Lidd

TRANSLATICN OF THE SEARKS FREFROCESSCR
FROM FORTHAN TO
SPARKS:

by
RICHARD MANSCK STRCUL

E,S.,UNIVERSITY OF TEXAS, ABLINGTON, 1972

s s o i —— —————— ————

A MASTER'S REPCRT

suktmitted in partial fulfillmrent of the
requirements fcr the degrec
MASTER OF SCIENCE
Department of Computer Science

KEANSAS STATE UXNIVEESITY

Manhattan, Kansas

1978

Approved by:

CR FROFESSCR



ﬂ%CUMen*

—_— e o m— .——‘.._.——.......

INTRCDUCTION
PURECSEs ¢« ¢ o a « o« + =«

CHEAPTER 1

0
1
2 HISTORY CF SPARKS. . . .
3
4 CCHRCLUSICHN . <« o« o« « » =

CHAET
INTRODUCTICN o o o o +

PRCGRAM IFEROVEMENTS . .

0
o1
«2 IFKPLEMENTATION . « . .« .
3
el CCNCLUSION ¢ o« « o o = «

INTRODUCTICH . - & « o

¥
1
2 PRCGRAM VARIABLES. . . .
3 CCHEBGN ELCCKS. & w « = e

SPARKS USER'S MANUAL
INTRODUCTICN o &« o o «
SAMPLE PRCGRAN . . . .« .
LANGUAGE LCEFINATIONS . .
SPARKS IF STATEMENT. . .
SEARKS CASE STATEMENT. .
SPARKS LCCP STATEMENWTIS .

CHAPTER 4

- = OO JdJINFEFWNLO

LABELLING IN SFARKS. . .
SEARKS ECJ STATEMENT . .
SPARKS COEMENTS. + . « .
0 GENEKAL FEATURES . . . .
1 CCNCLUSICKSe o o » » s+ «

F S B - i~ ~ 0~ i i

REEENDIX A:

APPENLCIX B:

FROGEAM DOCUMENTATICH

R 2 TRANSLATICH INTO SEARKS

-

@ & o

-

EXPLANATICN OF THE SFARKS PREPROCESSOR

TEANSLATICN OF THE PREFROCESSCR.

-

SEARKS EXIT AND CYCLE c~'I£\']:EtiiEN'IS

SFARKS PHEPROCESSCR IN SPAKKS

THRANSLATICN OF FORTRAN STATEMENTS,

MAIN ANLC SUERGUTINE SEECIFICATIONS

-

SPARKS PREPROCESSCRE IN FCRTIRAN.

-

LW O N wd b

15
16
20

21
24
38
41

43
L4y
4o
47
49
50
53
56
56
56
57
59

A1

Bl



ILLEGIBLE

THE FOLLOWING
DOCUMENT (S) IS
ILLEGIBLE DUE
TO THE
PRINTING ON
THE ORIGINAL
BEING CUT OFF

ILLEGIBLE



CHAETER 1

INTRODUCIICN
1.0 Purpose.

The purpose of this repcrt is to describe the
translaticn cf the SFARKS preprccessor from FORTRAN to the
SPARKS 1lanquage. The report is organized such that the
chapters dealing with the documentation of the preprocessor
and the updated user's gquide <can tLe detached. The
[Leprocessor written in SPARKS is included at appendix A.

The FORTRAN translaticn of that code is at appendix B.

1.1 Explapation of SEARKS Preprocesscr
The sole purpose of the SFARKS preprccessor is to
translate SEARKS statements intoc FCRTRAN, Why SPARKS? And
for that matter, why FORTRAN? Answvering the second question
first, FCRIEAN has becone estatlished as the primary
language - fcr scientific and engineering computation. IE
also has the distinction of being the earliest 'high' level
jrogramming language, developed akout 1957 at IBM. Eecause
cf its age, FCRTRAN has many positive attributes such as:
a. It is almcst always availakle and its compilers are
of ten good.
E. 1There is a language standard which allecws a degrece
of portakility not obtainalle with other languages.
€. Thecre are extensive subroutine libraries availatle.

d. There is a large labor fcrce already familiar with

-



CHAPTER 1

FORTRAN.

However, FORTRAN has.cértain negative aspects such as
the fact that it was developed Lefcre the concepts of
structured programming becare estatlished. It is
essentially an unsiruc;ured and nonrcdular language. Ncw,
why SPARKS? The SPARKS language adds the improved
syntactical constructs to FORTRAN which allow structured and
gcdular code, Thus, the SPARKS pregrocessor provides a
sinple means to oblain a nicely structured language while

rreserving the virktues of FORTEAR.

1.2 History of SPARKS.

SPARKS origipated as a lanquage feor descriking
algorithms in the textbook Fundapentals of Lata Structures
Iy Ellis Hcrowitz and Sartaj Sahni, published Lty Computer
Science Fress, Woodland Hills, Califcrnia. The SPAEKS
freprccessor which grew out of this prctotype language was
crginally writtep in SPARKS. The ¢grogram was then hand
translated into FCRTRAN to produce the first wcrking model.
Luring the hand translation and implementation, the language

was revised and no longer exactly ratches the orginal

textkcok versicn.

1.3 Iranslation of the Preprocessor.

Rewritiny the SFARKS preprocessor in SFARKS bkrings to

the translation rprcgram itself the structure for easy

- -



CHAPTER 1

readability and understanding and the necessary modularity
tc make wmodifying the program easier. The mecdularity of
SEARKS can be illustrated by the ease 1in which the 20
seperate cases of the main program case statement can te
rearranged, The cases can be rmoved atcut within the case
statement by simply taking the cards belcnging to that case
and replacing them where desired. This same acticn in the
FORTRAN ccpy would be a major undertaking as many latelled

statements and GO TC's would have tec ke changed.

——— v —  m———

The measure of a computer language, good or tad, is the
ease with which it allows a ©prcyrammer to describe a real
werld prcblem in a natural way. The SPARKS 1language
ipproves FORIRAN tcward this end. The preprocessor itself,
sritten in SPARKS, 1is a program nmuch easier to read,

understand, and mcdify.



CHAPTER 2

The writting of the translator in SPARKS involved two
distinct steps. The overall structure cf a Eklock of the
FCRTRAN was recognized and then its suk-structures found.
The preprccessor was hand translated to SPARKS using this
tcp-down approach,

2.1 Irapslation of ECRIRAN Staterents.

The first step in the translation process was to
recognize the overall structure c¢f each rcutine. For
example, the large main routine ccnsists of a single lceg
forever with a case statement within the loorp. The loop
covers 12 pages of code and the case statement has 20
seperate- cases o¢ver those 12 'pages of code. Cnce the
cierall structure of the routine was discovered, the
individual ccnstructicns within the routine were recognized
and converted to egquilivant SEALKE code. This methcd of
finding the structures (large to small) was followed to
frcduce the entire translator in handwritten SPARKS ccde.
Shown in the follcwing paragraphs is hcw the actual FCRTHRAN
ccde was recognized as convertalkle to a particular SPARKS
ccnstruction., Alsc discussed, are those instances where the

rachine translation of the SPARKS ccde will not regroduce

the exact FCRTRAN cf the orginal. The FCRTRAN IF statement

il



CHAETER 2

was generally easy tc convert tc SEARKS as shown with the

rested IF statement example,

IF (INDFLG. NE.EKWEL) GC TO 12000
SSTRT=SSTRI-IKCR
IF (CORFLG.EC.NEW) CALL SERNT
NESTNC=NESTNC-1
BLKNO=BLKNC+1

120CC CONTINUE

TRANSLATION TC SEARKS

IF INDFLG.EC.BEKWEL THEN
SSTRT=SSTIHEI-INCR
IF CURFLG.EC.NEW THEN
CALL SERNI
ENDIF
NESTNO=NESTINC-1
BLKNO=BLKRC+1

ENDIF

The inner IF statement is an exarple where the machine
translaticn will nct reproduce the orginal FCRTRAN code.

SEAEKS has no translation to the inner IF construction. The
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follcwing illustrates the preprocessor ccnversion,
SEREKS
IF CORFLG.EC.NEW THEN
CALL SPRNT

ENDIF

IF (. NOT. (CURFLG.EC.NEW)) GO TO 11000
CALL SPENT

11000 CCNTINUE

Althcugh the reaning of the <c¢riginal FCRTRAN and the
SEAEKS preprocessor generated FCHETRAN is the same, it is
erparent that care must be taken when hand translating to
SEARKS. The relational operatcr ray cr may not require
regation depending c¢n the tygpe of FORTRAN IF to te
translated, A particular sequence cf ccde with the FCRTRAN
IF can signal the SFARKS IF/THEN/ELSE construction. The
fcllowing FORTRAN sequence clearly indicates the

IF/THEN/ELSE ccnstruct. ECOND is a logical.

EQRIEA

(-4

IF (.NOT.ECCNL) GC TC 1920
CALL EREKCF(2,CC0,2,1,0,0)
TOEND=TCENL+1

GO TO 191¢

=he
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1920 TCEND=TCENLC+2

1910 CCNTINUE

RANSLATION IC SEBEKS

IF ECOND THEN
CALL ERRCE(2,r00,2,1,0,0)
TOEND=TCENC+1

ELSE

TOEND=TCEXND+2

ENDIF

Again, the relaticnal operator can bLe changed or negated to
reverse the THEN and ELSE cases Ltut care must ke used sc as
rot to change the'meaning of the crginal code,

Hanf nested IF statements cr IF statements which tranch
fc another IF on the true branch are convertakle to the
SEARKS case statement. The imprecved readability and

rodularity cf SPARKS is nicely shown by the CASE example.

FORTEAX
IF (STTOP.NE.FFOR) .GC TO 2090
LAB1=STACK (TCPE-5)
LAB2=STACK (TCE-2)
LAB3=STACK (TCP- 1)

TCP=TOP-6

-7 -
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LBPTR=LEETE-20
GO TO 2000

2090 IF (STTOP.NE.LLOCP) GO TO 2080
LAB1=STACK (TCE=-3)
LAB2=ST ACK (TCE-2)
LAB3=STACK (ICE-1)
TOP=TOP-5
LBPTR=LEETE-15
GO TO 2CGC

2080 IF (STTOP.NE.RHILE} GC TO 2070
LAB1=STACK (TCE-3)
LAB2=STACK (TCE-2)
LAB3=STACK (TCE-1)
TOP=TCP-15
LEPTR=LEFTL-15
GO TC 2000

2070 CCNTINUE
CALL EREKCH (3,REP1,6,4,REET,6)

2000 CCNTINUE

———————— ———— —— ——— i — —

tSTTOP.EC.FFCR:
LAB1=STACK (ICE-5)
LAB2=STACK (TOE-2)

LAB3=STACK (ICE-1)

-8 -
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TOP=TCE-6
LEPTE=LEPTR-20
$STTOP. EC.LLCCE:
LAB1=STACK (TOE-3)
LAB2=STACK (TOE-2)
LAB3=STACE (ICE-1)
TOP=TCE-5
LBPTR=LEPTE=-15
:STTOP, EC.WHLE:
LAB1=STACK (TOE-3)
LAB2=STACK (TOP-2)
LAB3=STACK (TOE-1)
TOP=TCE-5
LBPTR=LEPTR-15
tELSE:
CALL ERROE({3,FEET,6,4,REPT,6)

ENDCASE

-SPARKS allows fcur loop constructions: The FCR loop,
the 1COP/EEEEAT, the WHILE loop, and the LOOB/UNTIL. The
task of reccgnizing a loop constructicn in FCRTRAN, other
than the cbvious DC 1lcop, invclves finding'a test-condition
and a backward GC TC, The follcwing examples show how the
SFARKS locp constructions were used to convert the FCRTEAN
tc SFARKS. Treating the easier CLO lcop first, it is

replaced ty the SPARKS FCR loof.

-~



CHAETER 2

———— — e

LC 1980 I=1,5
L=LAB3+I-1

198C FBUF (I)=LAEEL (L)

e ————— - ————

FCR I=1 TO 5 LC
L=LAB3+TI-1
FBUF (I) =LABEL (L)

REPEAT

This is another case where the machine translation cf the
SPARKS will not reprcduce the original FCRTRAN. There is no
SEARKS construction that converts tc a FCRTRAN [O lcop. The
SPARKS FOR 1lcop is more powerful than shown atove in that it
will alldu incrementation by any'integer, either positive or
négative. The aktove illustraticn shows the default
incrementation of +1., The SPARKS freprccesscr handles the
translaticn of the FOR loop in an interesting way. The
example below is of a negative iccrerenting loop and its

FCRTIRAN translaticn.

FCR I=10 TC 2 BY -2 [O
J=LAB3+I-1

REPEAT

-10-
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102 I=I+(-2)

100 IF (.NOT, (I-({2))*{-2).LE.0) GO TO 101
J=LAB3+I-1
GC TO 102~

101 CCNTINUE

The example illustrates that although the FORTRAN DC
lcor can be easily replaced Ly a SEARKS FCR loop, the
rachine translation of the FOEk loop into FORTIRAN in no way
reserkles the original code, The other loop structures were
alsc used in the translation tc rerplace the FCRTRAN
ccnditional tests and backward GC TC's. A WHILE 1loop

ccnveniently replaces the FORTEHEAN ccde shewn below,

3401 IF (SEIN(TOBEG).NE.BIANK) GO TO 3402
TOBEG=TCEEG+1 |
1F (TOBEG.GT.IMAX) GO TO 3403
GO TO 3401

3403 TCEND=INAX+1

34C2 CCNTINUE
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WH1LE SPIN (ICEEG).EC.ELANK CO
TOBEG=TCEEG+1
IF TOBEG.GT.IFEAX THEN
TOENLC=T#AX+1
EXIT
ENDIF

REPEAT

The SEARKS construction EXIT, used atove, allcws
Frecature 1leaving of a loop =structure. Similarly, the
SFAEKS CYCLE statement is used to transfer tc the bottaom of
a locp frcm anywhere within the locp structure. The SPAERKS
ICCE/REPEAT and the EXIT are used tc translate the following

FORTIRAN ccde.

FORTEAK

Iz

1090 IF(K.GT.IMAX) GC TO 2140
IF (SPIN (K) .NE.ELANK) GO 10 1091
K=K+ 1
GO TC 109¢C
1091 I=ISNUM (SELN (K))
GO TO 2150
2140 I=0

2150 CCNTINUE

IRANSLATION TC SEARKS

e - —————
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LCOP

IF K.GT.IFAX THEN
I=0
EXIT

ENDIF

IF SPIN (K).NE.BLANK THEN
I=ISNUM (SEIN (K))
EXIT

ENDIF

K=K+1

REPEAT

The last SPARKS loop structure, the LOCE/UNTIL is used

to ccnvert the FOETHAN below.

FORTEBAR

10651 TIOP=TTGE-STFRMN (TTOE)

IF (TTOP.GTI.0) GO TC 10652

CALL EERROR(3,EEEND,3,4,EEEND,3)
ECOND=.TRUE.
RETURN

10652 CCNTINUE

STTOP=STACK (ITOE)

IF (STTOP.NE.SUBFN) GC TO 10651
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LCOP
IF TTOP,LE.O0 THEN
CALL EERCEF(3,EEEND,3,4,EEEND,3)
ECONC=.TRUE.
ENDIF
STTOP=STACK (ITQP)

UNTIL STTOF.EC.SUEFMN REPEAT

Some of the FCRTRAN code was rodified during the
criginal hand translation from SPRREKS to FORTRAN to the
extent that it did not match any SEARKS constructicns. The
subrcutine CETNX is cited as an example. This subroutine's
cverall structure was not convertalkle tc any single SPARKS
censtruction., Essentially, the intent of the TFORTRAN code
had to be determined exactly and SEARKS code generated as
required. The overall constructicn of the subroutine in
SEARKS consists of two nested LCCP-REPEAT constructicns
which bear little resemblence to the original FORTERAN code.
There. are other instances where it was necessary to
rearrange the SPARKS code completely in order to eliminate
retaining the FORTEAN GO TO. The completed translation to
SPFARKS dces not, in any case, retain tﬁe FOﬁTRAH IF
statement, the GC TC in any form, or the ©[O loop in the
frogram, Of course, the statements cormon to both FCRTEAN
and SEARKS were retained to avoid punching duplicate cards.

The first SEARKS deck varied less than four per cent in size

Y



CHAFTER 2

frcom the criginal FCRIRAN deck.

Loading and debugging of the SEARKS language
[reprocessor was the next step in the translation process.
1t was decided that the SPARKS language preprocessor should
ke loaded and dekugged one sultroutine at a time. This
grocedure would side-step the proktlem of trying to find
€rrors in the 1845 card SPARKS deck. The original FORTRAN
language preprocesscr was copied onto a temporary disk file.
The SFARKS preprocessor originally krought te Kansas State
University was nct disturbed and prcvided the means to
translate the new SPARKS language versicn to FORTRAN. The
rew subroutines were processed thrcugh and linked to the
FCRTRAN copy on the temporary disk. After each subroutine
wWas convérted, a test deck was run. Each subroutine was
cbmpletely debugged tefore another was added. When all
subtrcutines had been replaced, the main routine was replaced
and the temporary disk was <complete with the wmachine
translaticn of the new SPARKS language preprccessor. At
this point, +two copies of the SEABRKS deck were made. Cne
ccpy was retained as a record cofpy and cne copy was provided
tc another Graduate Student, Jchn J. Martin, fcr use in his

Master's rrciject.

During the initial loading, twc errcrs were discovered

-15-
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in the original FCRTIRAN versicn of SFAERKS: large programs
cculd not be Vloaded as tﬁere was a error in the method of
reclaiming the lakel pointer positioning. Consequentially,
large programs would over-drive the latel table and the
frogram would terminate unsuccessfully. Alsc, the SCAN1
subrcutine which normally stops on a semicolon incorrectly
translated fecrmat and daté statepents containing semicolons
and produced <fatal FCRTRAN errors. These errcrs pade it
izpossible to load the entire preprccessor as a single
program, and FORTEAN flags (F in cclumn 1) had to ke fplaced
around all format and data statements. It was found that
Jchn Martin had already developed «ccorrections for these two
€errors as a part of his ‘kaster's rproject and those

corrections were incorporated in the working deck.

2.3 EBrogram Ipproverents.

Once a copy ¢f the preprccesscr written in SPARKS was
cbtained, the code was examined in detail. Many occurances
cf redundant code were found as well as several unused
variatles. The fcllowing variables were eliminated from the

frogram:

a. HECH-was not used,
b. COOCLN-duplicate wvarialtle name, nct needed
d. KINE-retained as a sukrocutine lccal variable, only.

e. COLCEO-was not used.

-16-
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f. COLCE9-was not used.

g. IBLLC-eliminated as unnecessary.

h. ITIN, ITOT, ITRD, INRD, ITERS, ITPRF, INERS, INPEF,
INFER, INSER, INSN1-statistics gathering variables,

all eliminated.

The variable STBEG, which marks the teginning of all ingut
statements, was set cnce in each separate case of the Main
Frogram, It was noted that the keginring c¢f the 1line is
determined prior to entering the Main Routine CASE
staterent, Therefore, STBEG could Le set prior to entry
into the CASE staterent and 19 redundant cards removed fronm
the Main ERoutine., The following Ltleck of code was found to
appear frequently in the Main Ecutine:

FSTRT=FSTHT+INCHK

IF FSTRT.GT.IX¥AX THEN

FSTRT=FSIET-INCR

ENDIF
The biock was rewritten as follows saving twc unnecessary
ctaterents.,

IF FSTET+INCE,LT,IMAX THEN FSTRI=FSIRT+INCR ; ENDIF

It was fcund that blanks were placed 1in " the first six
<clurns of the FORTRAN output tuffer (FEDUF) Lty almcst every
separate case of the Main Routine by repetition of the
fcllcwing code:

FECR I=1 TO 6 LO

- P
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FBUF (I) =ELANK
REPEAT
A location in the first subroutine, LCETKX, was located where
the Luffer could te filled for each cutput line. The akove
ccde was then elirinated from the Fain Routine. 1Instances
were also found where identical flags were set either in
tcth the true and false branches of an IF statement or
repeated in consecutive 1IF statements. In all c¢f these
instances, the flags to be set were moved so as to eliminate

repetitious code.

Examinaticn c¢f the CYCLE and EXIT statement-handling
routines in the Main Routine CASE statement revealed that
the ccde was vpractically identical for kcth statements., A
sukroutine was cfeated to process both the CYCLE and EXIT
statemenis. The only code remaihing in the Main Routine for
the EXIT and CYCIE statements is a call to the CHECK

Subroutine and a call to the new sultroutine, TYHAND,

Several occurences were fcund where the SPARKS code
- could be improved Ey rearranging and changing the
ccnstruction used. Reference 1is . pade to the CASE
ccnversion example cf section 2.1, where it can be seen that
the code for the LCCEF case and the WHILE case is identical.
Also, the ELSE case was redundant as the CHECK Subroutine

had keen <called prior to entry intc the case. With these

=1 8=



CHAPTIER 2

cbservations, the CASE can be replaced ry the IF-THEN-ELSE

construction using much less ccde.

IF STTOP.EQ.FFCR THEN
LAB1=STACK (IOE-5)
LAB2=STACK (TCF-2)
LAB3=STACK (TOE-1)
TOP=TOP-6
LEPTR=LBETR-2C

ELSE
LAB1=STACK (TOE-3)
LAB2=STACK (TCE-2)
LAB3=STACK (IOE-1)
TOP=TCP-5
LBPTR=LBETR-15

ENDIF

The last items to ke investigated were the incerrect
€rror messages, the rethod of declaring integers and arrays,
and the alignment of COMNMON Lklocks. The error messages
cutput by the preprocessor were either incorrect or had

"missing werds or letters. The prctler found was that the
error variakles had teen equivalenced to positions in the
Frogram's reserved word tabkle, Lut apparently the ordering
within the table had been changed and subsequently the

'equivalences were now to the wrcng poesitions., The protlenm

-19-
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xas solved by eliminating the eguivalence statements and
assigning values tc the ERROR sulkroutine's variables tky CATA
statements in the BLOCK CATA routine. The 1integer
declaraticns were made originally ty long lists of integer
statements 1listing every variatle and array. Also, the
arrays were dimensicned 1in the integer statements. Each
variable and array was again listed in the CCMMON Lklocks,
This double listing of the variakles inm each routine could
te eliminated by the use of the implicit integer feature.
It should ke noted that the ¢frogram is no longer ANSI
Standard FORTRAN with the inclusion of the implicit integer
feature. The dimensicning of the arrays was included in the
CCMMCN blocks. A closer 1look at the named COMMON blocks
indicated that they were not optimized for the routines that
vused them; there were many occurences where a named coErcn
cf ur to 21 variatles was included in a routine which used
¢cnly one of the variakles. Thus, in addition to adding the
dimensioning to the common Llccks, they were re-aligned
andscr split so that each routine included fewer corren

statements.

<.4 Conclusion.

The resulting SFARKS language preprocesscr is a 1470
line prograr versus the 1875 lines of the original FORTERAN
version. It has one less case in the main routine and one

additional subroutine,

-20-
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——— e — —— —— — A ——— i

3.0 Introducticn,

The SPARKS preprocessor is a 1470 line progranm
ccnsisting of a Main Routine, a Elcck Lata, 11 Subroutines,
and three 1Integer Functions. The prefprocessor written in
the SPARKS 1language is at AEPENDIX A. The machine
translation of this program into FCRTRAN is at APPENDIX B,
The mrodule access diagram for the program is shown in Figure
1. The data flow of the preprocesscr is in Figure 2. 1The
¢lolal variables wused by the program and the routines in
which they are used are included in Paragraph 3.2 of this
chapter. The commcon blocks and the variables they include
are shown in Faragraph 3.3, Fiqures 1 and 2 are given on

the next twc pages.

-21-
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Module Access Diagram for the SEARKS Preprocessor.

TYHAND

ISNUN

CCNV

GENLAB

ERROR

FPRNT

FHANLC

FCUT

DETNX

PROGEAH
MAIN

BLCCEK

STTIYP

DATA

CHECK

-22-
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. . . -

Data Flow Diagram for the SPARKS Ereprocessor.

REAL 2
SPARKS
CARL
DETERMINE
STAT EMEKT
TYPE
SPARKS TYPE FORTRAN
PRODUCE EQUIVALENT CUTPUT
FCETRAN COLE > EILE
FORTIRAN TYPE >
EO0J CLOSE
FILES
PRINT @ '
INDENTED

SPARKS

="
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2.1 Main Routine apd Subroutine Specifications.
In the paragraphs to fcllow, each routine of the

frogran is outlined as to its function, the comron klocks it
includes and pseudc ccde showing what the routine does.
HAIN RCUIINE

FUNCTICN: The main routine causes a card to be read
(sukroutine CEINX reads the card) and the type of statement
toc be determined (again by sulroutine DETNX which <calls
STITYP). The main then processes the statements Ly type.
The FCRTRAN output is generated within the main routine CASE
statement which is crganized by statement type. The SPAFKS
cutput is accomplished at the end of the rmain fcr each ingut
line after the FCRIRAN for that 1line has been generated.
The main routine includes the fcllowing cormon Etlocks:
INPUT, SPRLINF, FRTiNP, CENTRL, CTFAT, INEAT, STTYE1, STTYE2,
NMNIC, KEYWL, TABLES, and TYP.

ABSTRACT CCDE

BEGIHN
Initialize prcqgram options
LCOE |
Cause a SEARKS card to ke read (Call tc CETNX).
Determine statement type(Call tc DEINX, SITYP).
If a real, integer or logical, check for
subroutine or function., TIf found, set type to
SUBFN.

CASE

-24-
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type is FORTRAN :

Pass the FORTRAN tc the FCRTRAN file.

(1]

*e

type is double slash :

Process SPARKS cormkent.

Translate comment to FORTRAN, pass to FORTRAN

file.

type is an IF ¢

Place IF on stack.

Translate to a FCRTRAN IF and output to
FORTIRAN file.

type is an ENDIF :

Check stack top for an IF statement, if

none found then error, CYCLE.

Generate necessary lakels and CONTINUES and

output to the FORTRAN file,

type is an ELSE :

Check stack top for CASE cr IF staterment,
ncne found then error, CYCLE.

Convert to FORTEAN and output to FORTIRAN
file.

type is a FOR :

Place FOR on stack.

Search for key words TO, BY, and DO, if
sissing then error, CICLE. Convert
to FORTRAN and output to FORTRAN file,

type is a REPEAT :

D

if
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Check stack top fcr an iterative statement;
if none found thenr error, CYCLE,

Convert to FORTEAN, cutput to FCETRAN file.

type is a CASE :

Put CASE on stack.

Convert to FORTEKAN, cutput to FORTRAN file,

tyre is a COLCYN :

Check stack for a CASE statement, if none
fcund then errcr, CYCLE.

Convert to FORTRAN, cutput to FORTRAN file,

tyre is an ENDCASE :

Check stack top for a CASE staterment, if
none found then error, CYCLE.

Convert to FORTEAN, cutput to FORTRAN file.

type is a LOOP :

Put ICCP on stack.

Convert to FORTEAN, cutput to FCETRAN file.

type is a WHILE :

Put WHILE on stack.

Convert to FORTHAN, cutput to FORTRAN file.

tyre is a CONTINUE :

Convert to FORTRAN, cutput to FORTRAN file.

tyge is an EXIT or CYCIE :

Check stack top fcr iterative statement, if
none found then error, CYCLE.

Convert to FORTEHKAN, cutput to FORTRAN file,

=26~
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ENEC

(1]

type is an UNTIL :

Check stack top fcr ICCP statement,

if none found then errcr, CYCLE,

Convert to FORTRAFN, cutput to FORTRAN file.

type is a SUBROUTINE or FUNCTION :

Stack the SUBFN.

Re-initialize lalkel numbers, skip to new
page, output tc FCRTRAN file.

type is an END :

Check stack top fcr ERCGEAM, SUBROUTINE, or
FUNCTION; if not found then error, CYCLE.

Output to FORTRAN file.

type is a FORTRAN corment :

Check for C in column 1 and output to FCRTRAN
file,

tyre is an EOJ :

Close the files.

STOP.

ENDCASE

Set SPARKS output indentation and ocutput

FUNCTICR:

to SEARKS print.

REPEAT

—— —— S —

The sukbroutine reads a card and returns to

-9 Y=
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the main with the statement tyge. The FORTRAN flaqg (F in
colugn 1) is also handled by this rcutine. Code tetween the
flags is ©fpassed directly to the FCRTIRAN file withcut
[rocessing. The subroutine includes the follcwing conren
tlocks: INPUT, FRTIIKF, STTYP2 and KENIC,
BEGIN
LCOE
LOOP
If the end of line pointer exceeds 72,
EXIT.
If a semicolon is found then CYCLE.
if a C is found in column 1 then type
is a COMMENT, RETURN.
Look fcr a blank or erd ccndition (by a call
to SCAN1).

CASE

Nc¢c klanks prior tc end condition:
Type is FORTEHAN, KETURN.

Coluan s5ix is not tlark :

Tyre is a continuvation card, RETURN,

A klank is found grior to END condition :

Call to Subroutine STIYE to determine

type.

RETURN

A label is found :

-28-
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Fass the label to the FORTRAN file.
ENCCASE
REEFEAT
Read a card.
Cutput FCRTRAN if FCRIRAN flags are found.
REEEAT

END

FUNCTICN: The subroutine searches the SEARKS keyword
table to find the type of statement. The subroutine is
called only when a word is found surrounded ry blanks which
indicates a possiktle SPARKS statement. If the keyword is
not found in the tatkle, the type is assured tc be FORTRAN.
The keyword takle is initialized in the BLOCK DATA. STTYP
includes the following common Elocks: INPUT, STTYP2, AND
TABLES.

ABSTRACT CGDE
BEGIN

Initialize local variaktles.
Use binary search of key word table. If
first letter match is founéd, check length
character ky character. 1If length matches
then assign a value tc TYPE and RETURN.

If a match is not found then TYFE is assigned

as FORTEAN,

-29-
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RET URN

END

SUBROUTINE SCAN]

FUNCTICN: THe subroutine scans the input card for a
requested character that is passed in. It either returns
with the character found or -with am ENC condition. SCAN1

includes the follcwing common blccks: INEUT and STTYP2.

ABSTRACT CODE

BEGIN
WHILE the line pointer is less than 72 CO
Search fcr the input character.
If an end condition is fcund (or a semicolon),
RETURK with a TRUE end condition.
If the input character is found, RETURN.
REFEAT
RETUBN with a true end ccndition.
END
SUERQUTINE SCAN
FUNCIICN: The subroutine searches the input string for
~a pattern that is passed to it. If the pattern is found,
the subroutine returns with a false end condition. If thé
fattern is not found the end <conditicn is returned true.
SCAN includes the fcllowing commecn tlocks: INFUT and STTYEZ2.

ABSTRACT COLF

-30-
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BEGIN
LCOE
katch the,ihput pattern , a character at a time.
If the pattern is found then end ccndition
is returned false.
Else the ené condition is returned true,
REPEAT

END

SUBROUTINE SEENT
FUNCTIICKN: The subroutire prints the processed
staterents as SPARKS output. A 131 character 1line is used
to output the SPARKS code, SPERT includes the following
coemxcn blccks: INPUT, STTYP2, SFTINF, FRTINF, NMNIC, and
IYF.
ABSTRACT CCDE
BEGIN
Fill the first six columns cf output buffer.
Set beginning of line to ke output.
Set end of line to be cutput.
Write line to printer.
Reset first six columns of cutput buffer

to klanks.

END

e S e e . s s .
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FUNCTICN: The subroutine handles the FCRTEAN
statements, Fhand insures that column six is proper for the
statement teing processed, causes any incowmplete FCRTEAN
statements to be completed, and causes the FCRTRAN to be
cutput. FHAND includes the fcllowing common kElocks:INEUT,
STTYE2, FETINF, and TYP,

ABSTRACI CCLE
BEGIN

LCOP
Check fcr a semicolen cr end ccnditicn,
If type is a continuation, copy the first six

columns from input.

Complete and statements ty calling FCUT.
RETURN when an end condition is found.

REPEAT

END

FUNCTICN: The subroutine completes FORTRAN statements
ty rutting the 1labtel in colurns one through five and
intrcducing a C in column one if the line is a comment. If
8 klank line is fcund, the routine returns with blank line
true. The routine causes FORTEAN to Le output Lty FPEKRT.
FCUT includes the following commeon klocks: CENTR, FRTINF,

SITYPZ2, NMNIC, TYP, and FORERT.



CHAETER 3

BEGIN
LCOE ﬁNTIL the liné has teen corpletely scanned.
If the lipe pointer is at the end then
cause the line to te gprinted (call FPRANT).
Fill the ocutput buffer with the lakel, if any.
'If a continuation then £ill ceclumn six,
If a ccrrent put a C in column one.
Check for a tlank line, if fcund then
RETURN tlank line true.
REPEAT

END

FUNCTICN: The subroutine writes the FOETRAN to the
file that will Le passed to the FCBTRAN conmpiler for
€xecution, FERNT includes the fcllowing cormon blocks:
INPUT,NMNIC, SPRINF, FRTINF, and FCRERT.

BEGIH

Check line pointers, if null ocutput, RETOURN.

Ccmplete £illing the output buffer, columns 1
to 80.

Check for tlank line, if found ERETURH.

Write line to FORTRAN output file,

Reget line pointers,

RETURN

=% S
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END

INIEGER FUNCTICN ISNUM
FUNCTICN: The function compares the input argument to
the digits 0,1,2,¢ee,9. If the 1input parameter 1is the
alphanumeric representation of a numker, the function
returns a one. If the compariscn fails, a zero is returned.
ISKU¥ has no common tlocks.
ABSTRACT CCDE
BEGIN
Set up comgarison digets 0,1,2,...,9.
LCOE
Compare input parameter to each digit in turn.
If a match is found, then set functicn tc one
and RETURN.
REPEAT
Set functicn to zera.

RETUEN

END

INTEGER FUNCIICN CONV
FUNCTIICN: The Integer Function CCNV converts a numter
into its character representation sc that it can ke printed.
CCNV has no common Ltlccks.
ABSTRACI CCDE

BEGIN
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Set digits zero to nine in Holerith Fields.
Assign the function the digit in printatle form.
RET URN

END

FUNCIICN: The function generates a lakel and stores
that lakel in the latel array. If there is a user defined
label, that label is is also stored in the laktel array. The
function returns with a pointer to the latel generated.
GENLAE includes the following cormcn Eklocks: INPUT and
CENTIRL.

BEGIN

If there is not a user defined lakel then
generate a label.

Put the lakel in the lakel array.

RETURN with the pointer to the label.

If the numker of lakels cver-drives the label

pointer then error.

If there is a user defined latel then put that
label in the label array.

RETURN with a pointer to the latel.

END
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FUNCIICN: The subroutine does the necessary checking
:f SEARKS statements. SPARKS keywerds which begin SPAEKS
;cnstructions are stacked for checking later when the end
:cndition for that construction is enccuntered, The
ijukrcutine checks the stack tor tc insure the statement
:eing checked 1is wused in the cecrrect ccntext, CHECK
includes the folleowing common klocks: INEUT, FRTINEF,
‘ERINF, OTPAT, STTYF1, CENTR, INFAT, TAPLES, and KEYWD.

ABSTRACT CCDE
BEGIX
Check stack, if empty then error.

CASE

SPARKS type is a CCICK or ENLCCASE :

If the stack top is a CASE then RETURN
else error.

SEARKS type is an ELSE or ENLIF :

If the stack top is an IF then RETURN
else error.

SPARKS type is an UNTII :

»a

If the stack top is a LOOF then

RETURN, else error.

SPARKS type is an ENLC :
If the stack top is a program, suktroutine,
or function then RETURN, else error.
Unstack until a FERCGRAF, SUBROUTINE, or

FUNCTION is found, close the Lklock.

-36--
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If the stack goes cepty while unstacking and
statement not fcund, then error.
: SPARKS type is a REFEAT, EXIT, or CYCLE :
If the stack top is an iterative statement

then RETURN, else error.

ENDCASE
RETUEN
END
SUBROQUTIRE ERECR
FUNCIICN: The Subroutine ocutputs Sparks error

gessages, rased on input arguecents. Error contains the
data statenents necessary to kuild the appropriate error
ressages. ERROR includes the fcllowing common tlocks:
INPUT, STTYE2, and NMNIC.

| ABSTRACT CCDE

BEGIN
Write the teginning of the error message.
Match the input arguements tc the error message data
table.

Write the remaining part of the error message.

END

SUBROUTINE TYHANL

i e —— e i o e

FUNCTICN: The subroutine handles the processing of the

EXIT and CYCLE statements. It causes the approgriate

i



CHAFIER 3

FCRTEAN code to ke output to irplement the intent <c¢f the

EXIT and CYCLE. TYHAND

includes the follcwing

Elocks: TINFUT, SERINF, FRTINF,QTFAT, CENIR,

ABSTRACI CCDE

BEGIN

Check for a lakel, if present then

error, delete,

common

and STTYPZ.

Ccnvert the EXIT or CYCLE to FOETRAN by

generating a GO TO the approrriate

LOOP latel.
RETURN

END

3.2 Erogram Varialtles,

The glokal variables of the

along with the routines in

which they appear.

are listed after the wvariakles.

Frogram are

listed below

The arrays

Local 1loop counters and

tempcrary 'hold value' variables are not included.

——— . —— S e

Vvariable
BLANK

BLNKLN (LOGICAL)
BKWRD

BELEKNO

CCASE

CEE

CCLH

COLON

CCHMT

CCNT

Using

MAIN,
SPRNT,
FPEKT,
MAIN,
MALN,
MAIN,
MALN,
MAIN,
MALN,
MAIN,
FOUT.
MAIN,

~38-

Rcutines

BLCCK DaATA,

CETNX,

FHANL, FOUT.

FCUT.

BLOCK DATA.
SERNT.

BLOCK DATA.
BLCCK CATA,
BLOCK CATA.
BICCK LATA,
BLOCX DATA,

BLOCK DATA,

SERNT,

CHECK.
DETNX,

DETNX,

SCAN,

FCUT.

SPRNT,

SPRNT,
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CRDR
CURFLG

CBLSL

ECOND (LCGICAL)

EELSE
EEND
EENDIF
EEXIT
ENCASS
EOJ
FFILE
FFOR
FMAX
FOTRN
FETR
FRWRD
FSTRT
IIF
INDFILG

IMAX
LBFLG (LCGICAL)
LBHMAX
LEBPTR
NCYCLE
HESTHNO
NEUIR
NOUMB
QLD
EETR
PULOUOT
RINLO
REPT
SENI
SSTRT
STBEG
STEND
STHAX
STMRNO
SUEFN
TOBEG
TCEND

ICP
TPITR
TYPE

UNTL
WHLE

FHANC.
BLCCK DATA, CETNX.

MAIN, BLOCK TCATA, TYHAND.

MAIN, BLCCK LATA, SITYP.

MAIN, DETNX, SCAN1, SCAN, FHAND,
CHECK.
MATIN,
MAIN,
MAIN,
MAIK,

CHECK.
CHECK.
CHECK.
CHECK.
CHECK.

BLOCK LATA,
BLCCK CATA,
BLCCK [DATA,
BICCK DATA,
MAIN, BLOCK DATA,
MAIN, BICCK CATA.
BLCCK CATA, DETNX,
MAIN, BICCK TCATA,
MAIN, FPRNT, FOUT.
MAIN, BLCCK DATA,
MAIN, FERNT, FOUT.
MAIN, BLCCR LATA.
MAIN, FPRNT, CHECK.
MAIN, BLCCK DATA, CHECK.
MAIN, BLOCK DATA, FOUT,
FPRNT.

MAIN, DETNX,
MAIN, DETNX,
GENLAE,
MAIN, CHECK, GENLAB.
MAIN, CHECK, GENLAB.
MAIN, BICCK CATA, CHECK.
MAIN, SBENT.
MAIN, BICCK
MAIN, BLOCK
MAIN, BICCK
MAIN, BLOCK
MAIN, EICCK DATA.
MAIN, BLOCK DATA.
MAIN, BLCCK LATA,
BLOCK DATA, DETNX,
SPRNT, CHECK.
MAIN, SERNT.

MAIN, SEBNT.

MAIN, BLOCK DATA.
MAIN, SERKT, FPRNT. u
MAIN, BLOCK CATA, CHECK.
MAIN, DETNX, STTYE, SCAN,
MAIN, DETNX, STTYP, SCAN,
FHANLC, CHECKX.
MAIN, STTYP,
MAIN, CHECK.
MAIN, DETINX,
FHANC, FCUT.
MAIN, BLOCK CATA,
MAIN, BLCCK TATA,

FPRNT.
CHECK.

CETNX, STTYE.

SCAaN1,
SPERNT,

SCAN.
FHAND,

DATA.
CATA,
CATA.
DATA,

GENLAB,
DETNX.

CHECK.

SCAN1, FHAND.

FHANC.

CHECK.
STTYP, SERNT,

CHECK.,
CHECK.

.
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MAIN ERCUTINE

BALC (LCGICAL), CCIYICLE,

CURFLG,

EX2a,
ITEME,
LARY,

EX2B, INCR,
LAB, LAB2,
CNE, SFAX.

ECCNLC1 (LOGICAL)

INCFLG,
LAB3,

SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBROUTINE
SUBEOUTINE

SUBROUTINE
SUBROUTINE
SUBROUTINE

CETNY
STTIYE
SCAN1
SCAN

SERNT

FCUT
CHECK
ERECR

EFF.
BCTTCM, LENRGTH,
CHAR.

ISET, LEN,
FIL, LEN1,
(LCGICAL),
NINE, FAT,
STYEE.

LEN, LEN1,

MIC, PNT.
EAT.

LEN2,
SEND.
STRT.

OVFL

LEN2.

ELNKS (131)

BYE (2)
CASS (4)
CCOLON (5)
CCYCLE (5)
CGOTO (9)
CCNTI (8)
CBSLH (2)
LCO (2)
EEEND (3)
EEEXT (4)
ELZ (4)
ENDCASS (7)
ENIF (5)
ECL (1)
FBUF (80)

GOTO (6)
IIIF (2)
IFNOT (9)
ITERAT (9)
LABEL (200)

LEO (5)
LLOGCP (4)
MINUS (1)
CNE (1)

PLU (1)
RREET (6)
RESRD (200)
RSTAR (2)
SPIN {8C)

MAIN,
FERBNT,
MAIN,
MAIN,
MAIN,
MAIN,
MAIN,
MAIN,
MAIN,
MAIN,
BLCCK
BLCCK
MALN,
MAIN,
MALN,
MAIY,
MALN,
FCUT.
MAIN,
BLCCK
MAIN,
BLOCK
MAIN,
FCUT,
MALEK,
BLOCK
MALN,
MAIN,
MAILN,
BLOCK
BICCK
MAIN,
MAIN,
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ELCCK DATA,
ELCCK
ELOCK
ELCCK
ELOCK
ELCCK
ELCCK
ELCCK
BLCCK
CATa,
CATA,
ELCCK
ELOCK
ELCCK
ELOCK

TATA.
DATA,
CATA,
CATA,
CATA.
DATA.
CATA.
DATA.
CHECK.
CHECK.
CATA.
DATA,
CATA,
DATA.

CETNX, FHAND,

ELCCK DATA.
CATA, CHECK.
ELCCK CATA.
CATA, CHECK.
BLCCK CATA,
CHECK,
ELCCK
CATA,
ELCCK
ELOCK
ELCCK
CATA,
CATA,
ELGCK
ELCCK

CATA.
CHECK,
CATA.
CATA,
CATA.
STTYP.
STTYE.
LATA.
CATA,

SPRNT,

CHECK.
CHECK.
CHECK.

CHECK,
CHECK.

FPRNT,

LCETNX,

GENLAB,

TETNYX,



CHAETER 3

STTYEF, SCAX1, SCAN, SPRNT,
FHANL, FPRNT, GENLAB,

ERRCH.
STACK (200) MAIN, CHECK.
STFRM (6) BLCCK TATA, CHECK.
THENN (4) MAIN, ELCCK CATA.
TCO (2) MAIN, BLOCK DATA.
TRES (23) BICCK [ATA, STTYE.
UUNTL (5) MAIN, ELOCK DATA, CHECK.

3.3 CONMON Elocks.

The COFMCMN Lklocks and the variakles they 1include are
listed Lelow.

ZINEUT/ SEIN(80), TCBEG, TOEND, STIBEG, STEND, IMAX, LBFLG

/SPRINF/ SSTRT, INCR, STMNO, ELKKC, NESTNO, INDCFLG, CURFLG,
SHA

/FRTINF/ FBUF (80), FPTR, FMAX, FSTRT, BINKS(131)

STACK (20C), LABEL (200), TCE, LEERX, LEBPTR,
TFITR, WEUTIR, BKWRD, FEWED, NEW, CLL, FPOULCOT,

,OTPAT/ CGOTIO(9), CCNTI(8), ECL{1), GOTC(6), IFNOT(9),

1E0(5), MINUS(1), CNE(1), PLO(1), RSTAR(2)

/INEAT/ CCLN(1), ELZ(4), DBSLH (2), LOO(Z), BYE(2), THENN(4),
100 (2)

/STTYE1/ CCASE, CCLCN, DBLSL, EELSE, EEND, ECJ, EEXIT, FFCR,

—— —

IIF, LLCOF, EREPT, UNIL, WHLE, SUBFN, BINLO, NCYCLE, ENCAS,
EENDIF

ZSTTYE2/ CONMT, CONT, FOTRN, BLANK, SEMI

ZKEYWD/ EEEND(3), EEEXT(4), CCYCLE(5), UUNTL(5), CASS(4),

11IF (2), ITERAR(9), ENCASS(7), ENIF(5), REPT(6), CCOLON(5)

il P
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£IYE/ TYPE

2EORTPRT/ BLNKLN

RESRD (200)
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—— e e e e —

FORTGAN users, SEARKS 1is meant for you! As a FCRTRAN
user, you are taking advantage cf a language that has been
~ip use since 1957. You have, mno doukt, come to rely on
FCRTEAN's estatlished portakility, highly-develofped
compilers, and wide-spread availability. You also know you
are not alone, as there is an estalklished large lator fcrce
familiar with FORTRAN. However, as you thumb through your
FCRTIEAN program, haven't you wondered hcw nice it would ke
if ycu didn't have to keep Jjumping about following GC TO's?
And, what of all the talk going arcund now about program
structure and modularity? Don't you even feel a little it
guilty? You don't want to give up all of the advantages of
FORTRAN Jjust to elimate GO TO's and get a little structure?
ﬁou you can guess why SPARKS is for you,

What is SPAREKS? It is essentially a preprocessor for
FCRTEAN which 1inexpensively augments the language with
irprcved syntactical constructs and other useful features.
P FCRTRAN preprocessor is a prcgrar which translates
statements written 1in a lanquage X into FORTRAN. In this
case languaye X is SPARKS. SEARKS 1s classified as a
Frerrocessor instead of a compiler because the source and
the target language language have many staterents in ccmmcn.

A translatcr such as SPARKS has many advantages. Most

T



CHAFTER 4

irportantly, it rreserves a close connection with FORTRAN.
Also many inétallations ao not have a nicely structured
language available and the translator provides a simple
reans for supplementing the exsisting FORTRAN capalbility.,

4.1 SAMPLE FROGRAM.

Is a little convincing needed for you to give up the GO

107 Consider writting a procgram which searches for an
integer X in a sorted array of integers A(N), N less than or
equal to 100. The output is the integer J which is either
zero if X is not fcund or A(J)=X, 0<JI<K+1., The method used
is the well known linary searchk algorithm. A TrTeascnatle
attenpt tc write the program in FCRTIBAN follows:

SUEROCUTINE EIKS (A,N,X,J)

IMELICIT INTEGER (A-7)

CIMENSION A (1CO0)

BOT=1

TCE=N

J=0

100 IF(BOT.GT.TCE) RETURN

MID= (BOT+TOE) /2

IF(X.GE.A{MIL)) GO TC 101

TCE=MID-1

GC TO 100

101 IF (X.EQ.A(MIL)) GC TC 102
ECT=MID+1

GO TO 100

-4 4-
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102 J=MID
RETURN
END
Now, @ look at this algorithm written in SFARKS.
SUBROUTINE BINS (A,N,X,J)
IMELICIT INTEGER (A-2Z)
DIMENSION A (100)
EQT=1 ; TOP=N ; J=(
WHILE BOT.LE.ICP DC
HID= (ROT+TCE) /2
CASE

: XJ.LT.A(MIL) : TOP=MIL-1]

X.GT.A(FEILC) : EOT=MIL+1

‘e

: ELSE : J=MID ; RETURN
ENDCASE
REFEAT
RETURN
ERD

The difference between the two algorithms is not
dramatic, Fkut it is significant, The WHILE and CASE
statemxents allow the algorithm to ke described in a more
natural way. The program can te read froﬁ tcp 'to Eottonm
. withcut Jjurping up and dcwn the pFage. When such
imprcvements are consistently adopted in a large software
froject, the resulting code is tound to bLe easier to

ccmprehend., Like to know more alout SPARKS? Read on!
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4.2 language Lefinitions.

First the SPARKS language must be precisely defined. A
distinction must ke made between strictly FORTRAN statements
and SEARKS statemenls. The latter are recognized by‘certain
keywords andsor delimiters. Statemernts not containing
SEARKS keywords are regarded as strictly FORTRAN and passed
withcut alteration. SPARKS statements cause the translator
to produce ANSI FCRTRAN statervents which accomplish the
€equivalent computaticn. Thus, SPABKé is compatilkle with
FCRTEAN and is, for all intents and purpcses, a FORTRAN
Frogram. Hence, the local cowmpiler ultimately defines the
senantics of all SEARKS statements.

The method of inputing a SEARKS pregram is identical to
FCRTRAN; columns 7 to 72 are used for statements. Lakels,
except fcr format statements, are nct nqrmally used in
SEABKS., However, they are input as are FORTRAN labels, in
cﬁlumns 1 te 5.

The SPARKKS preprocessor outputs twoc tempcrary £files.
Cne file 1is the frocessed SEARKS <ccde which 1is nicely
indented. The second file is the FCRTRAN translaticn cf the
SPARKS prcgram. The FORTRAN is passed to the compiler for
further translation, The SPARKS cutput is automatically
frovided to the user. The FORIEAN will normally ke echoced
bty the local compiler depending on the installation.

SPARKS has a tctal of 20 keywcrds and special symkols.

These words and symtols are listed kelaow.

-
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EY CASE CYCLE Lo ELSE
ENECASE - ENDIF | EQJ EXIT FOR
1F LOCFE REFEAT UNTIL WHILE
10 THEN 2 ’ /7

* % ¥ % ¥ * N O TE % * % * % x

The above keywords/symbols FUST ke surrounded by blanks

tc ke recognized Ly the SEABKS preprccessor., Otherwvise,
they will be passed as FORTRAK variaktles. The keywords are
rct reserved in that they can Le used as varialtles when not
surrcunded Lty blanks. However, to avoid «c¢cnfusicn and
fcssitle errcrs, use of the keywords as variables is not

recommended,

* % k % * %

SPARKS statements can now te defined by giving their
FCRTIRAN eguivalents. The term =statemcnt, used below, and
indicated Eky S, &1, S2, etc 1is meant to include any
arbitrary number of both SPARKS and FORTRAN statements.
There are six basic SPARKS ccnstructions; two of which
imprcve the testing of cases and four which improve the

descripticn of locfging.

4.3 SEARKS IF Statement.

SEBAEK

Itn

IF cond THEN

-1 7-
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99999

999398

The ELSE clause is

randatory. An IF

included telcw.

200

S1
ELSE
s2
ERDIF
FORTRAN TRANSLATICN
IF (.NOT. (cond)) GO TO 99999
S1
GO TO 99998
CCNTINUE
52
CCNTINUE

optional, Lut the terminating ENLIF is

statement without the ELSE clause is

SPAERKS
IF cond THEN
51
GO TC 200
ERDIF
s3
COKTINUE
IF (.NOT. (cond)) GO TO 99999
S1

GO TO 200

99999 CONTINUE

-4 8-
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S3
200 CONTINUE
The GO TC in the SPARKS 1is included for those FCRTBRAN
programmers who refuse to let go. It does serve to
illustrate; however, that any leqal FCRTEAN statement can ke
rixed with SEARKS code. The 'ccnd' of the above 1IF

statements rust be a legal FORIEAF conditional.

4.4 SEARKS CASE
The second construction dealing with testing is the
SPARKS CASE staterent, This ccnstruct is most useful in
ccnsolidating nested test staterents or strings of related
ccnditional tests.
CASE
: condl : S1
: cond2 : 52

: condn Sn

: ELSE : Sn+1
ENDCASE
ECRTRAN TRANSLATION
IF (.NOT. (ccnd1)) GO TC 9999¢
.. s1
GO TO 99998
99999 IF (.NOT. (cond2)) GO TC 99997
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GO TO 99998
199997 IF (.NOT. (condn)) GO TC 99996
Sn
GO TO 99948
99996 CCHTINUE
Sn+1
99998 CONTINUE
The cond?, cond2, etc, are any artitrary numker of legal
FORTIRAN conditionals. THe EISE case designates that the
statements representated by Sn+1 will always ke executed if
all rrevious conditicns are false. The ELSE clause |is

cptional., The ENLCASE is mandatcry.

4.5 SPARKS LOOP
The four LOOP structures of SPARKS are the WHILE, LCCB/

UNTIL, LOOP,/REPEAT, and the FOR loorf.

*# % % % * * N O T E * % % % * %

The prcgrammer wrust provide fcr the incrementation or
change in condition for proper termination of the WHILE lcop
and the LCOB,/UNTIL. Also, the LCCP/EEPEAT is a loop forever
censtruction, The programmer must prcvide the means to get

cut c¢f the LOOP/REFEAT.

X % % % % %

The constructicn of the WHILE loop is shown telow.
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WHILE cond DC
S51
REPEAT
99999 IF (.NOT. {ccnd)) GC TIC 99998
s1
GO TO 99599
99998 CCNTINUE
The S1 indicates an arbitrary numkter of statements and must
include a means for meeting the cond for termination. The
cond must Lte a 1legal FORTRAN conditicnal. The REPEAT is
randatory.

The LOCB/UNTIL is similar tc the WHILE loopr and is used
shen the test to exit is desired at the bottqm of the loop.
SPABKS

LCcoP
S1
UNTIL cond EEEEAT

FCRTRAN TRANSLATICN

99999 CCNTINUE
s1
IF (.NOT. (ccnd)) GO TC 99999
The 51 and cond imply the same rwearing as in the WHILE loop
atove, Again, inclusion of the EREPEAT is mandatory.

The LCOP,/REPEAT is convenient to provide a 1loop
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structure where a exit condition can be encountered at
several locations within ihe loop Ekecdy. The programcer
should ke aware that this loop structure will not terminate
tnless some exit or stop condition is included in the lcop
tcdy. The REPEAT is the loop delimiter and is mandatory.

LGOP

Ss1
REPEAT
FORTRAN TRANSLATION
99999 CCNTINUE

51

GO TO 99999

The SPARKS FCR loop 1is =imilar in its action to the
FCRIEAN DC 1loop kut 1is much more pcuerful; It sheould te
noted; however, that the translaticn of the FCR 1loop in no
way resemkles the LC loop.

FCR vble=expl TC exp2 BY ekp3 DC
51

REPEAT

FCRTRAN TRANSLATICYN

vile=expl

GC TO 99999

99998 vile=vble+exp3
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99999 IF (.NOT. {vkle-(exp2))* (exr3).LE.O)
1GC TO 99997
s1
GO TO 99998
99997 CONTINUE
The '1GO TC 99997' 1is a continuaticn line, The three
expressions (expl, exp2, exp3) are allcocwed to. be artitrary
FCRTRAN arithmetic expressions, Sirilarily, vEile may ke any
FORTIRAN variakle. Negative incrementation of the FCR loop
is acceptable as shown in the example kelow.
FCR I=10 TC 2 BY -2 LC
d=I+10
REPEAT
The ¢frhrase BEY exr3 is optional and if not included the
incrementaticn defaults to +1. Since exp2 and exp3 are re-
evaluated each time through the loop, care must be taken not
to modify the value of these expressions within the loop
tedy. As with all SPARKS loops, the BEFEAT is rmandatory.
b.6 SPARKS EXIT and CICLE Statements.

The EXIT statement is used in SPARKS to leave a loop
structure prematurely. The EXIT causes Eontroi to ke
transferred to the first statement ocutside of the innermcst
lcop statement that ccntains it. The EXIT statement can ke
used with any of the four SEARKS lcop structures. An

exarple c¢f its wuse and the FCEIRAN translation is shown
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telcw.
SBABKS
LCOP
s1
IF cond TEEN EXIT
ENDIF
s2
REPEAT
FCRIRAN TRANSIATICHN
99999 CONTINUE
51
IF (.NOT. (cond)) GC TO 99998
GO TC 99997
99998 CCNTINUE
' S2
GO TO 99999

99997 CCNTINUE

The CYCLE statement may alsc bLke used within any SPAEKS
loop construction, The CYCLE causes ccntrol to be
transferred directly to the end of the innermost loop that
ccntains it. Normal loop iteration is then continued. The
follcwing is example ¢f both the EXIT and CYCLE statements.
Kote that the CYCLE does not transfer ccntrol outside cf the

loop that ccntains it.
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LCOP
S1
CASE
: cond1 : EXIT
: cond2 3 CICLE
ENDCASE
s2
REPEAT

FCRTRAN IRANSLATICHN
99999 CONTINUE
S1
IF(.NCT. {ccnd1)) GO TO 99996
GO TC 99894
GO TC 99995
99996 IF(.NOT. {ccnd2)) GO TO 99995
GO IC 99998 '
99995 CONTINUE
S2
99998 GO TO 99999
99994 CCNTINUE
The sharp FCRTRAN prcgrammer will immediately notice that
‘this translation produces unreachable GC TO statements. The
EXIT, CYCLE, and RETUEN statements when used in a CASE or an
ELSE of the IF/THEN/ELSE staterent nested 1in a 1loop will
generate unreachatle GO TO statements, Many FORTRAN

conpilers will give non-fatal cempiler warnings concerning

-55-



CHAPTER 4

the unreachatle statements; however, the warnings should

nct effect the execution of the program.

4.7 Labelling in

The use of five digit 1labels in the examples has
proktably teen noticed. SPARKS generates labels Feginning
with 99999 and decreases by one for each new laltel required.
The numbering kegins again for each new sukroutine.
Erogrammers who wuse labelled staterents should avecid using
large numkers to prevent label conflicts when translation

cccurs, User defined latels are passed without modification

tc the FORTRAN outrput.

4.8 The S

I

AEK

[T}

EQJ Statement.

The SPALKS ECJ signals the translatcr that is the last
card of the fprograr. It must arppear somewhere in columns 7
to 72 and be surrounded by blanks. The ECJ is used one per

frogram.

4.9 SPARKS Ccmments

SPARKS comments are delimited ty the double slash. The
following is.an example of a prorer SEAFKS cémment;

// THIS IS A SEARKS COMMENT //
A1l characters within the doukle slashes will Le ignored.
The comments are restricted to one 1line in columns 7 to 72,

The double slashes must be surrounded by klanks. The doulkle
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€lash is taken as a single syntol and may not contain tlanks
tetween the two single slash rarks. SPARKS comments
appearing c¢n the sare 1line as other statements must tLe
cseprarated from those statements with a sericolon (see
section 4.9). SFARKS comments will agppear in the FCRTPRAN
cutput as follows:
c /7 THIS IS A SPARKS CCHEFMENT

The translator will automatically put the C in colunmn cne,
Note that the trailing double slash is not passed to the
FCRTEAN outrput, However, failure to include the trailingy
dcukle slash in the SPFARKS will cause the translator to
cutput an error message. FORTIRAN comments are allowed and

are cutput without mcdification.

4,10 General Information and Other Features

e S il e R e i e e e m— e e ———— e —— —————

¥ % % % x ¥ N O T E * % % % % %

The indention feature in SFARKS will sometimes cause a
lecng 1line to exceed column 72. Nerrally this is not a
rroktlem as the translator automatically intrcduces a proger
ccntinuation card. . However, if the lcng 1line contains a
Bollerith field and the kreak occurs 1in that field, a fatal
FCRIRAN errcr may bg introduced. The programper should use
caution when coding long statements such as FORMAT and DATA

statcrents ccntaining,gollcrith fields.

* % % & % ¥
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If such statements cannot Lte avoided, the preprocessor
cperating modé can ke altefed tc pass the staterents withcut
[rocessing. A F in column one signals the preprocessor that
subsequent lines contain only FOETIRAN statements, Thcse
staterents are then passed without any <checking or
indentation. The next 1line with a F in column one returns
the preprccesser tc its normal mode. The cards containing
the signal F must not contain other statements., The SPARKS
cutput will have the 1lines surrounded by the F sign=1
tlocked out Lty the message:

++++++++++BEGINNING CF FCRTRAN
Arbitrary numter of FORTRAN Statements
t+++++++++END OF FCRIRAN
The FCRTRAN cutput will not contain any messages and it will
nct ke indented.

The semicolon 1is' used 1in SPABKS as a statement
delimiter. Using the semicolon, rore than one statement can
te put on a single line. For exarple, the fcllowing line
teginning in coluen 7 is a legal SFAFKS input.

C=D+E ; A=B+C ; X=A ; // SERRKS COMMENT /,

The preprccessor will translate the 1line into four lines of
FCRIEAN as follows:

C=L+E

A=E+C

X=A

C // SPARKS COMMENT
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BAs a SPARKS key symbkol, the semicolcn wrust ke surrcunded by

tlanks.

——— e ——— o ———

This user's guide is an adaptation ¢f the user's guide
develcped by Dr. Ellis Horowitz and the SPAERKS User Group,
tniversity of Southern Califormnia. Dr. Horowitz designed
the SPARKS language originally fcr describing algorithms in
the book FUBLAMENTALS OF DATA SIRUCIURES by Ellis Horowitz
and Sartaj Sahni, fpublished by Computer Science Press,
kcodland Hills, . California. The original SPARKS
freprocessor was developed from this prototype language,

This user!s guide is an accurate discription of the
language features as currently sugported Ly the revised
version cf the translator. The new version of the
translator was rewritten in SPAKKS Lty Richard'#. Stroud and

[r. Myron A. Calhoun, Kansas State University, Manhattan,

Kansas.
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This report describes the translation of the SPhBKSJ
FLefprocessor | from FOBthH to SPARKS. The SPARKS
freprccessor is a prcgram which translates other programs
written in the SEARKS lanquage tc¢ a target language of
FCRTRAN.

The SEARKS language adds additicnal ccnstructs to
FORTRAR so that structured «ccde can be written while
raintaining a close tie +to FORIRAN. The prerrccessor
written in SPARKS is a structured prcgram with the necessary
zcdularity so that changes and up-dates can ke made easily.
The preprccessor ir SPARKS was exarined in detail for code
that could ke improved. Approximately 375 1lines of ° ccde
were found to be unnecessary and were eliminated. The
Iewritten preprocessor is a 1470 line [prograEk versus the
1845 1lines of the criginal FCEIRAN version. The report
includes updated documentation and user's guide fcr the

SEARKS larnguage.



