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INTRODUCTION

A nev trend in prograz writing was introduced
by Edsger W. Dijkstra in his monograph Notes on Btruc~
tured Programming (1972). It takes a ‘constructive’
approach to the probvlem of progran corrsciness dy con-
trolling the process of program generation to produce
a correct program, Initially the term structured pro-
granming (sp) was misunderstood dy many programmers |
(e.g. sp is programming without GOTOs, one must use
only the conditional and vhile statements). Althoungh
people have different interprstations of sp, 1t 18 now
widely accepted as an approach to understand the con~
plete programaing process 0 as to carefully control
the structure of one's code -~ {ts control flow and data
organiszsation, The overall effieciency in progran deve-
lopment process found to be consideradbly improved with
8D.

8p methodology tells us not to program in a pro-
granming language, but into it. Express the algorithnm
in & notation that best fits the problem, then refine
this algorithm into the programming language. Use any
notation that fits the prodlem and follows clean, un-
derstandable approach, If the notation is not with
available resources, simulate it in the programming
language,

The algorithm expressed in prograsming language
should be easier to read, easier to get right, sasier
to change, and easier to keep right as they are changed.
This is often harder to do with FORTRAX dut there is



no harm in sinmulating the features reguired to make
prograr wvriting easy through structured spproach.

RATFOR was the first attempt dy Dr Kernighan in 1975,
which was called s structured langusge "Rational FOR-
TRAN", GBSome nev features vere introduced to FORTRAN

and a tool was presented called the preprocessor to
translate RATFOR into FORTRAN. The preprocessor pro-
ved as & powerful tool to profide wvith miseing fea-~
tures in any programming language. A number of attempts
were made by different people on development of an effi.
cient preprocessor and for PORTRAN with better featurses.

Ve believe that building on the work of others is
the only way to make substantial progress in any field.
Therafore we work on the similar guidelines for FORTRAN
with the idea of structured programming and use of pre-~
procesgor as a tool., Considering FORTRAN as a poor lan-
guage for structured programming we have extended FORTRAR
with better features which we call as EXTPOR (short for
Extended PORTRAN)., RXTFOR provides modern control flow
statements like those in PL/I, ALGOL, or PASCAL, retai-
ning the merits of FORTRAN - a language that is univer-
sal and portable while at the same time concealing its
wvorst dravbacks. VWe are not going to touch the data
types of YORTRAN., The nevw features are easy to read,
vrite, and understand and readily transformadle into
FORTRAN.

Chapter 1 contains a brief history of development
in way of PORTRAN usage. The structured programming
is adopted as a trend in programming in FORTRAN,



Chapter 2 iantroduses the REXTFOR language
Teatures with examples and soatise summary.

Preprocessing the EXTFOR into FORTRAN s »
convenient way to do the Job and FORTRAN eompiler
¢ap take the durden of further prosessing. Chapter
3 presents the EXTFOR preprosessor.

Tinally wve atuénsa iht sfficienesy and overhead
in preprocessor, conelusion and experience in Chapters
b and 5. ‘

Ia sppendices the prosedurs for interfaeing
EXTPOR vith loeal 05 ‘environment and the EXTFOR epera-
ting proeedure vith examples, error nessages list eare
descrided.
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CONCRPTS ARD PROBLEM

1.1 HISTORY OF FORTRAN

Hardly snything associated vith computer
that {5 as mueh as twenty five years old is still
in use, unless it is the original Von Neumann "Stored
Progran®™ concept itself, Yet in spite of vast changes
in hardvare architecture and in spite of the reproduc-
tion of programming languages since 1957, ve are still
using FORTRAN in a form « not withstanding s major re-
vision with the introduction of FORTRAN-IV, not much
different from the origimal yversion announced by John
V. Backus of IBM in 1957,

FORTRAX i3 mostly used fTor seisentific and en-~
gineering applications becauss it {8 easy to learm,
availability of many readymade programs written in
YORTRAN and very efficlient and optimised compilers, attri-
bute to the popularity o¢f the language,

Trends in computers have resulted in some changes
in the YORTRAN language and the way it is used, The
changes have occurred in two main areas, Yirst, the
PORTRAX users have consolidated to s sonsiderabdbls extent
around the ARSI standard version of the language, and
the rather arbitrary variations {vhich vere wide spread
a8 late a3 1966) have declined in number. Most eurrent
compilers contain sctual conflicts with or violations
of the standard and as was intended, the accsptances
of the standard has placed s eertain onus on variant
versions. This has resulted, of course, in increased
interchangeadbility of programs among various users and
is no doubt partly responsidle for the combined popu-
larity of the language.
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1.2 STRUCTURED PROGRAMMING

Reliability is the sine gqua non of software
systens, There is no point in engeging in efficiency
consideration for unreliable systems. And to achieve
reliability wve should make our c¢ode correct and clear
before wve try to make it faster or more compact,
Btructured programuing {s a technical eladboration of
this basic point of vievw.

The term structursd programming has been used
with many different meanings since Edsger W. Dijkstrs
first coined the term, The term {s generslly mis-
understood and lack of a precise definition has alloved,
even encouraged, people to use it &s they wished, for
the sake of fashion, to attribute to structured pro=-
gramming (sp) what they themselves learned from mono-
graph notes on structured programming {Dijkstra).
Taken out of context or vieved in the wrong light,
sone of the resulting definitfon of ap that have
appesared se¢en stupid (e.g. sp is programming without
GOTOs), and it is quite understandable that progra-
nmers have looked askance vhen asked to learn and
practice 1t.

Dijkstra proposed that we take a *constructive!
approach to the problem of program correcitness dy con-
trolling "the proecess of generation such as to produce
e priori correct progran®™, To facilitate this process
wve limit the rules for progranm composition to those
which are well understood. VWe would like to informslly
estadlish that cur progran is correct as ve are designe
ing and coding it.



The structured programming provides s sys-
tenatic approach to the programming. A progren ean
-be disintegrated into small components so &s to nmake
them smalley programs., These component programs can,
in turn, be regarded as systems composed of still
smaller programs, and so on,down to sonme rolsoﬁtble
level vhere the components level to be consisting of
A few statements each, The programns written with
this approach are structured,

The important thing here is the interface
betveen the components of the program vhich are systens
themselves, Less is the interaetion mote it attributes
to be called as structured, In the coneept of struc-~
tured programming both & design method and & eoding
technigue are inmplied, The design aspects often enmnw
brace the phases "top-down expansion®™ and stepvwise
refinement. The coding features include restriction
to & set of single entry/single exit control structures,
often with explicit formatting conventions to promote
readdbility. And top-down coding ia often considered
to be & part of structured programming. The top-down
pregrunmiig is step-by~step process of going from a
progran functional specifications to the coded progran,

1.3 SZRUCTURED PROGRAMMING - ADVANTACGES

The general viev of the structured programming
is that 1t 13 the general method by vhich leading pro-
grammers progran,

It 48 the process of minimizing the number of iuter-
sctions between the components of a progranm,

It helps with converting erdbitrarily large and complete
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flow chart:. into a progran represented by inters
relating and nesting a small aumder of dasic and
standard econtrol logiec structures.

- I% 48 & manner Of organising and eoding programs
that makes the prograns easily understcod and modi-
fied.

The main sdvantages of structured programming
include ease of writing, understanding and dedbugging.
Writing a program begomes easier decause of the top-
down approach. The progran is vriftnn as an inter-
connettion of a few rowtines wvith the few interactions
betveen components, they can be designed and tested
iz relative igolation.

Another important advantage of sp is that the
prograns so written are easy to understand by & person
other than the program writer. Application programs
are often modified and run for years dy differsnt pro-
granners after the original programmer has gone soOnme
where slse,

The dedbugging 4is the main phase of program
developuent and the time involved in dedugging s pro-
gram is s function of the way (methodology) used in
writing the program, BSp faeilitates to debug samsll
components in isolation using test datas appropriate
to the program. VWhen small eoxmponents have deen de~
bugged they ¢an be put together to form the next level
of conponent, whieh can de debugged in turn and any
errors introduced st this level ean be attriduted with
some possibility to the interface detween compoments,
The source of the mrror is narrovc@ down in this way
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and dedbugging of the large coxponents is simplified.
We often use subroutines as component and they are
tested independently with variety of test data, The
econponents are interfaced through the paraneters.

As far as sfficieney is concernad, overall effieiency
in a programn development is increassd consideradly.

_ , The e¢urrent noftvurclhurawarc ratio of & systen
1s grolttr than in the oarly age of computers. Pro-

_ graEmers in lsrsn aottvur- projects typicslly spona
':thoir tine as tollowls'

40-50% is proarun check out, ‘and one third in

| progran dt:iga and less than 20§ is sctusl codimg. 8o
the ctficioner can be increased if ve civu nore exphasis
on design and coding so that the debugeing time is mini-
eized, This meskes guite clear that sp hclp- in increa-
'ains thn oversll ctrieioney.

1.4 STATEMENT OF THEE PROBLEM

Bome of the main features of a programming
languasge srs control strusture, data type and input/
output, In view of modern trend of programming, YORTRAXR
“has quite weak control struetures. In spite of the
insdequency of some featnres in the language, not many
extensions have bLsen made of the FORTRAN and whatsoever
wvere made, have continued to improve the usefulness of
the lasnguage, both for eertain sdvanced application and
‘for the novice users. 8Some considerable extensions
include WATFORSVATFIV vith {ts exeellent pedagogical
features - format free impute-output, expressions in out-
put lists, CEARACTER data type, expressions of mixed
type, multiple assignments, ete.
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As ve know that the worst deficiency in using
PORTRAN 4is in the control Fflow statements ~ conditional
branches and loops which express the logic of the prob-
len. The following exanples illustratet

PORTRAN DC restricts the user to going forward in
sn arithmetic progression. One eannot use DO with
index going from N to M vhere MJ{ N3

DO 10 1I=10,5,~1

L}
]

10 CORTIRUE
DO 20 B=1,.0,3.0,0.3

-

20 CONTINUR

In first cese the index is negative arithmatic
progression, Seeond case, the index is real, Both
the cases violate the FORTRAX loop index rule, Anyway
these deficiencies &0 not come in the way of developing
structured progranms using FORTRAN, dut the users do
feel difficulties with such restrictions,

A statement label is written just after 'DO’,
which 4g required to terminate the scops of the DO loop.
This ladbel is more serious as far ss sp coneceapt is con-
cerned,

The conditional statenents in FORTRAN are pri-
nitive, The arithmetic IY statement forces the user
into at least two statement numbers wvhich in turn give
rise to two (implied) GOTOs leading to munintelligidle code.
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For examples
- 17 (arithmetic expression) 10,100,200

L

10 CONTINUE
100 1=}

200 TEMP=ARRY(I)

_ The above IF statement is » three~way branch,
Execution of this statement causes evaluation of the
sxpression following which the statement 1dentified
by the ladel 10, 100 or 200 {s executed next as the
value of expression is less then zero, sero or grester
than zero, respectively.

The logical I¥ is better:
I¥ (logical expression) “statement™

Upon the execution of this statement, the logical ex-
pression is evaluatéd; 1if the value is false statement
which following IF statement (next statement) is exe-
cuted, {f value ie true the "statenent™ is executed,
Unfortunately this statement is restricted from the
use of another "IF statement™, DO loop as "statement”
in above format. Becondly thers can be no ELSE part
to the I¥ statements There is no vay to specify an
slternative action 4f the logical expression is false.

The result of these feelings is that FORTRAN
prograng must be written witk numerous labdbels and
branches, The resulting code is particulsrly Aiffi.
cult to read and understand, and thus hard to dedug
and modify.
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In viev of the above discussion ve feel that
the PFORTRAN langusge requires some modifications or
extensions 80 &5 to improve the correctneass, reads-
bility and efficiency in program writing, in other
vords to write structured programs. Ths modification
of the existing control structures leads to writing
& nov compiler, which means too much of a durden for
& simple prodlen.

The approaeh ve choose here is to make FORTRASN
& detter programming language by extension of the con=-
tro)l structures and retsining the merits of the FORTRAN.

The primary purpose of this work is to define
‘& new lsnguage which 1s an extension of the FORTRAN,
The extensions are only of eontrol structures; the
format of the FORTRAN is not changed and the data stru-
¢tures are not extended, This nev language we call as
*Extended PORTRAN" (EXTFOR), Further, a system program
¢slled preprocesser is written to transliate the EXTFOR
progran fnto the unpleasant PORTRAN,
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EXTYOR ~ EXTENDED FORTRAN

2,1 INTRODUCTIOR

A progran is s static representation of a
computation. The exscution of & progran is a dyna-
uicuily changing activity. VWhen we use program text
t0 reason about s prograx exesution, ve are erucislly
concerned with the program's flow of control which is
deternmined dy the type o0f constituent control struet-
ures. In structured programming ve limit the use of
three forms of control struetures. These forms are
sinple saquencing or eoncatenation of statements,
selecting the next statement(s) to be sxecuted by the
result of s test (often with a true or false ansver)
and conditional iterstion. The restriction to these
three means of program ecompositions is far from arbi-
trary, rather, it is based directly upon consideration
of progranm correctness, and readadbility of the program
and efficiency.

Each of the forms has the property that it is
single entry/single exit, As such they provide alter-
native ways to structure or to decompose a one-in/
one=out bdox, ,?

%

(1)

FIG. 2.1
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¥hen expanded into code, the forms can be read from
top to bottom with no jumping sround in the program
text, minimizing the interaction among program CoOmpPO=
nents, '

The control flow struetures discussed in this
chapter are the extensions to the TORTRAN and selected
to provide, iecy!ns in mind the adbove discussed three
forms of control structures for writing structured pro-
grams,

2.2 STATEMENT GROUPING

FORTRAN provides no way to group statements
together, short of making them into & umnit of program.
The construetion "1{f & condition is true, do this group
of statements”, for example:

IF {X,07.100) Y=X¢l0
' CALL ERROR (X)
WRITE (6, 10) Y
X=0

cannot be written directly
in FORTRAN, The only way to write inm}

1y (X.LE.100) GO 70 100
Y=Xe¢l0
CALL ERROR (X)
WRXITE (6, 10) ¥
10 PORMAT ("RRROR «-", Ik)
X=0
100 COBTIRUR
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2.2.1 XHE BEGIN STATEMENT

In our EXTFOR & group of statsments can be
treated as a unit by enclosing thex bHetveen BEGIN
and END, of course this EXND has 4ifferent mesning
than FORTRAN “"END®" which terainstes the mcope of &
program segment. The format is: |

ANYRY
BEGIN
statement-l statenont~1
st;e:ncnt-2
. . \,
statement-n st‘t.nggﬁqq
END I -
A}
i
:tstcunnt—n]

y10. 2.2.1 i“”

BEGIN-END snables us %o esxecute the statements
sequentially provided the sxecution of any of the state-~
ments does not transfer eontrol outside the bloek of
statements., This structure s of first type of progranm
components., Using this structure the example tn section
2.2 can bs written ass

1y (X.07.100) THEN BREOIN

Tt =X+ 10

CALL BRROR (X)

WRITE (6,10) Y

Xm0

EXD

This bloek structure is differsnt from BEOGIN-

BXD in PL/I. Iz PL/I 4i¢ 4s often used for mev &eslarae
tions of {dentifiers or vwhen the meanings of names are
to be restricted within s program segment.
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2.3 DECISION STRUCTURES

These sre structured statemants whieh control
the execution of Sheir scope on the basis of a logiecal
expression. These are second type of program somponents,

2.3.1 2ZHE I¥ STATEMERT
The format of this construct ist
I? (condition) THEN statement-l
ELSE statemant~2

atstcicntax ‘

Y

BT y16. 2.9.18

The condition part of the statemeant is a valié
PORTRAN logical expression with value PALSE or TRUE,
Statenent«]l and statement-2 are any of the EXTFOR state-
nents with some restrictions on using s nized comdination
of FORTRAX statenments and extended features l1ike FORTRAN
DO used as statsnent in THEN or ELBE unit.

The execution of XY statsment first evaluates
the condition, if the conéition is TRUE then the state~
ment following THEN is executed and RLSE part (4f present)
is skippeds 1f the eondition results as FALEE the atate~
ment following THER is skipped with executioam of the RLEBE
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part {see FIG, 2.3.18). 80 one and only one of the

tvo statements (statexentw)l or statement<2) is exescuted
vhen the IF~THEN-ELSE 4is encountered. The RLSE part is
optional, if not used, the statement is squivalent to
FORTRAN logical 1P statement, Yor example:

I¥ (LABZC .GT. MAXL) THEN LASTC = 1
is same as - '
I¥ (LASTC .GT. MAXL) LASTC = )
Both these statements ars permitted in EXTPOR.
The recursive use of logical IF statenment for examples

1y (C.¥B,E0¥) I? (LINE,LT.60) PAGE=PAGR+)
is not allowed in YORTRAN, However, in EXTPOR this nesting
of IY statenents is permitted., This construet is useful
in selecting the next statement execution on subjected to
& number of conditiors specified, Yor example:

IF¥ {condition=-l)
TEEN IY (condition~2)
THEN statenentel
EL3E statexent«2
ELSE IF (econdition~3)
THEN statement-3
ELBE statement-h

Execution of this nested construetion can de
shown graphically as follows:
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* ENTRY

TRUE cheek ?AL?F
conditione1

TRUB check PALSE . TRUE check FALSE
condition-2 condition~

executs execute sxecuta esecutes
statenent~1 statexent-~2 ltltamont-BW statenent~i

| L A \

l EXIT
Y16, 2.3.1b

As in most of the languages, the adbove cons-
truction is ambdiguous ~ the ELSE eould be associated with
either IF., BEGIN-EED can be used to disambiguate this as
desired. In adsence of BEGINAEND, esch ELS8E goes with the
previous un~-RLSEd IF, Just as in PL/IX.

EXTFOR does not provide a CASE statement, since it
nay be readily simulated with s series of ELBE IF statenents as:

I¥ (condition) THEN
RLBE I¥ (condition) THEN

ELSE 1Y (condition) THEN

ELSE
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2.k LOOP STRUCTUREB

These control statements are used to form loops;
for both conditional and uneonditional iterations. The
flow of control in these oontrol structures is pictured
in the following figure.

statenent(s)

JEXIT
yI0. 2.k
The dimgram hes a deciszsion symbol following the entry.
Depending on the outcome of the test (value TRUE or FALSE),
the flow continues either to the processing statement(s),
the flow loops back to the entiry connsctionj or exit from

the loop. Looping is the objective of this control stru-
cture.

The number of times the processing statement(s)
called the scope ¢f loop, executed ia determined dy the
specified conditions.

PYour loop structures are selected for EXTFOR:
DOwstatement, WHILE«statement, FOR and REPEAT-UNTIL
statenents,
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2.4.1 THE DO STATEMERT

The format is:
DO 4indexwil,i2,step
statexents
EXD

The funotion of this DO is fdentical to the
FORTRAX DO loop. The 4ifference is that it does not
use any statement nuaber and the looy seope s limited
to the matching EHD statement, It helps to avoid use
of statenment ladesl, which has to be remembered to ter~
minate the loop aecope,

The scope of the loop is executed with index =

" 4nitial value (11); then index is {neremented by the step
value and loop is sxecuted till the index value exceeds
the final value 12, with increments in index after each
execution of loop, The dlagran shows tie flow of control:

‘%ITBY

index=1l

R |

statenent(s)

=T |

indexwindex
+ step

indexti2

rI0, 2.h,1
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Exanmple: equivalent PORTRAN DO
DO Iml,E DO 10 Iw)l N
X(1)=0 X(1)=0
Y(X)=0 Y(1)™0
END . 10 CONTIHUE

Nested DO are permitted {n EXTFOR provided the
structures are ended with matching END statements.

Exanple: egquivalent FORTRAN DO

DO I=1,10 DO 30 1I=1,10

DO. I=1,10 DO 20 J=1,10
¢(1,3)=0 , e(x,3)=0

DO K=1,10 DO 10 K=1,10
C(I,J)'U(I,J)ﬂ&(:,x) c(I,J)-c(I,a)u(J.K)~

*8(K,J) *B(K,J)

EXD 10 COXNTINUR

END _ 20 COBTINUR

EXD 30 CONTINUE

Like YORTRAN DO, EXTFOR DO 4s highly restrictive:
the index must typically run from positive, non-tero integer
value up to some positive dnteger limi¢, and in many versions
of PORTRAN the loop is slways obeyed at least once regard-
less of the limits, because the first test is done at the
bottom, Jumps into & DO loop are forbidden. The Jump out
of the loop is by reaching, the statement following the
loop safter the loop index has executed its maximum value,
Hovever, jumps out of the DO loops to other parts of the
progran sre of course permitted, of course this practice
is discouraged.



2.,h,2 THE WHILE STATEMENT

- To overcome the difficulties with DO statement;
EXTFOR provides the WHILE statement, The WHILE loop causes
its scope to be repeatedly executed vhile & specified con-
dition 1s true, As the followving diagram shows the con~
dition is checked prior to the first execution of the scope,
thus {f the conditior is initially false the scope will
not be executed rt all, The format is:

ERTRY
Y
WHILE {eondition)
statenent-1
statenent-2
»
END ) A
Ptltnnnat(;}
hexze 7X6. 2.h.2

The condition part is same as & velid FORTRAN condition,
The scope o¢f the loop is terminated by a matching end,

The nested WHILE statements are allowed provided
the structuras are ended with matching END statements,
Examples

WHILE (ABS (TERM) 8)

TERM = . TERM * X

BF = SR + TERM

WHILE (B8N O)
BN = - S ® 2
TERM2 = TERM2 ¢+ 8K

END
TERM = TERM2 ##% 2
END
The intermost END ends the innermost WHILE statement. TH"Q&&
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2.,4,3 THE YOR STATEMEMT

This statement compactly summarizes sll the
loop control code in one line, in other words it sepa-
rates the scope of the loop from the resason~for-looping.’
The FOR statement allows explicit initialisation igd
increment stepr as part of the statement. The test part
of looyp is plaé.d at the top of loop instesad of the bhottom
which eliminates a potential boundry error. The format is:

FOR (initialise; (condition); reinitialise)

_ statenent
"inttialize™ is any single FORTRAN statement, which is
sxecuted once dbefore the loop begins. ¥reinitialize" is
any single FORTRAN statement, wvhich is executed st the end
of each pass through the loop. “condition" is any logicel
expression.

The Qtagr;n 1llustrates the flow of control.
- J’xﬂmrj

iaitlclisnl

statenens .

Pctnit!:lis}

4 >

VExIT

FXG. 2.h.3
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The initialize statement is executed only once.
Then the condition is checked, if 1t results & PALSE
the ntatomnnt'rolloving the YOR structure is given control.
Yor TRUE value the scope of loop (statement) is executed
followed by the execution of reinitialise. The loop cdh-
tinves from the evaluation of condition and further action
depending upon the FALSE or TRUE value as discussed adbove,

The FOR statement is useful for backward loops,
chaining along lists, loops that might bde performed zero
times, and things which are hard to express with a DO
‘statement, Yor example, here iz & *dackvard DO loop':

FOR (I=80; (1.6B.50); I=I-1)

17 (8TR (1).EQ.BLARK) THEN NBLK=NBLK ¢l
The above code scans the charaeter string STR(80) from
last character to 50th character in the right to left
direction.
Examples

TERM=1,0
FOR (I=2.35; (1.07.0); I=yuN(1l))
TERM«TERM+VALUE (I)

From this example it i3 clear that the increment in FOR
statexent need not be an arithmetiec progression. FUN
and VALUE are functions, FUR generate randum values for I,

In POR any of initialize, condition and reinitislixe may
be omitted, although the semicolons must remain. 7Zor exanmple

(a) YOR ( 3 (condition); reinitislise)
(v) YOR (initialize; jreinitislicxe)
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(c) POR (Snitialise; (condition); )

(a) POR ( ;3 (eondsition); )
(o) YOR { 3 3 )

Examples (b) and (e), where the condition is omitted
represent indefinite repetition of loop scope execution,
Exsnples (a) and (d) are similar to WHILE loop.

The nested POR loops are slloved in EXTFOR, for exanmple:
YOR (I=2; (BUP(I).NE.BLANK); Is=I+l)
FOR (I=l-l; (BUP(J).NE.208); )
TOKEN (J)=BUF{X)

2.4.4 THE REPEATUNTIL STATEMENT

The REPEAT-UNTIL 4s & loop that is repeated one
or more times until the condition test at the trailing
end of loop results & TRUE., The format is:

RETRY
REPEAT -
statenent-1
statemgnt=2 | STATEMERTS
statenent-n
UNTIL (condition)

BXI1T

FIG. 2.%.h
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The figure iliustrates the flow of control within the
structure. The scope of the loop (statement(s)) is
executed first, The condition is checked and the FALSBE
value results in a repetition of the loop scope execu-
tion, which continues until the condition check results
s TRUE value. This loop strusture differs from others,
because of the reverse condition for looping i.e. for
exit out of the loop the condition must become & TRUR
value. The loop is repeated atleast once, similar to
the DO statement end the eondition is examined only at
the end of the loop., We shall remember, that the scope
of the looy should modify the values of variadbles in-
v&lied in condition checked &t the end of loop sueh that
after a finite nuxber of repetitions the control comes
out of the loop structure. PFor exanple the following
statenents result an 1ndctihitc loop.

¥UMBe)

SUM=100

REPEAT
SUM=BUM+NUNB
BUMB=KUMB#1

UNTIL (SUM.EQ.100)

The value of SUM keeps on increasing by successive exe~
cutions of loop scope and it 4is never equal to 100,

The condition part of UNTIL 4s optionalj 4f it is omitted,
the reszult is an infinite loop, unless the loop is broken
by some conditional or unconditiomal dranech from the loop
scope. Example:



26

I=l

REPEAT
sTR1{1)=BUP(LABRC)
X7 (8TR1(Y).EQ.BPR2(I)) THEN I=I+}
Ir (8TR1{X).EQ.E08) THEN BREAK
LASTC»LASTC+1

UNTIL

NTOK=NTOK+]

The above 100p is executed infinitely unless the under-
1ined I¥ statement is there. When the condition of this
I? results a TRUE, the loop is droken by BREAK statement
transferring control to the statement NTOK=NTOK+l which
follows the loodp.

2.5 PHE BREAK STATEMENT:

As a policy we don't want to sllov freguent use
of GOTO's in EXTPOR programs since it causes & lot of
econfusion in program reading by cresting more interactions
among the progranm units, Therefors some statements are
required to be inclunded in our language to provide implied
branches. The BREAX statement provides one way to dranch out
of & loop structure. Ithncvcr this statement is encountered
during the program control flow, the control 1is transferred
to the statement, next to the loop structure. The format is:

BREAX level

vhers level is & positive integer indicates the
depth of the looy nest ¢o be broken. PFor exanple
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YEILE (mGRTC (C).NE.EOF)
CALL PUTBAK (C)
REPEAT

I¥((C.NE.BLANK) .AND, (C,.NE,TAB))THREN BREAK
CALL PUTBAK (C)
URTIL
I=)
WHILE (I.LT.TOKS12) .
GETTOXK = TYPE (woxTc (LEXSTR (1))
I¥ (GETTOK.NE.LEYTER) THEY BREAK 2

*

EED
GETTOK = ALPHA
END

The execution of the first BREAK vhen the condition results
a TRUE causes control to be given tc the statement Is)
which Just follows the REFPEAT loop. BHere the level is omi-
tted and only one loop is terminated by default even if the
BREAK is contained inside several nested loops. The second
BREAK statement terminates twvo loops i.e. the control comes
to the statement next to the outermost END,

In case the level specilied is greater than the
number of nested loops enclosing it, the execution of
BREAK transfers control to the statement next to the outer-
most loop structure. This statement also provides one
vay to Jump out of the BEGINSEND dlock. Yor sxzanmple

- s

BEGIN
SUBST = INJECT (NEV)
1y (SUBS?.EQ.ERR) THEN BREAK
SUBST = OK
LASTN = M
END
CALL DELET (LINE, LINE, STATUS)
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Vhen SUBST has value egqual to ERR the BREAX statement
causes an immediate exit from the dlock and control is
given to statement CALL DELRY,

The BREAK statenment should not bde used in an une
diseiplined way, we should always try to express the exit
condition, that is an IF controlling s BREAK. The BREAK
statenment without an enclosing loop is treated as a comment
anyvay an error message is flagged.

2,6 THE NEXT STATEMERY

This statemsnt causes wvhatever loop 1t is contained
in to dranch to the bottom of the loop; skipping the rest

of the loop dody, 30 it causes the next iteration to begin,
The format is:

XEXT level

In & WHILE, REPEAT or DO, it goes inmediately to
the condition part; in a FOR, it goes to the reinitialisze
step. "level” is s positive integer specifies the level
of loop in a nest of several loops for which the next
fiteration to bdegin, The other loops inside the loop at
"level" are terminsted consequently.

Exeanple:

DO I =1, N
Iy (x (1) .LT.0,0) THEN NEXT
SUM = UM + X(1)

EXD
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This loop skips over negative values to bHe added in
SUM because vhenever the value of X (I) is squal to
0.0 the MEXY causes the SUM = SUN ¢ X {I) statement
to be skipped and mext iteration dagins with next
value of XI. If X o X and X (I) 0,0 then the execu-
tion of NEXT terminates the loop. The "level™ can
be omitted which has default value as one.

Exanple:

20R (X=1; (I,LE.10); I=I+1) BRGIN
A (1) = B(X) %82 & k#p(1)%c(2)
D0 J =31, 10
¥ =4A(1)+3(J)
CALL FICR ()
I¥ (PIOR.0T.100) THEN NEXT 2
STERM = SYERM + A (5) * ¥
2ND
WRITE (6, 100) BTERM

XD

In this example vhen FICR iz greater than 100, the
execution of NEXT causes, first to terminate DO loop
and then the eontrol is transferred to the initislise
statement X=I+l by skipping WRITE statement., In the
next iterstion DO loop is started with value J=) as

& fresh,
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2.7 THE EXTFOR_GRAMMAR

The syntax (grsmmar) is a set of rules by which
8 legal program in the langusge is written or recognised.
The formal representation of a language by grammay has
severasl advantages rather than deseriding the language
with an informal description in words. The language
specifications can be made feirly precise this wvsy.

The language grammar is vritten as & Lfinite non-
enpty set of rules, ususlly written as

U 1= X
vhere U is a symbol ealled non-terminal or syntaestic
entity. X as the right part of the rule 1s a non-empty
finite string of symbols. The symbols appearing on right
part may be a mixture of non«terminals and other symbols
called terminsls.

There ars different aotations used to descride
the langusge grammar foramally, the one used here is the
Backus-Naur Form (BEP). In BEP non-terminals are written
as symbols enclosed {n corner brackets ¥ < "and" > *
and sign ¥ 1:1= ¥ reads "is replaced by". Alternate ways
of rewriting a given non-terminal are separated by a
vertical bdar "|" (read "or"). Bymdol {k:} : represents
the repeated appearances of A with minimuz & times and
maxinus b times,

Al

The grammar for the specifications of the Exten~
ded Yortran langusge is followving one:
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<program> 1=  statementd
|  <program> statenmentd>
<statement> 311= IF (econdition) THEN <statement)
| I¥ (eondition) ZFHEN statementD
ELSE {statement)
l BROIN
<statement)>
EXD
| DO 1imits
<statement)>
END
| WEILE (eondition)
<statement>
EXD .
| 20R (initialise;(condition)jreinitislise)
<statement>
I REEPEAT
<statement>
UN2IL (comdition)
| BREAE <level)>
| 2Bzz  <level>
|[<1abel> <statemeat>
| END |
l OTHER
<llsvel> s [@isit >} 'gf
<label> 11w [@uub}% {:<415n>:} :
latgit> iiw Ol1{2|3]k|5|6]|7[8]9
Qigity ta= L|2]3(k[5]6]7[8

The first rule says that s program is a statement,
or a progran followed dy a statement., In other words, s
prograr consists of one or more statements. A statement
i3 one of the constructs represented dy the rules other
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than first. The vertical bar " (" i{ndicates & choice

of alternatives., All the underliined symbols are key~
wvordss keyword is a syabol which has special neaning
when used at s specified place in ths program, The user
is restricted from using these keywords as variable
nanes, particularly the first symbol of the statement.
Here EXTYOR grammar differs from FORTRAN since there is
no keywvord in FORTRAN., A statement consists of, for
exanmple keyword WHILE followed by parenthesized condi-
tion and a group statement followed by END., The defini-
tion of a statement is recursive in EXYPOR vhich is not
allowed in FORTRAN for exanmple,a nest of IF statements.

The '* END' statement is used to indicate the
end of subprogram, '%? {3 put in first column of the
source line. The grammatical type OTEER represents all
the standard YORTRAN statements. This type is of impor-
tant sinmplification, for it fress EXTFOR translator from
having to know very nmush adbout YORTRAN, Any statement
which is not discussed in the preeding sections is re-
cognised as (THER., Therefore, any statement whieh does not
degin with one of the underlined keywords {(leaving the
label apart), 1t must be an OTHER, and no resl processing
is needed on it.,

"rLevel™ i3 & 2 digit positive integer specifies
the loop level to De broken by BREAK/NEXT statement.

rLabel"™ 1is a standard YORTRAN 5 digit statement
numbder less than 90000, The EXTFOR translator uses label
numbers greater than 89999 as gensrated ladels (discussed
in chapter 3). Although these labels are reslatively rare

in EXTYOR programns, the granmar doss alloy them.
of
The tornat>3ouroo i3 same as that of FORTRAN. A 'C?

in column I indicates a conment line, 1 to 5 columns for
statement ladbel, column 6 is eontinuation columm and eolumns
73 to 80 are for documentstion purposes and ignored dy EXTYOR.



CHAPTER 3 33

EXTYOR PREPROCESBOR

3.1 PREPROCESSOR AS A TRANSLATOR

A program written ir a high level language, say
YORTRAN can not be executed by computer directly., A
translator is required to transiste the source program
into a set of executable instructions (machine language)
for the computer as shown 4in the following figure.

INPUT
BOURCZE 0U?Tw
PROGRAN TRANELATOR EXRCUTION 'j;a;'

¥ia. 3.2

Bome translators sccept a source prbgrum, translete it

into some intermediate structure, then execute each opera-
tion given in the intermediate structure, Such a translator
is called an interpreter. An interpreter is-consideradly
less efficient in execution, but a program can be developed
very fast wlth an interpreter.

A translator vhigh accapts source progran and
translates it into machine exescutadble code is caslled a
coupilc:.' The advantage of a compiler over an interpreter

N
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{8 that it generates an efficient machine code. The

high level language glves user the flexibility of write-
ing progranms independent of computer to be used, A
FORTRAN progranm should yield the same results for a given
input regardless of the to which it is translated. These
results should be expected from the specification of the
PORTRAN language and the algorithm as expressed in YORTRAN,

A program written in EXTPOR lnngusgc has to bde
transformed into some code to make it executable or inter-
pretable on a computer, One way to do it is, develod a
~coapiler; vhich means too much of work involvemeat for a
fewv extensions to FORTRAN language, which can be translated
by & compiler. This approsch will treat EXTPOR a nev lan-
guage, In situations when a user wants to avail some fea-
tures which are not regular in s high level language like
FORTRAN, same can de snhanced with a preprocessor. A pre-
processor works Oon the extended features only and translates
into the high level langusge. Thus the second approach is
Justified Aere for the translation of EXTFOR programs.

3.2 AN _OVERVIEW OF EXTYOR PREPROCESSOR

The EXTFOR preprocessor wvhich will be referred as
"EXTFOR" is a program written in FORTRAN, translates pro-
grans of EXTFOR langusge defined by grammgr in section 2.7,
to programs expressed in FORTRAN as objeet language without
changing the logical flow of the program. The preproecessor
functions as an interface bdetween the source of EXTFOR
progran and the FORTRAN compiler as shown in the figure.
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EXTYOR

SOURCE
PROGRAN | ] EXTFOR ——— > PFORTRAN

PIG. 3.2

. To translate a source program, the preprocessor must

in;ly:n it thoroughly and synthesize an equivalent bbaect
ProgYam,

During preprocessing that is EXTFOR to PORTRAN translation
the process of sourece progran analysis ylelds » v;ricﬁy
of information adout ncuroe'proiram. This information e
preserved by the preprocessor for it to produce an equi.-
valent Fortran program. Various data structures, such

ag tables, lists, stacks etc., are employed by the prepro~
cessor to preserve this infermation. The construction

of an equivalent Fortran program is directed by the infor-
mation preserved in these data stiructures.

The source progriu to preprocessor may be on any
zedia such as card deck; disk, nagnetic tape ete, The
outputted object FORTRAN program is writien by prepro-
cessor on disk so as to make fast reading by FORTRAN
compiler for the compilation into machine language. The
complete process of preprocessing involves two steps,
source prograr analysis and code generation.

The folloving figure {(PIG.3.2) tilustrates the
logieal parts of the EXTFOR preprosessor,
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FIG., 3.2 Logical Parts of Preprocessor
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3.2.1 BOURCE PROGRAM ANALYSIS

As input to the EXTFOR, the sourse program is only
s string of charscters. Prom this linear representation
of the program, the process of analysis should detect
the structure and meaning of the program. This is very
sirilar to the actions iavolved in finding econstituent
phrases in a sentence in English, in whie¢h ease we 4o
80 by making use of the English grammar, From this ana-
logys the grammar defined in sestion 2.7 is used %o re-
cognize and formulate the constituents of the sourece pro-
gram, The structural anslysis of sourcs progran prosesds
"in two logical phases.

FIRST PHASR ~ LEXICAL ANALYSIS

The first phase consists of the analysis of the
string of characters in the source programn so as to form
mesningful primitives {(analogous to words and punetuation
marks in an English sentemce). Xzamples of such mesning-
ful primitives are fdentifiers, operators like '4', 't ¥
ete. and separators or delimiters iike ",", blank B!,
ste. The task of first phase is usually termed lexical
analysis. Subsequesnt to this phase of analysis, s pource
progran may ds viewad as & sequence of meaningful primitive
itens referred to as lexenes or iokens.

BECOND PHASE - BYNTAX & SEMANTIC ANALYSIS

Yollowing lexical analysis is the task of recoge
nising grammatical phrases in a souree program. This s
& more complicated task; sequences of tokens are growped
together to form simple structures of the souree language;
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these simple structures are used to form more complex

ones and, ultimately, source programs. All these actions
are the substance of syntax analiysis also c¢called parsing.
The end result of this analysis is that ve have discerned
the grammatieal structure of the source program, The routine
called parser, analyses the grammatical structure of input,
recognizes the statement of EXTFOR by seseing the first
token of the statement., For instance, vhen an I7 is seen
the parser calls a routine which handles IF statements,
which does the further semantic checking of the statement.
When the parser recognises a source language construct it
¢alls a 80 called semantic procedure vhich takes the cons-
truct, checks it for gsemantic correctness that is the meaw
ning part of the construct, and stores necessary information
about it into context stack., This stack contains informa-
tion about the scope, recursion and nesting of structures.
The semantic procedure of the preprocessor is very simple
since the most of the semantic checks are performed dy

the FORTRAN compiler at compilation level, After the
syntax and semantic cheeks the next step is the code gene-
ration,

3.2,2 CODE GENERATIOR

This is the sctual translation of the EXTFOR source
progran into FORTRAN langusage, In this section ve will
discuss the PORTRAN codes for the structures selected for
EXT¥OR. The preprocessor vhile generating codes generates
statenent labels, therefore a label sglot 90000 to 99999 is
regerved and the users are restricted to use them, In
this section anything enclosed in square drackets [and ]
is optional,
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BEGIN statsment

If a BEGIN is encountered with a label then we
replace BEGIN bdy
Label CONTINUE
Ho code is generated for unlabelled BEGIN, A ladbel L is
reserved and vhen an ERD ternminates the BEGIN block, it
is replaced by
5 CONTINUE
I2 a BREAK or XEXT statement is enclosed by a BEGIN and
the level of loop/structure corresponds to BEGIN then the
statement BREAK or NEXT is replaced by
G0 TO L

I¥_statement

The translation of
IF¥ (condition) THEN statement
is something like ‘
IP (condition is not true) go around statement
Thus wvhen an IF¥ is encountered, we
isolate the condition part
generate and save »ome unique label L
‘output "IP (.NOT.(condition)) GO TO L"
The NOT, inverts the value of the condition. The statement
~ label with IF (1f any) is put as it is. When ve get to
the end of the statement that follows TEEN, there are two
possibilities:

If there is no ELSE following, we need output only

L CONTINUE
If an ELB8E follows, hovever, we nust generate another label
and output | '

Ll 60 TO L2

L CONTINUE

to branch around the ELSE part, snd then, after whatever
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statement follows the ELSE, we output

L2 CORTINUE
to terminate the IF-THEN-ELBSBE construction, the extra
label L1 is required because there could be a statement
like BREAK, NEXT or GO TO as the THEN part, then FORTRAN
compiler flags an obvious error since any statement follow-
ing unconditional branch has to be labelled. In summary,
the code generation for

[1abel]IF (con@ition) THEN statement

is
[1ebel] 1P (.NOT.(condition)) GO TO L
statement
L CONTINUE
and for
[1abel] IF (condition) THER statementl
ELSE statement?2
is
[1abel] IF (,.ROT.(condition)) GO TO L
statenmentl
L1 a0 TO L2
L CORTINUE
statement?2
L2 CONTINUE

EXTPOR generates three consecutive labels when an IF is

seent Ll is L+l and L2 is L+2, If one of the labels is

not used because there is no ELSE, 1t doesn't cost any-

.thing. As we know that the labels are always L, L+l and
L+2, only one of them need be remembered; the others are
deduced by adding 1 and 2 respectively.
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DO _statement
The EXTFOR DO 4s ¢IPORTRAH DO without a label, VWhesn & DO

is encountered, we |
isolate the "limits"
generate a label L
output "DO L limits"™
No check.is perforned on %1imits® by EXTFOR and left for
FORTRAN. Then at the end of DO scope indicated by an END,
ve ontput
L  CONTINUE
Thus the EXTFOR '
' [{1abel] DO "limits"
statenents
) END
is translated into
{1abel] DO L "1inmits®

statenents
L CONTINUE
L+) CONTIRUE

The second CONTINUE has to bde produced in case the loop

contains a BREAK statement., In this case we generate the

second CORTINUE regardless of wvhether or not there is »

BREAK; it is simply too much effort to check., To make out

code generation task easier, ve take advantage of the fact

that FORTRAN compilers are usually guite clever about dea-

1ing with unreferenced CORTINUEs,

The enclosed BREAK statenment is replaced by

; G0 70 Lel

and the NEXT by ‘
GO TO L

vhich causes next loop iteration to start,
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VALY phatement

Vhen a WHILE is encountered, we
isolate the condition part
generate and save 3 unique labels L, L+l and L+2
output"L+l "IF (,807.(eomdition)) GO TO L#2"
when ws get an !ln'tnrainatius the WHILE, we output
| L G0 70 Ll |
Le2 CONTINUE
Thus the EXTPFOR _
[1abel] WHILE (eondition)
statenents
EXD
is translated into
| {1abel] cONPINUE)

L+l 1y (.¥0T.(condition)) 00 YO Leg
statements
L GO TO L+l
Le2 CONTINUE |
the COETINUE before *IP? 4is for the ladelled WEILE as in:
10 WHILE (LASTC.LT,73)

The BREAX statement to bPreak the WNILE loop is translated into
G0 TO Le2 ' :
L+2 is the -exit point of the loop, The XEXT statement ter-

minating the current iteration and starting the next is trans~
lated as

60 TO Lel
FJOR statement
¥hen & FOR statement

{1abel] POR (intltialise; (condition); reintsialise)
statenent
is sncountered, we



43

output [lavel] initislize
isolate the condition part
preserve the reinitislize part
output "L IP {.X0T7.{condition)) GO TO L+2"
Then at the end of the statement associated with FOR, ve output

L+l reinitialize
G0 T0 L
L+2 CONTIRUE

Thus the code gensraticn for FOR stetement 1
{l1abel] initielize

L Ir (.207.(condition)) GO TO Le2
statement '
L+l reinitialise
G0 TO L
L+2 CONTINUR

Three labels L, L+l and L+2 are reserved for a FOR statement.
Here we note that reinitislise can not dbe a dranch statement
since GO TO L 4is uniaba2lled,
If "statement® in POR ir s BREAK which causes exit from FOR
structure, it is translated into

GO TO L+2
similarly the REXT statement which transfers control to the
reinitialisze part ia translated into

GO TC L+l

REPEAT statement

When & REPEAT 4is encountered, wve
output L COETINUE
Then at the end of the loop which is identified by UBTIL
(condition), we
isolate the condition part, if present
output Lel IF (ccndition) GO TO L
L+2 COXNTINUR"
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Thus the
[label} REPEAT
statenents
UN?IL [(eondition)]
is translated {nto
[1evel cORTINUR]

L CONTINUE

statements
L+l {17 (condition)] GO 70 L
142 CONTINUE

The first COBTINUE 4is generated only if REPEAT is labdelled.
In case the loop is infinite that is condition part is omi-
tted "L+l IF (condition) GO TO L" is replaced dy "L+l GO %0
Three genersated labels are reserved for a REPEAT statement.
The BREAK statement encountered in the REPEAT loop t0 cause
the exit from loop, is translated into
G0 TO L+2
sinilary NEXT statement causing control transfer to the
URTIL part,is translated into
GO 70 L+l
Labels and Others
The statement label given by the user in EXTFOR
source progran is output at column 1 and followved by enough
blanks that the next character will come in column T,
Input statement of lexical type OTHERS 4is coplied from input
to output without any change.

The error detecting abilities of EXTFOR are not as
good as they might be with & more comprehensive grammar,
This is not a serious dravdack, hovever, since we are trans-
lating into FORTRAN, and FORTRAN compilers are perfectly
capable of detecting any syntax errors that escape the pre-
processor, The errors detected by EXTFOR are output as
comments in the listing of progranm,

L".



3.3 EXTPOR _PREPROCESSOR ORGANISATION

The organisation of EXTFOR preprocessor is shown
in 7IG.3.35. The top level routine PARBER controlsby ana-
lyzing the grammatical structure of EXTFOR source program
It enmploys other routines of lowver level
to help in analyzing, storing informations and finally

as fnput it sees.
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outputting the FORTRAN code,

PARSER

GETC

GETTOK

CoDE
GENERATION

ERROR

BTACK

FIG. 3.3
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The PARBER calls GETTOK t0 get the next token of
the statement in the input buffer, GETC {s the lowest
level routine vhich gets a character from the input buffer
to GEPTOK., GETTOK constructs a tokenj LEX is called by’
PARSER to work on thae first token of the statement and the
token is identified as one of the keyvords. This way PARSER
determines the statement typi. GRTSTK routine tells adout
the context of the current statement which helps in analysis
and proper code generation, For instance, when an IF is
seen PARBER calls & routine which handles IF statements.
That routine in turn isolates the condition part and makes
an entry in the context stack with help of STACK, Nece~
ssary codes are generated. When the end of the “statement®
part of THEN unit is reached, the correct terminating code
for an I¥ can be produced by cealling GETSTK to know about
the IF and the generated labels reserved for it. This also
include dealing with an ELSE 4f {t 4is present.

PUTSMT outputs the text of the statement presently being
processed as & comment for the user's reference. The FORTRAN
codes are output Jjust after the text of source, with “ee"

in columns 73 and 74 or\thc object line,

There are numbey ot‘coae generation routines called
by PARSER; simple ccdes are generated by PARBER itself. Sone
code generation routines also use GETTOK to read further parts
0f the statement being processed, ERROR outputs the appro-
priate error nessage detected during the analysis of the
current statement. The calling routine passes the srror code
to ERROR to output the error message from Error Table,

Now, ve describe the various buffers, tables and
stacks used t0 store the informations, lexical analysis,
parsing, code generstion and general purpose routines,
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The following discussion is based on the source
1isting of EXTFOR preproeessor (Appendix A).

3.3 BUYPERS AND BLOCKS

A number of duffers are defined in the work area.
of EXTFOR,ussed to kxeep the parts of source program as well
as object progran for the current processing. The work §rcu
is a set of YORTRAN GOMMOK bdlocks.

INBLK Input buffer, COMMON bBlock of 80 dytes, It hbldu
one line of source statement at a time., VWhen the lines is
processed, next line is read into this dloek.

iNPTR A block which contains the pointer to the last cha-
racter referred in INBLK,

TXKH Holds the current token under processing. The token
is constructed dy OGETTOK.

IKSIZE It contains the number of characters in the token TKN,

INLBL The common bdlock f£or the statement ladbel of source
statenent under processing.

COXBLE The condition buffer to contain the condition part
of control structures like IF¥, WHILE, UNTIL and POR. The
condition part is coptfutod out from the statement and put
into this buffer till the code "IP ( ,KOT.(condition))” is
generated ,CONBLK can contain as long as 17 lines of condition,

CONPTR A pointer used to scan the condition CONBLK,

ERRKNO The serial number of error in a statement, detected

XOERR It contains the total numder of errors encountered
in the source program at preprocessor levsl,

RTPLABE The next generated label availadle to EXTFOR for
code generation is put in this dloek by function LABGEN
which reserves next X labels by incrementing ladbel in



43

RTFLAB by E and returning old vaslue in LABCGEN, It is
referred as LABGEN(N).

3.3.2 KEYWORD TABLE

A table {s an ordered set of elements of the same
type. The ordering of elements in table 1ls used to acecess
the elements, by means of one or more subscripts. The follow~-
ing Xkeywords are stored in foram of a table. REach keyword is
associated with & unigue number which is returaned 5y fanction
LEX and called the lexical typa. The lexical types are given
negative values to avoid any confusion for LEX, with a priat-
‘able character,

Keyvord Lexical Type
IF , =30
Do -31
WEILE -32
BEGIN ~33
FOR ’ ~3%
REPEAT =35
ELBE ~36
EED ‘ ~37
NEXT ~38
BREAK _ -39
UNTIL 40
OTHERS -b1

The OTHERE is not a keyword, it corresponds to a
token which is not identified as any of the preceding tyres.
This category sctually encompasses most of the FORTRAN state~
ments. The function LEX returns -30 ss lexical type
for IF vhen referred as LEX(IF).

3.3.3 ERROR TABLE

_ This table contains the text of all the error messages
vith their codes, The routine ERROR uses this table to output
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the error message .

3.3.h CONTEXT STACK

A stack 1is a data structure 4in which elements are
arranged 4in an order having only one end open for addition
and deletion of data elements., Stacks are videly used in
systems programming for housekesping functions needed for
recursive programs or structures, block structures, and
dracketed expressions, stc. The context stack is used for
. these purposes except the expression processing since this
work wve lesave for YORTRAR ocompiler. Each entry in context
stack is of 6 bytes.

SLEX BLAB

0 2 6
SLEX 4s the lexical type of the keyword and SLAB is the
generated ladel preserved in the context stack.

Whenever either of the statements IF, ELSE, BEGIN,
DO, WHILE, POR and REPEAT i3 encountered, the lexical type
and the generated label reserved for the structure are pushed
on the stack, WVhenever a statement ends the eontext stack
is cheeked for the structure to generate codes for the exit
point, Yor example, vhen & BEGIN is encountered the lexical
type -33 for BEGIN and the generated ladel L iz pushed down
in the stack. Later on sesing the matching END statement
the context stack is checkedj 1f the stack does not contain
BEGIN or anything, an error is flagged for unexpected appea~
rance of END in the source unless it is the last statexent
of & sudbprogram. For BEGIN the entry fron stack is removed
and code "L CONTINUE™ as the end point of the block structure
is outpus. '

A pointer called stack pointer (sp) is used to point
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at the top entry on the stack, To delete an entry the
pointer is decreased by 1 and to add sp 1is increxented

- by 1 with proper contents on the stack entry., The common

" block STKBLK defines the area for context gtack with a
maximum of 100 entries and STEPTR is the stack pointer(sp).
The routine BTACK pushes down an entry in the stack. The
lexical type and the generated ladel are passed as para-
meters to STACK, OETSTK gets the top most entryand puts
the contents in the arguments SLEX and SLAB,

3.3.5 FOR BTACK

This stack is defined as the COMMON block RIBBLK
nnd*tho stack pointer NMBYOR., Whenever a YOR statement is
encountered the reinitislise part is preserved in this stack,
which i3 used ¢to generate code for end of PQR statensent,

The reinitislise part is limited to & length of 66 character
i.e. one line of source. The sise of this stack is four
entriesi thus limits the maximun number of nested POR to &,

Exanple:
YOR (I=1g (X.LT.100); I=I+l)
FOR (Jwlj (J.LT.10)3 J=J+l) .3'.

when the input buffer pointer points at $§ the YOR stack
looks like

b
3

EMBYOR«> 2 InJel
1 ImI+l
0

66
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3.3.6 LEXICAL ANALYSIS

A token in EXTPOR is a charscter string cons-
titusted by the elements of FORTRAN character set
except the {, ), comna and dlank. These four charae-
ters are significant delimiters for EXTFOR and separate
the tokens in the source line., To construet a token
GETTOK calls OGETC to read the source line; GETC supplies
characters one by one to GETTOK., OETTOK c¢hecks the
type of the charseters returned by GETC, 4f it is @
delimiter then the character string formed by GETTOK
in TKN is the token., Othervise, the GETTOK keeps on
adding the characters to TEN unless a dalimiter or the
end of source is encountered. At the end of souree,
EOY with value ~1 ig returned by GETC as character to
GETTOK} also a flag EOSRC is set, used by PARSER to
stop the processing.

SBince GETTOX uses bdlanks to separats tokens,
blanks are significant in EXTFOR which is not there
in YORTRAR, The keywords likxe WHILE nmust not econtain
blanks, othervise they won't be recognized.

GETC while reading the source preservaes the
statemant label which {s any thing appears before co~
lumn 6 of the source line, unltzl it 1s & continuation
line, in COMMON bloek INLBL. This label is output later
on in the translated code. ¥No check is made on the
validity of statement ladel and left for FORTRAN com-
piler to do the cheek,

GETTOK also finds out vhether the token is the
first token of a statement., The funetion LEX takes
this token and determines the lexical type of token dy
comparing it with all thc'kcyvordn. This lexical type
is used by PARSER in calling the appropriate routine
to generate the code.
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3.3.7 PARSING AND CODE_GENERATION

WVhen the beginning of & statement is encountered
and recognized as one of the IF, ELSE, BDEGIN, DO, WHILE,
FOR and REPEAT, the corresponding lexical type and generated
label are pushed on the context stack and code generstion
routine for that type is called after outputting the text of
the source statement as & comment. At the end of the state-
ment indicated by type EHD or BREAK, KEXT, or OTHERS, an :
sppropriste code generation routine is called. The PARSER
alsc checks the stack satry at the top and may de adbls to
pop one or more things of the stack depending upon the lexical
type on the stack, Jor example in '

I (cond=-l) THEN _
I? (cond=-2) TERN MwMel
ELSE MmMe2
LASTC=LASTC#1
when LASTC=LASTC#)L is seen {lexicsl type OTHERS), there are
entries for ELSE snd bdDoth IFs on the stack. PARSER pops
ELSE and both IPs; because thare is no following RLSE matech-
ing with first I¥, bdoth IF statoments are finished. The
following RLSE s shackad hy lookiang ahsad one token.

The following flowe~chart of PARSER and descriptions
of the routines give a close idea how EXTPOR worls.
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CALL ERROR

ERROR 12
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CALL ERROR
UNTIL N0
AS >
t TOK ERROR 1
YES I
TOP 0
OF STACK .
=REPEAT |
. |
3 E
YES
\ !
I 1 : —
|CALL THGEN "CALL ERROP
EENCVE T
FPEPEAT FROI ERECE O
Yy y
3 [
\ 4

POUTINE DESCRIPTIONS

ERROR This routine outputs the error rmessages (Aprendixn )
e

when the errcr code 1s supplied as a raranrex

OTHERSE This routine outputs the statement which ig nect any

of the extended features,

DOCODE This routine processes DO statements. The token
following 'DO' is checked, if it is an integer number then
the DO is a FORTRAN DO aqﬁ it is output as such., Otherwise,
the 'limits' which follows DO is collected, two labels T
and L+l are generated and DOCODE outputs

DO L 'limits'



BONGER This routine generates one label L for the BEGIN,
If BEGIN statement is ladelled "Label CONTINUE" &8s output.
The lexical type of BEGIN 4is put on the context stack.

BALPAR This routine eollects the condition part of the
eontrol structure, wvhich is a string enclosed in balanced
parentheses, If this is spreaded over sevsral lines BALPAR
handles continuations upto 17 lines and put: in COMMON block
CONBLK with the number of characters in condition, in COMMON
block CONPTR,

PUZI¥ This routine is referred as CALL PUTIF (TYPE, LAB).
In case value of TYPE is passed as 1 PUTIPF outputs

IF¥ (.807.(condition)) GO TO LAB
when TYPEwQ, PUTIF outputs

[3

I? (condition) GO PO LAB

ir60 The routine processes the condition part of IF, WEILE,
UHTIL and YOR statements. If IFG0 is called with option
CNTRL=)l, 41t cheeks for FYORTRAN logical and arithmatic I¥
stetements and outputs without any change, With option
CETRL=0, it calls BALPAR and PUTCHD to put the condition

part in condition buffer CORBLK snd,then calls PURIY? to
generate the code

{1abel] IF (.¥0T.(condition)) GO TO L

IFCODE Routine is called to process the I¥ statement.
Three gensrated labels are reserved and I¥GO 4s called.
If the statement is found to be anyone of the FORTRAN IF
statements control is returned to PARSER after outputting
the statement as it is., PFor 'IF' statement the ecode

Iy (.80T. (condition)) GO TO0 L
is output and lexical ¢type I¥ and the ladel I are put on
the context staek. '
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WHILE Routine generates FORTRAN sode for VHILE statement,
Thres generated ladels are reserved for sach appearasnce of
WEILE: Routine outputs

label CONTINUE
12 statement is labelled and c¢alls IPGO to cutput

el 1Y (.207.(eondition)) GO 2O Le2
The lexieel type WEILE and label I are put on the context
staek,

FORGEE This routine prosesses the statement:

YOR (initialise; (condition); reinitislisze) statemeat
The procedurs folloved is:
Call PUICKD and BALPAR ¢to e¢ollect source betveen outermoat
parentheses, in conditien duffer CONBLK.

Scan CONBLK!.to fimd the positions of semicolons as PTRl and
PRTZ23 12 number of seniceolons is not equal to 2 then, ecall
BRROR(6) and output the statement; returm control to PARSER,

Output the infitislise part whieh sppears tefore first semicolon
as [isbel] initialixe

- Push down the reinitialise part wvhieh appears after second
semizolon, on FOR staek,

8hift the condition part vhich appears between two semieolons
1.0, PTR1 and PTR2 positions, to the first character position
of CONBLK and set pointer CONPYRasPTR2.PIR1.

Cal)l PUTIF to output

L I? (.20%7.{condition)) 00 TO Le2
Btack the lexical type FOR and gensrated ladel L.
REturn control to PARBER,

T ey

R
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FORERD This routine generates FYORTRAN code for end of
FOR structure., The code output are

L+l reinitialise
G0 TO L
L+2  CONTIRUE

The reinitislize part s taken from FOR stack end stack
pointer is decremented by 1. The FOR entry from context
is also removed.

REPGEN The routine reserves three generated labdels for
sach appearance of REPEAT and outputs

Label  CONTINUE {(4f REPEAT is labelled)
L CORTIRUE

The lexical type REPEAT and generated lsbel L are stacked.

UNGEX Processes UNTIL part of REPEAT structure. In case
UNTIL ts preceded by label ERROR(1) is flazged. If there
ia no token which follows URTIL, the loop is indefinite and
UNGER outputs

L+l G0 70 L

L+2 CONTINUE
returns the control to PARBER.
Yor finite loop UNGEN ealls BALPAR and PUTCED to collect
the condition part of UNTIL. Finally PUTIPF is called to

ouspnt
\

I¥ {condition) GO TO L2
L+l GO T0 L
142 CONTINUE

The entry for REPEAT from context stack i3 removed mnd
control is returned to PARSER.

Thers are some sxmall routines called by PARSER, their
functions and algorithms are quite simple, ons can refer REXTFOR
source listing (Appendix A).
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EYYICIENCY AND OVEREEADS IN PREPROCESSOR

b2 EYFICIRNCY

The efficiency inersases consideradbly while writ-
ing programs in EXTYFOR but the sdditional translation
step from EXTFOR to FORTRANR increases the c¢ost of produec-
ing an executadble version of the progran,

One of the major fastors affecting the sfficieney
of preprocessor 1is the features selected, to de translated
by preproeessor., Nore sophisticated features sand lot of
improvements attridute to the inefficiency of preprocessor,
The best way is to seleact a small set of improvements,
depending on the user's requiremeants, A better design and
implementation also make the preprocessor an efficient tool.

The first FORTRAX preprocessor RATFOR developed by
Dr XKernighan $s found to de extremely inefficient., The
cost ratiocs of & RATFOR and FORTRAX programs in terms of
CPU times, are from 10:1 for small programs to 1931 for
RATFOR compiling itself, During the final testing of
EXTYOR and the test programs attaeched in Appendix C, 1t
is found that same ratio for EXTFOR is 1.1:1 to 2113 »
substantial improvement in efficiency of preprosessor,

The efficieney can be improved further by identi-
fying some of the routines as *high spot' in preprocessor
and reacord them to impesove efficiency. Dr Kernighan
measured that sbout 605 time is spent doing imput anmd
output at the lovest level. A major part of remaining
508 time is shared by GRTTOK. VWe might impwove the effi-
cieney by comcentrating on the better design ef these
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Thigh spot' routines. User also has %0 pay penalty in
terns of run-time efficiency of the code produced by the
/preprosessor and the storage requirements.

The straightforvard translstion proesss from EXTPOR
to FORTRAN makes little attempt to produce optiumal FORTRAN
code, Sometimes unnecessary G070s and CONTINUEs are pro-
duced and left for FORTRAN compiler to optimise and avoid
the redundaney in FORTRAN code. In the early stages of
the iden of FORTRAN preprocessor, it was thought that
preprocassed and hand coded versions of a prograrz would
not display significantly different tine and space cha~
rasterstiss 1f both were sompiled using s good optimising
compiler sven if the program ianvolved a moderate amount
of iaput/output. Later om, & number of experiments wvers
done on l.varil preproecessors conpilers, and mechines and
folloving faects vere esoneluded.

Two factors would affeet overall time and spaece
charscteristies « the quality of optimization performed
by the FORTBAN compiler and the amount of input/outpus
parforzed,

h,2 BIRCUTIO OVERERAD

With moderate input/ousput activities, the run-
time overhead incurred by using a preprocessor is in-
significant, With output renoved, the results shange
consideradly. ZThe execution time overhead ranges froa
S to 30 percent. V¥Vhen & compiler's optimisation is turned
on interesting things were observed. JYor programs with
s moderste amount of output, there is an insigaifieant
ehange in execution time overhead with improved opti-
nization, Surprisingly, in several sases the overhead
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is inecreaseld dy optimisiag the eode. ZThis behaviounr

is found to de 4ifferent for 4different compilars. With
output removed the runetime overhead iaeresses with
greater optimisation! Exseps for a td& Preprosessors
and compilers.

k.3  STORAGE OVERNEAD

The storage pensliy ineurred dy using a prepro~
cessor seems highly dependent on the style of the genera-~
ted FORTRAN code and en the sophistication of the pre-
processor features. A preprosessor vith more sophistie
cated langusnge features has more ssorage overheads than
one wvith sinple features. The presencs of large arrays
in & program vould deereass the storage overhemd. VWith
iaput/output the storage overhesd are less thaa the sane
for prograzs without inpus/output. The compiler’'s opti-
nization hes nixed affests on storage overhead,

The overhead ineurred sesxs highly depeadent on
both the YORTRAK ecompilers aand the particular sharacker-
isties of the generated code. Anyway the use of prepro-
cessors is not discouraged. They offer many advantages
in ecoding over working with FORTRAN code 4irectly. Hov-
ever, it is important for s user to resogmnise sll of the
costs of using the preyrocessor, as well as all of the
benefits received.
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IENCE AND CONGLUBION

The preprocessor is a good software tool for ea-
hansing the facilities f» a programming language. It
is gquite obvious shat many things san be done vith a
preprocessor onee it £is available. VFor sxample, the
data types of YORTRAN ean de impreved dy adding the
CHARACTER $ype, moldifications in EXTFOR o translats
the operators =, <, >y |y [s> % < 1%, and & as .EQ.,
JA¥., 0T, JHOT., OR., .OE.,, LE., .NE., and .AND,.

Wien designing a language or eahansing 1%, 4t 1is
important to soncentrate on the e¢ssential reqguirenent
of provtﬁinc the user with the dest langunge possidle
for s given effort. One must avoid throviag features =
things whieh the user may trivially ecoastruet withina
the existing framewvork. Yor exasaple, the REPEAT state~
meat whish is & loop with its test at the bottom. %his
statenent encourages programs whieh fail a¢ their doun-
drien, In the fev cases vhere it 1is needed, it can de
essily simulated with an infinite looy and a test and
break at the dostonm.

The main prodlem faced while using preproeessor
is the fact that errors detested by the compiler are
Teportsd with respsct toc the preprossssor geaerated
progran, not the program writtez by the wser. Xovever,
tho"rotdupility of the program, sasier msinteasnce sad
modifisation, and .the reduetion in programuming time by
structured progranming are not d4isputadle with 4ifffi-
culty faesd bBecsuse of bad error deteetion. While desig-
aing EXTFOR we conesntrated ox this aspesct.,
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The PARBER iz made Detter to recover from invalid
syntax like ELSEs without IFs, UNTILs without REPEAT,
ste. The situation viers & matehing XED {is not ene
countered to terminate a BREGIN,VEILE or DO loop, de~
cones sndarassing bessuse the XXED which is alse used
as the last statemeni of a subprogram, is assumed %o
be assceiated with the loop or bloek and the mext subd-
pregran besones the part of the first. This unrscoversd
error keeps on communiesting; to avoid shis EXTYOR provides
the user t2 speeify '#! 4n the first column of the line
with ZED statement, used as the last statement of sud-
programj seeing it, BITFOR terminates the s¢ope of surreat
subprogran. If the econtext stack is not snpty (¢t Lis made
80 and an error is reported; prosessing of aext subprogran
atarts as & fresh with po interaction with errors ia pre~
vious subprogras. ’ |

are

The error detestien capabilities of EXTFOR improved
by tagging each output line of odject sode with the souree
lins of exteaded feature, that sreated the code. The
source lines of an sxtended feature are listed as comment
folloved Dy equivalent FJORTRAN eode generated by EXTFOR
with '44' in colwans 73 and Th of each object line. This
. ey user san 4istinguish detwesn the regular FORTRAN
festures in his program and the EXTYOR ganerated code.,

The errers which come from the FORTRAX sonmpiler in
genarsted eodes can de resdily associsted with their -
source of extended features. The srrors reported Wy
preprocessor are input with the soures of EXTFOR appear-
ing a3 comments in the listing.

The cholse of seletting a programming langutgo to
write the preprosessor is opsned to any language dus,
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one with dDatter sharaster handling fasilities is the
ié8eal) chofice; preferably PL/I or PABCAL ecould bes selec~
ted to improve the sfficieney of the preprosessor,

Our choiee for EXTYOR writing is the FORTRAN because

we alrealdy have PORTRAN compiler %0 eompile the BITPOR
gonarated code, The EXTFOR is portadle to all eompu-
ter i{nstallations vhere FORTRAR users want t0 avail

the EXTFOR festures.

BXITYOR is written usiag the modular approach.
The progran iz divided inte small sudroutines sad funs~-
tions., Sudroutines and funetions rarely spread over
nore thax two pagesi xost are mueb shorter, As & result
tha code i3 readadle. It is sasy to sonvinee that EXTFOR
module is prodadly correst becauss it is dbrokem up into
‘pieces that one san grasp one at & time. It &3 tried
to make the routines sasy t0 modify by kesping the rou~
tines uaknown about information that aot needed 1y them,
The informstions, commonly used by more thas tveo rou-
tines are defined in COMMON bloeks referred as EXTYOR
work aresa, The less ?roquontly used information s
communicated betvween tvo rowtines threugh pasrameters.

X% 43 well known that no program comes out te
& perfect work of art on 1is first dreaft, regardless
of the sechnigue one uses 0 vrite it. Most of the
routines vere written, nodified and tested several
tizas, yet we still would not claim Shat any oue fa
flavless, The RXITFOR module is tested thoroughly
particularly at boundries.
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PEPEAT STATEMENT

UNTIL < {(CONDITION) »
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NEYT <LFVEL>

<PPGRAM>

GRAMMAR

I EREE S RN RIS S SN A RS EE SR AR RS R R R R R R R RS E RS FE XSRS RS AR RRES RS RS RE NS 2

LE R A RS S ]
LEREEE R K
LEEER 22 2
LEE LS T
LR R R ER R
ok Tk N ke W
LA RS RS B
LE R R R R 2R
L XX L R B
* & & g o o ok
LESEEES X
LE R ER ER R
LA S XX B X
LERE R X%
LES &5 X% X
LERER XS XY
LE S SR RS B
*odek ke k ke kK
LE XL RS &1
LER SR FE X
L LR XS X
LA E R R K
LEEE R A X
LEAEREE X
LERKS &3 B
LR R EERR R
LER KRS R
LA EE R
LR XY BN ¥

-
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DDA TIIDITDIIITIIIOD

e ]
»*
*
*
»*
»
»
*
*
*
*
»*
»*
*
»*
*
*
*
*
*
*
*
*
»
*
*
*
*
*
»
*
*
*
*
*
»
*
*
*
*
*
*
*
*
*
*
»*
*»
*
*
*
*
*
*
*
*
*
*
*
*
»*
»
*
»*
»*
*
*
*
€
»
»*
»*

axx PARSER *x%

I OTHER

THE VERTICAL RBAR I IMDICATES A CHOICE 0F ALTFRNATIVES
< > INNICATES T79 BF NPTINNAL,'NTHER' IS ANYTHING THAT
WAS NOT RECOGNTZFD AS ANY OF THE PRECEDING TYPES,

TO TRANSLATF THF EXTENDED CONTRNL STRUCTURCE, AT THFE
BEGINMING 0OF EACH STATEMENT THIS PROGRAM CALLS GETTOK TO
GET THE FIRST TOXEM NF THE STATEMEMT WHICH DETFRMINES
THE STATCMEMT TYPE, AT A TIME AQ CHARACTERS OF A LINE
AQF READ INTO IN=BUHFFER WITH A SAURCE POTNTER LASTC USED
TO SCAN THE SOURCE LTNE, #AHEN THE STATEMFNT I8 CLASSIFTED,
THTS ROUTINE CALLS THE APPROPRIATE CODF GENERATION ROUTTINE
AND CORRESPONDING TYPE WITH A UNTQUF GENERATED LABEL ARE
PUT ON THE CONTENT STACK IN CASE OF 'IF!','ELSE’','BEGIN',
'TNoY,!WHILE!, 'REPEAT', AND 'FOR', WHEN THE END OF STATFMENT
NR MATCHING 'FNN' FQOR 'DO!', 'BEGIN', AND 'WHILE' TS ENCOUN=-
TEREN APPROPRIATE RONPES ARFE GENERATED ALSD, ENTRY FROM
CONTEXT STACK Is REMNVED, WHEN A& LINE TS PROCESSED, NEXT
LIMNE IS8 READ FNR THE CONTINUATION 0OF THE STATEMENT OR
THE REGINNING OF NFXT STATEMENT,

THE FXTENDFD CONTRNL STATEMENT ARE PRINT AS SUCH STARTING
WITH 'C+' AND GEMFRATE CONES ENDING WITH '++' IN 72-73
COLUMN , APPROPRTYATF ERROR MESSAGES ARF PRINTEDN WHEN AM
FRROD TS DETFCTEN , THE CONDITION RART OF S50ME OF THE
STATEMFNT TS LFFT TO FORTRANM COMPILER T0O CHECK IT,

THE FIRST GENERATEND LAREL IS 900900,

T LALEE Y]
LS L RS X
% gk kR ok kR
LERE RS 2 X
e v de X ek
Woekode K dek ok
¥ e ke e
g e g Kk kK
TR TR
LER S &SR &
2222 X 2
o Aok W e kK
LSRR
ok k Ak kAR
LE LR R E D &
ok kwhw
LEEERE L X
de de e W Kok Wk
Ky d ke kokdd
% g ok ok sk
de o de ke W Ko
e e e e Wk ke
LRSS TR
% i & d o o o ok
%o oA e kW
* de ko koW Nk
%o W e Wk e
Wy de o Wk ek
ok kg dd ok ok

'S
»
*
*
»*
»
*
*
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*kk PARSER *xx*

N s Y E Y 2222333222 R A R N RS AR AR A SRR XSRS R R R RERE &R

c
C
C PARSER
C
»

PP e T T L A R R E RN EE T R R E I A I I A SN IR O BRI B S A S B R K Y U AR B A AR B B RE BN S N B BB

TNTERER ERRNOB,J,LAR,LABS,LARST,LASTC,LEVEL

INTEGER NLASTC,MFOR,NERR,QUTP,PTR, 3P

INTEGER*? 7ERO/0/

INTERER*? STAR/'x'/,RLANK/'Y '/,ZFERO/'0'/,EQS5/=2/,EQF/=1/
INTERER*? LEXIF/=30/,LEXD0O/=31/,LEXWHL/=32/,LEXBFG/=33/
TNTEGER*2 LEXFOR/=34/,LEXRFER/=35/,LEXELS/=36/,LEXEND/ =37/
TNTERER*2 LEXNXT/=28/,LEXBRK/ =39/, EXUNT/=40/,LEYQTR/~41/
INTEGER®? LEX,LEXS,LEXST,LEXTKN,NSTTNK ,RRNFLG, TKNSWH, IFLAG, ]
TNTEGER®2 RUF(R0),CLVEL(P),INLAB(S),TOKEN(ROD)

[ e

COoOMMNN
COoMMNN
FOMMAN
COMMNON
COMMAN
COMMON
nOMMON
COMMON
CQMMQM
TOoMMAN
COMMAN
roMmON
LOMMNON
COoMMON
£ OMMON

BLOCKS

/CoMPTR/ PTR
/ERPND / FRRINOB
/EQSRC / TEQ3RC
JINPTR / LASTC
/INRLY / BUF
ZINLSL 7/ INLAR

/NSTFLG/Z NSTTOK
/NMBEORY/ NFNR
/NDERR 7 NERR
/NLST /7 MNLASTC
/OUTRPTR/ OUTP
/RNFI.G / RRMFLG
/RTFLAR/ LAR
/STKPTR/ SP

LT R R R
Wk ko ko k ok
Yok kok Wb i
LES L KR XY
PARSOQOOY
PARSOO0OP
PARSO003
PARSOQNY
PARSOQ0S
PARSO000s
PAR50007
PARSOQOA
PARSONOS
LER LR EX X
W de g K e Ve ok
PARSO010
PARSOO11
PARSOOL12
PARSOO1R
PARSOO014
PARSO01S
PARSOO14
PARSON17
PARSOO1R
PARSOO019
PARSOO020
PARSOO2Y
PARSQO22
PARS0023

i/
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DI TIIDDIIIITTIND

xkk PARSER xk%*

coMMON /SYSIM /7 TSYSTN
cOMMAN /SYSOUT/Z TSYOUT
cOVMMAN /TKN / TOKEN

MERR IS NyUMBFR OF NIAGNOSTICS BENERATED,
ERRNN] IS NUMBFR 0OF FRROR TN A STATEMENT,
TENSRC IS5 FND OF SNUPCE FLAG, '

SP IS STACK PNINTER,

LASTC TS SNURCF RBUFFER PNINTER,

PTR TS CONDITION BUFFER PQINTER,

MFEAR TS NN, 0OF NESTFD FOR.

I_LAR 18 GENERATFED LA&RFL,

RONFLG IS RERUN FLAG,

TKMSWH IS TOKEN SwWITCH.

MGTTNK IS NEW STATEMENT TOKEN,

TSYSIN=]
TSYQUT=3
NERR=0
FRRNOB=O
IEQSRC=0
SP={
ILASTC=72
DUTP=4
PTR=14
MEAR=0
1.AS=90n00
RRMFILG=0
TKNSWH=0
GO 1Tn R0

PARS0024
PARS0025
PARSONPS
LE AN LS X X
% % K ok Kok Wk
e otk e ke ke
% ok g ok X gk Y
LR E R AR S
* ok ko Wk ok
dk Wk ok ok
LA R R SRS X
* do W e Yo i ko
L EZ R EE K
LE R ELS R R
Wk ko ok
e de ok ok Wk ok
PARSOO27
PARSO0028
PARS00P9
PARS00Z0
PARS0N3ZY
PARSOO0DZ2
PARSNNZS
PARS00Z4
PARSO03S
PARS0036
PARSONZRY
PARSO0O3ZS
PARSON3Q
PARSOQ4N

N
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P e L L. Pryegmeeaey N L F E Y X R L R L X X X L E R E X Yy P L R L FE L N T FN R R L A R K KX R R L R X N

10
20
49
50

100

139
158

160
179

Axkx PARSER ax+*

NLASTC=I.ASTC+]

GET THE NEYT TOKFN aAND CHECK FOR A NEW STATEMENT

CALL GETTOX
TEI(TNKFN (1) EQ.ENFY GO TO 3000
IF(NSTTOX,EQ,0) GO TD 158
ILASTC =R

0 TO 20071

RINFLG=0

TF (LASTC,FEQ.6) GO TO S0
LARSTC=72

NSTTNK=)

NLLASTC=1

CaLl GETTOK

NLLASTC =1

TF (TOKEN(1) ER.FOF) GN TO 3000

CHECK FOR THE COMTTNUATION OF THE STATEMENT AND

BRINT TF §O.

TF (NSTTOK.NEL.0) GO TO 150

CALL PUTLIN(BUF)

GO TH 40

STATFMENT LAREL,

no o158 I=1,9

TNLAR(T)=BUF(T)

CONT TMUE

BUF (A)=RLAMK

CALL GFTSTK (LEXS,LARS)
LEXTKN=LEX{TOKEN)

TF (TOKEN(1).ER,FOF) G0 TQ 3000
TF (LEXTKN_ ER,LEXQTRY GO 1O 1200
TF (LEYTKN,EN LEYDD )Y G0 TO 300

JON HUNTIVERSITY, MEW DELHI,

PAGE ND.73

PARSOQ4
* e K o Kok s
PARSOQ4?
PARSOOA4T
PARSOQQ4u
PARSODUS
PARSO04US
PARSO0047
PARSQO4S8
PARSOQ49
PARSCGOSD
PARSOOS)
PARSO0S?
PARSOQR?Z
PARSQ0S4
LESE R R X
Wode de e Yok Wk
PARSO0SS
PARS00Ss
RPARSO00S?
"o kK e e
PARSO0SSR
PARSOQS9
PARSO0AO
PAR300AY
PARSONGP
PARS00NAT
PARSOOQAL
PARSQ0OGS
PARSONAG
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P e e L L L L R R L P E L R L YN L L R AL L X LR Tl Rl el ol T Bl el Rl

(g ]

e N

r

C %
200

Cx*
zZ00

TF (LEYTKNLEALEXENNY GO 79 900

PRYINT NUT THE STATFMENT AS A COMMENT,

CALL PUTSMT (MLASTC)

[ == (LEXTKN) =29

RRANCH TO PROCESS THE STATEMENT NEPENDING

UPAN THE THE FIRST TNKEW OF THE STATEMENT,

GO TN(200,%00,400,500,600,700,800,900,1000,1000,1100,1200),1

TF STATEMENT
CAILL IFCODFE
G0 TN 2000

N0 STATEMENT

CALL DNCODE C(I,NLASTC)

TF ((I EN.7ERN)Y, MR, ((LEXS . NELLEXTIF)

JAMD . (LEXS NF LEXELS)Y . AND,
(LFXS.NELLEXFOR))Y) GO TO 19
FREOR=='FORTRAN DU STATEMENMT ILLEGAL HERE!
CALL ERROR (13)

GG TO 2001

WHTLF STATEMENT

CONTINUE

CALL AWMILE

RRNFLG=1
G0 TN 8§

REGIN STATFHUENT

CONTINAE

ra1 L. CHKBLK

FORTRAN PREPROCESSOR J NLJUNIVERSITY, NEW DELHT,

khkkx RPARSER +x+*

PAGE NO, 74

PARSOONGT
e go o e Wk X
PARS0Q068
PARS0O0AK9
LELEEEE R
ook Wk Aok R
PaARS0070
LE LR X
%ok Kk ok ok
PARSDOTY
PARSQODT72
¥ e e g e ke ke
LE2 XL R XX
PARSD0T73
PARSQO074
PARSO07S
PARS0076
LE SR A8 & 27
PARSOQOQT?Y?
PARSOO7R
*odkok ok N g Nk
i ko kw
PARSONT79
PARSONS0
PARS00A]
PARSOOQAR
LT X2 E Y 2
W e e de K W g
PARSOQRS
PARS0084



JFPREPRN -~ A FORTRAN PREPROCESSOR

pragpeegg L L L I T T L L N N R N R R L R ]

khkx PARSER wx+*

CALL RGNGEN

50 TN 10
r
Cx FOR STATEMENT
&£00 COMT TNIHE
TFINFORP LT ,.4) GO TN &350
r YoTON MAMY NESTED 'FNR' STATEMENTS'
CALL ERROR (9)
60 TN 20M
550 CONTTNHE
CALL FORGEN
RO TN 2000
r
£ REPEAT STATEMENMT
700 COMT TNUE
CALL RFPGEN
RANFLG=1
GO 1N S
c
C* FLRE STATEMENMT
800 CCOMTINMUE
c ERINR~ 'UNM
CALL ERROR (9)
G0 TN 2001
c
£ x FND STATEMENT
00 COMNTITHUE

TF (RRNFLG.ME.7ERQ) KO0 70O 919
IF (RUF(1).nF,.STAR) RO TO 950
901 WRITF (TSYOUT,902) (RUF(I1),T1=2,80)

JaNJINTVERSITY,

ll-'v--'n---n”u-—-mnuﬂ----ne-n-l—-w-no"'-'-"-.n-m-ml‘p

MEW DELMIT, PAGE No. 75

PARSODARS
PAR3008A
d ok ok oA W
Yo e g g A e e g
PARSONAY
PARS00RS
L XS LR X
PARSOQAQ9
PARSO009Q
PARSN0N9Y
PARSOD92
PARSON9T
e de e Kk k
e K g Wk Kk
PARSO0O0D9y4
PARS009S
PARSO00N9s
PARS0097
ook e de ok ke k
W o W e Wk W
PARS0098

PARSO0S99
PARSO100
LEAESE AR
LEE R £ &
PARS0101
PARS0D10Q2
PARS0103
PARS0O104
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q0p

905
a1
915

950

8952

]

Cx

260
255

k% PARSER daw

FORMAT (1X,79A1)
IF(SPL.FR.0) GO TN 10
FRROR==TUNEXPECTFD END OF SURPROGRAM!
CALL ERPROR (10)
IP=0
g0 TO 10
TF ((LEXS.NELLEXYTIF)Y AND, (LEXS.NELEXREP)
JANND L (LEXS  NELLFXFOR))Y B0 TN 950
cALL PITSMT (NLASTE)
FRROR=='CONDITINMAL FEND STATEMENT!
CALL ERROR (&)
60 TN 2001
TF (8P, NF,0) 60O TO 972
CALL PUTLIM(8yUF)
GO TN 40
CALL PHTSMT (MASTC)
CALL CHKBLK
(LEYS.ER,LEXRERY) GO TO 915
REMOVE ENTRY FROM SQTACK
S§P=35P=1
T==(LEXS5}=%0
GO TN (960,970,965),1

EMD NF BEGIN/DN UNTT

RENERATE 'ILARg+] COMNTTNUE®
'LARS CONTINUE'

CALL onrcoy (LLARS+1)

CALL QUTCOM(LARS+2)

60 10 2001

NEW DELHI,

PAGE Nn. 76

PARSC10S
PARSO106
% e e ok ok
PARSD107
PARS0108
PARS0109
PARSO110
PARSO111
PARSO112
Yo i % ok T oy ok
PARSO113
PARSO114
PARS011S
PARSO116
PARSO117
PARS0118
PARSO119
PARSO0120
PARSO0121
* e K e K e P
PARS0122
PARS0123
PARSO0124
ko e e W gk e
LR SR EE R
W oge W oy W ek
¥ g B sk ke e
PARSO12S
PARS0126
PARSO127
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1009

1008

1010
1015

1020
1023

xkk PARSER +%%

EMNN OF WHILE UNIT

LGENERATE 'L ARS A0 TO LARS+1!
YL ARS+2  CONTINUE '

CALL DUTGON (LARS,LARBS+))

CALL QUTCOMN(LABRS+2)

60 TN 2001

COMTTINUE

RREAK/NEXT STATEMENT

rHECK THF LEVEL NF THE LOOP TO BE BRNKEN
TF LFVEL IS NOT SPECIFIED '1' TS DEFAULT
CONTTINUE

CALL GFTTOX

TF(NGTTOK ,MEL1) (D TO 10038
TRKNSWH=]

LEVEL =1

GO TN 1030

CONT TNUE

no 1010 I=1,80

TF(TNKFNC(I) ER.ENSY GO TO 1015
CONTTNIIE

TFCIEN.1) GO TO 1008
CLYELCY)=ZERD

IF(I,EN,2) GO T 1020
CLYEL(1)=TOKEN(1)

CLVEL (R)=TRKEN(2)

G0 TN 1023

CLVYEL (P)=TOKEN(1)

CALL CHKRLK

NEW DELHT.

PAGE NO, 77

- g S g T R T g U g TP gy B g WD

2o de ok kA okok
% ko Wk ko
Aok khkk
LE S E RS K
PARS0128
PARS0129
PARS0130
PARSO131
¥ ok % e e de e
oo K ok ke Kk
T LR L
T EE LS T
PARSG132
PARS0133
PARSO0134
PAR30135
PARSO13%
PaARS0137
PARS0138
PARS0139
PARSO1 40
PARSODL4Y
PARSQ142
PARSD1473
PARSO144
PARSO145
PARSO14d6
RPARSOL1 47
PARPSO148
PARSO149
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1025

1030

[ ]

1035

1040

1050
1060

FORTRAN

PREPROCFSSOR JeNJUNIVERSITY,

*kk PARSER *x%*

LEVEL=10*((CLVFL{11~ZERQ)/256)
+((CLVFL(2)=Z2ERDY/256)
IF(LFVFL.EN.D) G TO 2001
TFLLEVFLLLT,0) CALL FRROR (12)
VINVALTD LFVEL SPECIFIED!

FRROR w»m™
J=s8P

LE¥ST=LE
LARST=LA
TFLAG=T7E

ng 1080 I=1,LEVFL
LEXDN) L AND, (LEXS . GE.LEXFOR))

IF ((LEX
G0 T0
T=l=1

X3
RS
RO

SQ'.—E.
1035

IF(sP,AT.0) GO TO 1640
TF (TFLAG.NELZERO) GN TO 1060

cALL ERR

0R (14)

FRROR==~'3REAK/NEYT TLLFGAL HERE!

sPzJ

GO TO PO
TFLAG=]
LEYST=sLE
LARST=LA
SP=5P~1

01

X3
85

CALL GFTSTK(LEXS.LARS)

CONTINUE

FALL RRKMXT(LEXTKN,LFXST,LABST)

SP=J
0 TO 29
UNTIL UN

01

IT

NEW DELHT.

PAGE ND. 78

TR o e Yy A S e O W PR s ag TR W gy OR gp W gy T g wR

PARS0150
PARSO151
PARSO152
PARS30153%
deoge W K W Nk
PAPSOlSM
PARS015R%
PARS0156
PARS0157
PARSO 158
PARS0159
PARSO0160
PARSO161
PARSO162
PARS0163
PARSO1A4
[ XSS EE B
PARSN16%
PARSO166
PARSO1A7
PARS0148
PARSQ169
PARSQ170
PARSO0171
PARS3O0172
PARS0173
PARSD174
PARS017%

. P ok ok o ko

LA AR R KX R
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1100

1120
C

1130

i % I I M I
»*

n
>
@D

AV e N e Ne REeRe

ong

2001

k% PARSER +*x»*

CONTINUE

IF ( RRNFLG.ENLZERO Y GO TO 1120
FREOR=-='CONDITTONAL UNTIL!
CALL ERROR (B)

c0 TO 2001

IF (LEYS,.EQ.LEYRFP)Y GO TO 1130
FRROR == TUNMATOHTING UNTTL!

CALL ERROR (9)

GD TN 40

CONTINUE

rALL UNGEN (LARS)

SP=gP =1

RO Tn 2001

FORTRAN STATEAENTS

TF THE STATEMENT IS NOT RECOGNIZFD AS An EXTENDED
STATEMENT, THE TRANSLATER ASSUMES TIT MUST BE A
FORTOAN STATEMENT AND PASSES IT UNALTERED,

CALL OTHERS (MLASTC)

GO TN 2001

MON=7FERQ RRRFLG INNICATES THE STATFMENT I$ IF, WHILE,
FOR STATFMENTS,.IN CASE THERE IS AN ENTRY FOR 'TIF!' O
THFE TOP OF STACK, MEXT STATEMENT IS CHECKED WHETHER
IT IS 'ELSE',OTHFRYISE CODE IS GENERATED FOR THE EMD
NF IF STATEMFNT, FNOR ELSF AN ENTRY IS MADE ON STACK
AND FORES ARE GENERATEN FOR REGIN NF ELSE-UNTT,

IF ( RONFLG.ME_ ZERN ) (50 TO S

FRENNB=0

rALL GFTSTX (LEXS,LARS)

RRMF| G=ZERD

PAGE NO, 74

PARS01 76
PARSO1L77
* ok ke W ko ke
PARSO178
PARS0Q179
PARS0180
Wk Yotk kod
PARSO181Y
PAR3CQ1R2
PARSO1R?
PARS(0184
PARS0185%
PARSO1R6
% g g ok kK
LEEE SRS X
LE LR R XR X
LEEE &2 2
LS ER RN
PARSD187
PARSN18R
LEEE & 23S ]
LR R IS R E
********
LR R R XSS
LER L XS &
LAY E'T Y
PARS0189
PARS0190
PARS0O19Y
PAR30192
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*k* PARSER %%

202 TF (LEYS.NF.LEXIF) 60 T 2020 PARS019%
TF (TKNSWH,EO 1) 60 TO 29006 PARS0194

TF (LASTC.EA,A) GO TO 2005 PARS0195

2004 LASTC=72 PARS019%
2008 MSTTNK=ZERD PARS0197
CALL GETTOX PARSN198
TKNSWH=1 PARgS0199

2004 NLASTC=1 PARSO200
IF ( NSTTOK . MELZFRN ) GO TN 2008 PARS0201

cALL PUTLIN(BUF) PARSO202

a0 TN 2004 PARS0203

poNns LEXTYN=LLEX (TOKEN) PARS0204
no 2009 I=1,95 PARSN208
TNLAR(T)=RUF(I) PARS0206

2009 CONTTHNUE . PARS0207
TF(LFEXTKN,MELLEXELS) G0 TO 2015 PARS0208

C e N ok de ok N o
Cx FLSF STATEMENMT LEER R R L&
2010 cAaLL PUTSMT (1) PARSO209
no 20ty I=1,5 PARS0210
IF(BUF (LY NELBLANKY GO TH 2012 PARSOR11

2011 COMT TNUFE PARS0P12
GO0 TN 2013 PARSO213

2012 CALL ERRCR (1) PaRsO214
C LABEL TLLEGAL HERE=-WARNING Wk ok ek vk
2013 COMT TAUE PARSN215
r STACK 'ELSE! deoa Wk Rk
CALL STACK(LEXFLS,!lARS) PARSO0216

K={ ABS+2 PARS0217
PARSOR18

L=LARS+!



JFPREPRN ~= A FORTRAM PREPRACESSOR J M UNTYERSITY,

NEW DELHT,

PAGE NO. 81
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P BV R R |

20290
fx

(At N Nhep |

2200

kkk PARSEP x#*+%

GENERATE 'L ABS G0 TD LARS+2!
T aRs+ 1 CONTINYFE '
CALL QUTGOM (L A85,K)
CALL QUTCON (L)
RRNFILG=1
TKMSWHM=ZFRO
6D TN 8
CONDE FOR END OF TF UNIT
"LARS+1 CONTINUE!
rALL QUTCON (LARS+Y)
pOR AFF TIF' FROM CONTFXT STACK
SPp=8P~1
ratL GFTSTK(LEXS,1.A858)
TFILFXS.EDLLEXIFY GO TO 2015
TFE(LEXYQ NELLEXFLS)Y GN TO 2100
CONE FOR END OF FLSE UNIT
TLABS+2 CONTI®MUE!
caLl QUTCONM (LARS+D)
POP NFF 'ELLGFY AND TFY FROM CNNTEYT STACK
SP280wp
G0 TN 2001
THE TORP MQSYT ENTRY AT STACK IS CHECKFD,
TF 'FOR'! THENM CONRE FOR END OF FOR UNIT
ARF GENERATEN AND FaTRY TS REMOVFD,
TF (LEYS.MFLEXFORY B0 TO 2200
CALL FNRENN (LARS)
SP=S5P =t
50 TN 2001
COMTINUE
TEITKNSWH MEL1)Y 60 10 10

Wk bk
LEXE S EE L]
PARS0P219
PARSO220
PARS0221
PARSO0222
PARS0223
oo o 0 ke ok
e ode W e
PARSO0224
LER & & X X
PARSOR2P5S
PARS0226
PARSO227
PARSQR228
g ge ok de W o % ok
o o ok e K g o ok
PARSO229
Wk Wk Rk
PARS0230
PARS0231
LES R R R
LE RS LSS
LEEZ RS X 21
PARS0232
PARS0D233
PARSOP 34
PARSOP23R
PARS0234
PARS0237
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c
r
3090
r

3010

kkk PARSER x%%*

TKNSWH=ZERD

0 TO 170

WHEN END OF SOURCE IS ENCOUNTEREDR THF STACK I8 CHECKED,

WHICH MUST BE REYPTY FOR A COMPLETE PROGRAM,

CONTINUE

TF ( SP.MNEL.O0 ) CALL FERROR (10)

FROOR-=TUNFXPECTEDN END QF SURBPROGRAM!

WRITF  (%,3010) NERR

FORMAT (1H1,1X/1H ,10 X, 'xx STATISTTICS AT PREPRNCESSOR LEVEL

1x' /18 L 1X/1H 10X, T3, DIAGNOSTICS GFNERATED')

STNP
END

PAGE Np. 82

PARS0233
PARS0239
LE LR & RS R
kb gk W g
PARSO0240
PARSO241
LR R EX B
PARSOp42
xPARSO247
PARSOR44
PARSO0R245
PAR30246
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*kx | EY * ok k

TNTEGER FUNCTION LEX*2 (TOKEN) LEX 0000

PR Ak AR AR I AR RN A TR AR AR R AT kA A RA XA RN R AKX A e hk kR kA ko hrdok kKb kAR hdkk ek bk kokodd
¢ : ” gk e Nk
r RETURNS LEYICAL TYPE OF TOKEN gtk Wk ko
L LE LR ST R
C*********************************************k********************t******t*****
e W e ok gk gk de
TNTERER®2 TOKEN(BRLY,STRING(7),T1,J,00MPAR LEX 0001
INTERERX? LEXC(11)/=30,=%1,232,=%33,=34,=35,~36,=3%37,~38,=39,=40/ LEX 0002
TNTESER®2 KEYWRD(7,11) VIV, 'F',=2,4%" ', 'D', "0 ,=2,4x ', LEX 0003

% 'W'p'H';'I':'L';'E':'E;' l,!B!'!E',!G!,!I"le,-a,t !'LEX 0004

* PRI, TR, 2, 3R VIR IR IR TR AT, -2, LEX 09005

* PEYL, LY, TS YEY -2 2% 1, TEYLINT, 0, -2,3% 1, LEXY 0004

* TMYL IR, YT VT e, 2Rt 1, 18 IR NET A gt mp, b Y, L EX o007

* TR AR e A AL T LEX 0008

c TF, DU,WHILE,BEGIN,FOR,REPEAT,FLSE,END,NEXT BREAK,UNTTIL * ok e Kk k
r e e e g ok ok W
nn 200 I=1,11 LEX 0009

IF ((TOKEN(1) ,FO.KFYWRD(1,I)).AND, (TOKEN(2)EQ.KFYWRD(2,1))) LEX 0010

* R0 TN %00 , LEX 0011

200 CONTTNUE LEY 0p12
250 LEX==i] LEX 0013
QETLRN . LEY 0014

200 PO 400 J=1.7 LEX 0015
STRING(JI=KEYNRD(J, 1) LEX 0014

a00 TOMT TMUE LEX G017
IF (CNMPAR(STRING,TOKEM) NEL1) 60 TO 250 LEX 0018
LEX=LEYC (I LEX 0019

RETURN LEX 0020

END LEX 0021
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xkx COMPAR wewn

TNTEGER FUNCTION COMPARX2(STR1,35TRP) cCoMp00Q0D
CHhhkkhrh AR Ak AR AR KA R IR AR KTk bRk R kA r ko Rk bbbk Ak ek khk ok kAR kA kb h bk kdk Fhkn
% e ek Kok ok

r
C THTS FUNCTION CNMPARFS STRING(STRI) AnND STRING (STR2), W K e K e k%
c RETURNS COMPARS1,IF FQUAL OTHERWISE:O. LR AR L
r LERE AL L2
Chrkd bk kkk kKR Ak d kA Ak ko bk Ak dek kb hkk ko hhh kb hhhhh Rk ko bk dkxki
C LES X2 EX XY
NDIMEMSTON STRI(B0),STR2(RD) coMpnoNn
INTEGER®? STRP1,S8TR? COMPOQOR
INTESER*xD FEOS/=2/,1 CoMpPOOOT
c Kok W ok oy
I1=1 ‘ cCoMpOOna
10 IFISTRI(Y)LNELSTR20IY) GO TQ 100 COMPOOOS
IF(STRA(I)JENLFOS) 6N TQ 50 COMPOQNOs
T=Y+1 coMpaoO07
GO 10 140 coMpQoNg
50 TEISTRI(T)NELEQ8) GO TD 100 v CoMpOo0g
COMPARZ] coMpOOl O
RETURN COoMPOOIY
100 COMPAR=0 coMPOptLR
RETURHN CoMPOQ13

END CoMpOO1L 4
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kkh GFTTOX sws

SURRNUTINE GETTAXK
CRehd ko kdedewhrhkhhd gk hhkbddrdhdhhhhkhkdkokhhdddvoddd ok kdod i Rokk ks kol d i & ok ok bk &g A ok e g % o e o

THIS
FLAG

NEW §TA

YD TTAIOIOD

TNTERER

ROUTINE GFTS TOKEWN
MSTTOK I8

TFMENT,

LASTC

AND PUT TN COMMON RLOCK TKHN,
SET T0 1,IF TOKFN IR THE FIRST TOKEN OF THE
TN RE USEN TO CLARSFY THF STATEMENT.

THE FND OF TOKFY IS INDICATED RY ENS.

JLEMTHI , TKLNTH

THTERER*2 C,INBUF (RO),LEXSTR(B80),NSTTOK,STHMCON, TYPF

INTERER%2 R AMNK/!?

c C OMMAN
rOMMON
CoMIanYy
COMMNN
£ OMMNY
coMany
£OMMON

TRKLHNTH

ODOHYIO

NSTTNAK=
THKLNTH=
1=1
LENTHL =
10 CALL GF

RLOCKS

/INSLK /
/INRPTR /
INSTFLG/
/PLENTH/
/TKN /
/TKSI7E/

IS THE N
t
0

0
TC(C)

'/ DLIMIT/=10/,E0F/=1/,E0S5/=2/,2Z5RQ/ Y0/

THNRUF
LASTC

NSTTAK
LENTH]
LE¥STR
TKLNTH

0, NF CHARS IN THE TOKEN,

TF TOKEN IS CONTTNUEN ON THE NEXT LINE THEN LENTH1
TNPICATES THE ™o,

NF CHARS DF TOKEM ON THE RIRST LINE,

TF (LASTC.LNE,7Y (0 TN 25

GETT0000

LERES &S 37
L2 ERE S K
LA S SR A DR
9 ok W Wk Wk
LIRS R ST
LER X2 SRR

Fodbk e ok e ke vk ok e ok ke sk e R W ke gk ok ok sk ke e ke o e dk e e e ke ok R W A R ke ok ke o e ok v ke ok Ak e K vk ok ok e vk ok ok ol o e ok e e O ok ke W e ok e e ok R

& de e e Y€k % o
GETT0001
GETTONOZ
GETTO003
% e kg gk ke
BETT0004
GETTOONR
GETTO0006
GETTODOY
GETTO0O0R
GETTO009
LSS 2 X
* ok ok ok kK
LE SRS &R S
dede ke W &k ok
GETTON10
GETTO011
GETTO012
GETTOO013
GETT0014
GETTO019
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30

40

50

60

70

kkx GETTOK *%x*

STHMCOAN IS STATEMENT CONTINUATION CHARACTER IN THE &TH CQL.
STHMCAN=INBUF (6)

TF ((STMCON,ER.BLAMK) ,OR, (STMCONLEN,ZERN)) NSTTOK=1
TF(CL.EN.EOF) 60 TO &0

TF(C.NE.BLANK) GO TO 30

cALL GFTC (1)

TF (LASTC.NE.7) GO T2 25

STMCNN=INBUF (6)

TF ((STMCOM,EQ.3LANK) ,NR, (STMCOANLEN,7ERDY) GO TO 200
GO0 T PO

THE SIGNTIFICANT DELIMITER FQR PRFEPROCESSNR ARE YL,
AND R ANK

TF(TYPF (D) LER DLLIMITY GO TO 60

LEXSTR(I)=C

I=1+1%

CALL GETC(C)

TF(LASTC.NE.7) G0N TO 30

STMCANZINBUF (4)
TFC(STHMCONLEN BLANK) ,OR, (STMCON,FR,ZERNY) 60 T2 200
LENTHI=I=1

S0 10 390

TF(I.GT,1) GO TN 100

THE TDKEN I8 A WON=RBRLANK DELIMTTER

LEXSTR(1)=C

LEXSTR(2)=EDS

RPETURN

LASTC={ ASTC =]

LEXSTR(I)=ENS

TKLNTH=I=~1

RETURN

PAGE NO. 86

W g e gk o o e
GETTOOQ16
GETT0017
BGETTO018
GETTO0019
GETT0020
GETTO00P
GETT0022
GETTO023
GETTO024
Fog vk gk ok kR
Yo e ke Rk
GETTNQ02%
GETTO026
GETT0027
GETTOO028
GETT0O029
GETT0030
GETTO003]
GETTO0032
BETTOQ3R
GETTO034
W ode d ok Kok kR
GETTO03S
GETT0034
GETTO0ZX?
GETTONZSB
GETTONZ9
GETTO040
GETTO0041
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kkk GETTOK sx%*

20n0 LASTN =4 GETTO0042
250 LEXSTR (I)=EODS GETTODOA4R
TKLNTH=]~1 GETTONA4
RETHRN GETTO045

ENP GFETTYON4A
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kkx GETC * %k

SURRNUTINE GETC(C)

GETC0000

M E T R Y A e s R R R S R A R L AR R R R R R R R R A A RS E TR AR RSN R LSRR

THIS ROUTINE REANS A SOURCE LINE [N BUF WITH SOURCF POINTFR
LASTEG, IF THE SQURLE LLTNF TS A CNMMENT IT IS PRINTFD AS SUCH,
PUTS A CHARACTER [M C,WHICH IS NEXT TO QONE POINTED BY LASTC
AND LASTC TS IMCREMOCNTFD BY ONE, IM CASE END OF SOURNE IS8
ENCOUNTERED TEOSRC FLAG IS SET TN 1, THE LABEL OF STATEMENT I8
PUT TN LAREL

IO

)

INTEGER TEDSRC,LASTC, ISYSIN,ISYOUT

INTEGER*? RUF (80),C,I,LARFL(S)

INTEGER %2 B ANK/'Y Y/ ,COMT/'CY'/,FNF /=1 /,MAXCRD/RQ/
c coMMany BLOCKS

COMMNN /TNRLK/BUF

CoMMON /TINPTR/LASTC

coMudnn /INLBL /LAREL

coMMnn /EOSRC/IEQSRC

CoMMonN /SYSIN/TISYSTH

coMMoN /RYSQUT/ZISYOUT

c
TF (TENSRC.EN.1)Y GO TO 250
C TNCREMENT THE SQURCE PNINTER
LASTC=ILASTC+1
TF(LASTC.LE.A) LASTC=7
C IN CASF THF LINE 18 SCANNEN FULLY GO TO GET NEXT LTINE,

TF(LASTC.GT.72) GO 70 S
GO 10 190

LR ST B
LEE K XS X
LER SR KR X
L EER R LY X"
Wkt bk ke
LER LR £ X1
LE 2. 22 £'2 &
LELE SRS X

2SS EESE R SR NELESE SRR RS RS R RRREEE RSN R RR RS AR ER Rl EE Y K

LER AR BN XY
GETCO00}
GETCO00N0?2
GETC0003
LES R X R R X
GETCON0Y
GETCO000S
GETCOO00e
GETCO0O07
GETCO00NS8
GETCO0009
LEE XS ZO% X
GETCO0010
Wk % i ok ok ok
GETCO001
GETCO012
LRSS 2°% X
GETCODL1R
GETCN014
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*xk GETO %k %
g READ (TSYSTN,10,E8D=200) (RUF(I).I=1,MAXCRD) GETCO01S
10 FORMAT (BNAL) GETCO016
COMMENT STATEMENT TS PRINTED AS IT Is. TR
IF (RUF(1),NF.COMTY GN TO S0 GETCO017
WRTTF  (TSYOUT,10) (RUF(T),I=1,MAXCRD) GETCOQ18
C GO TN READ THE MEXT LINE * g de b %k Kk
GOTQ S GETCONYG
50 LASTC=7Y GETCO0R20
C STORE THF STATEMENT "LLAREL % o %k Kok ek
NO 60 T=1,5 GETCON021
LAREL (T)=BUF (1) GETC0022
60 CONT TNUE GETCO023
too C=RUF (LASTC) GETCNORY
RETURN GETC002S
200  TENSRC=1 GETCO0026
C SET FaND NF SNURCE FLAG dodkod ko Nk
250  C=EQF GETC00R7
LASTR=7 GETC0028
RUF (8)=BLANK GETC0029
RUF (7)=RILANK GETC0030
RETURM GETCO031

END 4 GETCO0032
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kxk TYPE 'R

INTFGER FUNCTTON TYPE+2 (CHAR) TYPEQQOO
C*********************‘**********************************************************
X de ko R ok Kk

C
C THE FUNCTION TYPE DFTFRMINES WHFTHER A PARTICULAR CHARACTER W o ke ke ok kK
£ CHAR 1S A STGNIFICANT DELIMITER FOR PREPROCESSQOR,NR SOMETHING oo Rk Rk WK
c ELSE; 1T RETURNS DLTMIT OR THE CHARACTER IFSELF. AR R LR
C * gk od X ok ok
Crdkdhk Rt wkode ko ddd xR Rk e Wk o ok ok ok sk ok ko d & ok W ok ok o ok ok ok e ol e ok o ok e ok ok ke ok ok i ok ok ok ke ok ol e
I LE RS A LR XD
INTEGFR*2 BLANK/' '/, CHAR,DLIMIT/=10/,COMMA/Y, '/, TYPEQOOY
1 LPAREN/'('/,RPAREN/'Y Y/ TYPEOOQ2
r LEXE B RS X
IF ((CHAR.EQ,BLANK) ,OR, TYPENQO3
{ (CHAR . EQ,LPAREY) ,OR, TYPEOOOG
2 ( CHARLEN,RPAREN ) ,.0R, TYPEQNOS
3 (CHAR L EQ,COMMAY) GO TO 100 TYPEOODS
590 TYPE=CHAR TYPEOOQO7?
RETHRN ' TYPEONOA
100 TYPE=DLTMIT TYPEOQO9
RETURN TYPEOO1N

EMD TYPEOO1Y
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*kk CHKBLK wan

SURROUTINE CHKRLX CHKBOODO
CRh Rk Ak r kAR A kA e R Ak AR AT A AR R A A KA AR AR R AR kR ANk kA ARk kAR KRR AR R A AR AN AR AR AT R g Kok

C LEL ER 2 2
r THTS ROUTIME CHEFRKS FOR A NON-RANK CHARACTER IN THF RFMATINING fxdkakaksn
r PART 0OF THF BUFFER AND ISSHES AN ERROR IF FHCOUNTERED, * %o % ¥ % & ok %
C LERE AR D S
C*************************'k********************,*‘k***i********ﬂ******************
r * oWk ke ok
TNTEGERXx2 RuyF (80),8LANK/Y Y/ CHKB0OQO1
TNTERER LASTC CHKBOOOR
coMMAN/ZINBLK/RBRUF CHKRBRONOTR
COMMANZINPTR/LASTC CHKR0004
r LS T RS
s JSLASTCO+ CHKROQNS
TF(J.GF.T3) RETUPY CHKRBROQO0S
no 10 Ted,72 CHKROODY
TE(BNFCI)Y JNEL,BLANKY GO TO 100 CHKBODO0A
10 COMTITNUE CHKROODO
RETURHY CHKROO10
r FRROR==~!'SYNTAX E2QNR1 Wk g e de K
100 CAILLL ERROR (15) CHKROO1
RETURY , CHKROD12

FND CHXBOO13
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SURROUTIN

F STACK

**x STACK

(SLLFY,SLAR)

* % %

STACOGNO

Dhdkk Ak ke ke kAR F R R A AR KA TR A ANRI AR K AR RNk Ak kN AT ARA Rk kR ke e m ek e deWdek kg ke ok e &k ok

MAKTING

(e Ne Ne e Ny Re

DIMENSINAN STKLFEX(100),3TKLAR(100)

THIS RQUTINF PQOPS TH
anE ENTRY,

INTEGFR STKLAS,SLAR,SP
STKILEY,SLFX

INTFGER*2
COMMON/ST

KPTR/8P

COMMOM/STYBLK/STKLEX, STKLAB

[ Re]

TNCREMEMT
§P=80+]
IF(SP ,GT.
STKLEY (8P
STKILAR(SP
RETHRM

10 COMTINUFE
RETHRM
ENMD

THE

100)
Y=3LEX
) =8| AR

STACK PNINTER.

6N TO 10

THE CONTEXT STACK

WITH SLEX=SLAB

Wk e e ko ok A
*ok ok okk Wk k
e ok ok Wk kR
LEEE R EE R

I E XX RS R R R RS R R RS R E R N R SRR R AR AR SRR SRS R SR RESEAERRRSERAEE SRS LR RELE]

Wk o Wk ok
STACO00O1
STACO00?
STAC0003
STACON04
STAC0005
e de Kk ok K gk ok
LR AL AR S
STACO0006
STACO007
STACO00O8
8TAC0009
STAC0010
STACOO011
STACO0012
STACO013
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kkk G(ETSTK xxx

SUBROUTINE GETSTK (LEXS,LABS) GETS0000
Coaddkse kA hk ke ke ke dk kR ko kR ke Ak Nk R kR AR R KAk kA K AR kR KRR R IR R IR F AN R Rk AR R KRk kK k
ok kK Kk

£
c THIS ROUTINFE POPS THME STACK AND PUTS THF FIRST ENTRY 1IN kR
r LEY3 & LABS WITHNHUT NECRFEMENTING STACK POINTER, Kok ok ko ke k
c LEEE RS X R
TR R R E A R R X R R R R RS S R R R R R C R R R ALY E RS E SR EAER RS 2R EEE DS
C LEEEEEE X
INTEGFR  LABS,SP,STKLAR(100) GETS0001
INTFGER*2 BLAMK/' 1/ ,LEXS,STKLEX(100) BETS0002

CAMMON /STKPTR/ §P GET500073

CAMMON /8TKBLX/ STKLEX,STKLAR GETS0004

C LER R EX 3]
IF (3P.EQ.0) GO TO 100 GETS0005
LEXS=STKLEX (SP) GETS00NA
LABSZSTKLAR(8P) : GETsO0007

RETIHRN GETS0008

100 LFEXS=RLANK GETSCD09

. LARR=0 BETS0010
RFTHRN GETS0011

END GETSO0012
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*kk | ABGEN wxx%

TNTEGER® FUNCTINN LABREN(M) LaBG0000
C****t*************************************'k************************************
e LR ES 2% K
r THIS FUNCTION PLACESR CURRENT VALVE NF GENERATED LABFL Yok A Kk K
e IM LARGEN AND RFSERVES MNEXT N LABELS, Rk ok ok k&
r L AR R XY
s R R A N R R T R R S S FE P S R EE Y LY F]
C LEAEAETS X}

INTFGFR LARBEL,w LABGOOOY
COMMON/RTFLAB/LARFL LARGOOOR
e e kok ok ok Wk
LARGENZ AREL LABGONO3
LABFL=LABEL +7 LARGOOOY
RETIRN LABGOOOS

EMD LARGN0O0A
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xx¥% FRROR * % ¥
SUARNUTINE ERROR (FRCODE)D ERRQGCOOD

ﬁ******************’***‘k********************************************‘*****‘********
LEAEEE S B

L
C PRTNTS ERRNR MESSAGE & ek e
c LELES XS E

C************************t********************************************t*********
LEEE S S X

r
TMTEGER FRCODE,LASTC,NEFRR,ERRNOB,ERCOD? FERROOQO1L
TNTERER*2 ISNTY (ALY /hb4! Y/ DOLLER/Z'SV/,RLANK/Y 1/ ERRQOOOP
INTEGER®2 ERCN,ZFRO/'0'/,0NEZ'Y1Y/ ERRDOOO3
TNTERER ERBORMIB,14)/"WARN!', 'ING=', "= A", YEL I','LLEG', AL HY', ERROOOOA

x 'ERE ',! 'y ERRDOOOS
w "'(!"‘"'”*“iIS'f'STNG'u' ! V! Yyt "' '; EQRRNQO0A
* 'UNMA','TCHI',’?"J"; rer, (T v, ! t,! V! ', ERRNOQO7
¥ TUNREY,YCOGN','I7AR'Y,'LE S','TATE', "MENT!,' v,! ', ERRD0OOOSA
* YO0 Y, "MANY Y, MESY YTED T,YYIRORY, VY)Y ST',YATEM! , YENTS', ERRODOOOQ
* YSYNTY,TAX E',TRRQOR',T IN ', UrrEQRY 0N ST, VATEM!,VENT ', ERROOOIO
* 'TAD Y, TLARGY,TE A4 'L, 'COND', TITIOY, YN/ST,TATEMY,TENT T, ERPOOO11
* teannt L PITIOY, HAL Y, YEND/ZY L, VELSEY Y ZUNT Y, T IL ! t, ERROOO1E
x  YUNMAY ITCHTY,TNG B, ULSE/Y L, VHINTTY, Y, ty! v, ', ERRO0013
x  TUNEX','PECT','ED F1,'ND Q','F SU','BRPRQ!, 'GRAM! ! ', ERRO0014
£ TNR LT, T00P TLTEXIST,TTS T, nn e, ERR0f015
* 'ILLE','GAL ','LEVE','L SP','ECIF','1ED ',! ! ', ERRO0O16
x  'FORT!,'RAM ',71D0 8, 'TMT ', 'ILLE','RAL ', 'HERE!,! ', ERRD0017
x  VBREA','K/NE','XT T','LLEG','AL H','FRE ', ! t, ! W ERRD0018

C coMMnn BLOCKS Wk ok ek kg
coMuny /ERRNO / ERANNB ERR0O0O019
cOMMNN ZINPTR / LASTC : ERROOOQRO
COMMON /NOERR / MNEPR ERRDODZ1

COMMNN /8YSOUT/ ISYQUT ERRQOOZ22
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R0

30
50

100

150

*kx FRRIOR * k%

NERR I8 TOTAL NUMBFR OF FRROR S IN A PROGRAM

NEQRaNFRR+ 1

FronnRk IS SERJAL NN, (OF FRROR TN A STATEMENT
CRRANB=ERRMNPB+1

TF(EPCNDEL.GEL10) GN T 20

FRCONZ=ERCODE

FRCD=ZFRN

6O TN 30

FRCD=0ONME

FROOP2=ERCODFE-10

TF (FRCOPELGT,13) GO TN 100

ARTTE  (ISYOHT,S50) ERRNQR,ERCD,ERCND2, (FRRORM(T,FRCODE),Ix!,B8)
FORMAT ('Cexxx0',I1,') JFPG',A1,11,'1 ' BAL,29X)

THFE FORMAT OF ERRORE MFSRAGE IS

Faxxx01) JFPNQO2T TEXT 0OF MESSAGE

RETURN

TSLASTC=6

ISMTY(T)I=DPOLLER

WRITF  (ISYDUT,150) TSNTX,ERRNOB,ERCN,FRCODZ

FORMAT ('C tL,ehAL,BX/
’C****Q',Il,') \IFPQ‘1A1011I'I
ISMTY (T) =R ANK

PETURN

Fan

SYMTAXT,S5X)

de ok k Kok WA
L L LR AL
ERRDODRZS
LER EX 8 X8
ERROOORY
ERRQ0025
ERROOOPG
ERRQQQ27
ERRQON28
ERRQ0029
ERRDOOZ0
ERROOO0OZY
ERRQOQ32
FRRONO3T
L XS FEE R B
Kook e Ve Wk
ERROOO34
ERROQORS
ERRQO0D34
ERROONZT
ERRDOOZS
FRRONDO3R9
ERRQO0Q40
ERRDONA
ERRQON4?
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xkk BENGEN »xx%

SURRNUTINE SGNGEN

BGNGOOOO

ChhkhhhRhhhkoakd A hhd A h kbR kA h AR R I h kA hhh AR AT A KA AR T AN A b kN hk kk ek ¥k w

PO ON

THYIS RNUTINE GENERATF CODE FOR BEGIN STATEMENT,.
MO CNDE IS GENERATFD 1F STATEMENT IS UNLARELED,
AN ENTRY IS MADE QN CONTFXT STACK

INTEGER LAR,LABGEN

ITNTERER*2 LARFL(S),LEXRGN/=33/,BLANK/ V/,1T
COMMAN/ZINLBL/LARFL,

comMny /8YSQUT/ZISYOUT

LAS=IARGEN (1)

1 BENERATED LABFL 1§ RESERVED
nog 10 1=1,5

TF (LAREL(T).NE,RLANK) GO TO 20

CONT TNUE
G0 TN 80

FOR LARELEDN '"BEGIN' CONE '"LLABEL CONTINUE' T8
WRTITFE (ISYOUT,30) LABEL

FORMAT (5481, " CONTIVHF',58X,"'++!,6X)

POC TN LFXRGM AND AENERATED LAREL

CALL STACK(LEXARGN,LAR=?)

RETU?N

Ean

GENFRATED

LES 22 K E 87
LESE R R R
LA RS KSR
LEA R R KD B
LE SRS AR X

W e e e e e e Kk e de e d K W e e AR ok ke e ke ok ke e g e e e e s ok ke ok e kT ok e R Wk e sk e ok e W ok e e o e ok e o ok e e e gk o b e

% de Y ok Kk %k ok
BGNGOOOY
BGNGOQOR2
RGNGONOTX
BGNGOOOA
x e % de N o v
BGNGOQOS
& ok ok Kok Wk
AENGONNA
BGNGOQROT
BGNGCOOS
RGNGONDY
% J W ok kg Wk
RGaNGOOL O
BGNGOODLY
LEREE XS A
BGNGOO1L2
BGNG0O173
BGMGOO1 4
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k4 BALPAR 4x+*x

RIURRNTINE BALDAQ . RALPODNOD
F************************w*********i***********k***********t********************
e *okk ok ok kK
c BALPAR COLLECTS AND PUT THF COMDITION PART IN CONBUF, s de ey K ok ok
i WHICH IS A STRING FnrRLOSED IN RALANCFD PARENTHESES, Kuk ko kon
C ok ko Kk
f********k****************************t*****************************************
c AT AES 2

TNTERER*? 7ERQ/1H0/,RLANK/IH /L,EOQOF/=1/,L.BRK/1H(/, RHQK/IH)/ BALPOOO?

TNTEGER %2 BUF(s0),C,CONT,NL BaLPOQOR

TNTEGER LASTC RALPOOOS

COMMONZINBLK/  BUF BRaLPODOA

rOMUMON/INPTR/LASTC 8aLP000OS
c Kok Rk
C ML IS NO. OF (Y ENMCOUNTFERED ¥ e K gk K ok e ke

NL=} BALPOQOS.

f0 TN 7 RaLPOOOY
10 NL=AL+1 BALPQONSA
15 CaLlL PUTCND(CH RALPONNG
17 CALL GFTC(C) RALPOOL0

TFC(LASTCLNE,T) GN TO 20 RALPOO11

COMT=RUF(H) BALPOO]R
r CONTTNUATION OF CONDITTION NN NFXT LINE oo v e kg kk

IF ((CONT.EN.ZFRN) DR (CONT.FR.BLANKY) 6O TO 50 BALPOO1Z
20 TF(C.ENLLBRK) 80 TN 10 BALPOOL Y

TF(C NF.RBRK)Y GO TO 13 RALPOOLS

NL=N| =1 BALRPOO1G

TFIML,EQ.0) GOTN 100 BALPOO17

GO Tn 15 BALPOO1S8

S0 LASTr=4 BALPNN19
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*ex BALPAR xxw

TF(NL.FG.0) RETURN BalPog20

C FRROR==TUMMATCHING ') 1! SRR
R o 10 BALPOOR1

RETURN BaLPrPOoe?

100 CALL PUTCND(L) AaLPOO2S
RETUPN BaLoR02A
BALP002S

END
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*kk PUTCOND #xx

SURRAOUTINE PUYTCND(NHAR)

PUTCCOOO

ChihrdxRhhhddhkhhk RNk hddhrdhhhk kA bk ARk ke kh Ak kdhhha koo hhdhhhRaRdhohdmhkbhikh

OO0

10

PUTS 4 CHARACTER (CHAR) TN CONDITINN BUFFER AND
THF CONDITION RUFFFR RNOINTER (PTR) IS INCREMENTED RY 1.,

INTEGER*2 CONBUF(1P%4),CHAR
TNTEGER PTR
COMMNON/CONBLK /COMBUF
COMMAN/CONRTR/PTR]

PTR1=PTR1+1

IF (PTRILLFL12%4) GO TO 10

FrRuORQ=« YTO0 LARGE A CONDITINN/STATEMENT!
CalLlL, ERROR (7)

RETURN

COMBIIF (PTR1)=CHAR

RETURN

FaD

LER AR XS X
LES LR RS 2
LEEE S A2 L
LEE AR R X

Ko ok de s de ok kR e A ok ke e WO ok ke K W e Sk A ke v ok ok e e e e o ek ko ok ok v ok ok e T Rk kb ok b ko ke e vk de s ok e ok e ok ok o e ok R e R o e

LEE EL B X T
PUTCO00Y
PUTCO0Q02
PUTC0003
PUTCOO004
L2 ER R 2
PUTCOO0S
PUTCO00s
LR B L RS
PUTCNOOT
PUTCOOO0A
PyTcon09g
PUTCON10
PUTCOO11
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kxk JTFCODE aa%

SURRNUTIME 1FCNDF IFC0No00
IR R A N R A R S R E R N SRR R A R R R R R R R R R TR R RS R YT R AR SRR E SRS R LY R

c LR E LR 2]
C PROCFSS IF STATEMENT, FORTRAN TF STATEMENTS ARE RYPASSFED oA koA K g W
c ey o K e W
Ok ke kh b ke bbb dakohwthhkhdddhddhddkhkdd ko ko hkhkhdokdokdddddod b koo kb dodok %l dkddwd
r Yk W ok K Kk
TNTEGER LAR,LARGEN,KFY IFCO000
INTERER®R LEXIF/=30/,RRNFLG IFCQ0002
COMMNNZRMFLG/RRANFLG IFCN0003
C oAk od N ke
RRNFI.G=0 IFCO0004
r 2 REMERATED LASELS ARE RESERVEN FQOR IF STATEMENT ¥ e e T o
LAR=| ARGEN(3) IFCQ000S
CALL IFGN(Y,LAR+1,¥%EY) IFCO000s
c KEY YALUFES 1 WHEM STATEMENT IS FORTRAN IF STATEMENT I I e
TF(KFY ER,1) RETHRYN IFCO0007
e AN ENTRY FOR 'TFY 0N CONTENT STARK, ok ko ok ok
CALL STACK (LEXIF,LAR) IFCQO000R
RRNFILG=1 IFC00009
DETURN IFCOON1Q

EMN IFCOO01Y
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k% JFGED * ok d

SURRNUTINE TFGO(CNTRL,LAR,TYPE)

PAGE Np,102

IFGN00Q0

T I I I I Iz e s e e e R 2 N RS T R SR 2 S S SRR R EE AL LA AL LE L A LA

W e e W e ok e

C
C THTS RNUTINE 1S CALLFD TD PRNCESS THFE CODITION PART OfF LEE LR X
r TF, “HILE, UNTTL, AMD FOR STATFMENT, IF CALLED WTTH R de g K e N W
Iy CHTRIL=1 IT CHECKS FOR FORTRANM IF STATEMENTS,IF THE STMY Kok kK ok Kk
r TS NAT FORTRAN STMT KEY T8 SET TN 0 OTHERWISE 1., Kok ko N ek K
N Wk e e Kk e ok
C******'k*******‘**********’k*)\-*********************)\'*******t*************t********
C LEEEREE 2
TNTERGER CHTRL,LAR,LASTC,TYPRE IFG00001
TNTERER*2 THEM(S)/'T','H','E','N',-E/,LBRK/’('/,FOS/-&/ IFGOO002
INTERERP*2 C,COMPAR,SNSTTOK,TFLG,TNKFEN(80) IFGN0GO03
r COMMNEY BLOCKS % dk ok Kk kN
coMMAN /INPTR /LASTC IFGQONO0Y
roMung ZTKNFLG/ZTFLG IFGN000S
noManN /TKN /TOKFN IFGD0O00A
CoMMAN /NSTFLG/ZNSTTOX IFGN0007
C * e e Kk Wk
TFLG=0 IFGQ0N0R
£ CHECK FOR THE COMDTITIONM PART LEE S XS T
CALL GETTOXK IFGN0n0g
TF (MSTTOKLER,1Y G TO 300 IFGON010
IF (TOKENM(1).EDLLBRK)Y GO TO 20 IFGNOO11
) FRREORm=! (! “TISSING % Jr % g ¥ Kk
CALL ERROR (2) IFGO0O1L2
C THE rONDITTHN PART IS STORED IN CORITION BUFFER LE R AL R
20 ng 3n 1=1,80 IFGORO01 %
C=TOKEN(T) IFGN0014
IFGR001S

IF (C.EG.ENS) GU TN 35
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20
zs

100
C

300

*xx IFGD * kk

CAlLL PUTCHND (C)
TONT INHE
CONTTHNUE

BALPAR TO RALANCF THF PARENTHISIS

CALL BALPAR

WHFEN CNTRL IS8 1 STATFMENT
TF (fNTRLWED.0) B0 79 100
TF {LASTC,E2.6) GO T 8O
Cal GFTTQ¥

TF (NSTTOK.NEL1) GO TU 40
LASTC =6

G0 TH RO

TF (COMPAR(TOKEN, THEM) ERQ.

TFLG=1
CALL PUTTIF(Q,LAR)

TS IF=STATFMFAT

1) 60 TO 100

THE FORTRAM TF STATEMENTS ARF PRTINTED AS

TYRPE IS8 SET T0 1
TYRE=1
RETURN
CALL PUTTF(L,1.48)

THE CODE IF(.NOT.(CONDITTON))a=vmmen

TYRPE=(
RETURNM
LASTr =6
TYPE=(Q
RETURN
FAD

SLLCH ANMD

1S GENERATED

IFG0001s
IFG0ON017
IF500018
%ok ok kg e sk
IFGRON1S
LELE L ET X"
IFGQ0020
IFGD00PY
IFGnooR2
IFGN0023
IFGN0024a
IFGN002S
IFGN0aRs
IFGOO00n2Y
IFGO00RS
ko ok ok d gk ok
*op kW oN ok h
TFGOON29
IFGN0030
IFGRON3
*ok ok ok ok ok
IFGONN32
IFGO00NZ3
IFGO0034
IFGO003S
IFGNON3ZA
IFGQO03R?
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*xx PUTIF * & %

SURROUTINE PUTIF (TYPE,LAR) PUTIO000
Pokkk ok kh kb Rk dd Rk kR AR AR Rk AR KA KRR AR R AR IR kAR AT AR AR AR RN TR N kR ARk kR xRk N R A h bk

C e e e de Ve k kN
r THTS ROUTIMNE GFNERATFS CODE '"IF(.NNT,(CONDITION)Y ,..'! el d Wk ok
¢ AR 'TF (COMDITION) .e..' WHEN TYPEz] OR n; THE CONDITION Wk e ke
c TS TAKEN FROM THE CONDTTION SUFFER, Xk k ok %
f: o e e de W e e W
LAk kI MR AR T AR TN AR KREA R AR AR A I AT A RA I kAR A b kA Rk kA kA ke k Rk ek d kT hk g
C * o W e K ok
NIMENSTION TFNOT (R) PUTIOO001
ITNTERER*2 CONBUF(1254),TNKEN(80), INBUF(80),INLAB(S)Y,C,CNT,TFLG PUTION0O0P
TNTERER®2 TF(R)/'I',"F '/, IENOT/Z T IR, 000 L 0 INY, 100 1T, 1 1/, PYTING03

* CRLANMK/Y Y/ LIRERQ/VOQY/LEDQF /=1 /,EQS8/2/, PUTINOOG

* faTNesY /'y, Y,Gt 0, vy, o,y PUTI0N00S
INTERE® I,71,12,J,LASTC,PTR,TYPE FUTi1000s

C coMmMonN BLOCKS * e W e Rk ek
roMMnanN JOONBLK/ COMBUF PUTIO0OO0T

COMMAON /CONRTR/ BPTR PUTI0OOB

coMmnn /INRLK / TNRUF PUTIODOS

cOMMON /INPTR / ) ASTC PyUTIOOID

covuny /TINLEL / TNLAR PUTIOO1Y

cOMMAN /SY3OUT/Z TSYOUT PUTIO0QL2

coMMAN /TKNFLR/ TFLG PUTI0013

cOoMMNA /TKN / TOKEN PUTIO0014

C o ode o ok ko
NG 10 T=6,14 PutTI001%

COMBUF (1)Y=8 ANK PUTINO1S

10 COMTTNUE . PUTIO017
c MOVE STATEMEMT LARFL TN CONBUF ®os e Kk

no 20 1=1,% PUTI0018
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20

(]

25
%0

[ |

50
60

100
150

200

[}

**x%x PUTIF * k%

CONBUF (I)=INLAB(T)
CONTTNDE
CLEAR TNLAR
CALL CLRFLD (INLAR 1.,9)
COMNTTNUE
IFCTYPEFRLLY GO TN 1000
WHFN TYPF=0 'TF' IS MOVED TO 14TH COLUMN DF CONBIIF
COMBIF (13)=1F (1)
CONMBUF (14)=TF (™)
ri=17
IF(TFLB.FR.0) GO TN 100
HNPROACESSED TOXEM I8 PUT IN CONBUF
no 50 1=1,890
C=TOKEN(I)
IF (C.EQ.ENS) GO TO AD
CALL PUTCNR(D)
CONTINHE
TFLG=D
THE IINCOVERED PART QF THF STATFMENT I8 PUT IN EﬁUBUF
LALL GETC(C)
TFILASTC.EN.7) GN TN 220
cALL PUTCHND (L)
6N TN 100
CNT=INRUF(6)
TFE NUT.((CNT, FR,L,BLANKY NR, (CNT,LFR,ZERO))) GO TO 150
LASTC =64
I12=78
G0 70 20600
THF FQOLLOWING PART GFNFRATES THE {NDE
YIF (JNOTL(CONDITTION)Y GO TO LAR!

PAGE NO,105

PUTIO0019
PYTIOQPO
T ok ve ok bk Kk ok
PUTIO021
PUTIO0022
PUTION2T
W oge ¥ ok ok ok Kk
PUTIOOR24
PUTION2S
PUTIO00RE
PUTIQN27
LEE 32 F X
PUTIOOZ8
PYTI00P9
PUTIOD30
PUTIO0D3Y
PUTI0032
PUTION®3
I A v de Wk e W
PUTINOZY
PUTI0O03S
PUTINORA
PUTIOO03T7
PLUTIO00N38
PUTION39
PUTIO0040
PUTINO4
PyTIOQ42
LER R 28]
LEEE R R RS
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Sy W WD W g T gy VR oy P gy W

1300

2000

2100

ik PUTTF  %x*

no t100 I=t1,8

J=T+6

MOVE YTF (JMDT,!' TN COMBUF LEFT TO CONDITION
CONBHF D) =IFNOT(T)

CONT TNIF

MOVE '60 TO! M CONBUF RIGHYT TO THF COMDTTION
nn 1200 Ist,8

C=60T0(1)

cALL PHUTOCND(C)

CONT TNHE

I=LAR

CONVERT LAR INTQ CHARACTFR FORM AND MOVE TO CONBHF
cALL DGTCHR(I,INLAR)

ng 1300 I=1,5

C=TNLAR(D)

CAlLLL PUTCND(D)

COMTINUE .

CALL CLRFLD (INLAB,1,8)

T1=7

Te=7>2

FOLLOWTHNG PART PRINTS THE COMTFNTS 0OF CAONBUF
IF (PTR,.EQ,I12) G0 Tou 2400

J=PTR+1

TF (PTR,.GT,.I2) G0 TO 2100

KaTpP

G0 TO 2200

IR=(RTR-12)/56

TE(IN*AK)+I2

TF(I . HF ,PTR) GO TGO 2150

KIPTR

PUTIOOULTS
PUTTIO00A4
¥ iy o g W & e e
PUTIQOUS
PUTIO0046
LES 3 X8 Y
PUTIQOQAT
PUTIO0O0AR
PyTI0049
PYTI00%0
PUTIO0NS!
L E KX KR X
PuTI00S52
PUTI0053
PUTI0054
PUTIONNSS
PUTINNSG
PUTIOONS?
PUTINGRS
PUTIONSS
* ok ko Kk Wk
PUTIONAN
PUTI0OG!
PUTIODAZ
PUTION0G3
PUTIO00GA
PUTINO0GS
PUTI00ks
PUTIO0067
PPUTI006S8
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2159
2200

2300
2400
2500

2600
X000

GO TN 24

K= f(1R+1)%x66)+12

N 2200
CONRUF (T
CONTINIE

WRITF (ISYOUT,25008)

FORMAT (541,"' ',6681,'++',6X)
TF(PTRLLE.TIZ2) GO TO 3000
T12=12+1

WRYTF  (TSYOQUT,2A00)

FORMAT (° k1, ahAt, tEe ,5))
PTR=14

RETURN

FaD

FORTRAN

00

T=J,X
Y=BLANK

PREPROCFSSOR

*x% PUTTF

JWNJUNTVERSITY,

* &k %

(CONBUF (D), T=12,K)

NEW DELHT,

(CONRUF(T),I=1,53), (CONBUF(I),I=11,12)

PUTIONGS
PUTI0070
PUTINOT1Y
PUTICO0T2
PUTIONT3
PUTIONT74
PUTI007S
PUTIODTA
PUTIONTT?
PUTIONTS
PUTINOTS
PYTI0NO0A0
PUTIOORY
PUTIO0NR?
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O

Dy B er ]

1

SURROUTINE DOCODE
S AR 2 A R R R R R R e R Py R S R A R Y

THIS ROUTIME PROCESS
TS FNRTRAN
A GEMERATED LAREL
AN ENTRY OW

lDOl

**x DOACODFE *aw

(IN,MLASTC)

"no!

STATEMENT,
VALUFE NF (TD) 1S RFTURMED AS 1,
TS IMSERTED BETAEEN
COMTEXT STACK

00O AND

TN CASE THE STATEMENT
NTHERWISE 0O
TNDEX,

WITH

DOCD000Q

LEAE R X2 R
e Wk oWk ke
LES ES & 32X
e de W g Wk Rk
LEA RS 8 XY
¥ ok ok Wk

X sk dr ode ok ok gk ok b e g e ok e W Y e ke ek sk ok ke ko ke ke Yo v ok ke e Yk ke e ok W ok o ok e ke ke e ok e e ok ol T ok e e o b e e ok ke sk e ok T ke R ok R gk W ok R e e e ok ek ok

TNTERER

LASTC,MLASTC,LAB,LABGEN
INTERER#2 NIGITS(10) /111,121,031, 141,157,
x DOE2Y/Z'DY L0 L, RUF(80), TOKENCAQ) , INLAB(S),NBUF(RN)/80x%"
TNTERER*2 BLANK /!

cCOMYMNON BLOCKS

COMMNON/TXN/TOKERN

LoMMON /TNRLK /
comuny /INPTR /
coMdny ZINLBL /

coMunN

/8YSOUT/

TFINLASTC.EQ.1)

ML ASTC

fALL GFETTOK
WHFN THE TOKFn

np 10 1=1,10
TF (TOKEN(1D)LEN_NIGITS(I)) GO TO 500

0 CONTINIE

LAR=LARGEFN(2)

AFTFR
STATFHMENT IS8 RECOGMIZEN AS FORTRAN

TR, t7Y, 080,09y 101/,
'/+1D

'/LLEXDQ/=R1/ ,FQS/=2/,8TAR/ Y%/

RUF
LASTC
THL AR
IsSYQuy

NLASTC=7

VDQ!

TS AN INTEGER (DIGITS),

Nyt

THFE

LR SRS KR N

‘DOCoon0Y

DoConpoz
DoCnoans
DOCanony
ok ek ok ke ok
Dnconons
DOCO000s
DOCO0QO7
DoCo0008
NoCnogoo
LEEEE RS X
Docn0o10
DpCaoot
nocanoty
* v % de k& % K
ok k okokkok ok
DpCo0oLy
DOCo0014
DOCO001S
DoCooole
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xxx DOCODE % xx

CALL STACK (LEYDO,LAR=1) DOCnbo17Y
"0 30 T=1,5 Docooots
NBUF (IVY=INLAR(T) NOCOoo19
30 COMTTINNE DOCOoQRO
CALL CLRFLD (0DRUF,A,R0) Docofory
QBIF (7)=0h0(1) DOCQO0R2
NBUF (8)=D0(2) npcoeory
C COMYERT LAR INMNTO CHARACTER FORM Fodk de Rk kk K
CALL DGTCOHR (LAB,INLAB) Dpcolora
J=0 Docodoes
NO 40 T=10,14 DoCo0o026
RENES! DOCQno27
NBUF(IY=INLAR(J) npcootola
40 CONTTNUE POCo0024
I=1% pocooo3n
no s0 J=1,80 DOCO0O3
T=T+1 DpCtoo032
TF (TOKEN(J)LEN,FO0S8) GO TQ &0 DOCoNn32
ABUF CIY=STOKENCT) DOCO00Ry
50 CONTITNUE NNCoo0zs
60 I=1~1 DNCDOO3e
A5 TF  (LASTCL,ER,.72) RO 10D 200 DOCooo3r
LASTr=LASTCH+Y DNCOOOZR
TF(I.LT.72) GO TN RQ DOCoo039
WRITFE (ISYOUT,70) (OBUF(IJ),IJ=1,72) Npcooo4ao
70 FORMAT (T7241,'++',6X) pocaooay
DBUF (6)1=STAR poColoap
T=4 DoCotouz
RO TF  (RUF (LASTC).FR,BLANK) GO TN 100 nocnooay
T=T+1 Docoooas
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100
200

500

A00

*xk NOCODE xwx

NRUF (IY=BUF(LASTC)

G0 TO 65

WRITE  (ISYOUT,70) (OBUF(IJ),.1J=1,72)
D=0

RETUBN

IFLLASTC.LT.M) LASTC=6

WRITF (ISYOQUT,600) INLAR, (BUF(I)Y,T=NLASTC,72)
FORMAT (5A1,' ',6641,8Y)

D=1

RETURN

FND

DoCNOnds
DOCNO04T
DOCO0Q4B
DoCn0n49
NaCoooso
NOCN00S1
Dorn0as?
NOLD00SY
DOCNO00SY
DOCNOOSS
DOCO0OSHK
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*xkx DETCHR wax*

SURROUTINE DGTCHR (DIGIT,CHAR) DGTCONO0O
DA dkh Rk Kh kb whe kAR TR R KR ek ARk xR R R AR A AR Aok ddk KA e kg K ok ok ok ok o et ok T e o ok ok e ek gk e ok ek
o e K e kK

c
£ A S FIGURE NGO, NDIGTT IS CONVERTED TNTO CHARACTER STRING o ek K e e gk
~ ok e W X

o

AT YR R RN N e R R R S R R T R RS AR R R PR R TR SRR NS EE NS EEFEES S R 2
LER A SR LR

r
TNTERER DIGIT,I,NT,I? NGTCOQNY
TNTERER*2 CHAR(S) DGTCO002

c ’ ® ook ok e & ek
rg 10 1=21,5 DGTC0003
TA=DIGTIT/Z10000 NETCO004
CHARCII=((T1a*29a)+(15%x(16x%x3))+64) DGETCNOAR
MIzTIax10000 RRTCNO0S
NIGIT=(DIGIT=-NI)*10 DETCONNDT

10 COMTTNUE DETCONNR
RETURN DGTCON09

END NGTCO010
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*hke WHILE xxx%

SURRNUTINE wHILE WHILO000O
C********k**************ﬁ*******************************************************
c dok Kk Nk kK
c ROUTTNF TO PROCESS 'WHTILE!' STATEMENT X A K ek K K
C LESE 2 X
C******************************************t*********************************i**
» * ok g Rk AR

TNTEGER LAR,LABGEN,] WHILOQOY

INTEREDR X2 LEYWHL/=32/,8BLANK/' '/, INLAB(S) WHILD0OR

coMuanN/INLRL/INLAB WHIL00O03
r L ESEE RS 3
c 3 AENERATED LABEL RESERVFED ‘ T2 L e

LARZLARGEN(S3) WHILO0OA

nn 1o I=1,5 WHIL0ONS

TFCIMLABCI) LNELBLAMK) G0 TO 100 WHILOOO0G
10 CONTTNUE WHILOOQO7

50 TN 200 WHIL0N008
C FOR LARELED STATFMENT THE CODE 'LAREL CONTINUE' TS GENERATED Kok ok ok k&
100 CALL LABCOMN(THNLAR) WHILONOS
200 T=LAR+ KHIL0O010

cALL DGTYCHR(T,INLAR) WHIL001Y
C CONE 'YTF (JNOT,(COMDTTION)) GO TN LAR+2' IS GENERATED AND KRk Nk Ak
C ENTRY TS MADE ON COMTEXT STALK, e e 3 g e ok ke K

CALL IFGO(N,LAR+R,T) WHILOO012

CALL STACK (LEYwHL,LAB) WHILO0013

RETUPN WHILOO1G

EAD WHILOO1S
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kkr REPOFN wx*

SURRNUTIME REPGEM REPGOQOO
ChkAdh kA kR Rk ke h kR Ak r A kI A AR AR R A AR AR R AR KR AR A I AR AR R AR AR R AR Ak k RNk kk ke kwdk ok
koW kk ok ok

r
c PROCESSES THE 'RFPEAT!' STATEFMENT AND MAKES AN EMTRY IN dogrdeok Kook
I CONTEXT STACK, LEE XS S T
r * o K e ¥ ok
Pk ke kkded kKT H kA h ke Ak Ak kR Rk ko Rk kR A dok ks sk ok ok e sk ok ke o ok ok ok ok ke ok R ok ok ok %6 o % ok 0 ok e o ok ok
C ok g e e g ok
TNTEGER*2 INLAR(S),RLANK/' '/, EXRFP/=35/ REPGONNO)
INTEGER LAR,LARGFN REPGCOOR
COMMNON/ZIMULRL/TNLAR REPGOONTZ
r ok e Nk kg
LAR=| ARGEN(3) REPGNOO0M4
C R LEMERATED LABELS ARE RESFEFRVED % od ke Kk
r STALK TREPEAT! W de v Kk ke
fALL STACK (LEXREP,IAR) REPGOOOR
o 10 I=1,5 REPGO006
TFIINLAR(I) JNELBLANKY GO TO SO REPGOOODTY
10 CONTTNUE REPGOQONB
50 T 100 REPGOONG
C CODES GENERATED 'OIMULAR  CONTTNUE® FOR LARELED STATEMENT okkowk ok W
C ' LAB CONTINUE? I F TR LY 2
S0 CALL LABCOM({INLAB) REPGOD10
100 CALL, OuTCOM(LAR) REPGOO11
RETURN REPGOQ12

) REPGON1R
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kxx UNGEN  wxw*

SURRNUTINE UNGEN(LRL)

UNGEOQOD

E****************************k**************************k********************tﬁ*

r

(¥

c
c

GEMERATE CODE FOR 'UNTIL' UNTT

deogode &k ok ok
* e de W ok o e
%o ko g ok

C***************************************************************t***************

c

(o)

INTEGER LAY

TNTERER*2 TOXEN(80), INLAB(S),8LANK/Y '/, TFLG,E08/=2/
CoMMAN BLOCKS

coMuny /INLRL /7 INLAR

roMMAN /TKN / TOKEN

cOMMAN /TXKNFLGY TFILG

coMMon /SYSUUT/Z ISYOUT

CALL GFTTOK

TFLG=Q

LABEL TS NOT ALLOWED wITH  UNTTL

g otn 1=1,8%

TF (TWLAB(T).NE RLANK]) GO TO 50

CONTTINUE

680 TN &0

FRROR== ABFL ILLFGAL HFRE

CALL ERROR (1)

COMTTINHE

FHECK FOR THFINITE RFPEAT LONP  (UNCNDITIOMAL REPEAT)
TF (TOKEN(1).EN,FDS) GO TO 200

FOLLOWING PART GFNFRATES CODE FOP COMDITIONAL REPEAT
T=L8L+1

CALL DGTCHR(I, TNLAR)

W g W g e kK
UNGEODNY
UNGEOOQOQ2
d vk Wk ke ek
UNGEQODO3R
UNGEOOQOY
UNGEQONSR
UNGEOOOA
de g o g K de Kk
(INGEQODOT
NGEQOOSB
o ok kokd ok
UNGEQDO09
UNGEOO10
UNGEOO1
UNGEOOQL?2
d ok %ok K ek ok
UNGEOD13
UNGEDO14
%ok ok ko Rk
UNGEDO1S
Wk e N gk R
UNGEOOLg
UNGENDLY7
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)
o

160

£
200
C

300

np 100 I=1,480

TE (TOKEN(T).EN,FOS)

CALL PUTCND (TOKFN(T))
COMDITTION 15 8FING PUT IN CONRBUF

FONTTHUE
CALL

CONE 'TF

RALPAR
(COMDTITION) GO TO

cAaLlL PUTIFCO,LRL)

WRITF
FOMAT (!

G0 TN 200

LBL+1
NOHTGON(LBL +1,L8L)
LBL+2 CONTTNUE

COpg !
CaLlk
cone !

(TSYQUT,1A0)

Lal
x50 TO

GO TN LBL

CALL OUTCON{LBL+2)

RETURN,
FND

* k&

GO TO

HUNGF N

150

LBL!

ok

IS PRINTED

"2 I5,55X%,"'++!,6X)

UNGEDO18
UNGEDOD19
UNGEQO20
LE RS 3 B2 X
UNGEOOD21
UNGEOO22
YA K ok kodk ok
UNGEOQ27X
UNGEOQR24
UNGEDODRS
UNGEQOZS
LT ER TR X
UNGEQQ27
LEE X 2 &S X7
UNGEQQ2R
UNGEOD29
UNGEO0O30

115
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ek FORGEN Axw

SURRNUTINE FORGENM FORGOONN
T I I I T I e s R AR AT RS SR EE S AR A A AR AL RERE RA LS
* ek de N ek

C
r PRNCFSS THF 'FOR' STATEMENT, "ok Rk
e INTTTALIZATION, COMDITION AMD REINITTIALIZATION PARTS ARE ok kg Kk kK
C SEPARATED RBY '2!', RE~INITTALIZATION PART IS PUT IN AREA LER S LA L2
o RETEXP, * de ke ok ok
C LE R ERE &2
C****************************************t**************************************
o RS LR X )
TNTEGER T,J,K,LAR,LARGEN,NFOR,PTR,PTR],PTR2 FORGOODY
INTEGER*2 COMBUF (12S54), TOKENC80), INLAB(S),RETEXP (4,66) FORGOOO?
TNTERER*2 LEXFOR/=34/,LBRK/1V(V/,RBRK/1Y/,SCOLN/Y;'/,ENS/=2/, FORGOOOZ
*  RLARK/Y '/ NSMOLM/ NSTTOK,RANFLSG FORGO0O04
" COMMNA BLOCKS kwhk kN pkh
COMMAN /CON3BLK/ CONEUF FORGONNS
cOMMAY /CONRTRY PTR FORGONOG
covuny /INLBL / TNLAB FORGOOODY
cOoMMAN /NMBRFOR/ MFOR FORz000A
roMann /NSTFLG/Z NSTTOK FORG0009
coMsny /RINBLK/ RETEXP FORG0010
roMuny /RNFLG / RRNFLG FORGOO11Y
coMuaN /SYSQUT/Z TSYOUT FORGOO12
FPOMMAN /TKN / TOKEN FORGOO13
C %ok ok Kok Nk
RRMFLG=0 FORGO014
CALL GETTOK FORGOO0I1S
IF(NQTTOK.FQ,1) RO TO 1100 FORGOO1s
TFEYNKFN(L) JEGLRRK) GN T0 100 FORGOO1Y

C Y MISSING *ode b R R
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£

10
100

200

e/

C
20N

350

kkkx FORGEM %t

CALL ERROR ()

PTR=14

LBRK MISSNA

noo1o I=1.80

TFETNKENCI) ,EQ,ENSY GO TO 100
CALL PUTOND (TOKFM(I))

CONTINULE

ALl RALPAR

NGMCLNTO

ny 200 I=15,PTR
TFICOANRUF (T) NF SCOLN) 6O TD 200
MSMCLNZNSMEL N+

TEINSUMALN,F3.1) PTRI=T
TF(NSMOLN,LER.R) PTR2=I

CONTTNUE

TF (NSMCLN,EN,2) GN TO 300
FROOR-='SYMTAX ERRNR IN 'FOR' STATEMENT!
rCALL ERROR (&)

PTRz14

QETURN

T GENERATED LARFELS

LAR= aPGEN(3)
TE(CAYRUF (PTR) EN,PERK) PTRzZPTR~1

FOLLNYTNG PART PUTS THE RE~INITIALISTING PART IN AREA REIEXP

MFNRZNFOR+1

N0 380 [=1,86A
RETEYPINFOR,T)=ALAMNK
CONTTHUE

J=PTR2+1

K=t

PAGE ND.117

-y G ap W gy gy

FORGOND1A
FORGOO19
*odkd oKk X
FORGOO20
FORGOOR21
FORGOOR22
FORGO023
FORGOOR4
FORGOO2S
FORGBON2s
FORGO027
FORGO0O2S
FORGOO29
FORGOOZN
FORGO03Y
FORGOO22
Ko dod ke k
FORGO0O33
FQRGO0O34
FORGOO03S
LRSS LR B
FORGODZA
FORG0OO3Y
*ok ok ke XAk
FORG0O033
FOQRGOO039
FORGOO4O
FORGOOAY
FORGOn42
FORGOQ43
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400
500

A0O0
700

750
C

1000

*kx FOARGEN awx

NG 4nQ I=J,PTR

BETEYP (NFOR,K)ZCONRUF (T)

IF(K.GF.66) GO TH 500

L £

COMTTNUE

I=PTR1-14

K=15

NG 600 J=1,1

TOKEN(J)=COARUF (K)

TFCJ.EN,BHY GO TN 700

KW+

COMTTHUE

CALL CLRFLD(TOKEN,J,A6)

HETTF  (ISYODUT,750) INMLAR, (TOKFN(IY,I=1,4658)
FORMAT [(5a1,' ',66481,"++',46X)

ABOAVE T8 TO PRINT YTMTTIALISING STATEMENT
I=L AR

CALL RNSTCHR (I, InLAR)

J=PTR2=-PTRI =1

=15

PTRI=PTR1+1

no 1000 I=1,J

CONBIF (K)=COMNBUF(PTR)

KW+

PTRI=PTR1+1

COMTINUE

PTR=1+14

CONE  'YIF ('NOT_ (CONDITIONY)Y GO TO LAB+2 !
CALL PUTIFL1,LAB+2)

SET RE~RUN FLAGR 0ON AND PUT THE 'YFOR' OM STACK

FORGOOA4Y
FargDoas
FORGOO04s
FORGOOU4T
FoRrp0048
FoRGgOO049
FNRGOOSD
FORPROOS
FORG00S?
FORG0OOSS
FORGOOSA
FORGOOSS
FORGDOGAH
FORGOOSY
FORG00OSS
LER XA L2 X
FORGOO0S9
FORGOQAD
FORGOOG1
FORGOORK?
FORG00AZ
FORGOORY
FORGOOAS
FORGONAA
FORGOQAY
FORGODGE

- FORGO06G9

*odek kK kK
FORGONTO
*okok ok ok
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kkx FORGEN #x%

RPRNFLG=1 FORG0071
CALL STACK (LEXFOR,LAB) FORGOQT2
RETU®Y FORGNOTZ
1100 CALL ERROR (&) FORGOOT4
SETURY FORGOO7S

END FORGN0T74
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LR R R R P T R R L L L L LY XL PR YL RN LR LR EE LY EFE AR E L RN g R R L LN X )

kkk FORFEMD wexsk

CSUBRAUTIME FOREMD (LARS) FOREOOOOQ
R L R R R T R P Y TS AT S P T R L
* ek X kX

)
£ GEMERATE CODF FOR FNN OF FOR, REMOVING ENTRY FROM STACK ok kA Kk
r LA ER LR X
C**k******t*****‘k*********************‘*******************k**********************
c X ode W ode ko ke ke
INTEGER T,J,%X,LARS,NFOR, ISYOHT FORENOOD
INTFGER*2 RETEXR(4U,H66) FOREQQONP
COMMNN/NMBFOP /NFNR FOREQOO3
COMMNN/RINRLK /RETEXP FOREQONA
rOMaNN/SYSOUT/ ISYOUT FOREONQOS
LEE TR X T

T=LABS+] FOREQOOG
J=LARS+2 FOREOOODT7

c CONES TN BF GENERATED ARF Khkdok ok ko
c "LABR4+) RETHITIALIZATION' Hhehhdkdh K
r ! GO TO LLABS ' * ok Rk R
C 'LABS+2 CONTINUE ! LESEEES 2V
WRITF  (ISYOUT,10) 1,(RETEXPINFQR,K),K=1,h%),LLARS,J FOREONOSR

10 FORMAT (I%,' ',AkAt,"++1,6X/ FOREQOO9
1 X, G0 TO ',I1S9,55%, ++',6Y/ FOREQO1LD

Ped T, COMTINUF!T,S8X,"++',6X) FOREOOD11
MFOR=NFOR =1 FOREDOYL2

RETURN FOREQO13
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kak BREKNXT xxx

SURROUTINE SRKNXT (LEXTKN,LEXS,LARS) BRKNOQOO
R IR R Y P R A R R A R R R E A R R RS RS T S A EE A R LR R
c W g e ek
C GENERATES CODE FOR GBREAK ' G0 TO LARS+1! * gk ok Rk X
r NEXT ' 60 TO LaBRS * ok ko K
C Kk hk ok
Chktkhddhhrdhhdhhhkd AR akhhdddkhkdk ki kg kddkdkokddkddddd ik dkddordk ik kodkdkddkkdphkdukshn
r LR R 88 X4

INTEGER LABS BRKNDONOY
INTEGER*2 LEXTKHN,LFXS, INLLAR(S) BrRKNOOO?
COMMON/TINLBL/INLAS BRKNOOOT

COMMON/SYSOUT/TSYOUT BRKNOOOY

c o o drode K e &
T=LARS BRKNOONS
TFOCLEXTKN,EN  =3R) JAMD L (LEXS.NFL.=33)) GO TO S0 BRKNOOOA

c RREAW/NEXT(REGTH) * ok ok ke ok ok
I=1I+2 BRKNOQOO?

G0 TN 100 RRKNOOOR

50 T=T+1 BRKNOOQO9
100 WRYITF (ISYNUT,150) INAB,I] BRKNOO1D
150 FORMAT(SA1,! G0N TO ',I%,55%, ++1,4Y%) BRKNOQT
RETUYRN BRKNOOY 2
BRKNNO1 3

END



L R X B X X B E X X ¥_X ]

Chhakdkrdhkhhkkhkrrddhid

s NeNe NeNeRe]

3
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kxk OQTHFRS *x*

SURRNUTINE UTHERS (NLASTC)

THTS ROUTIME QUTPUYS A STATEMENT WHICH IS NOT CLASSIFIFD
AS ANY OF THF EXTEMNNED STATEMENTS, wWITHOUT ANY CHAMNGE,

TNTERER NMLASTC,LASTC,LNTH, TKILNTH, ISYOUT

INTESER*2 AUF (80),TOXKEN(80),RRNFLG,C

TNTEGERA2 RALANK/' '/,ENS5/=2/,3TAR/ ' %'/, 7FRO/ "0/

coMans BLOCKS

coMMny ZINRLK / RiF
coMMnn JINPTR 7 LASTC
COMMON /PLENTH/ LNTH
coMvnnN /RNFLG / RRNFLG
coM«nNN /8YSOUT/Z ISYQUTY
coMMnN /TKN / TOKEN
coMMNN /TKSIZE/ TKINTH

IF (TOKEN(1).EQ,FO8) RFTURN
TFIRRNFLG.FOLQ) GO TN R

TF (LNTHWLER.0) 60 TU 6

WRTITFE (ISYOUT,10) (TOKFNC(I),YT=1,LNTH)
RUF (6)=8TAR

GO TN 28

IF (LASTC.MNE.8) GQ TD 7

WRTITE (ISYNUT,10) (TOKENCI),I=t1,TKLNTH)
GO T9 22

J=LASTC+1

S 222222222332 R YRR S R 22 ER S RERE R R L0

PAGE ND.122

DTHEQDOO
I TS ELE R R
Wode e Wk
% g Y e Kk B ok
Wk ko W ok ok
LE L S EE R

*********************************t*********************************************

LS SR KR §
DTHEOO0O1
DTHENQOR
OTHE0QO3
W o e o o ok
OTHEQNOY
OTHEONOS
OQTHEONDA
OTHECOO?
OQTHEQOQOS
OTHECO0O09
OTHEONOD10
% gt e W ok kR
OTHEOO1
OTHEON12
OTHEODOD13
OTHEOO L4
DTHEDQ1S
OTHEONO 16
OTHEOO1L7Y
OTHEOO18
OTHEOOQ19
OTHEQO20
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10
20

2c
5
100

110

WRITF (]
GO TH 20
TF (MLAS
WRITF (1
FOOMAT (
LASTC=72
caLl. GFT
C=RrUF(R)
IF((C.FQ
rate PHT
GO TN 20
LLASTC =6
RETURN
FORMAT (
EMD

FORTRAN PREPROCFSSOR

kkk QTHERS xwxx
SYNIT,110) (TOKEN(I),I=1,TKLNTH), (RUF(I),I=J,72)
TCLER 1) B0 TO 25
SYOUT,10) (BUFCI),T=NLASTC,72)
6X,7441)
c(e)

BLANKY (ORL(CLEQL,ZERD)) GO 7O 100
LIN(RUF)

AX,66A1,8X/5X,'x!,6641,8Y)

JJM UNIVFRSITY, NEW DELHT,

O g R AR N A G S T NP R G s W WS WD A g U5 MR SR A gy PR IR AR S AR T TR D G WD Y s D G e O g P W e Y g ey

PAGE N0.123

OTHEODR Y
QTHEGODR2
OTHEQQR3
OTHEDO24
OTHEQNZS
OTHEOQO2A
OTHEQO27
OTHECO28
OTHEQO29
OTHENQZO
OTHEOO3
OTHEOO32
OTHEQOZR
OTHEOOZ4
OTHEQOZS
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kkx CLRFLD wxx

SUBROUTINE CLRFLD (FIELD,Nt,N2) CLRFO000
Coxkkhdd s kA kk ek hhhk ke Rk dedk bk w kA Rk ok ded ok ok Ak & Jede ook ok K K A ok ok e e ok ok o ok e T ok ok g K e ok ek
ok e N

T
C THIS ROUTINE dLAMKS THF FIELDN FROM PNSTYTION N1 TO (2 LE S EE XS P
r LRSS SE K
C**k**********‘k****************************************k**********ﬁ*************
C o ko kxR
TNTEGER Ni1,N2,T CLRFOQOY
TNTEGER*2 BLANK/Y '/,FIELD(8O) CLRFO002
C WAk kR odokw
RO 1o I=Ni, N2 CLRFONO03X
FIFLND({T)I=BLANK CLRFQQ04
10 COMTTHIE . CLRFOQOS
RETURN CLRFOONG

FHD CLRFO007
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kkw PUTSMT %x*

SURRNUTINE PUTSHMT (N) PUTS0000
Chk ke Rk R R I RNk AT T A AR AR AT RN TR RN AR AR AR IR R ARk A AR TRk ek Rk AR AR R R RN KRN AR R K kR
*o ok gk ke

r
£ OUTPHTS THF PARY OF IN~BUFFER RIGHT TO THE POINTER 'N! e KRk
r AS A COMMENMT, ke ko R
£ ook ok ko
TR R R R e A R R S T R A S R X AR R R R AR R RS R R RS R R RS SS S RIS RS RS AR SRR LR X
C Wk e e ke
INTEGER*2 BUF (80) PUTSONOY
COMMNARN  INBLK/BIF PUTs0oo02
COMMAN /SYSOUT/ TISYOUT - PUTS0003
c LS X'E R F
IF (M, LE.6)Y Mg PuTscony
WRITE €ISYNUT,10) (BUF(I),I=N,RD) PyTsooens
10 FORMAT ('C+ 'LT5A1) PUTS000h
RETURN PUTS0007

END PUTS0008
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kkk PUTELIN #%x

SURRNYTINE PUTLIN (STRTINR) PUTLO000
[ od de ok g de de dede de ek ok ok Je T o de o ve ok e ko R otk e ke dk sk e e e e ok e ke ek ke e g sk b ke e ok T ok Yk e ok e e vk ke vk ok s e s e R Y e e e e e Y kb e g b

C I EEEEEE 2
£ THIS ROUTINE PRINTS STRING AS SUCH, W ok K e KA Kk
o) deode e g kg K R
AR R R EEE RS EEE SRS R EER RS RARS RS RS R SR EERERE RS SRR RR AR RS AR R RS RR R SR R
C LEES AR &1
INTERER*2 BLAMNK /' '/, STRING(80) PUTLOOO1
COMMNY /8YSOUT/ TSYQUT PUTLO002
o L ES S RT3
WRITE  (TSYOUT,10) STRING PYTL0003
10 FORMAT (B0A1) ' PUTLO004
nog 20 T=t,R0 PUTL000S
STRING(T) =R ANK PUTLOG00S
20 COMT TNNE PUTL00O7
RETURN PUTLO0008

E¥D PUTLO009
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O R R O o o B oo Sy T AP G g e D TV B TR G R e T N AR R T ) SR S 0 s N N R g g, T M S R o S im0 ST e SR D R R T WR P Gt on T T D N T g TRy R e Ty e g

kxk [ABCON +xx

SURROUTINE LARCON (LABL) LABCOQOO
Chdkkhhkhhddhkrhw b ARk h kR kdhdh Rk % hdk gk Rd ks hok sk dok kg ok okodok oo & o ok W ok % ok o o de s K ke o b ook ok
. LER ERE X 21

c
C GENERATE CODE 'LABL CONTINUg! Wk ¥ e X e ke
r LA L2 XL XY
0 d ded e ok ok de ok kb R b Tk ok ok ke ok ok e ok sk ok b ke o ok e ek ok i v ok ok sk ok v ke sk ke o ok ke ok sk ke ok o o B ok e ok e ok R sk e W ok e e e e e ok
c Wk W e K e Wk
INTEGER*2 LARL(5) LARCOOONY
coMMaN /8YSOUT/Z TSYOUT LABCODO2
r LS XL EE
WRYTF (Isyour,1n) ta8L LABCCGDO3
10 FORMAT (S5a1,' COMNTTANUE',SBY,'++',6%) LABCOOOU
RETIRN LABCOOOS

FAND LABCOQO®
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bl L N R R B R L R RN AR Rl AR LA AR R L AR A A X X L L AR AR E FEE B XA R B X 8 E N N F W F RN B N R X K L A R A R R R X ¥

*kkx QUTGON %x*x

SHBRONUTTINE OUTGONINL,N2) ouTGEo000
C*******************************************************************************
L EE EREEE

THIS ROUTINE GENERATES THE CQODE ' N1 60O TO n2! ¥ Rk Rk ok
* ok ek ok ok

3 Y

v*******************************************************************************
L E 2 XS XY X
IMTEGFR N1,N2 QUTGOO0NY

COMMON /SYSOUT/ZTSYONT DuUTR0Q0R
LEEEE EX X

[ ]

c
WRITE (TSYOUT,10) N1,MN2 QuTsenns
10 FORMAY (IS, R0 TN ',715,585X,'+4',6%) QuUTG000U
RETHRN QUTE000S
END DUTGON0e
c LE R R X T
SURRDUTTINE OyTCOs (M) QuTGao0Y
C**********************k*********************************************t**********
C LA 2 AT S
£ THIS ROUTINF PRTINTS THE CNODE ' N CONTINUE! %ok K A K kR
r LS R F AR
C**************************#*************************************************ﬁ**

v Wk W ok ko

»
INTEGER NUTG0008
COMMON /SYSOUT/ TISYOUT QuTseN09

» LES &R X ¥
WRITE (TSYOUT,10) N OuTG0010

10 FORMAT (TS, ' CONTIMNUFY,SBX,'++',6YX) QUTGOO11
RETURN oyTeoo12

EMD OuUTG0013
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APPENDIX B

OPERATING BYSTEM AND JOB CONTROL LANGUAGE

OPERATING SYSTEM (08)

The operating system (08) introduces programs
to the computing system, initiates their execution, and
provides all the rescources and services they require,

The programs and routines that compose the opera-~
ting systenr are elassified as control programs and proce-
ssing programs as showvn in the following figure.

o8
CONTROL PROCESSING
PROGRANB PROGRAMS
| ‘ ]
LANQUAGR - | |sxBVICE APPLICATION
CRANSLATONS| | PROGRAMS PROGRAMS
| | |
FORTRAY PL/I COBOL LINKAGE
~ EDITOR
LOADER

The three main functions of the control programs are

to accept and schedule Jobs in s continuous flow (Jod
management), to supervise each unit of work tc be done
(task management), and to simplify retrieval of all data,
resirdle-: of the way it is organised snd stored (data
managenent), The processing programs consist of language
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translators (such as PORTRAN, PL/I, COBOL compilers),
service programs (such ss the linkage editor, loader),
and application programs (sueh as user programs).

The operating system with which EXTFOR has deen
interfaced is the 05-MF? (NMultiprogramming with a Fixed
nunber of Tasks) variatior of 08, Several jobs can run
concurrently uader MF?T,

08=JCL 1308 CONTROL LAKGUAGR)

JCL serveas as a neans of communication detveen
the user's program and the system. JCL statements tell
the systex hov to execute a Job, request nesded system
facilities and Gescridbe required input/output(I/0) devices.

The normal JCL statements {or cards) are:
1. The JOB statement. This iz the first control cardj

it marks the deginning of a Job,.

2, The EXEC (Execute) statement, This eard follows
the JOB card and names the program or procedure
£0 execute.,

3. The DD {Data Definition) statement. This eard
descridbes each data set (a file on tape or adirect
access device, or a deck of cards), and requests
the allocation of X/0 devices.

N, The Deliniter (/%) statement.

This is the "cﬁd—ot-filc' card for marking the
and of a card deck.

Other JCL statenments less often used aret

5. The Kull (//) statement. The null may be used to
mark the end of a jodb,
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6, The comment (//*) statement, Comments may
be coded in rest of the columns as an aid
in docunenting JCL.

Te The PROC statement. This eard assigns default
values for symbolic parameters in cataloged
procedures.

8. The PEXD statement., This card ternminates the

definition of a procedure.

9. The Command Statement. This card may dbe used
by operators to snter operator commands from the
input streanm,

All the JCL statements (except the /* card) bdegin
with a // in columns 1 and 2, followved by a nane field,
an operation field, and an operand field. The nsme field
begins immediately after the second slash, wvhile the name,
operation, and operand fields sre separated from each other
by one or mors blank spaces.

//name operation operand,

The nane field identifies the c¢ontrol card so that
other cards or system control bdlocks can refer to it, It
ecan range from 1 to 8 characters in length and ean contain
any alphanumeric or national (€$8#) characters. Howvever,
the first character of the name nmust be alphabetic and in
column 3,

The opsration field specifies the type of céntrol
cards JOB, EXEC, DD, PROC, PERD, or an operator command,

The operand field contains parameters separated
by connmas,
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The J0B, EXEC, and DD cards enadle a complets jOd to'
be exescuted. As an example, suppose that some FORTRAN
source langusge statenents are to be compiled. Assume
the FORTRAN compiler is a system program named IERYFORT
wvhich requires three data sets: an input data set con~
sisting of source language statements to conpilc; an
output data sét to print the compilation listing, and
an output dats set to contain the odbject module. Buch
& program might he executed by the following JCLs.

//TESY JOB
//FORT EXEC POM=IEYPORT,PARM=(SOURCE,NOMAP)
//8YSPRINT? DD SYS0UT=A
//8YBLIK DD  DSNAME=ALOADST,DISPs(NEW,PASS),
l/ UNIT=2311,8PACE=(80,(200,100),RLEBE),
// DCB=BLKSIZE=80,VOL=SER=LIBA00
//8Y818 Dp *

(source language statements to compile)
/i
/l

The Job is named TEST; the FORTRAN compiler named as IEYPORT
i3 executed in a Job step named FORT, PARM ipecirlcc the
parameters SOURCE and ROMAPY to be passed to conmpiler.,

//8YI8PRIRT DD SYSOUT=A

EYSOUTwA defines a print date set. The SYSOUT
keyword instructs the system to queue the output on direct
excess storage. A is the class of output devices defined
by an installation, traditionally, SYBOUTsA is a printer.

The SYSLIN DD card defines & data set on direct
access device 2311 volume name as L1BN0O, DSNAME specifies
the name of the data set MLOADST with disposition HEW and
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PASS which says that after the jJob step FORT the data
set LLOADST to be kept for the use of next job step
(say linkage). The dats sets with first character as
4" are temporary snd ﬁcl}nd by the system as soon as
the job is over. The SPACE parameter tells adbout the
space to be allocated o the data set.

SPACE=(80,(200,100)RLSE) reguests 200 blocks
of 80 bytes esch with an increment of 100 blocks for
the secondary allocation 4in case the primary sllocated
space i3 full, maxinmum 15 secondary allocations can bde
given to a data set., RLSE relsases &ll unused spice vhen
the dats set &8s closed,

The DCB(Data Control Block) gives parameter for
the data control dlock vhieh is & table of data in core
that descridbes e¢ach datas set used by the program, The
DCB parsmeters sare LRECL (logicsl record length), BLEBIZE
{(vlocksise), BUFNO (Number of duffers) and, RECFM (record
format). .

//8Y81¥ DD *

The asterisk (*) ix a speciasl code telling the
systenm that data cards immedistsly follow the DD ecard.
The end of the card deck is tndicated by /* card,

CATALOGED PROCEDURE

JCL statements direet the operating system on
the processing to be done on s job, and describe all I/0
units required, ©Since these JCL statements are numerous
and complex, the cards for frequently used procedures are
kept on direct storsge as a member of proeedurs lidrary
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naned B8YS1,PROCLIB, The user invokes these cataloged
procedures by giving the system the name of the cata-
loged procedure rather than subaitting the JCL cards.,
Por example, a FORTRAN compilstion linkege and execu-
tion job contains as many as 20 JCL cards, rather these
statenents are cataloged with a name FORTCLG., With use
of cataloged procedure the JCI cards reduce to

//TEST JOB

// EXEC PORTCLG
{the YORTRAN compile, link edit, go procedure
is invoked)

//PORT,.SYSINX DD @

[ source deck ]

/l

//60.8Y8IN pp ¢

[ data cards ]

/!

//

¥hen a procedure name is found in JCL statenments
the systen searches the procedure library and the JCL
statenments are substituted in place of the procedure
nane, taking the parameters as specified with procedurs
nane,

The procedure is defined by enclosing & set of
JCLs between PROC and PEND statexments., PYor examples

//RUE  PROC NAME=LIB1
//STEP1 BXEC POM=OXKE

/1A DD DSNwANAME, «==
//STEP2 EXEC  PGN=TWO

//B DD DEN=ANAME, -=-
/ PEND '

This procedure is catasloged in system procedure
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library by adding it using the utility IEBUPDTE, When-
ever the procedure ig referred as

| // °  EXEC RUN
in the JCLs, the procedure is substituted with each
appearance of the symbolic parameter &NAME an-igning 3
default value of LIB1l, One might override this default
for a run as

17 EXEC  RUN,PARM=USELIB

Each sppearance of &NAME in the procedure is replaced by
USELIB,

PROC-!GR EXTYOR PREPROCESSOR
The complete process of translation from EXTPOR

program to the execution may be divided into the follow-
ing four Jjob steps.

= Preprocessing
Compilation
Link Edit
« Execution
To perform these Job steps, separate sets of JCL
are defined, These Jjob steps constitutes a procedure
called PORTPCLG which is cataloged in procedure library
8Y81.PROCLIB, This procedure can be used to perform all -
the b steps. In all & procedures are cataloged:
FORTP ~For preprocessing an EXTFOR progran,
PORTPC  «~For preprocessing and compilation of an EXTPFPOR
program,
FORTPCL ~FPor preprocessing, compilation snd linkage
. edit of an EXTFOR program,
FORTPCLG-Por preprocessing to execution of an EXTPOR
progran, |

]

t
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APPENDIX C

08 =~ EXTPOR INTERFACE AND OPERATING PROCEDURE

The PORTRAN source of EXTYOR preprocessor is
compliled under the local 08 environment., After linkage
e¢dit the load module which is nov in executadble foram,is
stored permanently as & mexder of processing progran
1idrary of 08, The load module is preferadbly stored on
the fastest device avallable, A temporary data set (file)
is allocated each time the EXTYOR is loaded, to store the
output of EXTPOR. The PORTRAN reads the input souree
(output of EXTFOR) from thés temporary data set; rest
of the procedure 1a'qnne as folloved for YORTRAN compila~
tion,

The EXTFOR developed has bsen interfaced with
08«MFT on EC~1030 System at ORG Systems, Baroda, The
EXTPOR load module (JPPREPRO) is stored as a member of
livrary P.LOADLIB on diresct access device 2311, volunme
serial no., LIBL0O (system pack). .The temporary data set
ASRCSET on LIBAOO is sllocated to contain the output of
EXTFOR, The FORTRAN compiler, which has IEYFORT as systen
nang takes the further processiang as desired by the user.
The followlng procedure FORTPCLG is defined and cataloged
to preprocess, compile, linkage edit, and finally execute
the EXTFOR source program.



/ /FORTPCLG
7

l/

/]l'

/Iil

/ /PORTP
//8TEPLIB
/772067001
//SYSPRINT
//7ro17001
/[.'

/ /77037001
//

/7
//

l/n®

//!i
//rore

/]

//
//BISPRIN®
//8YBLIN
/1

//

PROC NAMEw'?'NANEaMAIN''' SOURCR=SOURCE ,LIST=NOLISY,

DECK=NODECK ,MAP=MAP,LOADLOAD,LCET=, , ,LINRCET=50;"",

LIREF=XREF ,LLET=LET ,LLIST=LIEY?

BTEP TO PREPROCESS THE EXTFOR SOURCE PROGRAM .
RXEC PONw=JY¥PREPRO,COND=EVEN,PIME=2

DD  DEN=P.LOADLIB UNIT=2311,DISPaSER,YOL«BERSLIBAOO
DD  BYBOUT=A

DD SYBOUT=A

PD  DDNAME=BYBIN

EXTPOR BOURCE ON CARDE .n

DP DBX=ASRCSEY ,DISP={NEW,PASS),UNIT=2311,

SPACE=(CYL,{2,5,1) ,RLER),
DCB={ RECPN=PB ,LRECL»80,BLESIZE=1600) ,

YOL=SER=LIBAOO

STEP TO COMPILE FORTRAN CODE oe

RXRC POGMIEYFORT,
PARN=( ANAME, bSOURCE, SLIST, 4DECK,
SMAP ,ALOAD ,ALCNT) ,COND»( & LT ,FORTP)

DD  SYSOUT=A

DD  DSNAME=ALOADSE?T,DISP=(NEW,PASS),UNIT=2311,
SPACE={80,(200,100) ,RLSE),DCR=BLKSXZX=80,
YOL=SER=LIBAOO .
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//8Y818

//

[/i!

//Il

//l'

//Q‘
//LXED

/7
//BYSPRINT
//8YBLIB
//8YSLNOD
//

//
//8Y8UTY
/l/
//8Y8LIN
//

//a0

L

/ /72037001
//72017001
/772067001
1"

DD DERAMEsASRCSET,DISP=(OLD,DELETE)
DDNAME=SYSIN

SYSIN I8 DATA SET NAME USER CAN CONCATEXATE .

VITH PREPROCESSOR OUTPUT se

LINEAGE EDIT STEP :@  o#

EXEC PGM=IEVL,PARM=(SLIXRXY,SLLE?,SLLISE),
coxp={(k,5LT,7ORTP), (b, LT ,FORT))

DD  SYSOUT=A ' ' |

DD  DBNANE=SYS1.FORTLIB,DISP=SHR

DD DSEAME=AGOSRY{MAIX) ,DIBP=(NEW,PASS),UNIT=231),
SPACE=(102%4,(20,10,1) ,RLSE) ,DCB=BLESIZE=1024,
YOL=SER=LIBA0OO |

DD  DBNAME=ASYSUT1,UNIT=2311,8PACE=(1004,(20,10) ,RLSE),
DCB=BLKBIZE=102N , VOL=SER=LYBAOO

DD  DSNAME=ALOADSE?T,DISP=(OLD,DELETE)

DD  DDNAMR=SYSIN ‘

EXEC POMN=®,LKED.SYBLNOD,
coNp={ (& LT, PORTP) , (b, L7 ,PORY), (4, L2, LERD)})

DD  SYBOUT=A

DD  DDWAMNE=SYSYN

DD  SYSOUTsA

PEND

138
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To execute the EXTPOR program following set of
JCLs is5- used:

//30BNAN JOB..

/- EXEC YORTPCLG
//PORTP,8YSIN DD *
[RXTFOR mource cards]

FA

//60,8YsIN DD *
[input card datal

]

/

User can have EXTFOR source, the input and output
deta files (data sets) on any media, PFor source, the DD
(Date Definition) card with name FORTP,SYSIN is replaced
by DD of data set on which the source progranm exists,
G0.8YSIX DD card defines the input file. The input/out-
put files can be used in program with DD definition as:

//G0.FEnnP001 DD operands

The nn &5 the file reference number used in the program.

Hovever, user can define his own set of proce-
dures and dats set definitions to fit his requirements
and 08 enviroament,

-

Polloving: : i the ' . > EXPPOR sample program:i



IeF387 DIRECT SysulLl=aA.
//75AMPLET Jud

/7 EXEC FURITFPCLG
//7518tw LU &
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*x  STATISTICS AT PRFPROCHESSOR LFVFL

0 DTYAGNORTICS GENMERATED
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IEF27%] STFP ([/FnRTP / START ad%a%,. 1408
IEFR741 STFR /FnRTR / 8TNR RNZH3 1409 LPU GMIN 13,858SEC MAIN 54K
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NC EC FURTRAM 8T  SA~10,74 M&TH DATE 2R.,12.80(363)~14,09,33 PAGE 0001

AL ESEEERELEEEESS SRS SRR REEEEES RS RS R R R AR SRR RS EEERE SRS RS E R

r THIS PROGIAM SOFTS A SEGUENCE NOF N NUMRFRS USInG SHFLL SORT METHOD *
o TLLUSTRATES USE QF FOR,WHILE,NO,REFEAT AND RREAK STATEMERNT *
C*********************dc*k*i:***t********‘k***3\-******************************
C

0001 INTFGER A(RD)

000> ' REAT (1,10 N, A

Gnox CALL SHILSRT (A,M)

00oua NREITE (3,290) A

60085 10 FOQR¥AT (2113)

0006 20 FOR=AT (1H 20X, '"THF SORTED SEQUENCE TS5t/
} * 14 ,20X,10I8/7214H ,20%X,1018)

0007 3TQR .

nO0A LMD
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0C EC FURTRAN ST 56-=10,74 MATH

SUBRPROGRAMS CALLED
Y MBOL LOCATION SYUROL LOCATTION 3YMROL LOCATION 3YMBOL
ACOme af SHLSKT 94

"SCALAR AR
Y4R0L LOCATTION 8Y +3JL LOCATION SYHMROIL, LOCATION SYMRDI.
I X4

ARRAY aAp
YMBOL LNCATION 5Y «R I LOCATTON SYMBOL LOCATION SYMBOL
Al

FORMAT STATEMENT MAP
Y MR QL LOCATTON SYSRGL LOCATION 3YHMBROL LOCATION SYMROY
10 £ 20 FA

*QPTIONS IN EFFEGT®  IN,n&nI,S0URCE,MOLIST,NODECK,LOAD,MAP

*OPTIQNG N EFFECT» fAME = MATH o LIMNECNT = 590
*STATISTICS+ SOURCE STATEMENTS = 8,PROGRAM SIZFE = 494

*STATISTICSx ND UIAGHNSTICS GFHERATED
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DATE 28.12.80(363)=14,09,33

LOCATION

LOCATIDON

LOCATION

LOCATION

PAGE

SYMROL

SYMAQL

SYMBOL

SYMROL,

0002

1.Og

Loc

L0¢



NC EC FOYTRAN

0001
0002

5003
0004
0ng%
G00aA
0og7
Jg008

0009
onN1n
0011
0012
0013

n0ld
0015

D0 LA

0017
0018
0N19
0020
0021
0022

0023
pnza

002s
2026

0027
ones
a029
G030

8T

C+

20000
qgdu01

afQhpR

+
Q0004

o+

30008

n+

-

L+

Qnole

[ d

90069

afQ1@
i

30006
goGo7
r+

20003
0005

S6=10,74 SHLSOKRT

SUBROUTINE SHLSRT (SED,MUM)

THTFGER SEJ(20) ,411M,0I8T, TEMP

FOR (DIST=sd? (DIST LT, MNUM)EDISTRDISTHDIST)
NISsST=4

IF(LHNT,(NISTLLT . NUM))Y 6O TO 90002
DIST=NIST+DIST

GO TO 9n000

COnT INYF

DIST=N[ST=]

AHTLE (NIST.GT.1) DIST=DIST/2
IF(.NAT L (DISTLGET 1)) 60 TG Q0005
HIST=NIST/

NDEMUMSDIST

G eongs XK=1,8d

13K

RESEAT

CONT INUF

JEI+OTST

IF (SESLIY.LELSESC]Y)) THEN BREAK
TFL.NOT (SER(T)LLELSEG(J))) GN T ange
AREAK

G2 TH 90010

COAMTINYE

TEFMPZSEN(T)

SEQ(IY=8EQ(d)

SES(J)Y=TEMP

(21071587

UHNTTL (T.GE.1)

IF(T.5E,1)
*G0O TO 9000k

CONTIMIF

END

CONT [rF

COnY IMNGE

END
G0 TO 9n(0yg
CONT [MF
AETURM
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DATE 2R.12.80(363)=14.09,33

4+
++
>+
L g
++

++

++

++

++

+*
++

++
+ ¥+
++

++
¥

+*
++

PAGE 0001



SYMBROL
DIST
J

SYHRBOL
SEQ

*OPTI0%S M EFFECT#
*OPTIOMNS ™ EFFRCT
*STATISTICS«

FORTRAN ST  5e=~10,74 SHLSRT NDATE 28.12.80(3%63)=14,09,33
SCal aR AP
e e Lacaron SYMBOL LOCATION SYMBOL LOCATION
Lo e £0 N E4 K E8
cn TEwR Fu
ARRAY «iAP
LocATIaN SYARDL LucATION 3YMBOL. LOCATION SYMROL LOCATION

£ R

IN,0K01,80UPRE , NOLIST,NODECK,LDAD, MAP
HAHE = SHL3RT , LIMECKRT = 50
SOU~CE STATEMENTS = 30,PROGRAM STZFR = 724

¥STATISTICS* MO DTEGHASTICS GENERATED

*STATISTICS

NO DIARHNGTICS THIS ATFP
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PAGFE 000P

SYMBOL
I

SYMROL

L.C

L.




' START a03%63%,.1409 ) s ,
IEF3;5§ Sizi f§:21 ; c;ﬂp 50362,1409 CPJ  OMIN 12,84SFC MATN 106K
IEF3741 STE £nw 8
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IEFZ73T STER /lLu«Fyu / START a0363,1409
JEF3741 STFr: /L «Fi / STae 93631410 CRU OMIN 07,683FC MAIN 68K
//7G0.8YSTN 0 &

THE $NRTEN SENUF.CE IS
2 z 4 7 8 8 21 32 35 59
62 8% 95 123 236 365 532 568 SRL 986
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IEF3731
TEF3741
TEF 3757
IEF3767

RTEP
STEp
Joe
Jor

/G0
/5N
/SeMRPLED
/3aMPLEN

NN NN

START
3TNP
QRTAGT
STOR

RO3A3 1410

26343 ,1411 CPU

R03p3.1408
20363,.1411

ceu

OMIN NE.T7HASFEC

QUIN

37.868FC
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MATM

48K
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The EXTPOR preprocessor gives error messages in the follow-

ERROR MESSAGES

ing formats

The text of the message nay be any one of the followiang list,

Code
1

chssagy) J¥PummI text of the unessags

an « the gerial nuaber of error in ths current state~

ment.,
num « the error code nunber,

Message Text

WARNING-=LABEL ILLEGAL EERE _
In some 0f the EXTFOR extended features the statement

label is not allowved, for sxanple labelled ELSE, UNTIL

parts of control structures.

IF¥ (ANOET.GT.1000) THEN BREAK
10 ELSE INTRST = (AMONTSRATE®YRS)/100
The statement number 10 with ELSE 4is not sllowed.

t(' - MISSING
The condition part of IF¥, POR, WHILE, UNTIL is not
preceded by *(°*,

UNMATCHING *('8
The numbder of *{! and ';* are not same in condition
part of the control structure. For example

1y ((Laswc.Lr.?e).Ann.(c.nn.nnanx).mn:u
TOKEN(I) = C
The $ points where a ') should have been to mateh
the outermost *(?,
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UNRECOGRIZABLE STATEMENT

The current statement has the first symbol as »
valid keyword dbut the rest of the statement results
an unprodicutublé syntax.

T00 MANY NESTED *YOR' BTATEMENTS
Naximum of & nested 'FOR' are alloved,

SBYNTAX ERROR IX *POR' STATEMENT
Belf explanatory.

P00 LARGE A CONDITION/STATEMERT
The maximum length of a condition or s statement
is 1254 characters.

CONDITIONAL *END/ELSRE/UNTIL®
These keyvords should not be used in the conditional
part of a econtrol structure, JFor exanple

Tp (x(X).LT,0) THEN END
ELBE UNTIL
UNNATCEING ELSE/UNTIL
Self explanatory
Exanplet

IF (1.2Q.10) THEN BREAK
Awm2

DO I=l,5

B{I)=0

ELSE =« errorx

EXD

UNEXPRCTED EXD OF SUBPROGRAM

The source text is over or a nev subprogram has
appeared in the program without the matehing END
for WHILE, DO or BEGIN structures in the previcus
subprogran,
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ILLEGAL LEVRL SPECIFIRD
Phe level in BREAK or NEXT statement is not
positive integer. Yor example

BREAK = §
NEXT A

FORTRAR *'DO' STATEMENT ILLEGAL HERE

The FORTRAN DO statement i: found Jjust after THEN
or ELBE in the 1Y statement or in FOR statement
vhich iz not alloved in EXTPOR,

BREAK/NEXT ILLEGAL HERE

The statement BREAK or NIXT is encountered without
an enclosing loop or block structure.

SYNTAX

The error message points to the symbol in the
statement by a "$" vhere the error is encountered.

Yor errors at FORTRAN compilation level, refer to the
. FORTRAN manual.

At the end the EXTFOR specifies the number of

errors encsountered during preproeessing the source program.
The nessage in

#® STATISTICS AT PREPROCESSOR LEVEL %

nnn DIAGROSTICS GENERATRED
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