A PFORT Preprocessor

Peter Y. T. Chan

Department .of Computer Science
University of Waterloo

Research Report CS-76-34

June 1976



A PFORT PREPROCESSOR

by

Peter Y.T. Chan

A thesis
presented to the University of Waterloo
in the partial fulfillment of the
requirements for the degree of
Master of Mathematics
in
the Department of Computer Science

Waterloo, Ontario, 1976

{©) Peter Y.T. Chan 1976



ABSTRACT

This thesis dascribes the dés!gn and implementation of
a complier which has portable Fortran (PFDORT) as Its target
langn=2ge, A thrase-structured language is defined which
facilitates the wrtting of wel l-structured, easiiy-
under stnod orugrams and a table-driven translator, whose
target language is portable Furtran., The translator Is im—

prtemantad using a compiier-compi lar.

Butn the desian of the source language and its
tmplenenta*iur are done with portability objectives in mind.
The source language constructs nave been chosen iIn such a
way that the translated Ffurtran output Is efficient and
highty resacab's, The languags can be enhancad by simply
adding or c¢hanging a few preduction rules and the cor-

respruding serartic routines,

It is felt that a fortran preprocessor, besldes
oraviding better cuntrcl structures for the languags (which
are trivial vo lmplemant), should remove ths difficulties of
usiti13z a portabls subset uf‘Foriran. A number of problams
arijsas durifia the implementation of the prfoprfocessor.
Howevars it s fsaslibile and usaful to have such a too! for

por*ante programming,
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INTRODUCT ION

1. Introductinan

Portebllity 1s desirable for tnz easy =axchange of
pranr ams between paople or Instltutions and a decrease in
the expznses nf mo&lng pregrams tu a new machline, Portable
programs are mofe aconcmlical because they do not need to be

svt:nssvely ravisad by hand to fit a new computer system,

Automatie translevorss uocompilerss, standardizatticen of
tanguagaes ano machlines, and portadle compiftears that can be
bootstrappad onto & new machine using a macra pProcessor ara
suggeztaq maet hode for overcoming the great diversity of
machines and proaramming ! anguagses, The most axtensive and

succascfu!l wurk 'n standaraization has heen In Fertran,

Fortran has many deficiencies, The control structuraes
are pgot, Thare Is no statement groupling ability: the IF
statenent is primitive and there can bs no ELSE part; the
Furtran D0 tuno 1s no bhaettary, 1t restricts the user to going
forward in an arithmetic orograssion with a minimum trip
cnuit of one, Programmers hava to use a different bullt-in
function name for each argument type, Mixed mode uperatlions
between Integer and real or douole precislon operands are
not altinswed., Thars are many other restrictions (especially
in ANSI Standara Fortran) which make pruagramming in Fartran

difficutt and the source code hard to rsad.
A program writtan in Furtran Is not necessari ty machine

1.1



INTRONU~TION

ind:pendont. Fvary verdor {and many Instaitaticvns) writes
Its own compller winlch doas not complle the same language.
Loc2l modifications ~af. Fortran have bsesen made in many

instaliations to remove some of the daficisencles.

r ths other hand, Frrtran has been Ltha most widaly
usad scientific prograuming lanquage., 0One reason for this
1 Lhe advanced rdevelupment of Fortran compiiers. Other
reasans Include the exlistoncse of subroutine librarias, the
aveitabillity of Fortran on rmost computerss and thes fact that

Fartrap s the most ponrtable 1asgquags currentiy available.

Fxtansive workK has vesn done on standardizing Fortran
te eohance the portabi llty cof programs written In Fortran.
TJo ald in dateraining whether a Fortran proaram is reaily
written in a portable subset of Standard Fortran, the PFORT
verifler (see Rydsar{1974)) has Deen written to check for
syntax errors and Inter-pragranm comamunications, which |In—
ctudes improper matching of actual arguments with dummy
subrout tne argumzntss recursions, and unsafe references.
Howavers prograiaming in the portabls subset of Fortran iIn-
velves disciniline on tne part of the grogrammer and a

thornugh knowlsdgs of evactly what "Standard Fortran®” lIs.

This thesis presents 1has design and implamentation of a
comonijer which bas portable Fortran (PFORT) as Its target

fanguage. Ths proposed new ianguage, called JOTS, Is by ngo
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means ficant tv be a perfact programming tanguage. Many
"dasirable" features have besn omittec for varlous rsasonse
How3avsrs ths language is stiilt rich ancugh to facilitate the

writing of wWweil-structured, sasily undersiood procgramse.

JOTS greattly raduces the burden in producling portable
softwar e. Readabls Fortran cutput is produced so that |t
can bhe used a5 a basis for code maintenanca by the  user.
Tkis was suggested by Malcolm and Rogers (1974); Howaver,
another way Lo maintain a program deveioped with the aid of
a Fartran opreprocessor i1s to transport the preprocessor
source code =2long with the prepfocessor itself, The
ptaprocassur has been Impiemented using the YACC compiler—
comp: ler system (see Johnson (1975}) on the Honaywell 6u60.
The Eh languanga (c88 Braga (1976)) has been used for writing
ot the scticens and support routinss., The preprocessor is
poruable if it ¥5 impismented using a portabia system. The
descision for choosing En for implementing the JOTS trans—
fat~r tas been Influencec by tha work done by Majcolm and

Sagar {(19¢5),

In thelr project, they have designea and implemented a
portable et of systems <software on several machines In-
ciudirg the Honeyweill 06U60. As the first part of the
projects they heve de<igned and iaplemented Eh which will bs
“commoin to ail machines, Wnile a high=levsl larguages does

not guarantee portability, the prime desian criterion for Eh

1.3
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nas heen toc Insure that It will permit and sancourage

portable proaramming.

cgetivns A1 and 6.2 glve a detailed decruption of the
impilementation procedurs, Since Eh is portables the JOTS

comeller Is portable,

Detalisd das ign objsctivas for JOTS and its preporces-
sor ars cutiined in chapter 3. TYThe JOTS language descrip-
tlop ie in chapter 4, A numher of oprcblems arise in the
implementation of sucn a praprocsssor; these problems are
diseussed in chapter 5. Soiutions te these problems and

other Imniementation details are dascribed In chapter 6.



REL ATED WORK

2. Review vf related work

Gales (197%) suqgests techniquas for structured
proarammlng In Fortran wiith no preprocessors Ths technlique
fs timitad vo those Fortran compliiers which psrmit comments
Lo ve appsnded to a line of exscutable code, It involves
the careful coding of Fortran uysing a rigsd style. To do
this more efficiantly and to ctiminate errors, ths transla-

tivn precess can be dautomat ed,

Most Fortraa praprocessnrs altm at adding "disciplined®
control structures to the Fortran language, The ccontrol
structures fncluas statement groupings, altsarnative con-
strucﬁs: iteratinn cnnstructs, general multiple level exits,
intarnatl procadures and macrass, Ths extenced Fortran con-
trol structures of twenty preprwcessors are discussed in

Malssner (1975),

Moct Fartran prepfocessurs are Implemented as trans-
lators which examina sach statement of the soufce prugram to
ses »f It Is an extanued sfatemant (a statement valid In the
praprucsessor tanguags bui not'in Fortranl. Tf i1t is recog—
nized as an extended statement, the transtator generates the
cofrasikonding Fertran statements, 11f the statement s not
recognl zed as an exteanded statement, the translator assumes
It must bs a Fortran statement and passes 1t through unal-

terzd. Thus *he translatur does not restrict the wuse of
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For+tran statsments and compilar-dependent constructs are al-

jowad.

The puoftability of orograms daveloped with the aid of
these freprocassnrs Is semewhat enhanced by porting the

Freprncessors thamselves, when that is possible.

Folluwing Is a dliscussion of the weaknesses in most

orenfOCces5S0rs,

Syiivax errors

Fortran syntax efrurs ere not detected by the trans-
fator but by the local Furtran compilter which then prints a
message in terms >f the generated Fortran, In some cases
this may. be difficult tu relate back to the oftending tins
in .ne original scurce, especially if the Implementation

concials the geonerated Furtran.,

Readability of sourre program

Many preprocessors allow oniy flxed—form input as In
Foriran, Numeric tabels are used 1in the source by most
prsprocessors suv that the srurce is somstimes hard to read,
In most prfemsrucessorss variable names are Jimited to a
langth of at most six characters. A fow preprocessors (as
well as many fFortran compiters) ailow longer variable names

but truncate tham to six characiers duf ing the input phase.
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Paizdabjlity of nbject Feriran code

Mocst preprocessors consider the object Fortran cude to
be uszless for codes maintenanca and debugaing purposes. The
nemsratea Fortran cua: s unraadabts, Comments are not

copied Lo the object fortran code.

Portabtaty ot source programs

Non-standard fortran statsmants are eallowed in all
[reprncasssurs (known at tke time of this writing) so that
tha opDjert Frrtran coda may not be pecrtahla, However:
cevsfral preprocsessors havs bean designed vc be portable, It
shoula bs noted *hat aven when a oreprocessor s portabl e
proqfrems develuped using this orsnrocessor ara not portable
Since seme Fortran comp:lers may noet Suopori the non—
st andard Fortran cunstructs yséea In tns prograns nrocessead

Dy thae Frsproressor,

Implamertac.ior weaknasses

Mo st of tha preprocessors have impiementation
w2aknasses, For cxamp te, programmers must remembar which
ranges nf nuimeriz lahels wour what forms of variables are
gen:rated by the transtater so that theres will not be con-
tfiicts betwesan user defined varlables and translator
gensrated variables, Mot of thess rtestrictions arise
becayese the nreplfucassors dfe implamentad as simple—~mindad
transiaturs foften macro processors) rather than cnmplate

complilers,
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Raifor fwes Kernighan (1975)) is an exceptior to many
{buy" nct ali) nf the above opsefvations. Since Patfor has
rDjectives slmisar to those proposed in *his thesis, vt s

chocan to be discussed here.

PATFOR

The Patfar 1anguage (Ratlonal Fortran) Is Fertran ex-
cent for Lwe a:pécts — the runtrol filow structures ana op-
ticins to bypass seame "irrationzl™ restrictions of Fortran.
Tte contrn) flow aspect inciudes statement groupings, I[F-
ELSE statenentss DD stetements, BREAK fur dsaving a loop
aarlys NFEXT for begiruing the naxt 1terations WHILE state-
men.ss and FOx statemants, Ratfor also incluues uptlions for
fFraz~form inpuls transiations of quuted strinags into Stan-
dard Furtran Hollsrith constants, and translations of com-—
Fartson opearalors iate corraspanding Furtran operators (for

evamp‘ﬁ H)" {-0 'I‘GT.ﬁi,.

Ratfrr was dzvelaped using the UNIX YACC compller—

comnj ler, tt s wrltten in Ratfor and hence It Is portable.

However, RPatfor stttl has many weaknesses.

The grammar includas, in addition to rules for the Rat-
t.r statementcs A fulu which assumes any unrecogntzable iine
of code s a Fortran statament, Such unrecognizabile state-

nents are s2ccepteu and passcda through, Patfor allows free-—
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form input nu*t has some juwplemsntation weakiiessecs, For eax—
amptar, he continuation eccnvention in Patfor is that wnen a
tine e~rds withi a slash */' it is continued, since ithe slash
i oprobably an arithmetic operator., But tne Fortran DATA
statanent also ends wlth a slash, Thus one must tarminate
aach (DATA statemsent* in 2 Ratfor pruogram with 8 semicgion.
Fortran syntav arrors ara not detsciec by Ratfor bhut by the
I2cal Fortran compiler, The obiact Furtran coce generatad

by RPatfecr is unreadable,

The destign and implamertation of the Fortra:n preproces-
scr wsscribea In this thesis alm at both the ponriabitlity of
the fortrain vutput and the portability of the oreprccessor.
The trarcslatur le iwpiemertad as 2 complste complisr so0 that
Aefic lancigs and rastrictions uf Tartran can be bypassea at
the same tims, The Fortran vuteut is highiy readable. Thae
compiiar also datects all syniax errors. A Fof&ran orogram
that has besnr translatad frum a scurce program with no syn-

tax erfrors Is frag from Fortran syntax serrors.
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3, Nosign objectives

With the motivaclon ceecribad In Chapter 1 §a minds the
des:ian orjusctivas for a portable Fortren oreprocessof ara

dlscus~ed In this cnhapntoear,

2,1 The source language

Well-chessn data *ypss and control structures should be
useu sSubgymct=2c to *he restriction that the transiated For-

tran ~utput snoutd bhe readable and purtable.

funﬁrol Structuraes

Sama means J>f statement grouring is neaded. It Is as-
egntial %o nave alternetive constructs and iterative con-
sttucts, A smll set of control structures which is rich
anouwgh Ly facilitats ths wrliting of well—structured easily—
anders*toud programs and cun be translated intn reacabte For-

tran cowey shuuild be chusen,

Since he Fortran DO-1gop has = mihaum trip count of
vhNos 1t Is unwise to incluue 31 source language DO~loop that
is *to be wrarstatsd directly to a Fortran DO-tocp. Entry
}polnts_ in ithe middle of a subprogram unitt often make the
cantrol flow nard to understand., The sourcs language sheuld
force a prfogram unit to heve its only entry at the top and

1ts anty exit at the bottom,
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Sourcs proaram readability

Sgurc: Inou* *n ithe praprucessor snould be free-form.
The ~omment cunveptior should allow comments and code tu co—
evist on th. sams Line to allow remarks. The use of sym-
butec ccmpar.<lon operators (sach as ">" apnd "<=") instead
of Fortran operatars (such as ".AT."™ and ".LE.") makes the
cocde nrofe rzeuable, 1 oORg tdenti faer names {(more thaﬁ 5]
characiers) should be altowad for readabillty ana to en-

courage se!f-comnantina cede,

Ke ywor ds for the snur cs danguages shuuld be reserved to
haio the rcadability of the source programs, Many compitear-

compiters (lInciuding YACC) require keywords to be reserved.

3.2 The ®ortran output

In order that the Fortran outout Is portable, the ANSI
Standard Foriran (1964) and the PFORT wvartfier should be
usad tou determine tha portable subset of Fortrar thai is to

he used,

The Fortran crde should be rasacablsz. Spaclngs batween
Lperators and ooerands help human readsrs obssrve the
nrecadencas of opesrations n an sxpressinn. Indentations
help to unuarstand the statement groupinas and cchtrol flow
of tnhe program, Tha Forwran code ls more readable +f 1t s

formatted tn revaal tne centrni structurses of t ha soufce
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cods as close.y as pos<ible. Neat ly transcribed comments
ars a3 sentiag for rsadability, fdentifiars in the sourcse

shautd be maprec Into unique ind "rzadabte”™ Furtran names.

A fururan orogram prodJced oy the transdator frum a
sourc: preuqram with ny uatectsd arrors should be free of

eyni1x orrors when It is processed by a Fourtran compiler.

For ar; gxpression a%*b*¥c, sume Fortran compliers
gen=rat 3 code surh that a*b Is computed first, while some
sptimizina F . r*ran complilsers may generate codg so that b*c
is computad f rst, When fluating point arithmetlc 1s cocn—
si1dered, operatlions such as aultipnlacation and &addition are
nuot assmclavive, Motaover, furction cails often have side
sffects. Henee different rasults far such an expression may
be vroduced when the same porogram Is complisa anc executed
vn diffarent machines. Tn order to avoid this, exprassions
In the Fortran output shoulc bs fully-parenthasized to sen-

sure 8 specific order of evaluations,

3.1 The Lranslator

The transiator shoulc ©0e portabiz, The *reanslator
should deitect all syntax errors and soma of the cemantic er-~
rors in the source progrem, Paadabia error messages afe
useful, Comosler optluns such a. symbasl table dump and

seurce prograa listinn are aleu usefult, Provisiuns should

3.3
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De Made to allow 3 grogrammer Lo turn these optluns on or

off.

with tha abcove desian objoactivess it ds clear that tns
crerrucessor mUst be large anad complicated, To prfogram In
the Fartran pnrtable subsst ¥s ofien considered to bs a dif-
ficutL tacsk, In ad4stion, Fortran s not a very good
I anguage chnoics for fapiementing complilers; ana tha
resuiltinn executton madul as tend Lo be considerzbiy larger
than these ~f a gnoud systems implementatior languane.
Hences Fortran wiyuld be a pour cholce fur the |mplementation
of tne preprocessor. Ths edvanced technoulogy cf compijer~
cempiiers simplifias the imeleamesntation of a pteprocessofr
and such preprocessorce ars caslly modsfieds The tranmslator
should be Iimnpisaented usiing & poriable systems fapiement a—

tjon larguags to achlsve portabl lity of the preprocessor.
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4, |l anguage Description

Tre gramnar of JOTS, written In a Backus Noermat Forms
prodiyces an  LALR(1) language. Hence the languag€é can ba
parsad from 12f* L0 right with a focas lvokahead 2f at  most
cue symbol. The compilar has been implemented using tha

compi ler-compiter YACC (see Johnsun (197%})).

4,1 Natatlion

'n the fotiowing descrintion of the grammar, Lhe term
"list® is normartly wused to danote one Oof more items

saparated by coammas or sewi—colons, fur example @

Cetmt listD itz {stmto>

! rstmt 1istd> 53 <{stmt>

and
<idantifizr list> 1:= Cjuentifioar>
! <identifier List> » <identifierd
For nractlcai rz2asurs, the orammar is writien with a
substantiel numbar of abhraviatians, The fotiowing Is =

cummary «f them 3
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arith arfthmetlc
ar q argument
AUt O automatic
dael declaration
descC Aasefiptor
arr artror

avne axpoiient

s Ard sxpressiun
exLrn axternal
fcn function
fat fcrmat
head taading
init initial

0P nparator
oF optiun
caram parameter
naren parenthesis
54 me statemeani
"GP Qi subprogram
subr subrouutine
var var ! abile

<amoty> 16 usad to dermo*s the nuil terminal symbol,

Unlecs stharwisa specifiasd In the patticulear section,

111 occurrenc:.s uof the symbuli " within a syntactic rule
renrasenits arny of the fuillowlny words:

inteaqger

raal

lwnareal

string

isaical

ror exauples thsa arammar rule

<V var>

s
..
L]

T atray desigliator>

correspunds to

..
.
H

{integer var>
<rcal var> HH
{l~ugrens var>
<s3tfting var>

<loaleai var>

<integer array designator>
<real array designator>
<longreal array designator>
{string array cesignator>
<loqgical array designator>

as AT 4q ®
ae ** o
L}

. u
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The description of tn: qrammar is given as a set of

productignss the iun-tarminal <orogram> is the gual symbol.
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4,” Vecanularys lzxlgal tokaps and avntactle antitlies

4,2.1 Vecatulary

<tatter>

ceharac . afr> HE

<{digit>
} <psaude digit>
! <special symbol>

{ <quote>

{tetter tsz= A bt ettt FLG L H YT

<Aialt> = 0t 121314t 516t 78109

H

<pseaqdo dialt> =

<special symbul> PSSR D T R T R TS R S S NS S BN

<quoted> 1oz ¥

"y Hden.otes Lthe blank character, The faxicographicat
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wrdor nt the rharactars 1s as foilow?

Wt gy () k4, - 0 0123 4567809

.
..
A
L
v
v
53]

ABCDEFGHI JKLMNDPQRSTU

VXY 71 )abecdefagat: jkiImnoparstu

With tns exca2pilupr ¢t characiaers Ina string constant
or cowmsnty, alt {ower case i1stters are ccnvertad into upper

case Aurina tne laput phase.

4 5
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4,.2.7 texical tekens

Speclair Lukens

/%K % 4 > < >s &= = o=

"(/" is interchangesable with "{"™ and "/)" is inter-

ctangeéable with "1,

Paser va=d werds

or

AB S ANPN APRAY ATAN REGIN CALL CEILING CDS DU ELSE END
SNNDFILTE ERR EXIT EXP EXTERNAL FALSE FLOAT FLOOR  FORMAT
FIUNC TION 507N iF IMTEGER LOG LOGLIO LO3TICAL  LONG
LONGREAL MAIN MAX MIN NOT ©OR PAGF PRINT READ REAL
PECORD RFTURN  RFWIND RCUND SHORT SIGN  SIN SKIP SORT

STRING SURROUTINE THEN TRUE TRUNCATE WHILE WRITE

AlY reserved words may be rapresented in elther upper

fowel case letiars with no intsrvening hlanks,

Tdantifier

<tAsrtiflaerD> tta {jettar>
! <identifiar> <{tetter>

! <iagentifiar> <diglt>
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1 <identifler> <pseudo digit>

ciyaent iflter tisty tt=x {faentyfier>

! <tdentifisr tist> » <identifler>

Idert1flers are restricted to lengths of no more than
16v characters. Suborogram uamas‘are restrijcted to lengths
of nu mors tran six characters, and they may rct include
psendo digits. They are referred tv as <subpgm icgentifier>

'r tater <sectiuns,

t,arrics of jdenttfiers are:
iwack ine_eps
al

input_string

Inteq:rs and real constants

<unciarad intanerd> tiw Lgrgit>

1 <unsic¢nsd Intzger> <{digit>

<signad intsaer> it= + <unsligned integer>
}{ - ¢uynsigned integer>

1 <unsicneu Integer>
<inteagzar crpnstanl> it= <unslgnsd integer>

<rsgal constant> it Cunscaled reatd>

! <unscaled r=2al> <real sxpo>

4.7
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! <¢unsicnzd integer> <real expod>

{iynscarludg raaid> t:1= <dyncigned integer> .

1 . <unsiynsd integer>

! <unstoned intager> . <unsiarsd Integer>
<raal cxpo> 1= F <slgnhsd inleger>
Evanples of real zonstants:

3.1415976

1FQ
o

E
String constant

<string crustart> 1= ' <string boay> !

{stfaing body>

.
Ll
L]

<string character?>

! <string body> <string character>

<string character> tz2z <character> ' V!

Th= langth of a string i1s defined as ths number of
¢string chearactard>s in the oody of the string. "*''" is a

strinna cnaracter reorssenting a2 single aqucte.

Fxampies:
Viohnttg sont

'Y 1gngth Is 14



4,2,3 Syntactc

The follow

ti1tiss wiit» the

LANGUAGE DESCRIFTION

antlitles

iny is a ilsting of

ssction numbers.

Syhitactic enlity

<a vear>

{a var tist>

<aujustable dinsnsiond>

{alprabetd
Carlih constant>
<ar lth op>

<arn>

<arg tist>
carray decl>
Casslignment stmtd>
<ayto array arq>
<auto incicator I
<besic type>
<pound>

<owurnid Listd
<buili=in T fcnd>
<cetl stmt>
<cheracier >
{compgaund stmt>
{contral haadd
{decl>

{dacl fmi>

<dec |l fmt ilst>
Kdari Vist>
<dszclarations>
<Higit>

adit uasc>

3 uf opt>
{ampty>

<sndfile stmtd>
<antry 1lsid>
{antry name>
<afr ort>

{frn>

<fern uecl>

<fcrn head>
cfilald width>
<fite unit>

<fmt azci>

<fmt. qroup>

{fmiv rspeac i1ist>
{fot soecl fierd

t>
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casr>
aialt
fleid

<fractivnai
CEractiunal
<fract:onal
<auto stmtid>
<identifiar>
“ldenifier tist>
it ciaused
<CiLF atmt>
<intt aroup?>
<tnit ropeat
<indy valued
<iapul contreid>
<lnput ope>
<input opt List>
<integer cunstant
<:ntegst expr>
<Vpo array>

i¢ fvea>

C1a 1tam | lst>
<lteratlon stmi D>
¢t abel head>
“tzbsl taent ifier
‘letier>
<iagliceal
<lnagicai
<l 3nical
<lonareal axpr>
‘lower rarged>
<Mmain Lrogram>
neny-arg st
<many—arg T fcn>
neawtina>
{ane-arg fcn name
<orme-arg T fend>
<sutoyut coentral D
<o utpui datad>
{naram array “danl
<oparam bound |ist
<param deci>
<parum Haci
<nrint stmt>
<programd>
{program body>
<pruar=2m unkt>
<progliam wunit
<psaudo Aiglitd>
<gquctied>

{r anqge>

<range 1ist>
{rangs specl fiter>
<ranns specifliar
renqge valyed
<read stmt>

5

L

constant
elemant>
axpr>

5

1ist>

t1s
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{real cunsianiv>
<real expr>
<ralaittonal op>
{repcat factor>
{returned expr>
<rewind stmtd>

€5 ver >

<5 var list>
<scalz: facirord
<ssgnad integer>
<elmpio typed
{simpte var decl>
<speclial symho!l >
stmtD>

{simt tist>

<str ing bocy>
{string characterd>
<str.,ng constane>
<string altement>
<strlng expr>
{string slze>
<subpnmd

<subrnm denli>
‘subpgm identifiar>
¢subpygm identifier listd>
<sybr>

<subr decl>

<sybr neac>
<{subscript>
<subscript list>
<T array dasignator>
<Y left pari>
<4iilabelled stmt>
<unscalzga raald>
<ureirgn=d Inteqger>
<uppef ranaged
Cutlte stmtd>

L
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4.3 Progranm

{program> tt= <pruaran unit tist> .

Cproaram ustt 1ist> ti= <program unit>

I <gregraa unit tist> 3 <orogram unitd>

<oragram unit> 1= <paln pragramd

! <subpagm>

Prugrai uJnits are compliied separately. Subprogram

calls ara ugssd for rommunication among program units,

A cuwplste program consisting of

als roaferanced dsubpgmds 15 called an

Evecuytion atways starts at the
main program and terminates aftsr the

statemsant In the main progr am,

4,3,1 Maip progranm

a <main program> and

exsculabla program,

first statenent of the

execution cf the tast

<maln program> ::= MAIN 3 Jgranram body> EXIT
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44342 Subprngrams

<suybpcecm> 1tx Lfend>
! <subr>
{fc~> iv= <¢fcni neaa» <program bhody>
RETURN ( <returned T sxpr> )
<suyhr > t:= <subr heaa> <¢program body> RETURN

.
ve
n

<fch heaud> <hasic tyoe> FUNCTION <entry list>

..
..
1]

¢sdhr hgaad> = SURRUUTINE <entry 1istd> 3

!} SURKUUTINE <eniry named>

e

we
e
]

<en*ry tict> = <entitry neme> ( <naram decl Ils

[ 4]
ad
Vv
—

= {subpagm fdantifier>

..
e
L

<aentry niame

Cratyrneg T 24prd> 11= LT axpr>

A suhproaram ls cefinsd axternally to the program unit
tha*t refarences 1t, <entry namad> is the symboillc name wused

to rafersnce *he =uybprogram,

A subroutins must be loagically and physicailly ter-
minatad by a "RFTURN" and thrat Is the ocnly return from the
subroutine tuv the calisng program,. Similarly a function
mus: be terminated by a "RETURN" foitowed by +he paren—

thaoized expression.
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A subprogram may not raefer to Itself eithar directly or
indirenstiy through th calling of other subprrgrams.
HGowaver, tng JNTS compiler dgasn't check this. A subroutine
caiv antly te referred tu in a calil statement, A function Is
refarred *t¢ by using I+*s entry name {In an eaxoressicn and
foli~awing it wilth tha regquirsau actual arquments enciosed in
parzntheses, Tha typs of the returnced exptessicr must Dbs
mssignnent compatible with ths daclared type of tne function

tseaz sectlon 4.5.2),

4.3.3 Program body

<przgram body> ::= <ddeclarations> <stmt ilst>
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4.4 Dgclarations in a prfaogream unit

&,4,1 Declara-ions

i

sceclarations> i: <dsc! ilst> @

i <empty>

Ccaec! sty rv = <decl list> ;3 <decl?>
! <¢daci>

fQar > 1t = <simpie var decl>

<array decid>

<subpgm decl>

! <fmt deci>

Semartics

Neclarat jons serve to assoclate tdentifioars with data

tyn.s and storage cells.,

Fvery fidentifier wused {in 23 program ynit must he
defincd, An idantifier is -atd to be aefinad if 1t satis—

fies any une of *+he foilowing:

'} a simpie vartahls — ceclarsd n a simpie variable
Aaciarst lon

2) an array reference - declared in an array aeclaration
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3) a tunctien - declarea In a function Adegciaratioun
4) 4 cubroutinas — declared in a subriutins dectaration

51 furwat varsable - cactared in a format geciaration

B

A) 2 formal parameter - decltarac 1In the parameter
weciaratinn

?) a 1abel ~ used as a iabel

AV¢ 1dentiflters, evcept adgjustable dimensiun variables
in 2 paraaater bonund list and labals must bs definad before
thay arfs ussard, A tdent iflier cannot bs defined more than

wnece,

4.*7.2 TyDQS

Y}
]

<simple typsd itz <basic LypeD

! STRINA ( <string size> )}

<bacic Lype> it = INTEGER
! OFEAL
{ LUNGRFAL

I LOGICAL

<string stze> ti= <jnteger cunstant>
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Senantics
String size must be gre=ter than zero.

Initager Type
An Integ.r datum may assune a positive, negative, or

zerd value,

feval ang Lengreal type
Pgai any lonareal uata remrssent ratjonal numbers which

may assume positive, negative, or zero values.

Logical type
A inqlcas da*tum may essumd vniy the velues ¢f trua or

falaa.

Str«nn type

A siringi{n) datum is 2 string of n characters,
4.,4,2 Stunle variabilie end array declaraticns

An array 1s a2 named ofderad seauence of 4ata. An array
eicuent 15 wune anemoer of the sequance of data anc is iden-
ttfisd by tne use of ths array name and subscript, The
nurber of dimsnsions of an array 1s equal to the number of

sptri s in tha dimension list of an array declaration,

4. 17
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{slmpim var aecli> te=x {sliwpie typed> <¢s var {lst>

<s var

(s var>

tist> 1= <g var?

! ¢s var list> » <s var>

it = dident i flard>

-

<identifier> = <imt vajuse>

farray dacl> t:= <simpie typa> ARRAY [ <range list> ]

<a v=ar

<3 var,

<a var tist>

list>» ite {a varD>

! <a var list> , <a vard>

1= identif ler>

I ¢idantifler> = <init group>

Seasantlcs

Fach idantifisr in tha idanti f ier list of a simple

variabie decizration or an array dsciar ation is asscciated

Witr a
and hae
number

tonical

2.

variable or array of typa specifiad py <simple typed>
a snope lucal tn thks program unit. The mavimum
uf dimensions for an integer, reals, lungreal of

array Is 3 whiia the maximum for a string array |is



Fxanoleaes
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INTEFGER ARRAYT-2:9) arrayl, array?

STRING(?2)

4,4.,4 Diaensi

<range list>

<ranne>

<logwer range

<ubpar range>

{range value>

Senanticse

Whar the
valya of the

rangs,

Ths sizs

S5le 82 = 'eba!

an speciflicatiaon for arrays

1t 2 {renged>

! <range list> » <range>

)
t

= dyppelr range>

I <lowsr ranag> : <uppsr rangs>

<rar.ge value>

itz {rarge veiued

<intcger constant)

I - <inisger constant>

lower rangs is omjtted, 1 Is assumad.

upner range mist be at {sast that of the

nf a dimensiun is dafined as

uppear frangs>® — {lowelf range> + 1

4.19
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lower
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Thes stzas 9f an artay 15 eaual tu the product of thae

stzas of s1.s Adimenslions.

Faamples

REA ARPAY [=-201:30, 40) al,a2

LONGREAL ARRAY [401 x1

4.4.5% Initial values

<Init grcup> HY <init va fus>

-

Krsreat factor> ( <lnit repsat ilst> )

1 { <init repaat 1lstd> }

<yl rapsat dist> li= unit groupd

1 <init ropeat 1ist> , <irnlt greoup>

<artth cgnstani>

<, nit vatue> HH

t - <arith constant>

<jogicai constant>

! <string constant>

<revaat factor> 1= {integer constani>

<ar.th constzat, t1= {integer constant>

Lraal cunstant>

4. 20



1 ANGUAGF uESCRIPTIDON

Semantics

AT it hmet ic constants ars promotad *o tha type of the
declarea variabls, If reauirad. The initial vealue for a
veriabie muyst aares in type with the daciarec variable.
Repacitirn nt a sequence cf slsmants may be specified by
making the sequsncs Into 2 list and preceding it by 2n In-—
tsaer value srecifylng thz number uf times the tist is to be

us ad,

Wwhen jut+rializations for an darray are specifieds the
t~tal numher of initlal veives in the initial term list must

nit be greated than the stze of the array.

Fvamples
LINGREAL x=3s v = 5E+1, 2, w=1,

LOGICAL AKPAY[O0:9, 1M1 bool = (?0({TRUE, FALSE), ?5(FALSE},
R (TRIHE, 2(FALSE, 2(TRUE)}))

INTEGER ARRAY[ 2] count = 8(9)

+.%,0 Subprogram declaratliors

A subproaram declaration declares a variable to be a

suburigram. aame which is refersncea within the oprograi uni t,

Csuthpgm Aec > 1t= {fcn decid

I <subr gscl>

4,21
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<fcn deci> iz FXTERNAL <basic type>
FUNMCTION <¢subpgm identifiar tist>

<subr deci> ti= EXTERNAL SURRNUTINF

<subpgm ldantifier list>

<suyopem VTdenwifier ilstd> i = {subopygm ldentifier>
{ <subpgm jdantlfler List> »

<suybpgm ldentifler>

Senaintics

Fvery subptogram 1{s cafinsd sxternally to the program
unlt that roforences I+, Ina program urnilts when e sub-
pfrgram is 1c be referenced, the subprogram rniame rust appear

In an subpr.gram declaration,

Fach ddantifier in the i dentifler list of a function
deciaratior s associtated with a function of the type as
srenifled by the <hasle tyn2> ptreceding the rcsarvad word

FUNCTION,

Each identifier tn the identifier list of a subrcutine

declarattiur fe associatad wi*h a subroutine.
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Fyanples

EXYTEPNAL INTEGERP FUNCTION getnums ranuom
EYTeRMAL S'MRUUTINE decomps solve, debug

EXTERNAL KEA! FUNCTION f

4.4,7 Furmal paremotar declarations

{param Adecl list> ttz {param decl>

<param decl list> ; <param deacl>

<raraim daclt> it= <Cparem ver decl>
! <param array decl>
! <subpagm dacl>

Cparam var dzscl> t:= {shaplte Lype> <identifier 1ist>

{param arfay danl> ti= <simpls typed> AKRAY [

<param beund list> 1 <idantifier tist>

Sanantics

Fach 1daat 1ifiar decliarea in a varameter declaraticn is
caljard o formei parameatar, No initiailzation s altowad for

a formal pafametar,



LANGUAGE NDESCRIPTION

Fxaianla
SUBRUUTINE plot {INTEGER ARRAYI[3Y a, b REAL x)

REAL FUNCTIIN zerol INTEGER a, b, t» aps; EXTERNAL
REAL FUNCTION f)

44,8 Dimens.on spacifications fur arfray as a formal

naramegter
<waram onunid 1ist> 1= <auto bound list>
t <hound | ist>

<auto bouind ist> ir= %k

! <autu bound Listd> , *

‘buund Hlst> ir = <bound>

! <bound listd » <hounad

Kbuind> it= <ranae>

! ¢adjustible dimensiond>

<adjust . hts aimenslon> 1= Lidentifler>

Semantirs

The nuymoer of asterisks anpear ing In the auto bound
list ¥s <he number of dimensions of the array parameter.

The 1se of  WAn indibates that the dimension f the array

4.24
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parameter 1s autonaticaliy aajusted according to the dimen-
sluns ©f th: actusal array argument of ithe caliing proagram,
Tt is assuuwizd that the corresponding actual argument is an

autonatic array argumant {ses saction 4.5.4).

The J4yss of range as 8 bound specification of an array
caramst er daclaration %as the same effact and restrictions

as decribed in sectior 4,4.4,

an tdentaifler used as an aujustable dimensicocr must be
ceclared e&s an integer var iable formal parameter. An liden—
tifier rmay appear mors than once as an adjustabie dimenslon
var.anla, Tna catling oprogram passes the specific dimen-
sians of an array to th2 suoprogram via ths adjustable
dimsnsian forral parametars, Adjustable dimensions can be
oassad thfough mere than Jdne fevel of subprogram, Ths
spacl fic dimensions passed to the suoprogram as sctual argu-
ments should not 2xcead Lhe trus dimensions of Lhe indlcated

arrav,

Fxamples

SUBKUUTINE nrantm{INTFEGER @, n; REAL ARPAY[1U» 2:101 matsix)
SURRLIIINE afREAL ARRAYIN, nl 0, c¢; INTEGER n; PEAL x)

INTESTP FUNCTION search( INTEGER ARRAY[ *] number_array;
INTEGE? m)

4.25
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4,4.9 Format dectaration

<fmt deci> FORMAT ( <fmt class> ) <aec!l fmt list>

fmt Cclass> HH

READ | WRITE | PRINT

{dacy fmt iist> tr= {decl fmt>

{ <deci fmt list> » <dacl fmt)>

{dacl fmit> 12z identifier, = <fmt group>

Semantlen

An tdentifler in 2 furaasi declaration statement Is as—
spci2tsd with a1 var.sbls hnaving a format cescription
specirflied hy <fmit gqrourd>. Formats of class READ, WRITE and
PRINT cai bs used oniy in RFAD statementss, WRITE statements

and PRINT statemants recpaciivel vy,

Fvamp les

FORMAT (FRINT) neadling = (PAGE, x{(2C), A(L12)),
fmt_a = (SKIP(2)s F{15, 5, 2));

FORMAT (RFAD) Input_fmt = 1001(2));
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4.5 STAIEAENIS

425,11 Statement

{stmt list> it dstotd>

! <stmt tistd 3 <stmtd
Cstmt ) t1= <yniabeil lad stmtd>

! <label tread> <uniabsiiad stmtd
<lavel hoadd> it= Qdantifier> ¢

! abst hsad> <identifler> ¢
<utifabeliled stmtd> st Lcompouund stmtd

! ¢assignment stmtd
! <call stmt>
! ¢aoto stmtd>

<HE stmtD

-

dterative stmtd
! <rasad stuat>
b <wrlite stmed>

! <print stmud>

{rawind stmt>

<endfile simt>

<empLy>

4. 27
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Semantics

The {dentifier in Lha 1abel hesading defines the idan-
tifisr as 2 label so that it may ve refarred to in preceding
ur later GOTN siatemenits. A tabel identifier has scope
tocal ty thne epronram unit, The <empty> in the uniebelled
etateament denotes a null statemanit which results in no ac—

tivn Auring sxecutlon,

4,5.2 Coumpeund statsment
<couprurd stmtd t1= BEGIN <stmt list> END

Semantics

A compound statament |Is a groug of statemants which can
be trsated as a singls statemant. It 1s especially wuseful

as Lvhe uDjeect of control statenents,

Evamples

BEGIN
a 3
h o
cai
END

= 13
= 23
I vrnc¢
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4.9.3 Assignment statement

cassignment stmd 1:m <TO laft part> <T1 expr>

<F laft part> ::= K vard> :=

Semantlcs

An assinnmant statemsnL causes the assignment of ths
valuys of the cxprasslon tc the varfabie, suhjected Lo the

restricttun  that tha tyre Tl is assignment compatible with

tha type [0,

A simple type T1 is said to be asslgnment compatible
wlth a simpile type TO if either |
1} ¢he two types are identical
2) To ana T1 are each weither Integers, real or
ionyreal

{this 1s referred as arlthmetic assianment)
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Arithuettc assinnment

Tabls 4.1 shrws the necassary conversicns for the arith-
matic assianment statemant

CTQ var> = <71 expr>

N To
I N INTEGEEK REAL L ONGRE AL
INTEGE® | assign ! fioat £ | floats, long |
} ! asslign t £ asslgn |
T T T
REAL !} truncave ! asstan ! tong £ ]
! r assiagn | ! assign !
e it R P e -——————— —-——————
{ONGREAL | shnort, ! short £ 1t assign }
! trunecates! assign ! t
{ £ asslgn | 1 H
Tabls 4.1

The definitions for truncatss tongsr shorts and float
are deflyecd the sams as *he enrrespendlng butlt-in functions

in szctann 4.56.6.

Striiin 25sighmant

stringi 3= string?

The length of stringl must not be less than that of
string?. 1+ the i3angth of stringl is greater than the
lenath of string?, the affact i1s as though string? wers ex—

Ltendec to the right with blank characters unti! 1t Is the

4,30
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samsz  ternigth as stringl, ano Lh3n ass igned.

Logical asslgnment
Ctugiral vard> = <loglcal expr>

Execul lun of tha tugical assignment causes thes evalua—
tlon of tha 1uvoiecal expression and then the rasuiting values

is assigned to thas loglicai variabie,

Evampies
int_var := 1 + 2, -==- arith asslignment
str := sirtl ~—=string assignment
oGl = iLruse --= tigical assignment

4oB,4 Call statem=nt

Ceall simt> tt= CALL <subogm identifier>

t CALL <suopgm identifaer> { <arg list> )

<arn list> it= <arg>
I <arg list> » <arg>
<ara> 21z LT expr>

I <auto array aryg>

cauto array arg> :i= <j1dentifezrd> t <autec indrcator list)> )

4.31
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<auto inoicator list> HEHE B

{ <auto incicatur bistd> » *

Semantles

The subporoyram tdentifiar in ths cail statement must be
dectared In a subroutine cdeclaration. The actue: arauments
in *hs argument 14st must agree in orders number, and Lype
witn tha currasoonding formal parametsers {in the callead
cubroutina., BRut this Is not checked by tha compller, An
autumatic array argument Inuicates sxtra information about
the dlwcustons and lower bounds of the array Lo be passed
automat tcaliy to the calied subprogram. The corresponding
formal parameter sheould be c¢eclared as an automatic ad-

justable array paramater,

Fxampies

SIBROUTINE proc(INTERER ARRAY([—1:3] al, bl;:; INTEGER c3
REAL APRAYI[#%, *) m; INTEGER d};

L R N

RETURN;

MAIN;
INTEGER 13
EXTERPNAL SUBROUTINE pro:
INTEGER ARRAIYf=1:3Y a,bs
INTEGER c¢»1:
PEAL ARRAY[ 20, 301 matrix;
CALL proclasr by c» matrici*, *1, di);

EXIT.

-e

The cail stat emeant Indicates @ subroutine catl for proc

4,32
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with flve arguments. Matrix is an automatic array argument,

4,2.9% Gutn statement

{guto stmid ti= GOTO <tabpel iden;ifler>
<lanat identifierd i:e <sdentifier>
Semantics

an ldentifisr i1s called a label If It appears as a
iabel. A tabsl ldentlfisr must ba defined as an identifler
in *he isbsi: head of one anc oniy one statement In the sams
orngfam unit. FEvecution of 2 GNTO statement causes the
ctatement identifled by the label identifier to bs executed

neaxt In the axscutlon sequenca,

Fxa2amples
GNTD exit
GATL loop
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4,5.6 If statement

Cif stmid> tt= <If clause> <stmtd

1 <§f clause> <stmt> ELSF <stmtd>

it claysed tt= IF <togtcal expr> THEN

Saman tl cs

Thse axecutiun nf an IFf statement causes certaln state-

msnis iv be executsd or skipped depending on the value of

the <loglcai ewprd>,

Thne form <tf claused> <stmt> is axecuted as follows
1} the logical axpression is evaiuated.
2} §f the result of the svaluation Is trues, statasment

Is exacuted, otrerwise no actlon is taken at all,

The form <if clause> <sl> ELSE <s2> s evecuted as follows

1) tha logltcal expression is evaluated.
2} if the rssuli of the esvaluation 1s true sl is ex~-
scuted and s? is sklppeds, otherwise sl is skipped

and s? Is axacutac,

The two gramamar fules for IF statements are ciearly am-
bluinus. The Inturpratationof Lhese two rules is that each

ELSE is associatad with the last precsding "un—tLSE*d" IF.

4,34



Far example

F et

THEN
1F ¢?
THEN sl
ELSE s?2

ELSE =3

LANGUAGE NESCRIPTION

"EISE 3™ ;s assoclated with "IF 1" and

"ELSE g2"

Fxamples

IF.a >b
THEN REGIN
1f gune
THEN
dune
a 1= b
END
ELSE

t= FALSFS

is associaied with "IiF c2%,

4.5, 7 Ttarative statament

Ssgaantics

-

C{torative stmtd> .

=

Do <statd> WHILE <loglcal

{stmtd

The itarative statement nf the form

nn <s1> WHILF ¢ <s?>

is sxactly equivalent to

aEGIN
d: <sl>;
'F ¢

4135
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THEN

BEGIN <=2> 3 GCTO d END
END

Fvampiss

N0 WHILE a > b
BFGTIN

a 1= b¥a;

3 = a¥¥%g
END

works as a while statement.

nn
REGIN
a 1= |}
END
WHILE NOT DONE 3

works as an uatil statsment,

T 1= 13
NN WHILE | <= n

REGIN
alt}] 1= 03
= 1+ 1
FND

works as a do 1oups sxcept for Lt hz fact that thare msy he 2
D tric count.

N CALL getcharf(e) WHILE ¢ T= 0O LALL outchar(c};

4,76
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4,5,8 Trput/output statements

<read stmt> R READ  <irput contref> ) <i0.item Iistd>

Ciyanut centros> tt= {contrnl heacd

! <cuntrol head> » <input apt list>

cinput opt list> tr= Linput opi>

———

¢inpyt opt list> » <input opt>

<input op+d> i:= <eof optd

i <efr opt>
<write stmt> 1= WRITE ( <output contfcl> ) <output datad
<print stmt, te= PRINT ( <output control> } <outout ocatad
<uutout contrat> ::= {controi heacd

{ <¢controt hsad> » <erf optd>

<gutnput datad> iz {io ittem {istd>

I <ampty>
Ceuntrol head> = <fille unlt> » <imt spociflar>

<fila unit> s {jdantif jer

! <integsr constant>

4. 37
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<fmt specifiar> 12 = {frt group>

I <identifier>

1%
! RECORD
<ag¢ o; to stz END = <iabal identifier>
<err _ptr t1= ERP = (lagtet identifierd>

it

<io item ilst> :: <19 {%temd>

{ <io ttem tist> » Cio itemd>

<io dtom> 1: identif iar>

#

! <io array>
clo array> it = <ldent, fler> [ <range specifier list> I

<raiga spacifler ilstd  :te <range specifier>

-

<ranqge seracifiar listd , <range specifier>

<range sgracifiard i1= <inteagsr exprd>
1

i <integer sxor> ! <integer expr>

i %

Senrantles

The input/output stataaents cause &8 transfer of records
betwesn the S5wsquantial fl1o vdenteflied by <{file uynit> and

1ntarnal storage,
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& formualtad ragard ccnslists of a scquence vt charactars

«hat are carablc .f represzntation in the procascor.

An yrfotmatted racord cunsists of a sequance of valuses

In 2 procassur-dependent ferm,

FOGRMAT LPErIFIERS

A PtECPEN format spaclifier is used for unformatted
records. Wnen a RECORD fernat specsfier Is r.farcnced In an
170 statamant, the items iIn ths input/ouiput iist are trans-
mi*tesd or reczived Airectiy in ks form in which they ars
storad witriin the proucessor. Farmat speci flers other than
KECARN 4re use2d for formattad recoras, An fdsntasfler ap-
pearing es a format sneclfier must saither te a.format
vartable or an Array aems. Whan an array nameg it rzferencad
in such a2 aapner, thé first part of the information con-
vairn3d in ine array dswucst cunstitute a valld Fortran format
spe~rlificatinan when ths /0 statzment is oaxecuted. An
aster sk fourmat snecifiar thdicates a Ilst dlrected 1/0D

whileh record ~ontroul is determined <oiely by the 1/0 list.

A PEAD, NDITﬁy’and PRINT format can only be used in
PEA)Y, WRITF, and PRINT statgments respectivelv. Def inltlons

and nwsaae of thes: farmats ars vescrlbed In section 4,7.
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LPT IONS

Aii mption FENND = <labe) idontifioer> spacifies that |f
Lne preccsssur encountars an end—of-file cunditlon during the
axecuﬁlon of .he statement, tnan the statement Ildentifled by
tne 1abel identlifiesr 1s to be executed naxt in the execution

Sequane e,

An cption FRR = <labsgl identifler> spacifies that |f
tha processar encountsfrs an srraf condliion during the ex-—
acution of the statemen*, then tha statement identifisd by
the !aﬁet tdent 1fisr is *o ba exscuted naxt In ths vxecution

senruénce,

n an tnoyt option list, an <e0f opL>» or <err optd> can

be snzciflted at nzst once.

APRAYS IN INPUT/ONTPYT tIST

A ranae spacifiar llst in an I0 &array specifles one or
mere erenznts of the array to bs designatad for transmisslon
betwesenr co¢re storage and an  Inpu* or output file. The
Aaymhar of ranaoe spacifiers in the 1ist must bs ecual to the

numpber of dlimsnslons of the ecarresponding array.

The order of transnission ©0f the Aarray eliesments Is

determined by the folicwirg rules:
1. T*e n th range specifiar 1n the range specifler llst

4040



LANGUJAGF DESCRIPTION

scecifiss the ramge valuas of the n th subscript of the
4fray variabl e, | |

2« The last subscrini varies teast rasidly, anc the first
vartes must rapoidly,

. The ranaz soe'cifler E1 @ F?, whers EiL and €2 are |In-
tager axpreassions, scecifiss the subscript is to bhe
varied from £1 through F2 inclusively.,

4s The rangs =pacifiar E, whare F is an integer expres—
StvNy 4SS Lhe same as £ : E,

5. The rangs scecifier * spacifies tha suybscript is to be
varict fiow L threugh U inciusiveiy, whsre L and U aras
the luwer bound and upoer bound of the subscript of the

Afray.
Fxamples

WP ITElh, PECORN, EPR=write_zrror) a, b;
READ({ecard, =20(14{1))) yensrationfi, lisizels

I z has been daclared as INTEGFR ARRAY({2, =12, 2:41 2
“hen
POINT{5, fmt) zli, 1:2, *1;
iiiplies the transmissicn of glements cf z In the
foilowlivn order:
zlis 1o 21y z0Us2,21y 20is1531s z1 152531,
Fiisls 4l 720052 ,41
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459 Auailiary Ih1put/output statuments
<rewlnd =tmi> 1= REWIND <file ynit>

<endf jle stmt> i:= ENNFILE <file anitd>
Semantics

REWIND <fite unitd
Exccution of this sta*ement causss Lhe unit identified

by <file unit> tv bs positionad at its initial point.

ENDFILE <fite unlt>
Execuiien of this statement causes the raccoraing of an

endfile recora on the unit JQentlfied by <file unit>.

Fiampies
REWIND disk_13

ENDFILFE tapa
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4,6 Exprassionsg

Expressions are rulss which specify how new values are
cemputed frem axisting ones. The?opcrands are e€ither con—
stantss veriebtas, function calls, or other expressicnss en-

closed by parentheses If necessarye.

19 the fotlowling sections which describe the syntax of
expressiunss some of the grammar rules ares amblguous. Ths
ambiguliiy «f these ruies 1s resolved by the speciflication of

binding poracevence for oper ators,

For example
a + b*c + d
is equitavalent to
te + (b¥c)) + d
because %+¥ b;nds !eftfrjght and Y%% has a higher
plecodencs ihan "+% acn&idinq to table 4.1 in section

1'06033
4.6.1 Tyre orumntion

The plraczgenca gf Ltypss in inersasing ordar is INTEGER,

REAt AND LONGRE AL,
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ARLILHMEIIL ftuype epramnotion for two or more arithmetic

Aaparands

If T is the tyre with highest precsdence for altl
operandss, the operanus with lower grecedence type are con—

verted inte type T,

L,6,2 Variabi es

<T var> it lident if ierd>
1 <subpgm idusntiflard> ( <arg list> )

! <T array designator>
<T array designator> ::i= <lcentifier> [ <subseript iist> !

{subscrio* |lst> 1= {subscript>

! <subsecript iist> » <subscript>
{subscript> tt= dinteger eapr>
Semantics
Argument list has Deen definad In section 4.5.4.

An array designator denotes the variabje whuse indlces
are the valuss of the integar expresstons in the subscript
ilist, Fach subscript must bs an iInteger expression whose
valus tles within the dsclared bounds for that subseript
rositlon, Howevers no code Is nenerated to detect viola-

ttons of array bounds,

4 44



4.6.3 Integer,

KTH expr>

<arith op>

Ssmantics

When a syntactic ruls .has the syabot TO on both.

1ty ik H

LANGUAGE UESCRIPTION

Real and tongreal expressions

112 LTO var>
t <bullt~in TO0 fcn>
! <T0 constent>
I = <T0 expr>
I + <T0 exnr>
!t <TO expr> )

I <71 exgr> <arlth op> <72 exprd>

o ]
-
»
.
+

sides,

Th has to be reolaced by the word Iﬁteger, real or longreal.

Whan the symbots TO, Tl and T2 appear In a syntactic rules

they have tu be r=splaced by any combination of words ac-

cording teo table 4,2 which indicates TO for any

¢f Tl and T2.

combination

N T2
T1 \ INTEGER REAL LONGREAL
\_‘__-__-.-_--_‘__-__‘-__- N
INTEGFR 1 TINTEGER H REAL i LONGREAL {
I et L AR - —— e |
REAL ! RFAL H REAL 1 LONGREAL 1
L e T R —— |
t OMGRF AL ! LONGREAL { LONGREAL { LONGREAL H
Table 4,2
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The order in which the Indicated operations are per—
formad depsnds on the precedence of the operators appearing
1t the arithmstic expression, uniess the order is changed by

the use nf parantheses.

Table 4.3 shows the bpracedence and binding of the
arithaetic uperators.

AR U S an an e T wn amn wn wp TR D O W - o - - W i e o T o, - i ——

i OPERATDOR 1 MEANING I BINDING !
I ----------- A D R D " W g o . At L “:
! - { unary minus 1 t
] + ! unary olus i |
H * ¥ ! saxponeantiation ! right—teft !
: S DS o MDDt T T gy Sy O - - - l
i b4 I modulus ' ! left~right H
? ————————————— W e W . - - d - '
H * i multipis . I 1aft—right H
{ / H dlvlde H 1
R T S —— : ]
i + ! binary add | teft—-right $
! - v binary subtract | H

i oy s o b . w4 . o

Tabio 1.3 Precedence and olndlng of
arathmat!c opsrators.
The precedence of ths operators in table 4.3 decréases
from top to bottom with operators in the same row having the

Saar precsdencs,

Examples
- a2
—a + h * ¢ 4+ d
is equivaient to (f-a) + (b*c)) + d

d 7 a %% h %% {¢c + 1)

4o 46
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Is ¢quivalent 10 d¥{a*X{b**x{c + 1)1})

4.6.4 String expressions

<string axprd> 2t <{string var>

! <strina constant)

4.6.5 Lunical expressions

<logtcai expr> ir= <loacical slement)
I <71 expr> <;eiational op> <T2 expr>
I NOT 9iglcal expr>
I <ingical expr> AND <loglcal expr>
! <dioaical expr> OR <logical saxpr>

! ( Civgical axpr> )

¢lgogical etsmeni> ::= <loglcal vard>

1 ¢ingical coastant>

<iogical! constant> 2:= TRUE

| FALSE

<reiatlieonal op> tr=2 > 1 ¢t o >= 1 = 1 =} "=

Samantles

Tabls 4.4 shows thes precadence and binding of the

‘inglcai pperators.
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! OPLRATORS t BINDING 1
e rrcr v rn e r e rc ccc e e e~ - ———— |
t NDT 1 !
{ rejational operators | }
-1 AND 1 Left-right 1
boOR ! teft-right {

Table 4.4 Precedesice and binding of
tonical uperators.,
The proecedeice of the logical operators in table 4.4

decreaases from top to bottom,

Twa relat lonal operation
<TV expr> <reiativnal opd> <72 exprd>
Is compatible {f elthar
1} noth T1 and T2 are 0of string type.
2) beth T1 and T2 are wsither linteger, real or

fongreals but not nacessarlily the same.

In case 1 of the above, i1f the operands are ¢f unequal
jengths the sharter operand is considefed as §if it weres ex-
tended on the right with blanks to i1ength of the tonger

oper and,

In case 2 ¢f *he abovs arlthmetlic type promoction {sec-

tion 4.6.1) is parformed.

The resuiting type 0t a vailid logical expression is al-

ways loglcai,
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Fxampias

*ab'! > stringl
2 + b¥e > 1.EN UR b >c AND NOT bool
1s equlvailent to

({a + {b¥c)) > 1,.EG) 0O ({b > c) ANR (NOT bool]))

440, Ruiit-in functions

<built=-in T fen> tr= {one-arqg ¥ fend>

{ <many-arg T fcn>

4.6.h,]1 Rutit—in functlions with one argument
<one-arg TO0 ftcnd> 3= <one—~arg fcn name> ( <T1 exprd> )

<one-arg fen named> := SHORT § FLOAT 1 LONG
! TRUNCATE | ROUND | FLOOR ' CEILING
Y EXP ¥ LnG ! LOGIO ¢ SIN 1 CcOS | ATAN

! SIGN 1 SAQRT
Semantics

The symbol ‘Y0 denotes the resulting typs and 1 the ar-
gumwnt typs of a bullt-in function., The replacement words
fur these cymbols and the definitions of the built-in func-

ttuns are specififed Indlvidually in esach of the foitaowing

4. 49
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seculone,
SHURT

Argument Lype : tungreal

Rasult type reaf

*w

Definition : _

obtain most significant part of the iongrsal argument.

LONG

Argument Lype : rena!
Result tyge : . longreai
Definition

express real argument In iongreal form.

FLUAT

Argumanti type : Integer
Rasult typa treaal

conversion from integer to real

A3S

Argumeni type t Iinteger, real or longreal
Pesult lyps : same as tre type of argument

Definition ¢

A3 S(x} is |xl

4.50
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SIGN

Argument Lype : Integers real or longreai
Result type : intager
Definit ivn ¢
SIGN(x} is =Y If x <O
O It x =0

1L itx >0

TPUMC ATE, RGUND» FLOOR, and CEILING

TRUNCATE, ROUNDs FLNOR and CEILING accept an argument
of Lypa real or longreal, The rasulting typs Is always i n—-

teger. The de=finitions of thaese functions are as follow :

TRUNCATE(x) sign ¢f x times largest integer <= ABS(x)
RAUND( x) TRUNCATE(x '+ SISN{x)*0.5)

FLODOR(x) largest integer <= X

CEYLINGI x) smailest Integer >= x

NDther functions

EXP, LOG, 10G1G» €CNS, SIN, ATAN, and SQRT accept an ar—
aumeat of typa intager, real or longreal, The rasulting
typa is *the same as tnat of the argument. The definitlions

of thase functions are as follow:
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EXP{x} E 0% %y

LOG(x) natural logarithm (base @) of x

10610 x) common tojarithm (base 10} of x

STN{x) trigonometric sine of x (x in radians)
COS{x) trigorconmetric cosine of x (x In radtans)
ATAN(x) arctan of x (result in radian}

SORT(x) square root of x

4.6.h.7 Bulit=in functions with two ar mere arguments

{many-arg T fcno 1= MAX ( <{many—-arg 1ist> )

I MIN ( <many-arg list> )

<{many-arg list> ix= KTl expr> » <72 expr>

i <many~-arg list> , <73 expr>

Seman ti cs

The symbuls Ti, T2, ana T3 have to be replaced by one

of tne woras "intager™, "real" or "longreai",

These functlions accept at lsast two arguments and all
argunents must bs Integer, reai or lcngreal type. Arith-
met:c type prumotion_ {section 4.0.1) Is performed for the
arguments, The resulting type T is the same as the argu-

nents having typse 0f highest precedance.

MAX returns the valus of the arqgument with largsst

4.22
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vaiusa,

AIN returns the wvaius of the argument with smallest

value,
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4,7 Luput/output formats

o
B

<fmt aroup> : <adit deeccd

SKIP ( <iInteger constant)> )

t SKip

i X t <integer constantd> )

I PAGE

! <string constant>

! dinteger constantd> ( <fmt rapeat list> )

I ¢ <fmt repaat tist> )

<fmt repgat Vist>  ::= <{fmt group)

I <fmt repeat ilistd » <fmt groupd>

<edlt desc) it= <fractional field> { <fractional desed> )

Y ( <fagtd widthd> )

At <fizid width> )

U L <field width> )
<fractional fleld> ::=D 3t E ! F I ¢

Cfractiuvnal dese> iz <field widthd> 5 <fractional digit> »
{scels factor)

i <fleld width> , <fractionai digit>
Cfiald widthD ti= <fntager canstant

{fractional! diqgit> =::= <integer constant>

4,54
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<scals factor> 1t= <{intager constant>

i - <lnteger cunstant>

Semantics

Repastition of a sequence of format 1tems may be
spacifled by making the ssquence into a list enclosed iIn
pareiithesas and oreceding it by an Inteagsr value specifylng

the numbar of times the list Is to be used.

Formaits In READ statements or READ format declarations
cannot have PAGE and STRING format items. Formats in WRITE
stateanents or WRITE formatl declarations cannot have PAGE
format i1tems, When a format is usea in a PRINT statement or
a PRINT format dsclaratiun, the recora transfer through the
cunvarsion uf the format is aessumed for printing purpose.
The first charactar vof records thus producea is for vertical

sopacino duraing printing.

SKIP descriptor

SKIP(n} Indicetes n records are to be skipped for the
input nar output. "SKIP" |s eaulvaient to "SKIP{1)", The
appearaince of SKIP(0) in a format for READ and WRITE state—
ments has nc effect, and Its appearance In a format for
PRINT statements causes no edvance in ths vertical spacing

befcre printling.
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¥ aascriptor
X{n) indicatas the transmisslion of the next character
to or from a recnrd s to occur at thes position n characters

srcm the current position.

PAGE descriptor
PAGF causes an advanca to first lline of next page

bsforc printing of the next charactar to or from a record.

STRING constant
A string constant In a format causes the characters of

*the string constant tn bse written out.

A usscriptor

The A({n) descriptor causes n characters to be read In-
tos of wristen from, the spaclified list element. The cor-
rosponding slement should be a stringin) variable or array

elemeant.

L descriptor

The Liw} déscriptor Indizatas that the external field
scecuplias w pusition as a string of infomation fur a loglcal
datum. Tha external input fleid must consist of optional
blanks followcd by a T or ¥ followed by optional characters,
for true or false, respectivaly., The external output fileld
conslste of w - 1 bianks folluowed by a T or F as the valuse

ef tne intarnal datum is true or false, respectively.

4. 56
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Numer ic editing
To each numeric descripctor In a format specification,

there corrssponds one eloment spacifled by the Input/output

1ist.

When *he scale factor is omitted 1In a fractlional
descriptor, zaro ts assumed, The scale factor n affectis the
eppropriawe conversions in th: foilowing manner:

1) For F, E5 Gs and D input conversions {provided no expo-—
nent exists Irn the sxternal flsid) and F output conver-
sions, the scaie factor effact is as foliows:

axternally represent sd number equals internal iy

reprecentiad number times the quantity ten raised to the

N Ln powWer,

2) For F» E» G» and D inpul, ths scals factor has no effect
if thefo is an exponant in the external fieid.

3) fur E aad D output, the basic real constant part of the
outout aquantliy Is multiplied by 10%%*n and the exponent
is redyced by n,

4) For G outputs the effact of the scaie factor l|s suspendad
ynless ths magrritude of ths datum to be converted Is out—
syde the range that permits the effective use of F

corversion.

The I descriptor Is ussad Lo specify Input/output of In—

‘o 57 -
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teger data, Tha numeric field descriptors F, E» G, and D

are used to speclfty i1nput/output of reals, and longreal data,

1)

2)

3)

4)

51

With =211 the numeric input conversions, Ileading blanks
are not signtficant and other blanks are zero. Plus
slgns may be owmlitted, A fisld of all bianks Is con—
sidered to be zaro,

With the F» E» G» and D input conversions, the format of
an input fleid mus t have the same form as a
<r9ai #onstant) (section 4,2.2), A decimal point ap~
pearing In the snput fi2ld overrides the decimal point
spsc ification supplied by the flald descriptor.

With all output <conversions, the ouiput fileid Is right
\

Justiflea, Tf ithe numbsr of characters produced by the
conversionin Is smaller than ;he filetd width, leading
bianks wilti be Inserited in the output field.

Wi th afl output conversiun, the external representation
of a negative valus must be signesd; a positive value may
bs sligned.

Ths number of characters proauced by an output conversion

must not excesd the fleld width,

Exampies

{A{3), skip(?)y ELLS, 3, 2), X(2))

2{1 4
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4.8 Manifests, cumments and campiier aptigns

4.,8.,1 Manijfasts

<mant fecst deci> ti= # Cjdentitier> <manifest defn>

<manifzast delim>
<manifes£‘dealm> it= {newlinag> | 1

where <manifast defnd> is a string of characters containing

no <newline> or "t
Semantlcs

A manifest deciaration Is restricted to be outside all
pragram units, The "#" {n 2 manifest declaration must be
the first character 0f the source ikns in which the manifest

is declared,

Certatn mani foasts havs besn pre—defined by the trans-
lator and they are calied pra-dafined manifests. - Aopendix

gives a2 listing of the pre—defined manifests.

A manifsst Identifisr 15 said to be defined if it Is
declared In a manifest declaration or it 1s a pre—detined
nanifest, Only pre-dafined manifests can be redefined. A
janifest hés a scope alobal to tha prugram. Every manifest

must be defined befors used,

The eopearancs of a manifest in a program unit has the

4.59



LANGUAGF DESCRIPTION

effsc; of a textual expansion of the manifest definition 1in
iha place where the manifest name appsars. The esxpansion of
a manifest resulis !n sxpansions of other mani fests If their
nemes aprear In the definition, Recursive manifest defin—

tivons ars not permittad,
Eaamptles

# du_feorever do while true
dectares "do_forever®™ as mani fest with "do whills true®™ as:

its definition,

B 1ist writa(printer, *x)
#printer 8 ' unit 8 for pr!ﬁter

deciares "printer"” as a manifest with a definition of
ng v, ana "1ist" as g mani fest with definmition
“w;lte(printer, )", When "1ist" is referred In the program

untt, the finai expansion Is 'Write(8 , *)v,
L ,8,2 Comments
Comments are Temovad from the token stream In the in-—

put pheése and transliteretec as comments in the object fFor-—

tran orugram,

{commeni> ‘ H t* {string bondy> <{nawline>

4,60
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where <nawlined> s the ASCII new line charactsr.

Programmers can have sume control over tha format of
the transcribed comments., In ths source, a comment starting
at the first column of a Iine is transcribed as is with
characte(s bsyend column 72 truncated. Commsents starting
beyond thé first column are transcribed ujth indentation and

continued um the naxt line if rsauirsd.

4.8,3 Compiier Options

The ctompiier has varlous optlon; avallable for the
usar; for sxample, source |isting and symbol table dump.
There Is a set of default optiaons, but each option may be
sat by using a control toggle. An option ¥ can be turned on
or turned off by having ¥$x" or "4 x" respectively immediate

after the commant character ®"in,

Table 4.5 s a listing of the options.

NPTION H USE DEFAULT
¢ 1 enlt ccmments on
0D i symbo! table dump of ¢
L | source list ing ‘on
T | scanner output off

Table 4.5 Compiler optlons
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4.9 Sample prugrams

The Fortran outputs of the examples given In this sec—
tion have passad the PFORT verlfar and have been run the the

Honaywell 6060.

A INTS version of the function ZERCIN given by Brent
{1973, p.1R9}) is shown hafe as an examplie. The Algol ver-
ston ¢f ZFROIN ang *hs Fortran transiation of {t as gliven in
Brent (1973) can be found In appendix B.

Source listing frem transiator:

**xx JOTS COMPILER Version 1 Level 0 (MAY 76)***
TODAY iS 06/22/76  TIME 23:13:22

line  emememe- input --------
1 |1
2 |!8d
3 |real function zeroin(real a, b, t;
4 | external real function f);
5 | realc, d, e, fa, fb, fc, tolerance, m, p, q, r, s;
6 | fa:= f(a), fb:= f(b)
7
8 | int:
9 | c¢:=afc:=fayd:=b-a e:=4d
10 |
11| ext:
12 | if abs(fc) < abs(fb)
13 | then begin
14 | a:=b; bi= ¢ ¢ = a
15 | fa := fb; fb := fc; fc := fa
16 | end;
17 |  tolerance := 2*machine_eps*abs(b) + t;
18 | ‘m:= 0.5%c - b)
19 | if abs(m) > tolerance and fb ~= 0
20 | then begin ! see if bisection is forced
21 | if abs(e) < tolerance or abs(fa) <= abs(fb)
22 | then begin
23| d:=m
24 | e:=m
25 | end
26 | else begin
27| s := fb/fa;
28 | ifa=c
29 | then begin ! Linear interpolation

4.62



30
31
32
33
34
35
36
37
38
39
40
41
42
43

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

LANGUAGE DESCRIPTION

p = 2*m*s;
g:=1-s
end
else begin ! Inverse quadratic interpolation
q := fa/fc;
r := fb/fc;
p = s*(2*m*q*(g-1) - (b - a)*(:-1));
g = {(q-D*r-1*:s-1
end;
ifp>0
then
q:'= -
else
p = -p;
s:=e¢ e := d
if 2*p < 3*m*q - abs(tolerance*q)
and p < abs(0.5*s*q)
then
d := p/q
d 1= m;
e:=m
end
end;

a:=b; fa:= fb;
if abs(b) > tolerance
then
b:=b+d
else
ifm >0
then
b
else
b
fb := f(b);
iffb > 0and fc >0 or fb <=0 and fc <=0
then
goto int;
goto ext;
. end;

b + tolerance

b - tolerance;

|
|
I
|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
| else begin
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

‘ return(b).
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*** SYMBOL TABLE DUMP ***

type class

real entry
real
- real

real

real subprogram
real

real

real .

real

real

real

real

real

real

real

real

real

label

label

LOGICAL STREQ, STRNE, STRGT, STRGE, STRLT, STRLE

REAL CDEFAFBFCTOLAEMPQRS

{ .NOT.
) GO TO 5001

name fortran name
ZERCIN - ZEROIN
A : A
B B
T T
F F
C C
D D
E E
FA FA
FB FB
FC FC
TOLERANCE TOLAE
M - M
P P
Q Q
R R
S S
INT 101
EXT 102
C
C3d
C
REAL - FUNCTION ZEROIN(A, B, T, F)
REAL A, B T
REAL F
EXTERNAL F
C
= F(A)
= F(B)
C
101 CONTINUE
C = A
FC =
D= B A
E=D
C
102 CONTINUE
IF
: (ABS(FC) .LT. ABS(FB))
C .THEN

A =B
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5001

a0

5003

oNe!

5005

5006

5007

5008

LANGUAGE UESCRIPTION

B=2C
C=A
FB
FC
FC = FA
CONTINUE

o]
=
[t

TOLAE = ((2.*0.74506E-8)*ABS(B)) + T
M = 0.5%C - B)

iF ( .NOT.
((ABS(M) .GT. TOLAE) .AND. (FB .NE. 0.)) ) GO TO 5002
..THEN
... see if bisection is forced
IF ( .NOT.
((ABS(E) .LT. TOLAE) .OR. (ABS(FA) .LE. ABS(FB)))
)y GO TO 5003
. THEN
D=M
E=M
GO TO 5004
CONTINUE
..ELSE
S = FB/FA
IF ( .NOT.
(A .EQ. O) ) GO TO 5005
.THEN
... Linear interpolation
P = Q2*M)*S
Q=1-8
GO TO 5006
CONTINUE
..ELSE
... Inverse quadratic interpolation
Q = FA/FC
R = FB/FC
P )=) SHUARMP*Q*Q - R)) - (B - AR - 1)
Q=(Q-1LYR-1)N*S - 1)
CONTINUE
IF ( .NOT.
(P .GT. 0) ) GO TO 5007
.THEN .
Q=-Q
GO TO 5008
CONTINUE
..ELSE
P=-P
CONTINUE
S =E
E=D ‘
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IF ( .NOT.
(((2*P) .LT. (((3.*M)*Q) - ABS(TOLAE*Q))) .AND.
. (P .LT. ABS((0.5*S)*Q))) ) GO TO 5009
C .THEN
D = P/Q
GO TO 5010
5009 CONTINUE
C .ELSE
D=M
E=M
5010 CONTINUE
C
5004 CONTINUE
c ,
A=B
FA = FB
IF ( .NOT.
. (ABS(B) .GT. TOLAE) ) GO TO 5011
C .THEN
B=B+D
GO TO 5012
5011 CONTINUE
C .ELSE
IF ( .NOT.
. (M .GT. 0.) ) GO TO 5013
C .THEN
B = B + TOLAE
GO TO 5014
5013 CONTINUE
C .ELSE
: B = B - TOLAE
5014 CONTINUE'
C
5012 CONTINUE
c A
FB = F(B)
IF ( .NOT.
((FB .GT. 0.) .AND. (FC .GT. 0.)) .OR. ((FB .LE. 0.)
. AND. (FC .LE. 0.))) ) GO TO 5015
C .THEN
GO TO 101
5015 CONTINUE
C
GO TO 102
5002 CONTINUE
C
ZEROIN = B
RETURN
END
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1ife

Scurce listing from transltator: .

#*+ JOTS COMPILER Version 1 Level 0 (MAY 76)***

line

—_—
S L0 RGN e

I N O T R TR O TR U U R TU R S N R N S O N R N B R e oy
EEER AR LR REEB RN REURNEEE xS aRrwo -

TODAY IS 05/27/76 TIME 0:29:26

[1$SDUMP
| #card 5
| #death O
| #alive 1

|t

I
|
|
I
|
I
|
I
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I
I
I
|
I
I
|
I
|
I
|
I
I
!

game of life

main;

integer array[0:11, 0:11] generation, next_generation;
integer i, j, m, number_of_generation, number_of_nbr;
integer board_size;

integer ipl, iml, jpl, jml;

external subroutine input, output, clear, copy;

read(card, =2(i(2))) board_size, number_of_generation;
call clear(board_size, generation[*,*]);

call clear(board_size, next—_generation{**]);

call input(board—size, generation[*,*]);

print(printer, =('original pattern:’, skip(2)));

call output(board_size, generation[*,*]);

m:= 1;
do while m <= number_of_generation
begin
i:=1
do while i <= board_size
begin
ipl :==1i+ 1
iml :=1-1;
=1
do while j <= board_size
begin
! find neighbours of cell(i,j)
pli=j+ L
jml = j - 1;

number—of_nbr :=
generation[iml,jml] + generation[iml,} +
generation[im1,jpl] + generation[i,jml]} +
generation[i,jpl] + generation[ipl,jm1] +
generation[ipl,j} + generationfipl,ip1];
tassume death for next generation
next_generation[i,j] := death;
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42 | if (generation[i,j] = death

43 | and number_of_nbr = 3)

4 | then

45 | next_generation[i,j] := alive

46 | else

47 | if generation[i,j] = alive and

48 | (number—of_nbr = 2 or number_of..nbr
49 | then ~

50 | next_generation[i, j] := alive;

51 | ji=g4+ 1

52| end;

53 | Pi= 4 1

54 | end;

35 | print(printer, =(skip(2), ‘generation’, i(3), ‘:')) m;
56 | call output(board_size, next_generation[*, *]);

57 | call copy(board.size, generation[*,*],

58 | next—generation{*,*);

59 ] m:=m + 1;

60 | end;

61  |exit.

**x SYMBOL TABLE DUMP ***

name

GENERATION
NEXT_GENERATION
I

J

M

LANGUJAGE DESCRIPTION

NUMBER_OF._GENERATION

NUMBERLOF_NBR
BOARD_SIZE

IP1

IMI1

JP1

JMI

INPUT

OUTPUT

CLEAR

COPY

A

fortran name

GENTN
NEXGN
I

J

M
NUMGN
NUMNR
BOASE
IP]

IM1

JP1

IMi
INPUT
OUTPUT
CLEAR
COPY

type

integer
integer
integer
integer
integer

integer

integer
integer
integer
integer
integer
integer
subroutine
subroutine
subroutine
subroutine

=3)

class

array
array

subprogram
subprogram
subprogram
“subprogram
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Nbject Fortran cods from JOTS compiler:

C

CSdump

C game of life

C
C

9001

9002

06,0 O
[]
=

5003

oo

MAIN.

LOGICAL STREQ, STRNE, STRGT, STRGE, STRLT, STRLE
INTEGER GENTN(12, 12), NEXGN(12, 12)

INTEGER 1, J, M, NUMGN, NUMNR

INTEGER BOASE

INTEGER IP1, IM1, JPI, JMI

EXTERNAL INPUT, OUTPUT, CLEAR, COPY

READ(S, 9001) BOASE, NUMGN
FORMAT(2(12))

CALL CLEAR(BOASE, GENTN, -1, 12, -1, 12)

CALL CLEAR(BOASE, NEXGN, -1, 12, -1, 12)
CALL INPUT(BOASE, GENTN, -1, 12, -1, 12)
WRITE(6, 9002)

FORMAT(IH , 17Horiginal pattern:/1HO)

CALL OUTPUT(BOASE, GENTN, - 1,12, -1, 12)

M =1
CONTINUE
DO..
..WHILE A ,
' IF (NOT.
(M .LE. NUMGN ' ) GO TO 5002
I =1 -
CONTINUE
DO..
..WHILE
IF (NOT.
(I .LE. BOASE) } GO TO 5004
IP1 =1+ 1
IMl =1-1
J =1
CONTINUE
DO..
WHILE
IF (NOT.
(J .LE. BOASE) )} GO TO 5006
... find neighbours of cell(i,j)
JP1L =1 + 1
JML =7 -1

NUMNR = ((((GENTN(IM! + 1, JM1 + 1) + GENTN(
IMI + 1, ] + 1)) + GENTN(IM1! + 1, JPI + 1))
+ GENTN(I + 1, IM1 + 1)) + GENTN( + 1, IP1
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+ 1)) + GENTN(IP1 + 1, JMI1 + 1)) + GENTN(
IP1 + 1, J + 1)) + GENTN(IP! + 1, JP1 + 1)

C ... assume death for next generation
NEXGN(I + 1, T+ 1) =0
IF ( .NOT.
((GENTN(I + 1, J + 1) .EQ. 0) .AND. (NUMNR
. .EQ. 3) ) GO TO 5007
C ..THEN
NEXGN(I + 1, J + 1} = 1
GO TO 5008
5007 CONTINUE
C ..ELSE
IF ( .NOT.

((GENTN(I + 1, J + 1) .EQ. 1) .AND. ((
NUMNR .EQ. 2) .OR. (NUMNR .EQ. 3)))

. ) GO TO 5009
C ..THEN
NEXGN(I + 1, J + 1) =1
5009 CONTINUE
5008 CONTINUE
J=J1+1

‘ GO TO 5005

5006 CONTINUE
I=1+1

GO TO 5003

5004 CONTINUE

WRITE(6, 9003) M
9003 FORMAT(IH /1HO, 10Hgeneration, I3, 1H:)

CALL OUTPUT(BOASE, NEXGN, - 1, 12, - 1, 12)

CALL COPY(BOASE, GENTN, - 1, 12, - 1, 12, NEXGN, - I,

12, -1, 12)
M=M+ 1
GO TO 5001

5002 CONTINUE

STOP
END
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4,9,3 O0Other sxampies

“real function cmod( real x, y ); ! modulus of z = x + iy

OO0

real u, v, modulus—_of_z;

u = max( X, y );

v ;= min{ x, y );

if v=0 then modulus_of_z := u

else modulus_of_z := 1.5%u*sqrt( 1/1.5**2 +
(v/(1.5*u)**2 );

return( modulus_.of.z )

.. modulus of z = x + iy

REAL FUNCTION CMOD(X, Y)
LOGICAL STREQ, STRNE, STRGT, STRGE, STRLT, STRLE
REAL X, Y
REAL U, V, MODSZ

U = AMAXI(X, Y)
V = AMINI(X, Y)
IF | ( .NOT.
(V .EQ. 0) ) GO TO 5001

.THEN .

MODSZ = U

GO TO 5002
5001 CONTINUE

.ELSE

MODSZ = (L5*UY*SQRT((1./(1.53**2.)) + ((V/(1.5*U))**2.))

5002 CONTINUE

CMOD = MODSZ
RETURN
END
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INTEGER FUNCTION month(string(10) month_str);

string(10) ARRAY{12] month_name = ('JANUARY’, 'FEBRUARY'
'MARCH’, 'APRIL’, 'MAY’, 'JUNE', "JULY’, 'AUGUST',

'SEPTEMBER’, 'OCTOBER', '"NOVEMBER’, '‘DECEMBER’)

’

)

integer i;
i:= 12;
DO WHILE (month_str ~= month_nameli})
BEGIN
i=1-1;
ifi=20
then
goto out;
END;
: out:
RETURN(j);
main;
string(10) m;
integer i;
external integer function month;
do

read(5, =a(10)) m

while m ~= 'END’

begin

i = month(m);
print(printer, =(i(2))) i;
end,;
exit,

a0

INTEGER FUNCTION MONTH(MONSR)
LOGICAL STREQ, STRNE, STRGT, STRGE, STRLT, STRLE
INTEGER MONSR(3)
INTEGER MONNE(3, 12)
INTEGER 1 '

DATA MONNE(],1), MONNE(2,1), MONNE(3,1), MONNE(1,2), MONNE(2,2),

MONNE(3,2), MONNE(1,3), MONNE(2,3), MONNE(3,3), MONNE(1 4),

MONNE(2,4), MONNE(3,4), MONNE(1,5), MONNE(2,5), MONNE(3,5),

MONNE(1,6), MONNE(2,6), MONNE(3,6), MONNE(1,7), MONNE(2,7),

MONNE(3,7), MONNE(1,8), MONNE(2,8), MONNE(3,8), MONNE(1.9),

MONNE(2,9), MONNE(3,9), MONNE(1,10), MONNE(2,10), MONNE(3,10),
MONNE(1,11), MONNE({2,11),MONNE(3,11), MONNE(1,12), MONNE(2,12)
,MONNE(3,12)/4HJANU,4HARY 4H  4HFEBRA4HUARYA4H 4
HMARC4HH 4H  4HAPRI4HL 4H  4HMAY 4H 4

H 4HJUNE4H 4H  4HJULY4H 4H 4HAUGU4

HST 4H  4HSEPT,4HEMBE4HR 4HOCTOA4HBER 4H 4
HNOVE4HMBER4H  A4HDECE4HMBER4H =/
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=12
C
5001 CONTINUE
C DO..
C .WHILE
IF (.NOT.
(STRNE(MONSR, 3, MONNE(], 1), 3)) ) GO TO 5002
1=1-1
IF ( .NOT.
. (1 .EQ. 0) ) GO TO 5003
C .THEN
GO TO 101
5003 CONTINUE
C
GO TO 5001
5002 CONTINUE
C
C
101  CONTINUE
MONTH = 1
RETURN
END
C
C
C MAIN...
LOGICAL STREQ, STRNE, STRGT, STRGE, STRLT, STRLE
INTEGER M(3)
INTEGER I
INTEGER MONTH
EXTERNAL MONTH
. ,
C
5001 CONTINUE
C DO..
READ(5, 9001) (M(KTEMP), KTEMP = 1, 3)
9001 FORMAT(2(A4), A2)
C ..WHILE
IF (.NOT.
(STRNE(M, 3, 3HEND, 1)) ) GO TO 5002

1 = MONTH(M)
WRITE(6, 9002) 1

9002 FORMAT(IH , I2)
GO TO 5001
5002  CONTINUE
C
STOP
END
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5., Discussion of probi{iems

The design objectives for JOTS and Its compller gave
rise tv many impiementatfon problems, The Fortran code
genarated from the preprocessnr conforms closaly to the ANSI
Fertran standard, it turns out that it is more difficult to
emit Fortran cnde than to emit machine cods, This chapter
atteitpls to dlscuss ihe problems Involved In the Impilamenta-~
tiun, Solutions ¢ ihess problems are outlined in Chapter

b,

5.1 Name mappilng

Idenflfiers in the sourcs program must be mapped Into
Fortrap names that are unique within ths program unit; thé
mapping snculd pressrve “reacabllity" of ths i1dentiflers,
Unfgueness of the name mapping c2n be easily achleved | f the
roqutrement fur mappling into “feadable" names Is lgnored.
For saxnampiesr the set {Als AZ» ...e2 A9 A10s» ....» A100»
A1D1, eses A99939} could be uysed as the range of the
mapning; an algerithm for such a mappling Is trivia! but the

resultino object Fortran code is unreadable.

fdentifiers {n the source program can have lengths up
to the length of 2 <source tine while those 1In Fortran
pronrams are restricted to K characters of less. Also»
idantifisrs I the source program may use the character *_.".

The name mapping must femave these characters since "2" ts

5.1
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natAa!lewed in a Fortran 1denti flar.

The algorithm discussed Iin section 6.3.2 generates
isgai, unique Fortran igentifisrs which resembls the sourca

1dencifiers ciosely sanough to remain "“readabie"™,

5.? Generaticn of temocurary intager var lables

Two kinds of Integer variables have to bs gansrated:
1) for thke "non-standara”™ subscript expresslon
2) for the dimensions and offsets of sutcomatlic array

formal parameters

The oaenerated names shuuid be "rgadable" and unique
withinr a program unit, The numbar of tsmporary varifables
required may bs targe, Generating temporary: var lables for
non-stendard subscript expression is difflcult slnce a
variable has to b3 generatec ané an assignmsent statement *has
to be emitted to assign the expression to the varlable. The
assignment sctatement has to he smitted first and there may

be any number 0f such assignmeni statements.

The snfutions to thesse problams are discussed in sac-~-

tiun 6,3.2,

5.2
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5.3 NDeclarations

Fortran program units are complled separately. Sub-
pronram names ar3 stored as symbollte linkage information
whicn is wused when the compllied Fortran program units are
hound tugether. For this rsasons, an external subprogram
rame {n JOTS has the samse rastriction as a Fortran iden—
tifier ana the same name is used as the subprogram name {n

the ooject Fortran cods.

A probiem arisas wher an identifier Is mapped 1iIntoe a
nama which s the same as an external subptongram name in a

seter daciaration statement of the same program unit,

An error messays can simply be printsd when this kind
of sltuation happans, This s not quite acceptable as long
as «ther Wways can be found to solve the problam without much

affor v,

To Impuse restrictions on ths order of tha ececlarations
d4o3s not hein elthar. The furmal parameters and possibly
the temporary variables for austomatic array parameters come

before attl declarations,

A buslt-in function in the sourcs languags may‘accept
aifferent argument types. This means that a built—in func—
tion with a ceartalin argument type has tv be mapped into a
Fortran function nams which is either an intrinsic function

nr a functton deflinsd by the transiatora.
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Sectiun 6.,3.3 gives an eigorithm for soiving this

probhtem,

5.4 Arr ays

Arrtay offset

In JOTS, an array dimension may have a lower bound
othsr than nne, A formal array paramater can bs declared as
automatic for which temporary integer vear iables are
gensrated to receive Iinfermatlion about thse offsets and

digensinns of Lhe actual array arqument.

Unfortunately, arrays in Fortran can only have an im—
Apilcst fower bound uf oune. This means that when an array
elensnt {s refsramced In the source program, an offset may
have to be emitted. The of fset may be a positive Integer

constants a negative Integer constant or a name.

Sectinn 63,1 describes- the {mplementation and data
structures of an array descr iptor to ailow offsets to bhe

emitied gfficisntly.

Non-stendard subscript exrressions

According tuv the ANSI Fortren standards, a subscript ex~
pressiun can unly be written as one of tha following con-

strucis
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c¥y +
ckvy
cky

|
x x

<
+
=

= X <

whers ¢ and k are Intager constants and v is an intsger

variablte refarence,

Imposing the sams restrictlion for subscript expressions
In JOTS wouid make the syntax of ths ianguage ugly and hard
te remember. In addition, cffsets may have to be emitted
for the subscript which may make ths resulting subscript ox-

pression norn-stendard.

The rscursive definition of a subscript axpression in
JOTS makes checking for the nun-standard subscripts com-

plicated, Tt 1s difficult for this to be checked In the

synltactic level,

Section 6+.2.5 gives a solution. to the above problem.

2.5 Tynpe prumations and type checking

ANSI Fortren oniy alticws mixad mode oparations betwesn
a real ana a double precision operands In an expression.
The use of an Intrinsiec functiun requirés the programmwmer to
choose a differsent functlon name for a different argument

type,
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Tyre promotion (section 4.6.1) is one of the most use—
ful featurss in JNTS. Arithmetic type promotion promotes
operands tu tne highast precedence type of all operands.
Aoproprlate'code is generatec for buiit—-in functions ac-

cepling different argument types,

The type promoticn requirement makes It Impossible to
emit cods fur an evprassiun as It Is parsed. The Fortran
coda for an expression rmust be emitted after the entire

svurce exoressliuon has besan parsed,

Sectivn 6.3.6 Adescribas the technique used to handle

typs promottuns ard type checking,

5.6 Commente

In a Fortran program, the lettar “C" in column 1 of a
line dJdesignates that jine is a cormment Iins. A comment |lne
must be immsdiataly followsc by an Initial tines another

comasnNi 1lnes or an end tine,

The trans|tteratlon of comments from a JOTS prograa to
ebisci Fortran codse Is an important factor to make the

lattsr rgsadable.

In a JOTS prugram, Lhs anpearance of the special com-
ment character in a line signiflies the rest of the line to
be treated as a comment, Thus a3 comment may appear at the

middls of a statement,
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Ths restrictlons on the cumment llnes In Fortran makes
it imoussible to transcribe a comment tu the object code as
tt 1e scanned, Dhe way of dolng this is to queue comment
i1ines and dumop the qu3ius before svery Initiat line of & ?br—
tran ‘snanement is emitted. This is inefficient whsn there

ars a {4t of comments In the source program,

Sectien 6.3,8 describes how comments are handled to al-

fow 2ffuciant transtiteration,

f.7 Strings

in Stanaard Fortran, the string handling facility is
very soof, There 1is no character string data type,
Pruagrammers have Yo uss an intsger variabie of a1 Integer
array for the storing of 2 string. Hencsa when two strings
have to be compareds the corrssponding Integer arfays_hava
to be compared wora by word, Since comoarisons of integer
data are invrived, the progran has to be coded so that words
of characters whose renrasantion§ are negative Integer

numbers can be handled corrsctly during the compar isons.

JOTS provides a more powsrful string handling faciiity.
Nifflculties arise whan the string operailons have to be
transimted into Standard Fortran, Section 6.3.9 gives a
descr iption of how string operations ars transliated into

Standard Fortran,
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b, Implamantativn

This chapter describes the impiementation procedures
and detalls of bulktding « translatorAfor ths JOTS. 1language
deser ibad in chapter 4, The imclementation has been carrled
out un the Honsywe ll 6060 computer at the University of
Watarloo wusing the YACC compiier—comp)ler system (see John-

son (1975})).

6.1 YACC

YACL accapts input whach inciudes productlons
dascr iblng *hs grammar of & lanquage, and coge which is to
be invoked wnen each procuction is used In a rsduction,
VACC thon produces a parser which calls the user—suppiied
texical analyser to obtain the basic tokens from the Input
straam,

Theﬂ type of grammar accsptad by YACC is LALR(1) wﬁich
means the ianguage can be rerssc from left to right with a
local !ookahead‘ of at most one token. Strictiy speakings
LALP(1) grammars ars unamblcuous; that is; any sentence of
the languages has a unique parss tree. However, YAC(C accepts
ambsqucus grammars wlth eappropiate disanbigquating ruies
which ere used tc create narsars that are faster, easlisr to
write and sasier to understand than parsers constructed from

unamo iguuus grammars,

An actlun is an arbitrery statemsnt in a lanquage sup-

6.1



IMPL EMENTATION

porived by YaACC. In this impleamentation, ths system language
Eh is used, Hence, the resulting output from YACC is Eh
suurcs cede with the actions helng functlons and the pérSIng
tabiss heiﬁg axternal vectors, For a dsscription of thb Eh

tanguagyesr refer to Braga (1976},

6.2 Tnplementation procedurss

Modificaiions have besn made to the grammar of JOTS
deccr ibed to Chapter & for the input to YACC. The modifica-
tlons ailluw certaln actions to be taken at appropltate times
durtng the parsing of a JOTS orogram, A few rules with ac-
tions have bean addsd to ailow the printing of approplate
arror massages when syntax errofs are encountered by the
trans lator, Ths fesulting YACC woutput was combined with
oiher supporting rouflnes and the YACC supplied main
toutines thus providing a complate transtatoer fo; JorTs

programs,

Flgure 6.1 shows the general procedute to bulld the

JOTS translator.
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{ JUT§ grammar ]

{ and actlons !
}
{
v
H H
H YACT §
} 1
H
H
v
t parsing tabies and 1 ! parser H ! scanner and 1
! actiun routines H ! driver I ! supporting !
e ke ———e-- - e mmmecee—— ! routines !

¥ .

! Eh complier énd i
H loader t
|
v

{ exdcutable A

I JCTS tranmsiator |

. D S - -

Figura 6.1 General fgrocedure to bullid the JIOTS translator
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6.3 Impiementation techniques

The follnwing sections outline the data structures and

atgoritheres used In the JOTS transiator.

6,%,1 Symbol table

The symbol iLable usss hash tables, symbol descriptorss
array descr iptorss Inttializetion structures and 1/0 format

structures, Each of thesse and relations among them are

descr tbed bel ow,

Hashinrg

Hash ccding is the met hod used for searching the symbol
table and fu.r keaplina unique Fartran names for the nams
mapning., Conflict*s In the hashing are resoived by 1inking
symhois having the same hash index to a "hash bucket", The
data structure used fer 2 ram2 to be hashed consists of one
word for the hgsh 1llgk, fu!lowad by words containing the
nams, This will be called a hash structurs I1n latsr sec—
tions. Two hashk tables are ussd, one for the JOTS symbol
namas and one for Fortran nemes; sach has 127 buckats., They
are»called the syalbel hash tabla ano Eartraan haéh Lagbla.
raspactively., Thne hashing routine accepts the address of a

hash table as ons of its argusents and |Is used by both



- IMFLEMENTATION

tablas,

Figure 6,2 shows the relationship among the hash tablas

and the hasnh structures.

Q0 @ 0 !
e S S
1 1 - bommmm e > ! 0 I hash tink
[ T —— 1 S
2 i 0 ! ! nams |
i eemcacaa -
3 4 !
S !
HE R bt H
| ! 0 H
1 e emm———— ——————
141 1 b R e I ——e e 0 ¢
§ e}  JO——— | | JU——
. . ! nams 1 I name I
R !
H 0 H
R S H -
127 1 —=-me- D >t o 1
T em————  —— 1
I name I
bucket vector -

Figure A.2 chalned hash table
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Symbnat deseripior

A symbnl descriptor is the waln structure for storing
Iinfurmatton about a symbol, When a symbol i1s defined, a new

synhoi{ descriptor is creatad for Iit.

A symbol descriptor cunsists of a fixed number of words
foullowsd by a variabis length name fleld, Figure 6.3 shows
the dava structure of the symbol dsscriptor., Word 0 of the
descr iptor contains the vsctor size of the descriptor which
s used when the space fur ths daescriptor is to be released.
Word 1 of the descriptor, snit, Is a polinter to a structure
which contains ei ther initial values for the variable or an
170 format, In the dsscriptor, the hash link for the For-
tran name, f£ilink, and the Fortran nams form a hash structure
for the Fortran hash table as shown in Fig 6.2. Simitarly,
the has» link fur symbul name, plinks, and the symbol name
form 2 hach structure for the symbol hash table, Word 7“ of
the descriotor, dascs, Is apointer to the array descriptor
if Lhe class of the symbol is array, Word 8 of thé descrlp—
tor, diinks polints to the symbol descriptor uf the next sym—
bo! declared in the source froaram. During emission of code
for declaratiuns, the symbol descriptors are scanned in the

ordar that they are linked by d!ink,

Tab'e 6.1 gives ths posslible types and possibie classes

of a symbol, The vatid combinatlions of type and <class arse

6. 6
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alven In Tabie 6.2.

When the type of a symbol dgescliptor is manifest, words
2 threuaoh 4 of the descriptor have a spacial use which |Is

descr lued 1n seetlon 6.3.10.

word
0 H size I vectur size of this descriptor
R -l
1 } frii t H paintar for initial valuss
R ————i
e H flink H rash {ink for Fortran nama
e e R P |
2 H . i Furtran name (2 words)
HE R et T |
4 1 H
L s |
5 H LypsE ! type of the symbol
I ot
A ! ciass | ctass of ths symbael
et e H
- H dasc H poilnter to array descriptor
R T 1
f H dlink { fink *o next symbo!l daclared
PR, —————
a ! ntink |  hash iink for symbol name
- ————t
19 1. {
L] ®
. ¢« Symbhel! name
H !
n H l
......... [ Ap——

Figute 6.3 symbol descrlptor
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H typso class
-—'-#--ﬁw’-. ——————————————————————————————————————————————————
N simple
14 fongreal array
2 real suborogram
24 integer entry name
4 % laglcal adjustable dimension variablie
L string rredsfined manifest
A marifect constant read format
74 |abel write format
g subrouiine print format
9 format
Table 6.1 tyoe and class of symbo!
CLASS
TY PE i 0 1 2 3 4 5 6 7 8
1 H X X X X
2 H X X X X
2 4 X X X X X
&4 § X X X X
R H X X
5 R X X
R X
] H X X
9 f X X X

Table 6.2 VYalid combinations of type and class

Array Adaseriptor

A array descriptor contains the number of dimenslions,
twe opound type and the corresponding number of Dbound
descr lptors for an array varlabiae. If the array descriptor
is for an automatic array formel parameter, the bound type
i« autn; otherwiss» It s ranga.. Due to implementation

restrictions, an array <can have at most three dimensions

6.8
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{the salie restriction as ANSI Fortran). Array descriptors
are dynemically alincatead in a vector. figure 6.4 shows the

data structura of an array descriptor.,

An array deécriptor contains up to three bound descrip-
tors depending on the number of dimensions of the array
variable. The nth hound descriptor corresponds to the nth
dimension. A boursd descriptor has six words, the first
thres of which contain the cffset and are ca!led the pifsat
dascriptars, the ramainino three words contain the dimension
and are called the dimansien dascripior. Examples for of f-
cets and aimenstons of array bound dectarators are glven in

tahle 6.1’-

0f fsats and dimensions are stered in string form. If
the bound typs ts autos then aach bound dsscriptor contalns
+he thach structures for the offset variable name and the
dimenston var lable name; ctherwisse each bound descriptor has
the *olsuwing format:
The f(rst word of the offsut descriptor contains the sign
of Lhe offsat value and the next two words contain the
string valus of the absolute offset (ABS(-lower Dbound ¢
1));: for the dimension Adescriptor, if the first word con-
Laine a zaros the next tw words contain the numer e
diarnston {(upper bound - Iouer'bound + 1) In the string
forms otharwlss the first word is a polnter to the &d-

justable dimansion var:able,

6.9
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An array descrintor is shared by the array varliabiaes
deciared in thae same array declaration statemsnt, However
each automatic artay formal parameter has Its own array

agescrip tor,

bound H
declarator | bound type offset dimension
............ d o e - e o e o T i o e Ao
(1:41 { range 4
15] i rangse 5
[=-2:1m i range +3 13
110:100) H range -9 111
[N) H range N
{*) H auto -NOFFZ NDIMZ

Tabls 6,3 Examples fur pffsets and dimensions of
bound decliarator of z.
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Tnitialszatlon storage structure

fnivial values for en array can be specified in the
source languagde as a iist of Inltial |tems each cf which can
ve a constent, or a repetitive group. A fepeiliive grqup is
a (ist df initiaa ltemss, separated by commas and enclosed in
paranthesss precodad by a rapefitive count, A vector,
Called gparga Is wused to store the represaentations of
!nitialigataon structures, During compilation of initial
valuss, a cbnstant, which Is stored as a ‘buhd!ea structure
‘Tsection 6.3.51s has i1%*s bundied address entered Into the
gparaa, A repetitive oroun is repressntcd as a list of ele~
ment*s into the same data area using the following ordsr: the
"ngaative value of ths reputit!va count, the groﬁp items sand
then a zero. Tnitialization for an array variable Is
emltﬁed 1s a DATA statement. If a repetitive group with a
repeat count of n has only one constant ftem cs it is
smitted éswa ropstitive Item {i.8s n¥*c)s» otherwise the items
in the g}oup are emittad repsatediy n times. A recursive B
tunpct tun i§ used to do the abocve since outer groupé have to

be stacksd during the code emission.

Flgure &,5 gives an examples for the storags inltlaliza—-

Llon structure,
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polintad to by  JS—
ehie "init" fleid —-=--> | -2
cf the symbol fo e ———
usscriptor , H T R, L L
of 7 ’ |
-3 1
jewramona 4
i crmmbpemead W20
R
! -2 i
R i ‘
H —rmmpm——=) MG
e}
! 0 !
foemmeman
t o
fomemmaae !
§ RN N LY Yol
P
! 0 }
jemccawan i :
! 0 !
IR
hd °
gparea

instializatlon structure for the geclaration :
INTEGER ARRAYTL6] z = (2€1» 3(2» 2(5)), =40))

Figurv 0.5 Exampie of an initial tzation structurse

1/ format stnrags structure

An 170 format Is a {ist of format itemss each of which
can he 8 field descriptors or a rapetlt!ve group, A repeti-—

tive grour 1s 2o llst of format items separated by commass

6.13
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ard snclosed in narentheses preceded by a repetitive count.
Representations for an 1/0 format are entered Into the vec-
tor gparea, Durlng tge compilation ot a format, a fleld
descr iptor is mapped intv the Fortran fleid descriptor (e.g.
the E format E(15,752) -=> 2PEL15,7). The string address of
the mappad cescriptor |is snter Into gparea. A repetitive
qroup Is répresenLad.in the same data area by the tha fol~-
lowling: the nagatlve valus of the repetitive count, the
group nhesting number which 35  initialized to ones the
repressentat lons of the group Items, ano then a zero

delimiter.

A recursive function scans through this structure and
assigns group nesting numbers to sach group. An Iinner most
group has a nesting number of one. A group containing ether
‘grtounps has a nest ing number one greater than the highest

nesting number of lts inner groups.

When a FO”MAT“statemeﬂt is to be emitied, the group
ngsting numbar indicates whether the whoie group can be
gmitted as a Fortran repet:tion group or the group has to be
copled the number of timas indicated by the group  repeat
cwunt, A recursive function Is used to do the format emis—
sion since addresses of outer groups have to be stacked
durlng the cods emission. This solves the restriction im—
posad by ANSI Fortren for which only two nestings of group

repatition ar2 aliowad In a FORMAT statament.

014
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An example of the representations of I/0 format is given in

Figure .6,
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6.7,-2 Name mapp ing and generation
GCeper et ing a “readable” Fortran name

Mare marping beglns with generating a legal Fortran
~ams fFom the snufce  icentifier by removing appropriate
characters. Undsrscore characters "“_" are stripped from the
snurce identifier rasulting In a siripped name. If the
langth uf the stripped name is five or Iless, It |s used as
the genzrated namd. Otherwise five characters are chosen as
fuliows:

The flrst three and the Jlast characters of the
ganerated name are chosen to be tha same 2as in the
striopsd nama, If there fs at least one . underscore
character ®_" |n the source identiflier and there are at
tmast twe characters afier the last underscofes, the
charactef ismadiately aftar the Yast underscors |Is usaed
for the fourth character of the genarated name. Other-
wises ths character at the (length of stripped

name/2 4+ A)th position of the stripped name Is used.

Namas gsnerated by the dabova algorithm arse generally a

pleasina shor+ form of the source ldentifler.
Pesostution of conflicts

The mapring algorithm glives a many-to-one mapning of

SQUrge names +o0 Fuortran namss,. The second part ¢f the name
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mapping routine resovies tha confilctss If anys for
generated names. A routina NEXT_ALPHANUM(c), uhicﬁ raturns
thQ next alphanumsric chgractsr taccording to the clircuiar
sequence "O0s 1ls seeeer 92 A5 Bs C» eseesr I™) of argument c»
4s ussd in the algorithm, A starting symhol, which s
tnitialized to "0"™ when corpllation of a pfogram startss s
a!sq used, The resulting valus of the starting symbol In a
conflict resolution process Is kapt so thet in the conflict
res&lutlon of another ldentifisrs, It is used as the new
starting symbol, This haips to resolve the conflicts more
efflclentiy whan several ldentifliers ars mapped into the
sama name, This is especially useful for genération_ef tem~

porafry variabies {see naxt section),

The generated name Is denoted by g. Whenever there Is
a conflicts it Is resolved by modifying g Iin the following

way.

Let c he the jast character of . Asslign
NFXI_&LPHANUM(starting symbol) to d and append d to g.
New 1iiames are generated from g for successive trials of
the conflic® resolqtion by garying ¢ as the major varyling
cheracter and d as the minor. ¢ or d is varled according
L0 the alohanumeric ssquenca using NEXT_ALPHANUM, When
altt 35 v 26 cqmbtnatlon éf ¢ and d havs been trieds ¢ and

g are removed from g and tha whole process IS raspeated.

6.18



IMPLEMENTATION

Tha starting symbol Is sat to the last character of the

rasulflinn namae,

Temporarty variables for subscripts

The starting syaboi for resoiving name mappling con-
flicts is set to "O" first. When a temporary Integer
variabie ]s wantesd, the seed "KTEMP" (s passed tu¢ the name
mapplng rocutine, By the algorlihm of ths name mapping
reutine, "KTEMPY, "KTEMPLY, "KTEMP2", ... would most likely

be the sucessiveiy generatsd temporary names.

Generated wverlables for subscript sexpressions in a
statement ars reusedr If nocessary, in latser statements,
This msans tha; when a tempcrary integef variable for a sub-
script 15 wanted, 2 NI W Name ﬂill ba gensrated only if there

are no avallabls temporary veriables.
Temporary varlables for forral array parameters

The sead "NDIM®" and “NDOFF™ are used for gesnerating
dimension varlabtes and offset varlables respectiveiy. To
meksz thy generated variablies more readable, the first
character of the corrssponding array name Is appended as the
fifth character of the seed bafura the sesd |Is passad to the
name mapping routine, The starting symbol for the name
mapeing routine Is reaset to O™ before the procsssing of an

aytomatic array formal perameter to obtain mcre readable

6. 19



IMPLEMENTATION

names for iLne tsmporary var lables,

Fer cxamples the generated parameters for the automatic
array formal parameter z[(*, *¥), atx[*) may be

ngffr, ndimzs, noffz2, ndimz2, noffms ndimm, mtx.

Notice theat "may be" s used in the fast statement
bucause a previous identifier might have been mapped Into

"hof 2" or "ndimz2" eatc.

6.3.3 Declarations

Cbject coriran cocds fof the sybprogram heading and all
daciarations in a proagram unlt has to ba emitied after ajl
source declarations have been parsed and all name gensration
donz. As the source declaration statements are parseds, the
syithe! ivabte 1s hui It and only subprtogram identifiers are
enterad intu the Fortran name hashing iabls, After all
declarations thave been parseds thas symbol table is scannsd,
and evary 1dantifler other than subprogram names Is mapped
fnto a8 Fortrai name which is then entered inte the Fortran
rame hashing vable. Fmission 2f ths Fortran code for the
subprogram heaaing and declarations is done at the same

t fwe,

Thitializations for arrays and var iables are emitted as

DATA statements wusing thes initiaiizatlion data structures

- 6. 20
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after all declaratliona have been emi tt od.

t.3.4 Control structures

The technlaue Involvsd In the translations of the con-
trol statements trtu Fortran code s quite stralght forward,
Table 6.4 nivas the trensiations of JOTS control stat sments

into Fortran code,

6.21



JOTS cuntrol § Trarslatlion into Fortran
statement t
___________ e o e v e e o e - . - - - - " A ————
THEN ! . <ec?'> } GO TO 1001
<s > I « s THEN
i s>
! 1701 CCONTINUE
.................. e e e e e e 2 e e e e e e
IF <> ] TF {.NGT,.
THEN H <c'> ) GO TO 1001
<s> iC + o THEN
ELSE § <s'>
<> H GO TO 1002
! 1001 CONTINUE
i «+ELSE
H <t
t 1002 CCONTINUE
................. b e e e - ——— = o o e o een
no ic
<s> I 1n01 CONTINUE
WHILE <c> IC DC.,
<E> § <s?>
’C ..OwH[LE
H tF {.NOT.
H {c'> Yy GN TO 1002
H <t >
} GC 7D 1001
!

wherea <¢> is a JuTs
¢t >

IMPL EMENTATION

1002 C ONTINUE

loglcai

expression with transtation

s> ang <> are JOTS stetomesnts with transiations

<s'> and <t

Table 6.4 Tran

*> respactively.

slations of JOTS con trol

into Fortran

& global
rent staiemart numb
statemants, When

giobal varsabte iIs

ver| abie

is used to hold the value
oer used for the t;ansiations
a statement

new

number Is

incrementaed,
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im the uwranslated Fortran codes a forward GbBranchk Lo
skip a s=2ction of cede can bs dune by flrst pushing a new
statement number unto a stacks then emitting a GUTOD state—
ment with itis statement number and after the ssction of
cuts has been @miftaﬂs the stack s vopped and a CONTINUE
statement fg smi*ied with the nopped vaiue as Lhe iabels A
backward branch iIn the trenstatlun can e Iimplementaed

simitariiy using the same stacke.

A tranch tab=214 ta a JOTS proqgram is stered In o sSymb o i
desSCr intur, Whan a program unlt has besn complleds, & seareh
in tha symhcl tab'e §s done to check for thoss unresolvad

GNTN branchings.,

.32 Bundting

Rundiings wnich is der ived from a fsatura of the same
name in ths cowpiler~compllier TMG (sea Mellroy (1973)), is a
techniaus heavily used in the imoiementation of the JOTS
transiator, Tyoa qheckihg, type promotions, initial vaiues
cude emissliun and mors Important - the indlvisibie emisslion

0f 2 statement are Implemented using this tachniquae,

BRurdling is a techniqus for collectling together varlous
character strinas suv that they can bs cutput at the same

lator ttme. Rundles are Implemented ee arrays of polnters,
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terminated by a zsro pointer. Fach pointer sither points to
a bundie or to a character stringe. There is an arrays
called hspace whicn contains ali the bundles. The implemen—
tatton trick is to check ihe various values of the pointer
in a bundle Lo dstarmine §If It {s a polnter tyu a string or a
pulntsr o anothier bundle (points to some f{ocation in

bspacsl, Figure 5.7 gives an example of bundiing.

In order that.typa'checking and typa promotlions can be
done easilys the tirst wourd of a bundle Iis always reserved

to Indicate the type of the expression stored in the bundle.

Bundies ares allocated sequantialliy In bspace anc ars

Cieared by resetting the bundie allocation pointer.

Emit*ing e bundle structure can bs easily achleved by
uslng a recurslive procedure B.EMIT, B_EMIT accepts the ad—
dress of =2 bundle as parametar. It skips the first word
Which andicates the type» ana scans through the pointers one
by oae untii the zero polnter is encountered. If a pointer
© pPrints to some Incatiun in bspaces a recursive cail tor
R_EMIT wuslug p as paremeter is made, otherwise p Is treatsd

d4S a string address and emitted.

6. 24
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6,3.6 Evpresslions

The bundling taschniaque (section 6.3.5) heips to slm;
ntify the lmpiementation of type checking and type promo-

tluns,

When an expression 18 being narsed, type checking and
tyoe promnttons are performed. The transliator sslects the
appropriate function names for bullt—in functlons according
- te tha Lyikss of the arguments, 1In an arithmetic type promo—
tion for two oparands x and y for which ¥ has a high
orecodence types If y ts a constant then y is emitted as a
constant Lhat has the same type as x; otharwise If y Is of
tntegar tyne, it is converted to real by emitting the For-—

tran intrinsic function "SANL"Y,

For axawpie, i*f dx is longreais x is real, ana i is in-
teger then
Tdx«3n is emi tted as "dx*¥3D0",
x/dx" ts emitted as "x/dx",
"2 + /dx"™ is emitted as “2D0 + SGNL(1)/dx"™,
Hyk3nN Is emitted as "x*335,",

and "ax*35E10" s emitted as "dx®35D10%,
Bupdling Js used to Jlink up the names and eperators for
the saxpressicn in the process, tf reauireds expressions are

bundled wogether to farm part 2f a statement before they are
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smittesd. Fnr example, 2ti arguments of a subprogrem cali

are hundled bhufore theay ars emtttead,

JOTS oniy restricts & subscript to be an iInteger ex-
pressiuvm, The transtator gcsnerates a temporary integer
variable to cubstltute a non-standard subscript expreassion,
Codé ls emltied for the assliygnmnent of the non-standard sub—
script to the temporary variabhis before the actual statement
containing the subscript Is smitteds A semantic routine Is
spaclially written to chack 1f a given subscript expresslion

i1s stancard,

A twe pass method nas to be usad In the arfithmetic typs
promotions for arguments of bulli-In functions MIN and MAX.
In the fifst nass over the expressions every argument of the
buitt-in functinii is bundlec and stackeds and the highest
pracedefica type s Treccrded, In the second passs, the
bundlad argumants are poppeo and approplate conversion is

rarfarmed, i1 f neaded,

£.3.7 Code emission

The object Fortran code emittud ¢rom the translator is
formatted with appropriate indantations and comments. The
code emissitor routines have to handle ceard boundaries,

statement contlnuatfons, and Indentations.
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Four basic routines =are responsibile for the actual

amics ton of code: .

eritting code for stataments

amitiing a Fortran statement labal

amitting a comment with formatting

amitting a coament without formatting

Routine sy sueh as enmitting. a number, emlitting a
CUMTINUE statament, emitting a bundled structure stc.s are

definad using tha four basic routines,

6.3.8 Comments

Comments in JOTS progrems have to be transcribea to ob-
jec* Furtran code. A Fortren statement is omitted oniy
after the entire statsment is ready. This makes |t possibls
to transcribe crmments as they ara scanned by the trans-

fator.

fFe?49 Strinags
Striugs are implamented as integer arrays in fFortran.
A stringi{n} ttem is a string of lenagth n.

The predefined manifest constant "BYTES_PER_WORD"™ con-
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tairs the aumber vf hytes In a word of the machine for which
the fertran nutput s te be comoiled and axecutsd. This

cunstant camn be vvsrriden Ina JOTS preogram.
NDafine words (n) as (n — 1Y/BYTES_PER_WORD + 1,

A stringi{n) var 1abie in JOTS s mapped into a one-
dim:nsional integer array of size wordsi(n} 1In Furtran. A
m~dimensional strinaln) array in JOTS is mappaed into a (m+l)
dimensivnal lnteger array which size of the flrst dimenslon
Is words({nl. Since the maximum number of dimensions for ar-
rays in ANSI Fortran is 3, string arrays In JOTS require
m <= 2, AYTES_PER_WORD characters are packed into each ar-
ray element. In string initig!lzatfons and string assign—

ments, unused bytes are fillad with bianks,

Fur exampies If BYTES_PER_WORD 1s 4, the declaration
string(9) ml = *JANUARY!
is translatsc as
INTEGER M1{3} .

UATA MI(1),ML(2),M1{3Y/4HJANU, 4HARY 54H /

String assianments

A rourtran subroutine SASGN has been written to handle
string assignmants. A string assignment sl := s2 in JOTS is
trensiaiad 2s

CALL SASGNtsl, il, s2, 12)
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whare 11 is tha value words(string size of sl)

ard 12 1s tha value words{string size of s52)

when 11 > 12» s2 is copled to the first 12 words of sl

and ths naat (11 - 12) words of s2 are fllled with bltankse.

Strina couwpar isons

Fortran i~gical functions STREQ, STRGTs stc. have baen
written for string comparison operations '=', *'>', etc.»
respactively., The arguments for these functions are similear
to *hoss in SASGN. The string comparison, sl > s? where sl
“js a stringlm) varfabie and s2 Is a stringin) varieble |Is
translated =s

STRGT (sl 41y s25 §7)
whore 11 is the valus words{m)

ana 12 1s the value words{n}.

Since sl and s2 are passed as intsger arrayss the com—
par: son routines have to handlia the casses . where the

representations n¥ tha compared items are negative.

Strina input/outout
A string(n) varlabie, s appearing In an Input/outout
liet is translated as
{(s{ktamp)y Ktenp = 1, w)
where w is the valus words(nl}.

Similariys, a string{(n) array eiement sl il is translated as
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{(s{ktempsr i)y ktemp = 1, w)

Wwhere w 1s the vajlue wordsi(n).

$.3.17 Manifest constants

Word 2 L0 wnrd & of the symbol descriptor of a manifast
constant is regarded as a unit called manlfast descriptar.
The wusage of each word in the descrintor Is as follows:

First word milnk - Iink to uiher manifest descriptor
durirg zxpansion,
Secend word mofftsat - of fset used during expansion

Third word madiz - string address of manl fest definition

Whan a manifest <constant declaration is processed, a
vector is allncated to store ths definition of the manifest
constant, A symbol descriptor is also allocataed to the con-

stant, Ths vatues of moffset and miink are initially zero.

A mani fest constant becomes ashlxa‘if it Is refsrenced
tn a prograa unit sither d!rectiy of indirectiy through the
expansions uf other manifest constants. There may bs more
than one manifest cénstant active at one time. When a
manifest constant 1is actlive, 1{ts moffset Is greater than
zero. Tmis faet Is used to astact recursive manifest expan—

sions which ara i11legal since they never terminate.
The manlfest 'descriptors of all active manifest con-

6.31



IMPLEMENTATION

stanis are tinked In a stack called mllist. Qhen the scanner
invekes gabtehar to obtaln the next character, getchar first
checks if miist Is smpty, If it 1s, the next character in
the Jinput stream is returneu; otherwise ths corresponding
charact er from the mantfast wafinition of the flrst manifest
decrintor in wmist s returnsed., Moffset of the manifest
cdescr ig tor indicates the rusitlon of the character {In the
definstlion to be transmittad., When tha last character of a
marifast definition is reactred, tue manifest descriptor Is
delatea from mitst and its moffset 1s reset to zero to in—

dicats that tha constant is lpagtliva.

6.32



CONCLUS T CN

7. foneclusion

Problems of  portability can be divided into two
categuries: . (1) writing code so that it can be compiled and
sxecuied on each target wachine, and (2) writing c¢oges that
wil! produce acceptable results on sgach targset machins
regardless of mathemat!cai rroparties of Its representations
and araithmaetic, JOTS is one abstractlion of many Fortran
fiacht nes, JOTS solves tha first oproblem Dy emitting
purtable Fortran and by being a complete compiler preventing
accidsntal Inciusion of non-stenauard Fortran., JOTS also as-

sists *hu prugrammer In sotving the second problem,

In addition, <tha Fertran output is aeattractive anrd
kighiy readabla, This Is useful for software distribution
(suck as ithe [MSL mathematlical software library) for which
the Fortran output can be used as a basls for code main—

tsiiance by the users,

JOTS relloves deficlanclas of Foertran by providing
ricner control  structure and precise semantics defined by
BMF, TIrrattonal restrictions of Standard Fortran (e.g.
those In subscrint axpressions, format statements, and data

stataments) are removed,

Many problems are involved in using Fortran as the tar-

get language for tha coapiler, Thase difficulties arlisse
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maliily because of tha restrictions In Standard Fortran.
However,; It Ts a reasonabile choice becauss Fortran 1s widely
available and thare are highly developad subroutine

Itbraries Iin Forir an,

The use of a compiler—compiler is a convenlent method
fut sofitware dovelopment.,  Ac a result, the JOTS Yangusgs Is
extensible, and can ©be enhanced by changling or adding
productian fules Wwith the corresponding actions. The trans-—
lator is portabis since it Is impiemented in the portable

systems imoiementation itanguags Eh,

JOTS odemonstrates +Lhat it 1s possible to translate
pragrams written in a phrase-structurad language into
poreablte and highly readable Fortran, It is a useful tool

for writing voriabie softwar e,
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APPENDIX A

{nrugram> tt= {program unit list> .
<pfogram unlt List> 3:= <program unitd
! <program unit iist> ; <program unitd>
{program unit> 1i= <maln programd
! <subpom>
= MAIN ; <program body)> EXIT
= {fend>
{ <{subr>
2 {fcn head> <{program body> RETURN
{ <revurned ¥ expr> )

<{maia pfogram> :
<subpgw> H

<fend> -

<subr> 1.z {subr heaa> <prougram body> RETURN
<{fcn head> HH <beasic typed> FUNCTIDON <entry llst>
<suhr haadd> -

SUBRCUTINE <entry name> ;
<entry i1lst> :
<an*ry name> : <subpgm fidantifier>
<rotnrned T axpr> 113 < expr>
{proagram body> ::= <{declaratiuns> <stmt {ist)>
<declaratiouns> ::= <decl Iist> ;

=
=a*
1= SURROUTINE <entry 1listd>
[}
1
= {antry neme> { <param decl ilst> )

{emply>

<aerl list> 23 <deci 1istd> 3 <daci>
{dacl>

<decti> B <simple var decl>

-
i
i
I <array decl>
! <subngm decli>
| <tmt dsci>
<slimpie type> ::= <basic typad>
!
=
H
)
}
b3

STRING ( <string size> )

<hastc Lyped> 3tz INTEGER
REAL
L ONGRFAL
LOGICAL
<string size> @ <integer constant>
<simple var decl> tt= (simpia typed> <s var ftistD

<s var {lst> 1tz <§ var>
! <s var 1istd> , <s var>

<s wvard 2i= dentifler>
t <ldentifier> = <nit valued
{artray ascl> ti= <simple tyned> ARRAY [ <rangs tist> 1
<a var list>
<a var ilst> itz L3 var>>
I <a var iistd> » €a var>
{a var> itz (ident. fler>

I <identifler> = <init groupd>
<range list> HE] {r anqga>

<{range 1ist> » <rangsd>

<upper rengs>

{lowsr rangs> ¢ <upper range>
Lrange value>

<range vailued>

<lntager constant)>

- <integar constant)

<init valued>

<rangad iz

Clower range>
{upper ranged>
<range valus>

L T 1
.

H o § B # == H = u

-
'

<inlt group>
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| <repesat factor> ( <Init repeat tistd )
I ( <inlt repeat 1istd> )
<inlt rensat list> s:= <&anit group>
I <intt repeat list> » <init groupd>
<init vatlue> 1= <ar lth canstant>
I = <arlth constant>
{ Cioglicel constant>
I <string constani>
{repaat faciLurd i:= Llntegsr constant>
<ar th constant)> tt» {lnteger constant>
<rgal constant>
<tongreal constant>
<fcn dec >
{subr deci)
EXTERNAL <baslc type>
FUNCTION <subpgm identifier 1|istd
<subr deci> itz EXTERNAL SURRMUTINE
<subpgm idantitfier list)
¢subpgm identifier list> ::= {subpgm identifier>
! <subpgm idantifier Jistd> »
<subrgm identifler>

<suboym decl> 3

H == §I = -

<fen declt)> iz

<param dec! | ist> ti=x <{param decl>
| <param decl ilst> ; <param decl>
<param cdecl> i:= {param ver decl>

|} <param array dacl>
I <subpgm caci>
<param var dect> ii= <simpla type> <Lidentiftier 1ist)>
<param array decl> ita {simple Lype> ARRAY [
<param bound 1ist> } {ddentifler list>
<param buund §istr tt= <auto bound listd>
I <bound | ist>

<auto bound {ist> HEE R

} <autu bound list> » %
<huund 1lst> :: = <bound>

i <bound I1ist> » <bound>
<bound> ti= <{range>

! Cadjustibls dimension>
<edjust|ble dimension> ii= Lidentifier>
<fmt dect> = FORMAT { <fmt class> ) <deci fmt list>
<tmt class> i13 READ 1 WRITE ! PRINT
<decit fmt fist> t:= {decl fmt>

<dec! fmt listd> , <decl fmtd>

<decl fmt> 33 <identttier> = (fmt group>
stat list> $ Kstmtd

<stmt> HH <yntabelled stmt>
<labsi head>» <unlabetlsd stmtd>
idsntifier> :
<labai head> <lidentifier> :
<unlabelited stmid> 1:= {compound stmtL>

! <assignment stmtd

! <cail stetd>

! <goto stmt>

!
-
I <stmt 1istd> 3 <stmtd>
=
H
Cjabel haadd> =
!
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<compound stmtd>
<assi gnment stmt>
feft part>

<arg list>

[
oy mm |f we g W= g

1]

"
(]

array arg>
fndicator 11

sdantifier>
<tf stmitd>

<if clause>
<iterative stmto

<read simtd
controi>

W O~y -

<ou*out contrul>

<gutnput aetad>

<eentrol head>
{tile unit>

““ 3% 0 = H

<fmt speciflsrd>

e e o

<euf nptd>
<err opt>
<lo item tist>

se oa ¢

- ) = o4 W

AP PENDTIX A

<1f stmt>
Citerative stmtd
{rzad stmid>
<writes stmtd>
<print stm>
<rawind stmtd>
<andfliie stmid
<ampty>
t1= BFGIN <stmt 1ist> END
112 <TG laft part> <T1l expr>
<t var> :=
CALL <subpgm ldentifler>
CALY <subpgm identifiler> ( <arg listd> )
{ar a>
Carg llist> » <arg>
<7 aexpr>
<auto array arg>»
:zx Clident Ificrd> [ <Cauto indlcator 1ist> ]
st> HE-E I
<auto tncicator Listd> , *
GNTO <1abal identifler>
st= Ltdentiflerd>
<if clause> <stmtd
<1t clause> <stmt> ELSE <{stmtd>
* 1F <logicai expr> THEN
1:2 DO <stmtd> WHILE <logical exprd
<stmtD
READ { <linput control> ) <1o item listd>
:t=z {control headd>
{cuntroi head> » <input opt Jistd>
trx Kinput optd>
<input opt list> », <input optd>
<eof opt>
{err opt>
WRITE ( <outputi controld> ) <output data>
PRINT ( <output control> ) <output datad
t:= <eontrol headd>
<control headd> » <arr optd>
<io ftem iist>
<ampty>
<flla unikt> » <fmt spacifier>
<identifler>
<intsger constant®>
1:= = <fmt group>
<ident it ler>
*
REC ORD
END = <labei identifierd>
ERR = <lebal identifier>
<io ftemd
<lo item tlist> » <lo iLem>
<jdentifier> :
<{o array>

A3



<ioc array> 1=
{ranne spec {ist>
!
{rangs spsc> HER
H
}
<raowlind stmtd 12 =
<¢ndfile stmt> 1=
<V var> =
}
3

<V artay designat>rr> ::

{esubscrint ilst>

<sdbscriot> HH
<T0 expr> H]
carlith op> H
<string eape> H

<lggicai 3xpr>

—— mm e ) ) i} S T we we e em | o=

Cloglceal siement)
) {
cpistant >
!

{fugicatl

<rejailonal o>
<bullt-in T fcnd
H
{uyne-arg TO fcn>
<one-ar g fcn named>
!
H
H

<many-arq ¥ fcn>
{many-ary list>

<fat group> ]

- e e o= =T g e

APPENDIX A

igeniifier> { <range spec {ist> i

t:= {range specd
<r ange spec tlstd> »
<intager expr>
{intager exptr> :
*
REWIND <flle unit>
ENDFILE <file unit>
<identifler>
<suhpgm identifiler>
<Y array ceslgnator

=

ti= <sthscriptD
<subscriot itstd> ,»
<{Intager expr>
<T0 vard>
<Built=1tn T0 fcnd
<TH constant>
- LTO expr>
+ <T0 expr>
{ <TO expr> )

{rangs spec>

{ <arg
>

<jdentifier> 1t <subscript

{subscr |

<integer expr>

Pist> )
fist> 1}

pt>

<F1 expr> arith op> <¥V2 expr>

% 1 7 |

{string vear>
<string constant>
<inglical elsmeant>

* |

/ i +

<T1 axpr> <reslational cp> <T2 expr>

NOT <iloglical expr>
{iogical expr> AND
<ingical expr> OR <
{ <logical expr> )
:t= <loglcal var>
<logiceai constant>
ii1= TRUF
FALSE
trz > b ¢t o>= ¢
t:= <one-arg T fc
<many~-arg i fend>

<loglcai
logical

<= |
n>

=

expr>
axpr>

=

t:= <one-arg fcn name> { <1 expr> )}

2 e .
v .=

SHCRT 1
TRUNCATE
EXP | LOG !
SIGN § S5QRT
t:= MAX { <{many-a
MIN ( <many-arg lis
t12 <T1 axpr> » <
{many-arg tist> » <
{edlt desc>
SK1P ( <integer con
SK1P
X
PAGE
{string constant>

FLDAT
ROUND |
LOG1o 1

Ae b

! LONG
FLDOR 1
SIN ¥ €
rg list>
t> )
T2 expr>
T3 expr>

stant> }

<integar constant> )}

CEILING
0S | ATAN

)
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! <integer constant> ( <fmt reveat 1ist> )
I ( <fmt repeat list> )
<fmt repeat list> 112 {fa*t groupd
<fmi repeat iist> » <{tmt group>
Kfractlorai fleld> ( <fractlonal desc> )
T { <fiald width> )
Al <fiald width> )
L  <fielcd widthd> }
<fractlienal flield> :t= D VE VP FLUG
<fracuvlonal desc> ::= <{fileicd width> » <fractlionat digit)> ,»
{scale factor>
1 <flaltd width> , <{fracticnal digit>
<floald widih> := integer cunstant)
{fractionati digit)> t1=2 {lnteger constant>
{scale factar> 2t= <integer constant>
i - <integsr caonstant>

€gdit daese> HH
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The ALGDI procedurs zaro:
{pP58s rent(1973))

REAL PROCEDURE zero(a, b, macheps, t, f);
VALUE a, b, macheps, t; REAL a, b, macheps;
REAL PROCEDURE f;
BEGIN
REAL ¢, d, e, fa, fb, fc, tol, m, p, q, 1, s;
a = f(a); fb := f{b);

int :
c:=a; fc:=fa,d:=e:=b - a

ext :
IF abs(fc) < abs(fb)
THEN BEGIN
a:=b; bi=¢ c:= a;
fa := fb; fb := fc; fc := fa
END;
tol := 2*macheps*abs(b) + t; ¥
m := 0.5%c - b);
IF abs(m) > tol and fb ~= 0
THEN BEGIN COMMENT see IF blscctlon is forced;
IF abs(e) < tol or abs(fa) <= abs(fb)

THEN
d:=c¢:=m
ELSE BEGIN

fb/fa,

IF a=

THEN BEGIN COMMENT Linear mterpolatlon,
p = 2*m*s,
g:=1-s

END

ELSE BEGIN COMMENT Inverse quadratlc interpolation;
q := fa/fc;
r:= fb/fe;
p = s%2*'m*q*(q - 1) - (b - A*r - D);

=q-DMr-D*s - 1)

END, .

IFp>0

THEN
q:=-q

ELSE .
p = -m

s:= ¢ e = d;

IF 2*p < 3*m*q - abs(tol*q)
and p < abs(0.5%s*q)

THEN
d:= p/q

ELSE
d:

1
[¢]
I
=1

END;

2.1
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5

s(d) > tol THEN d
m > 0 THEN tol ELSE -tol);

andfc>0 or fb <= 0 and fc <= 0

8.2
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A Fortran translation of the ALGOL procedure zero:
(Brent (1973, p.188))

REAL FUNCTION ZERO(A, B, MACHEP, T, F)
REAL A BMACHEP,T,F,SA,SB,C,D,E,FA FB,FC,TOL,M,P,Q,R,S

SA = A
SB = B
FA = F(SA)
FB = F(SB)
10 C = SA
FC = FA
E = SB - SA
D=E
20 IF (ABS(FC) .GE. ABS(FB)) GO TO 30
SA = SB
SB = C
C = SA
FA = FB
FB = FC
FC = FA

30 TOL = 20*MACHEP*ABS(SB) + T
M = 0.5%(C - SB)
IF ((ABS(M) .LE. TOL) .OR. (FB .EQ. 0.0)) GO TO 140
IF ((ABS(E) .GE. TOL) .AND. (ABS(FA) .GT. ABS(FB))) GO TO 40

E=M
D=E
GO TO 100
40 S = FB/FA
IF (SA .NE. C) GO TO 50
P = 2.0*M*S
Q=10-8
GO TO 60
50 Q = FA/FC
R = FB/FC
P = S*2.0*M*Q*(Q - R) - (SB - SA)*R - 1.0))
Q = (Q - LOXR - LO)*S - 1.0)
60 IF (P .LE. 0.0) GO TO 70
Q=-Q
GO TO 80
0P = -P
80S = E
E=D
IF ((20*P .GE. 3.0*M*Q-ABS(TOL*Q)) .OR. (P .GE. ABS(0.5*S*Q)))
GO TO 90
D = P/Q
GO TO 100
9 E =M
D=E
100 SA = SB
FA = FB
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IF (ABS(D) .LE. TOL) GO TO 110
SB = SB + D
GO TO 130
110 IF (M .LE. 0.0) GO TO 120
SB = SB + TOL
GO TO 130
120 SB = SB - TOL
130 FB = F(SB)
IF ((FB .GT. 0.0) .AND. (FC .GT. 0.0)) GO TO 10
IF (FB .LE. 0.0) .AND. (FC .LE. 0.0)) GO TO 10
GO TO 20
140 ZERO = SB
RETURN
END

B. 4
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The JNTS orocedure zoaro is glven below:

1$d
real function zeroin(real a, b, t;
external real function f);
real ¢, d, ¢, fa, tb, fc, tolerance, m, p, q, 1, s;
fa := f(a); fb := f(b);

int :
c:=a fc:=fa;d:=b-a e:=d;

ext :
if abs(fc) < abs(fb)
then begin
a:=b; bi= ¢ ¢c:= a
fa := fb; fb := fc; fc := fa
end;
tolerance := 2*machine_eps*abs(b) + t;
m = 0.5%c - b);
if abs(m) > tolerance and fb ~= 0
then begin ! see if bisection is forced
if abs(e) < tolerance or abs(fa) <= abs(fb)
then begin
d = m;
e m
end
else begin
s := fb/fa;
ifa=c
then begin ! Linear interpolation
p = 2*m™*s;
q:=1-5%
end
else begin ! Inverse quadratic interpolation
:= fa/fc;
fo/fc;
s*(2*m*q*(q-r) - (b - a)*(r-1));
(g-D*r-D*s-1)

Qg =
0on

end;

itp>0

then
q:=-q

else
P = -p

s:=e e :=d

if 2*p < 3*m*q - abs(tolerance*q)
and p < abs(0.5%s*q)

then

d := p/q

Be5
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else begin
d .
e

end

m;
m

T

end;
a:= b; fa := fb;
if abs(b) > tolerance

then
b:=b+d
else
ifm>0
then
b := b + tolerance
else
b := b - tolerance;
fb := f(b);
iffb >0and fc > 0 or fb <=0 and fc <= 0
then
goto int;
goto ext;
end;
return(b).
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The Fortran output of the JOTS procedure zero from the JOTS
compi lar: ’

C
C
Csd
C
REAL FUNCTION ZEROIN(A, B, T, F)
LOGICAL STREQ, STRNE, STRGT, STRGE, STRLT, STRLE
REAL A, B, T
REAL F
EXTERNAL F
REAL C, D, E, FA, FB, FC, TOLAE, M, P, Q, R, S
C
FA = F(A)
FB = F(B)
C
101 CONTINUE
C=A
FC = FA
D=B-A
E=D
C
102 CONTINUE
IF { .NOT.
. {ABS(FC) .LT. ABS(FB)) } GO TO 35001
C ..THEN
A =8B
B=2C
C=A
FA = FB
FB = FC
FC = FA
5001 CONTINUE
C
TOLAE = ((2.*0.74506E-83)*ABS(B)) + T
M = 0.5%C - B)
IF . ( .NOT.
((ABS(M) .GT. TOLAE) .AND. (FB .NE. 0.)) ) GO TO 5002
C ..THEN
C ... see if bisection is forced
IF ( .NOT.
((ABS(E) .LT. TOLAE) .OR. (ABS(FA) .LE. ABS(FB)))
. Y GO TO 5003
C .THEN
P=M
E=M
GO TO 5004
5003 CONTINUE
C ..ELSE
S = FB/FA



5006

5007

5008

5009

5010

5004

5011

AFPENDIYX B

IF ' { .NOT.
(A .EQ. O) ) GO TC 5005
.THEN
... Linear interpolation
P = 2*M)*S
Q=1-5S
GO TO 5006
CCNTINUE
..ELSE
... Inverse quadratic interpolation
" Q = FA/FC
R = FB/FC
P = S*(2*M)*Q)*Q - R)) - (B - AY*(R - 1))
)]
Q=(Q-1)R-1N*S - 1)
CONTINUE
IF ( .NOT.
(P .GT. 0) ) GO TO 5007
. THEN
Q=-Q
GO TO 5008
CONTINUE
..ELSE
P=-P
CONTINUE
S=E
E=D
IF ( .NOT.
(((2.*P) .LT. (((3.*M)*Q) - ABS(TOLAE*Q))) .AND.
(P .LT. ABS((0.5*S)*Q)) ) GO TO 5009
..THEN
D = P/Q
GO TO 3010
CONTINUE
..ELSE
D=M
E=M
CONTINUE
CONTINUE
A =B
FA = FB
IF ( .NOT.
{(ABS(B) .GT. TOLAE) ) GO TO 501t
.THEN
B=B+D
GO TO 5012
CONTINUE

n. B8
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C .ELSE
IF ( .NOT.
. (M .GT. 0.) ) GO TO 5013
C .THEN
B = B + TOLAE
GO TO 5014
5013 CONTINUE
C .ELSE
: B = B - TOLAE
5014 . CONTINUE
5012 CONTINUE
FB = F(B)
iF ( .NOT.
((FB .GT. 0.) .AND. (FC .GT. 0.)) .OR. ((FB .LE. 0.)
. AND. (FC .LE. 0.))) } GO TO 5015
C _THEN
GO TO 101
5015 CONTINUE
GO TO 102
5002 CONTINUE
ZEROIN = B
RETURN
END

B.9



APPENDIX B

Source Itfsting of the program "game of
{197G)) frzm JOTS:

*** JOTS COMPILER Version 1 Level 0 (MAY 76)***

line

k¥

TODAY IS 06/22/76 TIME 20:26:46

-------- input --------
1 |'$SDUMP
2 |#death 0
3 Jalive 1
4 |subroutine clear(integer size;
5 | integer array[*, *] sq_matrix);
6 | integer i, j; :
T Q=0
8 | do whilei <= size + 1
9 |  begin
10 ! ji=0
i do while j <= size + 1
12| begin
13 | sq.matrix[i, j] := death;
14 | jr=g+1
15 | end;
16 | ir=1i+1
17 | end
18 |return;

SYMBOL TABLE DUMP #***

name fortran name type class
CLEAR CLEAR entry
SIZE SIZE integer
SQ_MATRIX SQMRX integer -~ array
I I integer
J J integer

19 |!S~DUMP

20 |1

21 |subroutine input(integer size;

22 | integer array[*, *] generation);
23 | integer x, y;

24 | do

25 | read(card_reader, =2(i(1))) x, y

26 | while x ~= 0

B.10
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27
28
29
30
3t
32
33
34
35
36
37
38
39

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
39

61
62
63

65
66
67
68
69
70
7
72
73
74

75

76
77
78
79

APPENDIX B

| generation[x, y] := alive

| return;
!
|1

|subroutine copy(integer size; integer array[*,*]

*integer ij;
i:=1

do while i <= size

begin
i=1

to_matrix, from_matrix);

do while j <= size

begin

ji=j+1
end;
i:=
end
return;

i+ 1

to—matrix[i,j] := from_matrix[i,j];

subroutine output(integer size;

string(1) star =

integer array[*, *] generation);
* blank =' ',

string(1) array[10] buffer;

integer i, j;
i:= 1

do while 1 <= size

begin
ji=1

do while j <= size

then
buffer[j} :
else

buffer[j] :
ji=j+1
end;

if generation[i, j] = 1

star

blank;

print(printer, =20(a(1))) buffer[l:size};

i=1i+1
end

return,

1$dump
! game of life

main;

integer array[0:11, 0:11] generation, next_generation;
integer i, j, m, number_of_generation, number_of_nbr;

integer board_size; .

i
l
|
|
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
l
i
I
I
| begin
|
l
l
|
|
I
[
I
!
i
|
|
i
|
|
[
|
I
|
1
|

integer ipi, iml, jpl, jmi;

B.11
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external subroutine input, output, clear, copy;

read(card—reader, =2(i(2))) board_size, number_of_generation;
call clear(board_size, generation[* *]);

call clear(board_size, next.generation[*,*]);

call input(board_size, generation[*,*]);

print(printer, =('original pattern:’, skip(2)));

call output(board_size, generation[*,*]);

m = 1;
do while m <= number_of_generation
begin
1= 1
do while i <= board_size
begin
ipl := 1 + 1
iml :=1i-1;
j=1
do while ] <= board_size
begin
! find neighbours of cell(i,j)
jpli=j +
jml = j - {;
number_of_nbr :=
generation[im1,jm1] + generation[iml,j] +
generationfiml1,jpl] + generation[i,jm1] +
generation[i,jpl] + generationfipl,jm1] +
- generation[ipl,j]l + generation[ipl,jpl];
lassume death for next generation
next..generation[i,j] := death;
if (generation[i,j] = death
and number_of_nbr = 3)-
then
next.generation[i,j] := alive
_else B
if generation[i,j] =. alive and
(number—_of_nbr = 2 or number_of_nbr
then
next.generation[i, j} := alive;
ji=j+1 )
end;
ir=1i4+1
end;
print(printer, =(skip(2), ‘generation’, i(3), ":")) m;
call output(board_size, next_generation[*, *]);
call copy(board_size, generation[* *],
next_generation[*,*]);
m:=m + 1

3)
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*** SYMBOL TABLE DUMP ***

name

GENERATION
NEXT_GENERATION
I

J

M
NUMBER_OF_GENERATION
NUMBER_OF_NBR
-BOARD_SIZE

IP1

IM1

JP1

JM1

INPUT

OUTPUT

CLEAR

COPY

APPENDIX B

fortran name

GENTN
NEXGN
I

J

M
NUMGN
NUMNR
BOASE
IP]

IMI1

JP]

JM1
INPUT
OUTPUT
CLEAR
COPY

B.13

type class

integer
integer
integer
integer
integer
integer
integer
integer
integer
integer
integer
integer
subroutine
subroutine
subroutine
subroutine

array
array

subprogram
subprogram
subprogram
subprogram
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Dojsct Foriran code for program "games o0t Life" from the
JOTS complimr:

C
C$SDUMP
C :
SUBROUTINE CLEAR(SIZE, SQMRX, NOFFS, NDIMS, NOFFS2, NDIMS2)
LOGICAL STREQ, STRNE, STRGT, STRGE, STRLT, STRLE
INTEGER SIZE
INTEGER SQMRX(NDIMS, NDIMS2)
INTEGER 1, J
C
I=0
C
5001 . CONTINUE
C DO..
C ..WHILE
IF (.NOT.
(1 .LE. (SIZE + 1)) ) GO TO 5002
J=0 :
C
5003 CONTINUE
C DO..
C ..WHILE
IF (.NOT.
(J .LE. (SIZE + 1) , ) GO TO 5004
KTEMP = 1 - NOFFS
KTEMP! = J - NOFFS2
SQMRX(KTEMP, KTEMP1) = 0
J=1J+1
GO TO 5003
5004 CONTINUE
C
I=1+1
GO TO 5001
5002 CONTINUE
C
RETURN
END
C
C$~DUMP
C
C
SUBROUTINE INPUT(SIZE, GENTN, NOFFG, NDIMG, NOFFG2, NDIMG2)
LOGICAL STREQ, STRNE, STRGT, STRGE, STRLT, STRLE
INTEGER SIZE
INTEGER GENTN(NDIMG, NDIMG2)
INTEGER X, Y
c
C

5001 CONTINUE
C DO..
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READ(S, 9001) X, Y

9001 FORMAT(2(I1))
C ..WHILE
IF (NOT.
(X .NE. 0) ) GO TO 5002

KTEMP = X - NOFFG
KTEMPI = Y - NOFFG2
GENTN(KTEMP, KTEMP1) = 1
GO TO 500t
5002 CONTINUE
C
RETURN
END

loXoloNe)

SUBROUTINE COPY(SIZE, TOMRX, NOFFT, NDIMT, NOFFT2, NDIMT2, FROMX
, NOFFF, NDIMF, NOFFF2, NDIMF2)
LOGICAL STREQ, STRNE, STRGT, STRGE, STRLT, STRLE

INTEGER SIZE
INTEGER TOMRX(NDIMT, NDIMT?2), FROMX(NDIMT, NDIMT2)

INTEGER 1, J
I =1
CONTINUE

DO..
..WHILE

00,0 O
§ \

| IF (.NOT.
( .LE. SIZE) ) GO TO 5002
=1

@]

5003 CONTINUE
DO..
..WHILE

o0

IF (.NOT.
(J .LE. SIZE) ) GO TO 5004
KTEMP = 1 - NOFFT
KTEMPI J - NOFFT2
KTEMP2 = 1 - NOFFF
KTEMP3 = J - NOFFF2
TOMRX(KTEMP, KTEMP1) = FROMX(KTEMP2, KTEMP3)
J=J+1
GO TO 5003
5004 CONTINUE

I=1+1
GO TO 5001
5002 CONTINUE
C
RETURN
END
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SUBROUTINE OUTPUT(SIZE, GENTN, NOFFG, NDIMG, NOFFG2, NDIMG2)
LOGICAL STREQ, STRNE, STRGT, STRGE, STRLT, STRLE
INTEGER SIZE
INTEGER GENTN(NDIMG, NDIMG2)
INTEGER STAR(1), BLANK(1)
INTEGER BUFER(, 10)
INTEGER 1, J
DATA STAR(1)/4H* /
DATA BLANK(I)/4H  /

I =1

a o

5001 CONTINUE
DO..
..WHILE

OO0

IF (.NOT.
(1 .LE. SIZE) ) GO TO 5002
J=1

5003 CONTINUE
C DO..
C ...WHILE
\ IF (.NOT.
(J .LE. SIZE) ) GO TO 5004
KTEMP = I - NOFFG
KTEMP! = J - NOFFG2
IF ( .NOT.
. (GENTN(KTEMP, KTEMP1) .EQ. 1) ) GO TO 5005
C .THEN
CALL SASGN(BUFER(], J), 1, STAR, 1)
GO TO 5006
5005 CONTINUE
C .ELSE A ,
CALL SASGN(BUFER(1, J), 1, BLANK, 1)
5006 CONTINUE

J=J+1
GO TO 5003
5004 CONTINUE

WRITE(6, 9001) (BUFER(KTEMP1, KTEMP), KTEMPI = 1, 1),
. KTEMP = 1, SIZE)
9001 FORMAT(1H , 20(A1))
I=1+1
GO TO 5001
5002 CONTINUE

RETURN
END
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C

CSDUMP

C game of life

C

C MAIN...
LOGICAL STREQ, STRNE, STRGT, STRGE, STRLT, STRLE
INTEGER GENTN(12, 12), NEXGN(12, 12)
INTEGER 1, J, M, NUMGN, NUMNR
INTEGER BOASE
INTEGER IPi, IM1, JPI, JMI
EXTERNAL INPUT, OUTPUT, CLEAR, COPY

READ(5, 9001) BOASE, NUMGN

9001 FORMAT(2(12))
CALL CLEAR(BOASE, GENTN, - 1,12, -1, 12)
CALL CLEAR(BOASE, NEXGN, -1, 12, -1, 12)
CALL INPUT(BOASE, GENTN, -1, 12, -1, 12)
WRITE(6, 9002)

9002 FORMAT(1H , 17Horiginal pattern:/1HO)

CALL OUTPUT(BOASE, GENTN, -1, 12, -1, 12)

C
M =1
C
5001 CONTINUE
C DO..
C ...WHILE
IF ((NOT.
(M .LE. NUMGN) } GO TO 5002
1 =1
C
5003 CONTINUE
C DO..
C ...WHILE
IF (NOT.
(1 .LE. BOASE) )y GO TO 5004
IPL=1+1 ,
IMt =1-1
J=1
C
5005 CONTINUE
C DO..
C ..WHILE
IF (NOT.
. (J .LE. BOASE) ) GO TO 5006
C ... find neighbours of cell(i,i)
JPL = J + 1
M1 =17 -1
NUMNR = ((((GENTN(IM! + 1, JM1 + 1) + GENTN(
IM1 + 1, J + 1)) + GENTN(IM1 + 1, JP1 + 1))
+ GENTN(I + 1, JM1 + 1)) + GENTN( + 1, JPI
+ 1)) + GENTN(IP! + 1, JM1 + 1)) + GENTN(
. IP1 + 1, J + 1)) + GENTN(P1 + 1, JP1 + 1)
C ... assume death for next generation
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NEXGN(I + 1, J + 1) =0

IF ( .NOT.
((GENTN( + 1, J + 1) .EQ. 0) .AND. (NUMNR
. EQ. 3) ) GO TO 5007
C .THEN
NEXGN(I + 1,J + 1) = 1
GO TO 5008
5007 CONTINUE
C .ELSE
IF ( .NOT.

((GENTN{ + 1, J + 1) .EQ. 1) .AND. ((
NUMNR .EQ. 2) .OR. (NUMNR .EQ. 3)))

S ) GO TO 5009
C .THEN
NEXGN(I + 1, J + 1) = 1
5009 CONTINUE
5008 CONTINUE
J=T1+1

GO TO 5005
5006 CONTINUE

I=1+1

GO TO 5003

5004 CONTINUE

WRITE(6, 9003) M .
9003 FORMAT(1IH /1HO, 10Hgeneration, I3, 1H:)
CALL OUTPUT(BOASE, NEXGN, -1, 12, -1, 12)
CALL COPY(BOASE, GENTN, -1, 12, -1, 12, NEXGN, - 1,
12, -1, 12)
M=M+1
GO TO 5001
5002 CONTINUE

STOP
END
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The folinwing 18 8 sample output from the "game of life'",

The lInput data:
7T R

34

41

44

45

00

The sutout from the program:
(The first column of sach tine contains the carriage
ronitrol character)

origlnal pattern: .
0

Rk oA

Nfganaration 1: .

A ok
ok %

Ogensration 2: .

4
* %

Ty

Ogeaneration 3:.



Ogesriefation

k&
¥ &
¥k

Qoeneratlion

Ogeniearatlion

*
ok
ek ik
o X %k
*

Ogeneration

ok *
* &
* *
* *
* ok k

Ogeraration
*

kK
*
Rkk Aok
* k%
ok ok
*

AP PENDIX
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Listing of ore-dafined mani fest constants:

pre—cefinsd manifeaest ! dafault value used for H6060
MAX_INTEGFR 1343597383487

MaX__REAL t 1.,7E38

MACHINE_EPS | 0., 74506E~-8

BYTES_PER_WDRD l 4

rARD_READER ) {5

PRINTER L)

PUNCH 1t 7

.1



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

