G
9040 WRITEIByIeuD) SUBKOUTINE OLTRIMILINEKF WXL IP1)
J0ut FURMAT (//# ERROF = A JCASEL STATEHENT MUGT IMMCOIATELY FOLLOHW #, LOGLCAL EQUAL
$ATHL L BRANGH STATE4ENTZ) INTEGER LIHE (1} ,0LANK
STOF | DATA BLANK/LL /
b, WXITL{E,9055) 1P1=KF
JUE5 FORMAT (//# EAROR = MORE CASES THAN WAS SPICIFLED#) 777 IF(.NOT{EQUALILINI,IPL,3LANK,2,1))} GO TH #A8A
STOP IPixIP3¢l
el WRITLIB.ILES) . IFC{aNOTL (IPL.GToKLIT oG TO 399
9be5 FURMAT (//2 cRROF ~ :3A0 [CAST STATEMENTZ) 1PiaL
STuP RETURN
307, WRITE(6,9u75) 999 GONTINUE
907% FORMAT(//¢ cRRO® - pChSc ININTIFIER YOO LONG#) tu T0 777
PRIV ads CONTINUE
1 Bs HRITCLE,9L D) RE TURN
Jdb FORMAT (//7¢ ZPROK = LEGS TCASIS THAN WAS SPICIFIEN#) LND
STOR c
gygu WeETE (6,9uL%5) ¢
9raL, FORMATt//7# ERMOR = JESTED [HTZZHAL SUAROUTINE DEFINLTIONZ} CUBROUTINE "INTOUT € 44 LINE s KISNT 4 HPLACED
sTOP [
43ue WRITU IR, 9105) IHTLGER LINE (.} ,8LANK.DIGITS (L)
GLLE FORMAT (/74 ERPDF = TLLEGAL INTEZINAL SUIKCUTINE NAHES) DATA BLANK/LL /
star DATA DIGITS/3IHILR23e5067EY/
3110 FORMAT (#/2WARMIAG = [NTHRHAL SUAROUTINE 2.5AL,# WAS NITZ, ‘ HUMBER=N
L+ ZREFERENGED LM THIS PFOGRA4Z7) IPLAGCE =NPLACE=-1
91y WRITL(6,9125) 777  HADIGTENUMIER/1u®®PLACL
4125 FURMATI(//# ERRDR - MIUSIHG ESUR STATEMENTZ) . NUNBER s NUMSE R-NXOTGT 1, ** I3, 63%
STQP IPLACE=IPLACE~1
313 WRITE(B,yILIS) MXCALL, SUdH M JRSURL KOUNTEKOUNT ¢4
9135 FURMAT (//2ERADR = MURE THAN #,13,# $CALLS ON ROUTINZ #,A10) NXOTIG=HXUIRT +1
sToP . ' CALL CHMOVI(LINEyKIUNT,0IGITS, NXOIG, )
9140 WRITEI6,9145 1 HAXSUS M PLAC o111 G2 T3 F77
9lwb FURMATI//72 ERROR =240,z IS THE MAX, NJHAER OF NIFFIRINT FSUBRSE} ii;akgt'(l LACE.ECy -1
STOP
915, FORMAT (//# ERROR = +4I5SING BENOS FOR SUBRDJTINE #,648) c LD
9160 FORMAT (/7% NORMAL ©il0 UF PRIPROCESSINGS) c
9170 FORMAT (/77 ERROR = INTEPHAL SUBROUTINE 2.A1Uy# WAS NOT OEF INED#) : SUTFROUTINE CHHOVE (RUFF1, TFL, TIFF 2, 1PZ,NHAT DY
913; FOPMAF(//# TRROR = MLSSING b#,A10,# BLOCK rE$uINarole ¢
Yo FURMAT(//%# ERROR = MISSING $#£,A10,° STATEMINT#) E FF HFFRIL)
géuﬁ FURMAT (£72 ZRROPR = HMISSING b2 AL0.F STATEMINT OR PRIVIOUS 3LOCKZ, i:;fg:ﬁ ::Qﬁ::aéég?'czh91.c4ﬂQ2,XY
12 HOT PROPERLY TERMINATEOZ) OATA AY/ZLXX/
924L FORMAT [//# ERROR = UWKHOWH STATEMENT TYPERZZ/1X, BALD) [ DECUVE - THE POINTEKS IPL AND [?2 INTA HORY &4HD CHAR
1183 LINLCT=Y IFIIFL.6T L) GO TO 77
IPAGETIPAGE+L WORDL=1
CHARL=IPL
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77

11z

1]

[

77

111

83

131

112

132

GCu T3 48
HOZWL=IP4/ Lut

CHARL=IPLI~(ADRN -1 %1,

If(CHARi-E!.L? 50 1 i

GG TO ge

CHAML=1

RORLL= WORDL- |

LFCLIP2WGT, 15} 00 Ty g

HOREZ=1

LHARZ=TIRT

GU TO 102

WURDZ=LPZ/1ue !

CHARZZIPZ=- (#0RDZ=1)%1"

IFICHARZLED. G 50 Ty Lie

Gu T0 1p2

CHARZ=21(

WOROZ=2HORDZ- |

CaLi XHOU;(KY,BUFFL(HORUIIpiJfFZ(HOROJJ'N04ARS,CHAR1|CRARZI
KL TURN

EHO

LOGICAL FUNCTION ENUALISL,121,52,1P2,LEN)

THTEGER S1¢4),5211)
INTEGLR HORDL W WOR (24 CHARY 4G 4832, XY
DATA AY72ULAX/

BLLODE THL POINTERS IP1 gN) [2% INTO WORO AND CHAR
IFUIPL.GT10y O TO 77

HORJ1=§

CHARL=1IPL

GG TO 84

WORDL=IP1/10+1

CHARL=1P1~{HOKDL~1)%1)

PFACHARLLZELS) GO TO 21:

LG TO 83

GHARL=LY

WORD1i=WORNI-1

IFLIPLLGTelu) GO TO 101

WGRDe= 1

CHAR2=IPZ

GO TO fp2

WORDZ=IP2/1U+L

CHARZ2=IP2~[HOKDZ~1) *1]

"IF{CHARZWEDL DY 6D TO 11z

GG TO 162

CHARZ=1)

HOR(2Z=WORD2-1

EQUAL=. TRUE,

CaLy YCOHP(¥Y|S¢INORDil.SZGdD!DE)'STATUS-LZNyCHARL'CH&RZI
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IFISTATUSVNE s Ue ) EqUAL=.7R of,
RE TURN
END
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