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Abstnact

The pnogr:amming language FLEX is an extensjcir of FCRTRAN r,¡hi-ch

al ]ols the definiti-cn of new data types and new oLrerí:ators, as wei-i as the

extensioii of pi"esenu- operators to -i-ncìude the i:rc;r ciaLa t;rpes. -It ir:ccrpora.tes

the fout: rnost usefu-l controf structures - D0 ancì I,'JH]LL' -Looos " CASE a.nd IF

se.Iections - whictr are simil-an to the conrespontlilrg 'Jürìs'Lìruc-ts oi Pl /t end

ALGOL. FLEX also makes other improvements to FCRTR.A\T, such as stream inpu-c

(as in PL/L) and enbedded forlna-L specifications -'rn :;rr;u-L .;{rutpLlL statements.

The abil-ity to define ne-v¡ data. types r:c+:crn:i--:s -cl'ie user. to defj.ne

ones which ane appr:op:riate for" his application, rather'!.ì'ar sirnpiy using

existing data types. He can define ner^r operatiolls c,n precisely those cìata

tvnes lre neôuir"es. Thus he is much môr,e snec.ífic in-lhe dcc.Laration and-J L''-

use of variabl-es than in either l-ORTRAl'l or PLll-.

Expnessions, however, ar"e wr.ítten as the;' usl,aily ar'e in FORTRAN,

^"^* "L^'- +L^-'-nrrlr¡ fo tÌlp nor¡lr¡-dp'Finor] àefa 1evel] wnell Iney arl.-.r ,- --yl-\e s.

The control structures pnovided perm¡l-t rìre ploqr"'ainlTrer" '[o structur'e

his nroør.ãm r'n a looinel :nd nnnr¡anr'pnf r¿:r¡ rreqo-rt.lno ônlr¡ n:r.alr¡ fn fha
, I \'uv:

obiecti onab le GOTO statement. Str.eam innut ner.mi i:i hi,nt rcì s'i:ï'uctulte t-he

Ðrorrrånì nhvsìcal lrr so fhaf if is lncst- t"eadabl-e.
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Chap-Ler. J-

Tl'ITR0DUCTI0N

The pnoglamming ì-arrrgi;.age FLEX is arr extcnsion of FORTRAÀ' [2]

which afl-oivs the definition of nev¡ data types arrd nel; oDera'uoilsr. as i'¡e-ll

as the extensiou of Dresent operators to inclrrde the new rlata types '

It incorporates the four,most usefui. cor:trol str"uctures [5] - D0 ano I^lllILE

loops, CASE and IF select-ions - which ar"e similar to the corresponding

constructs of Pl,/-L anC ALGOL. I-LEX a-Lsc malces other irnpr:ovements-tc FORTRAì'I'

such as stream inp,rt (as in PL/I) and embedded fornat spec-ifications in

i nnrrf /or¡J-nrt s'i-atements .rrlvqu/ vsuPsu v v!

The abi lit¡r to define new data types pe:rmits the user to define

o::es which ar"e appropr.i¡tc for his application ) rather than simply using

ex.í siinø data tvoes, lle can Cefine new operations oll pnecisely those data-J

rr¡nr:s he renuìr.es" Thus he is much more specifíc in the dec-Ia::ation and

use of variabfes than in either FORTRAN on PLll-.

Exp¡essions, howevere are wr.itten as the¡r usually are in FORTRAN,

er¡en when thev appJ-y to the newly-defined data types.*YI-J

The contno.l_ stnuctures provided permit the pllogrammer to structure

his plognam in a l-ogical- and convenient way, resorting only narely to the

objectíonabl-e GOTO statement. Stream input permits Ìiim to structure the

ñ¡ôoyråm nhr¡sic¡l lr¡ so thaf ìt is mosL readabl-e.Pr v5t

The orie:lnal- motivation for the development of FLEX was the pro-

vision of an easy and straightfon¡aÌ.d way of pnog::amming with multi-precise

r'nf êc'êr.s - A nacl<aoe for oerfo:l-i n o nnet'¡ti ons on multi-precise integers
Jlr LçËer ù Õ rt }Jqui\u¿i- tvt

[O] is available in FORTRAN. Openations on such integers ane cal?ried out

ancl function calls maY be nestedÌrr¡ nal l-ino the an¡r^nnr.i ¡fe l=llnctionsDJ earII¡1ó
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when expressions involving several operations are reguired.

This implementation of mul-tipJ-e precision ar"ithtne-L-ic l^ras not

¡nm¡. lafpir¡ q:fisf:nr-nnr¡ l'näirro ê\rên a fair.lr¡ sjmnle eXt)ÌleSSion feSUltedUUrltP-LçLç!J èqLfùfqçLvrJ. vvuarr¡i

ìn nest-i nø of function cal--Ls t-c nanv leve-ls. I{ulti-precise computations

r{ene therefore ver-\.' unlleadabl-e arrd sometÍmes Cifficul-t tc Cebug. Since

there were at least tivo::outines corresponding to each oper"ation (one for

two mufti-Þrecise i-ntegers anC one for a muJ-ti-precise integelr and an

or.dinary intege-n), it v,ras easy for" the user to cal-l a fuuction vrith arguments

nf .i-h^ rr-:^ñno d:J-¡ frznns - Bc.rth fhr.se. nl.oh lems v"'OUl d be SOlVed if Oj:CfratiOnSv_L Lr¡- t,¿L¡¿ré uqLq LJlreo

on nirlfi-ni"cnise into.:er.s could be r¡::itten in the usua.l infix notation userl

l^rith [he ordinar:y data tyles. The fami]-iar notaticn would make prograns

more l-"eadable, and the decision of which routine to cal I woul-d be made by

the pnocesson rather than the programmer"

A pr"eprocessor v¡as needed which woul-d transiate operations on

¡r,l't i-nr"coÍse 'i r !^ r-t-^ --rnr.onr.'i ate fltncJ-ion and subroutine call-s.:.j!-aLr-ru!çuròs lrlLUBer'5 LU Lllg OPP!uPtraLU fulruL

This wou.Ld then al-low the user" to code in the notation with which he was

familiar". Such a preprocessor woul.d permit multi-pr:ecise integers as a ner¡I

,r-+- {-.,^^ --,1 -¡-he existins ooerato::s would be extended to incfude tÌre newud Ld LyPç @lu L1.*

data type.

The extension of 'che PL/l language v¡as considered, one reason

being that ít contains several- desir"abfe control stl"uctures. Hoi^¡ever, the

difficul-ty involved in extending PL/t to j-nclude the new Cata type and

one.r.af i ôns rÁras i^^- -^^r¡nnr- Tn PT,/l f hc l-rrns of a data item is irnptiedvPçroLJvrlù wao ùuull 4IJPé!VrrL. LL! Lul Lt -JY

by sever"al at'bributes and this scheme has no obvious extension fon new

data 'types. In addition, the complicated precision rules precJ-udcd the

adoption of similar rul-es for mu-l.tiple precision arithmetic. FínalIY, if

P1/1 r^rere used, it woufd have been necessary to modify the multiple precision

-2-



rou'ùines to interface with PL/L,

The extension of FORTRÁN v¡as adopted instead. FORTRAN is a

r.ol¡fì.ro'.l ., ='i m¡¡le j;nøirase enrl l-hus easv to nr"od.uce as the t:ransl-a-[ed'" r--

(object) code. The data types are determined by a uni.que modc name

(and an optional J-eirgth fíe-d) a,rd are'Lherefore siir,pl-er than in PL/l-.

The lrpnecísion rui-esrt a-lìe vctvstr.aightfoni^¡ard; for exampJ-e, cperations on

INTEGERs yield INTEGEiI resu-l-ts. Another benefit was lìtat the mul tiple

precision routj-n:s r{culd not have to be changed. FORTRAI'I , howeve!" does

lack nany usefLir *,eatures, Lhe mosL notabJ-e being the ccntrol structures

that ar.e for¡nd in PLll- and A-Ï.GOI .

Rather-' than a speciaÌ purpose prlepllocessor to provide only

multiple precisitln cpêrâtions and vania-bles3 a general punpose plleProcessol?

was deve.Ioped vrh.-lch r^¡ould hanCl-e arbit:rary new data-Eypes and operations.

Thus, multi-precise integers could be includeC as a special case of this

more gener:al- nec:ìlanism. Cti:et" desirabte extensions and improvements to

FORTRAN have a.l-so been inco::porated as standard features in the new language.

The FLEX D'nenrocêeçôþ T.T2q dos'ior1sfl to tnansl-ate FIEX Frograms into FORTRAN,

the FORTRAN code subsequently being co¡npiled by a FORTRAN compilen.

FLEX has severa-I new decl-arations that permit the user to intno-

drrce new oner.ator.s end daJ-a tvnes. It also extends the existing statements"J .Y'

to ner-mj t the decl-anation of variables of these new types. It contains

sevenal- other extensions and improvements such as reasonably povlerful- control

structures and input and output statements which permit expressions (of the

new as lyell- as the existing data types ).

-3-



'>T 2 describes the bas'ic extensions to FORTRAN which havev¿]op Ltr

been incorporated in FLEX. Chapter" 3 contains a detail-ed description of

al-I FLEX statements and their" syntax. Chapter. 4 discr:sses conc.l-usions

-^-^L^r -r+^- Lrwino'Ìm''¡lrrm¡.n1-r,d rr¡v' ':+ ^r^^ descnibes other constructsr'çaç]tçu aI Lç! llqvtrrö f,lrljlurrrçll Lçu ! !!4., I L otòu

that might be aclded natu::al-Iy to FLEX. Appendi>r I is the complete syntax

for. FLEX v¡nitten -l-n iiNI'. Appendix 2 describes a-l.l- the pr:edefined infor"mation

aìênrìr Fêrl r-ôr r-hc Stan(lard FQRTRAitl da.ta types and. operators. Appendix 3

il-lustnates the runn-ing of a sample program with JCL and al-so contains a

I ist of al-l tlie l''L¡X ;nessages . Ai-,p-adix 4 contains two Èrograrns wi'itten

in trLEX . J-noefhpr' vli th i ìre oencr'eted ohier-t rorìe -lor each.

FLEX r,"-as inç-r.emerrted in assembl-er Ìanguage [3] on the IB].1 System /370

nnmnrrrer ¡f rha iiniv'cr"sifr¡ of Manir--oba. Since FLEX tr"ansl-ates from one sounce

ianguage into anotner, j-t was essential- that rhe language in which it was

'i mnlomcntp¿l ¡16z,qr'1't easv manii:irlation of var'ialle 16¡sth stri nøs. F0RTRAN

was rejected irnn,edi.ate-iv on i-hese grounds, as vtelJ- as software devel-opment

languages like project SUE system J-anguage [8] and PLl360 [9]. ft was also

desirabl-e that the implementation J-anguage permit programmer cortrol.l.ed

stor-age aì-i-ocation and str.uctured data items so that tabl-es of dynamic size

(lii<e the symbol tabl-e) might be buil-t and a-Itered easily. Only PLlf seemed

to cffer these facilities, but the storage type that seemed most suitable

(namely BASED) ¿i¿ not permit VARYING length strings; to have used fixed

length str"ings would have required that the strings be manipu-Iated explicitly

by the programmer, as in assembler language. An assembler J-anguage program

would be much more efficient, both in storage requirements and execution -Eime,

than its PL/f ana-Logue. Thus , assernb-Ler language vras chosen to implernent

FLEX althoush r't is exfi"enrelr¡ m,-^L:-^ :^-^*'^** as a resul-t.
- - lò ç^ LI sr¡¡u-LJ rrrdUllf llg-UgPgrrUç11 L
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Chap t-er 2

LANGUAGE DESCRIPTIOI{

'2 
- L -Lniroouc-tlon

FLEX (|ORTMN Language EXtersion)is a plreplrcìcessor" wtricn trans-

lates statements of the scurce language into FORTRAÌí" In the foj-Iowing

dìscussion, l-he a(r'r'clnvm FLEX is ur¡'.êd to refer. to both tìle source larrguage

aüd the preprocessoìâ.

Or-iginatly the FORTRAI'.I language was the rncdel- upon vrhich the

FLEX sl¡ntay^ wai based" FLEX was to be an extcr¡sion cf FORTRAI'T , incorporating

two maior. imnr"ovemenfs - hui- lookinø basie.al lv I ike FORTRAI'T. Hotvevere sosu t 'se

--*-- ^L-*-^^ ;rnr"oveîìents and additions wer,e macle '¡hat most FLEX statementsllt(¿:l)' ulrGlléçò, ftjryr v

now bear very lì.ttl-: r'esemh.l.ance to the or.iginal FORTRAN statements.

t t Pr.oø'r.am Str.uc.iu'r.i n ø

Although structuned pr:ogr.ams can be written even in a language

like FORTRAN, coding is very inconvenient if the appropriate control-

structur.es [S] ar.e not avail-able in the language. Thus, one principal

aim of FLEX was the introduction into FORTRAN of several r.easonably

povrerful contr.ol structulres which rvould simpJ-ify the wr"iti-ng of structured

programs.

The control structures provided by FLEX are plocedures, selections

and loops. Each control struc-ture is introduced by a specific statement

and ends with a specific ter.minal syrbol. It mâ}r se¡1-in othen clauses

that determine control flow.

These constructs mal(e structured pr"ogramming in FLEX more

tr



efr"ãi ohtfor.wav.d than it isu ur ur5!!

code is more readable than

in FOR.TRAN, and, as an added benefit, the FLEX

thê ânìriva'l ent FORTRAN would be.

2 .2.I Procedur"es

As in FORTRAII , tliere a;,e three differen-u types of routines that

the user can code: inainliner subroutine subprogr'am, and function subprogram.

In FLEX these routines are -i-ntroC'rcecl by the PROGR.AM" SUBROUTINE and FIINCTION

statements respectiveJ-y and are tenmi-nated by the symboi ENDPFìOC , these

three types of ,:ou'cines wj-'ì-L be cal-le d proce<1ures. The SUIRCUTIIJE and

FUNCTIOI'I staternents ai.so define rhe procedure nam¿ and parameter names , as

in FORTRAN.

Decl-ar".rticns made between the beginning statement and the end of

a nr"ocedur.ê â11€ said to be iocal- to that definition; that is, the decfar'ations

are not known j_n a_nrl.cther. Êrocedure. Tn FORTRAN, al--l- decfarations are l-ocal-

to some procedure,

Quite frequentÌy, the user" desilres to make definitions that appJ-y

to several onocedunes. Such defínitions are made -befone the fiz'st PROGRAM,
-v* - -'

SUBROUTINE or FUNCTION statement appears and are called globaÌ definitíons.

Tha nntr¡ qt¡fam.*+-,,Ì.;^la m-\' }. p oloh:l ¡re fhe neW deClafatiVe Statements:
--..- jll LJ WllIUlr lllqJ uç óavuc! ur u

MODE, OPERATOR and PRIORITY.

2.2.2 Sefections

A sel-ectiorr is a contro-I structure in which a single clause is

selected for execution fnom among several cl-auses which have been supplied.

The c,lause to be selecteo is deter,mined by a value which is cafculated at

execution time. Select-ions a.re introduced either by IF on by CASE, and

end with ENDIF or ENDCASE respectively

-6-



a serfes

al ã1reêq

a serres

TF npr.mr'ts 'l-wo ^ì-"^^^ Turrr lndJ-I PgIrllaLÞ LWU u-Lduùc-\t lrl!¡\ c

of other statements. Sel-ection is

CASE ner"rníts 1-he se.lection cf one

based on an ir.'ceger vaiue. As in

of statenents,

r.r.tr C.u conïal_nS!!U!,

L-^^r ^- - . ^-;.ca]- va.Lue.lqùçu v1r q Jvéf

of a nunber" of alternative

l-F. cer.h nl ârsê consists of" )

2.2"_3 Logps

A loop is a c.ontro-l stnucturc in which a series of statements

is executed reDeäteCly, uiìti-r- sorne conrli'Lion is satísfieci, Loops are

introduced either bythe illlILE statement or by the D0 statement) and end

with END.

WHILE penmits repeated execution of 't-he series of statements con-

tained in the con-li'ûj strucrure, until the condi'l-ion specified in the

I^IHILE statement beco:nes fa1se.

DO is sirnilar to tire }-CRTRAN D0 in'l-hat execution is controlled

bv an index value. Unlilce FORTRAN, however, this index is not restr"icted

to integer values. This index assumes va-Iues v¡hích start çvith an initial

value and proceed to a final (test) value, using a (posítive) steP value.

One or both of the initiaf and final values may be non-positive. If the

user" wishes, the initial value may be larger than the final valtle , in

which case, the step value is used as a dect"ement. Otherwise it serves as

an íncrement. The D0 may also be controlled by a I{HILE clause. Escape

fr.om fhc I oon occurs eíther. r+hen the final value is passed on when the

WHILE conclition becomes false, whichever occurs first.

2,3 Nev¡ i'{odes and Operator"s

The second majon extension of FORTRAII is introduction of the

-t-



faciiity -[o define new

the ability to extend

data types (modes ) and new oPerators , as we-IL' as

the domain of p:resent operators to inc-l-ude the ner'¡

a new mode

modes.

2.3.r Mode Rel a-uionshiPs

hhen ¿ new mode is oefined in FLEX, a re.Lationship between the

new mode and an existÍ.ng (or:, "old'1) mode is establíshed so that translation

of FLEX decl-at:atic;ns into FORTRAN cen occur. A new moie is defined in the

MOÐE statenlent, in telms of a lrÏ'c'viousl-y defil:ed ntode, and this tínJcing of

thcttvomorfesisusedtodeterminehowt]renewmodewiflu].timatelybe

trans.l-ated. A nerv mode may be dir^ectfy related to only one other mode '

However, the mode to which a new mode is related can ín turn be r-e-Lated to

a thir"d mode, and so on. fn this way ' 
a mode can ¡" l"€tugl¿l rel-ated to

seve::a.I others.

Z. S., F*d"-""t"1 M

Ther"e are several modes, called fundamental- modes, which a'r"e not

definecl in terms of any other. mode. These are the FORTRAN modes, INTEGER:'í 2,

INTEGER'I+, REAL*4, REAL?'Í B, COMPLEX'IB, COMPLEX*Io, LOG]CAL:II ANd LOGICAL'I4.

Every mod.e must be re.Lated, either" directly or indirectly, to one of -Ehese

fundamental modes.

2. 3. 3 Tv¡o Rel-ations

The two tvÐes of relations that are possibfe between

and an exis-Eing mode are transfation and equivalence'

Thetrans]-ationrefationisusedtoindicatethernode

a new mocle wil-.1- be tnansfated. The mode into which a new mode

into which

is trans-Lated
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may itself be t:ranslated, and so on. variabl.es of the new noce and

variabl-es of the t::ansl-ation ¡node bea:: no re-Lationship to each other

during påocessing, although the¡r wi]l- aII be of the same mode in the

tnanslated ( FORTIVTÌ'T ) cocle .

i.Ihen a ne"^r mode is deciar-eci equivalent to an olcl mode, the

ner\, mode is treated simpllz as a new name foÏì the olo mode. var"iables of

the ner¡ mode are processed exact-Ly as if they wene of the ol-d mode '

Equirralence is clearly a 'transiti-"'e rel-ation. l-or" example, if n:cde APPLE

is eq,iva.Lent to moce BEET and rnode BxET is equivaleut to mode GAIìP'CT,

l-hen APPLE is also equì-val-ent to CARROT and variables of afl three modes

are treated as if they t^rere of moCe CARROT '

2.3.4 Transl-ation of Modes into FORTRAN

As stated abovee every new mode must be re.Iated, either directly

or" indir.ect.Ly, to a fundamentaf mode. In the FORTRAN code, the new mode

is transl-ated into the fundamental tûode to which it is re]ated' Equivalent

modes are tï.eated identically du::ing pnocessing; translation modes are

tr"eated differently. Suppose, for example, that

a) mode INTB is equivalent to mode INTA,

b) INTA is translated into rnode INTEGER, and

c) INTEGER is equival-ent to mode INTEGER*4 (as in }-ORTRAN).

Then. drrrìnø Drocessing, variables of mode INTB and variables of mode INTA
r ¡av¿1 I

are treated as if they were all INTA variables (because INTB is equivaleirt

to Il'lTA). Similarly, II,trTEGER and INTEGEIì:I4 variabl-es are all tnea'ted as

INTEGER?!4 variables. On the other hand, INI'A var"iables and INTEGER:'¡4

variab-Les ane not of the same mode during processi-ng. Hov¡ever:, vanj-ables
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of all- four modes i.¡itt be dec.l-a:red to be INTEGE¡1;'iL¡ varì-abtes in the r:e-

sul-tinE FORTRAN code.

2.3.5 Operator' Defirritiorr

An operato¡ is a func'tion that accepts vaìues (cal-l-ed operands)

of sne¡jfie- modes (cal-l-ed the domain) and produces a valu.e (cal-ted the

r.r's¡li- ) o€ sôme - ncss i þly d'i ffs¡anf mnda T. Oirder tO take adVantage Off uo u! L / r'-. uv¡¡'ç t yvo¿ Lp LJ

new mocles, the user must be abl-e to define operators v"hose <Ìomains inctude

these new mo,fes. Ihis puocess is cai-red "ex-i-enCing" (the dor,ra:'-n of) an

cper.ator. Extension is unnecessary when the new mode is equivalen-[ to a

mode v¡hich is already in the dorna'i n of the operator ; the existing definit-icns

wiI-L be used automat-ical-ly.

Openators are designated by either:

a) ni erìefjnorl sncr-ìal char.ecter"s nr. snec'i;¡l chal"acter oairs (see 3.1.4),a/ P1 euvt rl¡-:u ùPsu-q! e¡¡ut

oll

b ) identifiers '

The user calnot define ,.perato:ls erf the first type except for those which

¡ I ¡o¡âr¡ ovr'qf Anr¡ new oner.¡toï's ¡¡11ef he i rìentifiers .eII çAUJ e^ro L . rrtlJ

The extension of an operator is done in the OPERATOR statement.

In it, the user defines the modes of the operands (tnat is, the domain)

for which this definition is to be used, tliese nr<;der; bci-ng specified in a

J-ist, 'l-hus establishing an order"ing of the oper"ands . In addition ' 
the

usen defines the mode of the resui-t and a trtempJ-a-te" which determines the

t::ansl_ation into FORTRAITI code (see 2.3.8).

Every opera-[or rnus-t have a prio:rity associated r^¡ith it, so that

nna¡:fìnnq ìn ovnnaqqinnq .¡n T¡e r-omnílefl ín tho ñn.ìñêF ¡n,lpr. Tho nriori-fv
-.- --!P|sùÞ M¡o eurr !ç uul¡¡Pf ruu rrr Lr¡ç I/ r LI/çr

of an operator is specified in the PRIORITY statement. An existing operal-or
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¡Ino:rlr¡ h:q : nnìn¡r'*¡¡ :qqnnr';*6! ..ir-L -:+a-Lr eauJ r¡aù a p! rvr 4rJ *----**..)d Wll:n l-t , SO that Only l-lOV¡ OpeL"atofs

r'enrrìr.o qnenifìc:tinn nf : n¡r'o¡ifr¡

Certain operators have predefined domains aitC prioríties, so

that the user can canry or-it the usual FORTRPJf operations orr the FORTRAN

data types withcu'. having to make explicit <iefinitions. A newly-introduced

openatol has no <J,¡r,ain ar al-l-, and thus the user must make a-I.'r refevant

definitions.

When the OPERATOR statement cxtends the doinain of an oDerator.

thr: iÎ ¡rfonmation ccntained in it is added to that which has al-readr¡ been

defined. For exanrple. if operator PLUS has aireaoy been definecl to operate

on two operands of mode APPLE and is then extencled to operìate on two operands

af m^.ì¿ Þr'E'l' h^+;l¡ iefini tiOnS af.e netained. Bv sucr-ess i ve exfur ¡rruuc ÐrJLl r IJU',ir Ueii.ti-L L-LOIIS c J o(reuuoor vs ç^LenSlOnS, ânY

openaton can be Ccfined t() openate on many different nodes, and each individuaf

definitíon has a unicue tempi-ate associated with it.

2 .3 - 6 Oncr'¡f nr. f nvocation.- . v. v vvvr uuvr

inlhen an operator is used Ín an expressiorì);^¡e say it is being

ínvoked. Oper"ators usually have one or two openands which ar"e written in an

expression as:

operaror operand

oner.and oner"aton oner"¡nd

In FLEX, operators can be defined to have more than two opei:ands. The

standard infix form of operator invocation is no longeir adequate for" this

situation. In FLEX, an operator (possibly with more than two operands)

can be invoked by speciflring a list of operands instead of a single oper.and.

The genera-l-ization of infix notation which has been adopted feads to the
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syntax:

(operand ) oper:ator (operand, '.. )

l'he orcler of the operands rnust agr:ee v¡ith the ondering established in the

definjtion of the cper.ator. If either operand -List con-rains only one

element- then 1-he nar.entheses can l-,e omitted. V,j-hen'üÌre l-eft oper'and.Listv ¿v ¡¡vrr u t

is ornitted entirely (incl-uding the parentheses ), the r:csult is prefix

notatj-on. The i:ight cÐer:and list may nevelr be empty. Irrhen each i-ist con-

sisfs o'F a sinç. 1e onorand- i-he r,esrll-inø invoceti-cn is in the usua-l infix

notaii nÊ.

With the exception, noted above, that at l-east one opelrand mus-t

appe.rr in the r"ight operand Ìist, the ope::ands tray appear on either side

of the operaton, as -iong as their order ís not changed. Fon exarnple, a

fêr.nârnr ônêÌ âtÕr^ sã\¡ I rll¡r¡ he 'inr¡nkarì r'n :nr/ Ofre Of the fOllOtr,'ing WayS:Lç! rrqrJ Lv! t uqJ ''' *^-J

rla R t ). \ ¿¡ t v t v /

arfR n)Lr. \u)vt

la Rì1r.\t'9u / ' v

rvhere A, i3 and C are r¡ariabl-es of the appropriate modes (as specif.ieo in

the definition). Notice that the order. of the operands r"emains unchanged

in all cases.

2.3.7 S_el-ection of Operator Definitions

An expression is, as usual, a combination of operators and operands.

There must be at least one infix operaton between every pair of openands.

However, each operand can have an arbitrary number of prefix operatorsr and

such prefix operations do not need to be parenthesized.

The ordei: in which the operators are invoked is determined by

fhain nr.-i n¡if ioe - Th¡. nr"ior.ities ã1.ê i¡st inl-eoer.s whir-h âr.e e.ômnâr.erì to. fllç PrJvrf Lfçù qtç JuoL f¡f
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deterrnine the orde:r of oper.ations. Pnefix operat-ons ar.e invoked befone

infix operators. llhen a decision must be made about which of two infix

^nêr-?t,r¡è l.¡ inrznka fho nna urith -|-ha hioher, ¡¡inr.ìfr¡ iq r'nr¡¡icarì, 'i f J-her¡L/t/9''.qL\Jro'.."J

'L-..^ +r-^ --'-^ .--.i ôFr'f\. 1-hen fhc iexfì.ìal lr¡ fir sf one is involced. The resul-trlqvç Lilç ùqllrÉ P|avJ,i LJ Lrrsrt Lr.,.ç Lç^Lua¿¿J rrrè L

of ari operator invoca-tion is (tÌre production of) a nev¡ opelland which r"e-

nl ar'.es fhe nner'af nr" .rnrì if s n¡,ar..andS. ThiS neW oner"anrì c.alr then he nar..tee v}/v!

n€: qrrh<nnrron-l- -'-..'^^14-;^-. =-þ t¡lrinh fimo if fna r'q ¡enl:najv! q è(.Uùs\.{uçr¡L rllvuuqLrullI GL wll¿url Lf,l¡lç' fL LUv rò r'çy¿ouçur

Each defirrition of an opejrator has a specific nurnber of openand

Tnodes -pecified in a par"ticul-al order. Any opel?aton inr¡ocation has a

snec.ì fr'r-. nlmher n'i nnc.r"¡nds of snar-i fi c' mnrìes . and the orden of the modes

is i.etermined by the order of the operands. The prccessor merel-y selects

the definition of rhe operatol: which agrees with the invocation with respect

to the nurnber of oper.ands , their modes, and the ordeir in v¡hicii the modes

:ra <na¡-i €i orl

As was discussed previousJ-y, each operator definition has a

transl-ation templ-ate associated with it. Vlhen a match is found between

the invocation and a speeific defi.n.ition, the conresponding template is

nsed fo nr"odrrr-.e the tnansl-ation.

??q Tamnl:teEXDanSiOn

The tr.ansl-ation of a par"ticular invocatíon is produced by sub-

stitution of openand values into the template. The template is just a

char.actel sti.ins whr'ch . afier slrbsti frrf i on - heeomes:o Lr rr¡¿1 r sr ev¿

a) an optional series of FORTRAN statements, and

b) an optional piece of tcz'L (which is a portion of a |ORTRAN exprcssion).

The substitution process is refer.red to as rtexpansionrr of the template.

fir¡anrr-¡n inrrnnaì-f6n is simi,lar to magro expansion of aSsemb-Le:l la:rgtt¿rge.
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The statements, if any2 are pr:oduced as.l-ines of therrobject

-.^^--^--rt ¡Ì--+ .'q the ti.¡nslaj-ed VefSiOn Of the ilsenrs r)¡osrãm. A State-lr|Vór'qtlr , L¡rqL !o t Lrru

ment is produced whenever a semi-co.Lon is encountered in the terrpl-ate. Each

par"t cf the ternplate i¡l:ich ez-pands into a statement must be followed by a

semj-colon. It is the usei:rs duiy'io make sure that t+hat is produced is

a val-id FORTRAN stat'ement, because FLEX assumes the tc:nipia'ue has been

eo¡n¿.¡:f lr¡ snecified an<1 cloes no e.hee.kinø of the code.-.'-'*Ò -'

The piece of text, if anr¡, vrhich resu-L'¿s from the expansion of

the r:a--r late^ is n¡sse'| on ;,n| r.'-i I I 'r=i-.tì cinaie in tho êxnânsion Cf CthefL':::.r¡:cr Lç 9 JJ Huoo\.u

oner"¿io¡s 'i n the ,ov^-aqq i ôn - Tn ni-he¡ wnr.rìs fh i s ni r'r'e of ievl ig ¡þgvPU!qLVrO arr Lrr,; u^P-

I'result" of the operatoll invocation. If the operai--or expands on-l-y into

FORTRAN statements.. the resul-t of the ínvocation is undefined and thus

r-¡nnnt n:r-f ir-'r'naf e i n srtrscrcllent invocations.

Items to be substituted Ínto the template are cf three diffenent

k¡'-n,fs:

a ) operand val-ues ,

b ) a resulting (tenponarlr ) variabl-e, and

c) statement numbers.

Tha ¡rr¡nf r'f r'aq in fho -l-amnl:f p r¿h'i c'h ar c r--enl eccrì br¡ 1-hese ite-- -r I L^-"*
--...|,-*--, wlltu¡t o¡ç r'çprqusu !J Lrrçùç f,Lslllù, @f,J !çËrrr

with the eRr.ãTìê characten rrtti If the user wants an rrtrr in the trans-

.tation, he must code trt8rr in the template.

The position at wl-rich an operand val-ue is to be substituted is

identified by trtntt where rrntr is a non-zero digit (l-9 ). rrtnrr is

renl¡¡-ed hr¡ fhr. rrnrrl-h onenand of the current invocation, where the operands

alle simnlv numbened from left t-o right starting at l. For" example, the
--- "*"'r'J '-*"'--*

invocation:
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X+Y

has two operands. X is the first openand, and Y the second. If the

fnl I nur'ìn- n^nr.i.tiOns have been eStabl-iSheCL:lurrutlarlB uuIJllJ-

MODE ¡IEÌIREAL : P.-EAL :

OPERATOR + (NEWREAL,NEWREAL) = NEI,JIìEAL

('PLUS (61_,t2)t );

NEWREAL X,Y;

then the modes of the two operanos in the above invocation match the modes

in the onerafor def:'-nition. I'ne result of the invocation woufd be:

PLUS (X.Y)

which is an opeirand of mode NEWREAL. This resuft can then be used in

slrnèenrent i nvoc.at j.ons .U gJU VY

FORTRAN s'batements cannot be used as operands; that is, it is

meani-rrgless to substitute them into anothen statement or expression. Bu.t

often the result of an invocation can onJ-y be exp:ressed as a series of

FORTRAN statements) and not as a FORTRAN expression. To handl-e sucll cases,

the result can be assigned to 'rtOrr, a tempol:ary variable of the resuJ-tíng

(ffeX) mode. The processon creates a temporary variab.l-e which is substituted

into the temnlatc. Thìs femn.)7ì;rn' n:n flran ho USed tO COmmU_niCate the fe-uv¡¡¡l/lq eç . Lurr¡¡/vr u¿J

sult to subsequent invocations. For. examp.le, an operator QUERY could be

defined as folfows:

OPERATOR QUERY (RNALA,REALA) = REALA (

r^^rr ^rrrnlzô /c^ ç I ÊO\.ç/.ìl \' u¡\LL QU.L.KI ò LGU )OL )(2 ¿ ) i.9v )

whene REALA is a mode nanìe. Assuming the declaration,

REALA A,B;

the invocation:
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A QUEIÌY B

ryr.Õdlrces J-he statement :

" CALL QUERYS (T$1,À,8)

wÌlere T$1 is the rìâri¡ê of a temporaÌ"y.'Ihe result of the invocation is:
.r,(r
I Vr

of lnode REALA.

l.t is sometimes rlesirabl-e to br"anch from one statement to another

within a particular" invocation. FORTRAN statei¡ent numbers are requi.red to

ãrlc-ômñ r'ish this t¿.sk. To cause subs'titution cf a r:nicue number into the

template, the user coCes rrtsmrr where rtmrr is a digit (0-9). Thus, up to

ten cliffenent numbers can be used in a single invocation. These numbers

ane stnictly local to the invocation in which they appear. Invocation of

several- opeirators, each of v¡hich malces references to rrtSmrr , for a palltic:illar

tr-tr ..^"rr '.^+ n.rse the nroblem of dr:nlicate numbers because afl- numbenslll , l{uulu llu L Pvòç Lrls Pr v!ruttJ

ai-l-ocated withín a procedure are unique. Hov¡ever, within a par"ticular

invocation, each reference to rttsmrr is repJ-aced by the same nun¡ber. hThen

rr8smtl is the finst itern in a staternent, the number which neplaces it ís

nnnrlrrnaâ in ¡nlìlTrrns one to five of the FORTRAN object Statement. Itsvr vusvvu

appearance anywhere else is handfed exactly the same as rrtnrr or ritOrl

with r.egar.d to substitur-tion. The following exampte will be fulJ-y explainecJ

in 3.2.9.

MODE VECT:REAL(10);

OPERATOR + (VECT,VECT) = VECT (

I D0 tSl I=f, l0 ; I

'rsl- r0(t) = st(r) + a2(r);'

,69r ) i

VECT A,B;
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The invocation:

A+B

miøht nr"odrce the fcÌÌc,';.rinc stetements:-*-'_:-"o ---

D0 l_ f=lrfO

I T$1(r) = A(r) + B(r)

and T$1 of mode VECT v¡i-l-I be the resul-t . (Note: the actual- statement

numbe¡s and tem¡-'on3ï'y naxes fo:' a pa::ticuJ-an invocatior cannc-L- be pi:e-

dicted. T'he val-ues shorvn are used as examples only. )

Since rrtsmrr is repJ-aceo by a r:ni<1ue integen, i'l- may be used

in the creation of unique variable names. Fon exarnple, the above definition

coul-d be r.ewrit ten :

OPERATOR + (VECT,VECT) = VECT (

I D0 tsf ItS2 = J-,J-0;t

'rsl_ r0(Iss2) = 6l(rss2) + ez(rs52);'

rt0r)l

The sf¡teme.nts nrorìrced bv flre 'i..-'^^-*l^-¿r¡ç è LeLç¡r¡ç¡¡ Lù P! VUUugu uJ Llrç TIMUqLMI Ër Vçrl

DO I I2=.1¡f0

l- T$l(12) = A(r2) + B(r2)

Var"íabl-e names cr.eated in this way are not recognized by FLEX an<1 thus they

should be va::iabl-es of default FORTRAN tvpes.

2.3.9 Definition of Array Modes

The refationship between modes may be a littl-e more complicated

than has been indicated so fan. The MODE statement can be used to define

modes which are arnays. A new mode may be defined as an array of an ofd

mode " fn this case. an undimensional va::iabl-e of -l-l-re new mode wou-Id refer
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to an arnay of va-Iues of tire ol-d mcde, and a d-in:ens ìone ci var.i.ll---Ie of 'llie

nour mnâa J-¡ =n:nþ:\¡ nf :n¡ar¡q ¡nrì cn nn
' 

uv u]¡ ¡qJo,

' OnJ.y the transla,tion relation j-s -¡aric \"¡hen ai,?av nt-,des a:r.e

being defined. The new mode is not equivalen-t to-cÌre olci rnooe i.¡bich

appears in the def:'nr'-tj-on; it is equivalent to an arÍ.ay of the ofd mode.

i{owever, the rel-a-Lj.cns hold onJ-y between mocje narnes arid no'L arrays. This

means that operator definitions should be established for the n-ev.¡ mode so

that it can be used efficien-t-Ìy, that is, without having to specify the

^,,1-^.-.^-'- +^è tpèur !P Lò .

When coding in FLEX, va:riables of the new irrode can be refenenced

in tlto \{ays, l.¡jth the suJ:scnipts which index the arL:.ry, or r"ri'rhcuc 'rirern.

ff no subscr"ipts are specified, then the variabl-e is r:reated as an array;

fhat ìs- its mnde js the aÌr1îäV mode. If it -l-S sl:,,sr:-'"-ì -,¡ip i. .irett -Uhc nUnlber") --r"

of silbscr"infs ml]a+ .ñhÂô t.r-i+lr +l1g nUmber Of dinten¡si<trrS ltSeC if¡ tÌie MODE

definition. The mode of the subscripted var.iab-Le is the r-¿lat*eo mode, sinr:e

the item beíng se.Lected from the array is cf that noCe. For exampJ-e , íf

the foll-owins definitions have been established:

MODE VECT : REAL?'ç4(:-O ¡'

VECT X;

then X is a vector" of REAL:I4 val-ues r'and select:'-on of a specific item

fnom the vector means that a RIAL*4 va-Iue is beirrg seiected. fn othen

words, X(I) is RXAL*4. Howeven, X is of mode VECT.

The ol-d mode used to define a new arrav niode mav itse-l-f be an

annay mode. Then vaniab-Les of this new mode inherit the dimensions of

each nel-ated mode. For example, if the follorvi.ng definitions are added

to those already establ-ished above:
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}f ODE ARRAY : VECT ( IO ) ;

ARRAY Y:

then Y is of mode ARRAY, YCf ) is of mode VECT and Y(l,J) is REAL:'I4.

In othen r,¡ords, the number of subscripts specified determines rvhich mode

is used ciur:ing seiection of an operator def:'-ni'rion.

hhen sever.al fe-¡els of ar,rays have been defined, as discussed

-r-^-,^ +L^ -,,l- .-2,7.1'¡f.c rn¡r¡ he snec.ifie|'in ø'rr¡-¡trTls tô cô'ra?.êsnonI Wíth theSe.l!'U Ve , Lli C ò Wù çJ. -LP !(-/ ¡r¡al uç ':Ire vrI

l-eve.Is . As mentj one<ì pre-,ziorrsly, Y(I rJ ) is B¡A¡:!L¡ and Y(I ) is VECT. To

inake this rel-ationship clearer, Y(Irj ) cou-tri l:e written Y(I)(J). i-iene

again, Y(I) is VECI', and the addition of the second subscript selects a

specific REAL*4 va-Lue from the total array.

This notation also implies which amay items are stored in

se¡liguous storage locations. Just as the ìtems in a REAL:k4 vector,

say Z, are stored in the order Z(L),2(2) rZ(3) r... , the iterns in hl,

a vector of moce VEC'I. ane stored in the order, vl(t)rl{(2),1,/(3)r...

But W(I) is itsel-f a vecton of REAL:Ì4 val-ues, which ane stored in the

o:rder", t'l(l)(r),'rJ(r)(2),i^r(r)(3),... rn othen words' arrays in FLEX

are stored in row order. Since aruays in FORTMN are stored in column

ord.er, this means that the dimensions alle reveltsed firomthose in FLEX.

However, this d.oes not affect the coding of the template; subscr:'-pts used

on var"iables in the template correspond to the FLEX dimensioning.

2,4 Input and Output

In FLEX, there are four input/output (I/0) statements. The READ

and IIRITE statcurents penform formatted (or free forrnat) :'-nput and output

as they do in FORTRAI'I. The INPUT and OUTPUT statements al"e descnibed later

in this section. These I/O statements have been extended to inc-Iude
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r'ânâhr'l'il-r'es not avaí.1-abl-e in I'ORTRANT as described in the following

-¡¡: cr:nl¡ <*y,,".

' a) For"ma-Ls are incluCed dinectly lvith the data item being

llead or pnini'ed, t,âtirelr than apoearing in a separate (fOnURf ) s-Latement.

T* +L^ f^ I I ^..-i..- ê+^+^ñ^ñ+.I-iI Lilg -LUII(-JvJ-1 llB ù LaL=rrrçr¡ L.

i,iRITE(6) N:I(5)

the data item N wil-l- be printed in the fii:st five cofumns of the l-ine

rrnder the fonmat I(5). In the statement:

pRrr¡(6) :Cg.T.tjli\ (25), N:T(5)

on the other hand, N wi-Il- be pr:inted starting in column 25 of the print

't ine. The data val-ue is foi:rnatted using information supplied in the format

ítem, I(5); its position is control-led by the control- item, COLUI'ÍÌ{(25)"

These two ex.arnples ifl-ustrate the mos-c common l^rays in which a

format is written. fn either case the for.mat on controf item is in'Lnoducea

by a colon. The fonmat o:: control narne is usual-ly foliowed by a list of

r¡:l rraq :nnnonr.i¡fe fo that item' +L"^
*sr--r---Lç L¡¡uu ¿uvr¡¡t LII(1òl fIl r\J/t

width. The format i-L-eir has the same meaning as the FORTRAN format 15.

Tnstead of wríting just a s.ingle format or control i'cem, as

il-l-ust:rated above. a l-ist of items could be written , as follows :

WRITE(6 ) N: (COLUI'{N( 2s ),I ( s ) )

This statement produces exactly the same code as the example g-iven previ-

ously. In such a case, of course, only one item in the lis-t may be a

format item.

b ) In the FLEX I/O statements, the following quantities may be

specified as expressions :

i) the unit fíeld' as in:

1¡RrTE(r-J) N:r(5)
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ii) the data items in an output }ist, as in:

WR]TE(6) N:'U-I:](5)

iÍi) the fiel-d wi,dths, etc., in the fonmat and control- items,

as r-n:

l,lRITE(6) :CgLUMN(19:'r(I-J)), lt:I(I-J) ;

This is a majolr extension, since nany ver"sions of FORTRAN proh-rlbit the use

of exnressions fc¡r al.-L or the above items.

c) It is possibJ-e to R-EAD and \^IRIT'E va.l-ues without specÍfying a

forrnat. This fea.ture is sometilnes r.eferred to as t'fnee fornra'Lrr"

inlhen a va.l-ue is written without format specifications as in

ei-chen of

WRTTE(6 ) N

WRITE(6) N:COLUMN(-l-0 )

a defarr-It format is used that depends on the mode of the varíab-l-e being

pi:inted. This oefauft wiIJ- permit al-l possible va-Iues of the given node

to be wr"itten.

When a value is nead without for"mat specification, the input

records are sear.ched fr.om the cument position unti.l- a non-bl-ank field is

found. This non-bl-ank field is then read as the val-ue of the item. Under

t'free readlt- walues in fhe innrr+ ---+^,i oifhcr hr¡ hl:nkq o¡ Ì¡r¡ n¡mmrq., vqruuo rr¡ L¡¡ç rrllJuL oIg ùçPa!'aLgu L_ ---__ _J vL uJ uutl¡lllaò I

if two successive commas are used then a value for the comesponding item

of the innut I ìst iS nOt fead. Fan pw:mnle the data Cafd Co1'foqn¡ndr'nry fn

the sta-Lement:

READ(5 ) A,B,C

m'i ohf ho :nr¡ ¡F tìra Fal I nr^¡i no.
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'l-, 2) 3

'Lr2)3
1ô

L) t v¡

I,{tLii-e it is possibl-e to nix items with and without fonmats ín the

same REAÐ staterrrcnt, the use-r'shoirld exer:cise grea-L care when doing so

because or-che raCicatfy Ciffei,eitt way that such input woirks. To <iescribe

hnw fhe-, r'nter.aci:- it is sufficient to indicate v;here the field of an
L¡¡çJ uvut +

ínput :Lterl ends :

i ) the fiel-d of an item with a format ends aften the numben

of characters specified in the field width;

. ii) the fiel-d of an item without a format ends at (and incl-udes)

the blanl< or comma immediately following it, o:: at the end of the cunrent

r:ecord. For exa.inpìe-. the RXAD sta-tement:

READ(5) I,J:I(5),K,LtI(2)

wi.l-l- accept as input any of the foflowing:

3 i Bl ]s-l-ol
alv)l Bl rs _ | _ o

where the bar:s indicate the ends of the fields, and the r:nderscores

indicate the spacing nequired by the staternent.

d) FLEX DO clauses have been included in the I/0 statements to

contno] input and output much as the FORTRAN I/O loops do. A typical- I/o

loop would be coded in FLEX as fofl-ows;

READ(5) DO(I=I TO N, A(I);E(TO,O));

The syntax of the FLEX I/O loop diffefs from that of the FORTRAN loop.

Instead, the Ìoop obeys the rul-es of the FLEX DO c-Iauses.
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l{ithin eacì: I/0 }oop the user mav have a l-í-st of variables'[o be

r.ead or. valuos to be ¡::inted. as in:

READ(5) N, D0(r=-t- TO N, A(r), B(r), C(r));

Arrotller' 1'/O 1o.)n rìr=\¡ i-,e r'nnlrrderl - as is ner-mitfed in FORTRAN. tror" r':¿amnle:vs5 uu

READ(s) tf, DO(I=:- iO ìi, DO(J=I T0 N, A(I,J)));

nr'- r tr\ 1- iir¡.lucte anv clauses that are used in norma.l- D0 cl-auses.! rle L / v rvvP ù rrral rr¡ er uuu qr¿J

I'n¡ ar,¡mnl a.

READ(S) N, D0(I=Ì T0 N I^IHILE X(I)--r=C.,X(I));

e ) In FLEX, a new I,/0 sta.tement does no.L alltomatical-l5r cause a

ner'¡ cand to be r"ead o¡ a new print l-ine to be star"ted, as it does in FORTRA}.I.

By omitting the unit numbelr ill an I/0 statement, the usen indicates that

the data items in the statement are to be r"ead or printed continuing fr,om

the nosition r'n the car.d or. ni int line where it stonned in ther nrevìous J/O

statement (which must be of the same type as the cunrent one ). The follorvi.rg

r .. -.L^.-^ --- r: ^-r.r ^.- ^. this featur:e:î^oll¡pIË ùrluwù uitc oPPrfçoLfurl ur

READ(s) I:I(2);

IF I=I. THEN READ, J: I(10 )

ELSE READ, AJ:F(l-0,6) FI;

Here the second field (columns 3-I2) is either an in-Leger olr a real value

der¡endinø on the integer. in colrrmns I and 2.

FLEX I/O statements are tnans-Iated into a series of FORTRAN CALL

statements. The subroutines which are cal-l-ed carry out both the formatting

and control functions specified in the I/0 statement. Each mode defined in

a FLEX program may have up to four subroutines associated v¡ith it, each

subroutine corresponding to one of the I/0 statements. For exampÌe,

suppose the user wishes to define a new mode that is printed by calli.ng a

e^anr'r'l c,rlrnn,rr-ine, QUTMQD. He WfiteS :

aa



MODE NEWI'IODE = REAL*4(TO) WNTTE(OL]:]Ì'1OD) ;

In o::der to nead on print a value of a panticula:n nocie, a cali is nade'to

the ao¡ntoriate subnoutine which is sefected frr-:,n-:hose uror¡icled, for that

moäe.

The r-isen need no'; specify I/0 routines for"

defines. In this case " if vaiues of the new mocie are

+l^ ^Lt1ç

to

new modes that he

be read or p::inted,

the routínes associated with its related mode ar'e used. Everv fundarilental

mode has a subr"outine associatecl ruith it for each type of I/rJ statement.

TÌrus an appz'opnJa-L-e routine can be found to r'eai or prin'L vril-Ltes uf atry

mode. A description of the pr'edefined routines i-' gi.vett in É-ppendíx 2,

The INPUT and OUTPUT statements transf'er data cÌir:ec-rly fron storage

to a file wíthout any conversion whatsoever'; tne\: ar'e the analogues of the

FORTRAN rturfor.matted'Î READ and WRITE statemen-[s , 'I'nr:-r¡ ar: in-rended to allow

the user to save and retrieve data on auxilj.âry e.*""uge iritÌiour r'-ncurri.ng

the expense of conversion tc printabi-e character strirrgs. ilo for"mat ítems

a::e used in these statements.

This chapter has discussed the main addit.ions and changes that

have been made to FORTRAN. The next chapter desc::'ibes the statements of

the 'ì AnpìrAse in detail-.

-2+-



Chapter 3

STATE}'{EI.IT DESCRTPT]O}I

? I lv'lcl-e I ân crr râ øê

3.l- .l- Product-ion Ru.les

A modified versíon of t-he rnetalangt'.age BNF [11 is used to

¿l¿qa¡il-ro fhe qr¡nf¡x o'Ê iha rãno'ì'--- r]T L-v rPi'^ neD'nesentaii.on of FLEX
---- -J -Õ.rdBg ¡ UIJ'- ' 

¡ lIç t

Syntax useS pr"oductioii t"ules, vthich â-l1e composed of ter"ninal and

non-.terminal- syriLbols. A ter"lninal symbol is a sequence of character"s

which is i:ecogn-ized as a unit duning lexical- analysis. A non-te:rminal

symboJ-, on the other hand, is the name of a sequence of terminal and

non-r-ermina,l symboJ-s .

A productj.cn r"ul-e is written:

d-w

wher.e rrarr is a non-termilial- symbol and trwlr Ís a sequence of terminaÌ

and non-te:nmina-I syrnbots, called an exPansion of rtarr . Whenever rrarr

r--^ -^.-^--t -l¡-ann:f r'\¡ê ê1¡rìânsions - the nr-odtiCtiOn nr.1ieS defining rrarr
lldò òËvÇIoI olLçr'rloLrvs ç^Purl

are abbreviated as foll-ov¡S:

â=Wt
.L

wô

wD
l\

where the ti are sequences of terrninal and non-terlninal symbo.ls.

ôtr



3.f.2 Character Set

The characters of the source stream are divided into a number.

of cfasses designateC by the svmbols, rrletterlr, I'digítr', rrspecial

chalacter.ti, rrpunc'luation'r anct "bl-ankt'. These classes are defined as

fol-Lov¡s :

l-etten A-Z ç l¡ @

digit 0-9

special chanacter ê < t i e ! ?'¡ -r / >'? =

punctuation ( ); ,9": i rr

bl-ank b

llsner-'ial r'.har.¡r.l-errlr's disfinøuished fr.om rrnrne.tuationltþgg¿¡gg r'nìrz

.rr\êêi â I nh:n:nJ-cr.s mâ\/ fnr.m ¡r:r't nf :n nncr":i-n¡

3. l-. 3 Non-temtlel_!:'",¡gÞ

A non-terminal- symbol is designated by its name which is a

sequence of "Lower-case lette:rs and hyphens. Sevena-L conventions have been

adonted ìn the naminø of non-ter"mìnal sr¡mhols- These conventíons are

des cribed bel-ow .

If rtxrr is the name of a non-terminal- svrnbol. then the

non-terminal symbol, lrx-l-istrr, is defined by:

x-list = x

x-list, x

Thef is. llx-lr'e¡-ll r^-'i---!^- - secllence of llxlls sênâr"aferl hrr ç9¡¡¡¡¿g.I¡¡oL f,Þ, 
^-IJÞ 

L UgùaBlrqLçù q /: ù ùçPol qLsu !J

If rrxrr is the name of a non-tei:minaf svnbo-I" then the non-terminal-

synrbol , rrx-sequencerr, is defined by:

v-aôntìôñ^ô v
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Thet -ì s . tï)ç-g¿n¡onnall dcrsì ønates 2 qênr1ên r'ø ¡Ç i'.,,:"t lrj-t-li nc Sepat-'at j.ng
¿llq L I'> t 

r\ r)vLjuÇ¡IUU sv! svr¿vv v!

nr rn ¡l'r r :¡'f i n n

If trvrr is the narne of a non-tel?mina-i srr'Cto-I , i;hen the non-terminal

crz¡Ìrnl llv-can-i cqll i c áafinad h----* Jy:

x-serl-es = x

x-series;x

Th:J- iq ltw-qpr,,i^^rt J^-ì^^-+..- 3 Sea¡en¡1e Of lr*ir- '.^^^. -+^; Lr¡ serni-aÕlôrrS-, -- - -- -e:S (-LetjJgf ld. LV¡, A -! ù ÞvUqI q Leu. !J òç¡:r¿-evIUr¡Ð .

If rrxrr is the name of a non-terminal :r',i¡þ91, then the ncn-termina.]

qr¡mhnì trx-onf i onir des í ønates the o¡ iì ona I ôc(lìr'trer-rcc of- 1rh.e rtoir'- Lerm-r:-nal rixrr .

Tn this chapter, production r"u.l-es of tÌre:forms discussed above )rave

been omitted from the svntactic definition of cacjh statemellt. Fiowever, the

frrl I l:norreøe dcfinif r'on øìven jn Anr'endìx T -i rrclucl¿s a-Ll- r.ules of the aboveru¿r ru¡r6uuóç uçr¿ 6-'",.

forms.

3.l-.4 Terminal- Symbols

l¡ ¿ ¡r'ndrrction rr¡le- ='l-a¡mr'nal <rrmhr'l is clencited either by¿ar u ylvuuuLf vrt r uaç, "J"*'

fha -rnn¡nnnì:f a nrrnntrr:t-i ôn ôÌr snenr'¡l r-har'ac1-r-rr. hr¡ ttnncn-case I ptfeFs .Llrç AP}Jr V},r ra Lç rPççIAr e¡rq! qv Ler I r/,y u evr s t

or by the name of a class of terminal synrbofs as descniberl be.l-ov¡.

There are several symbols which, although designating classes

of fer.mjnal svmbnls âïìê freafed es teþminal svnr5c-Ls lhemselves duringvI uJ ¡¡úvrÙ t sr e

l-exical anal-ysis. These buitt-in tenminaf syr:ùots erc Cefined by the

f^l I nr.r j n- ll-nnrìrlCtiOn fUl-eSll :rv¿rvYv ¡¡¡6

identifier = letter
identifier letter
identifier digit

l-iteral- = t charstringr
rrchanstring"
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ìn'i:eøer" = disit--o-
integer" digit

onerator = i dentifier:
specialcharacten
<= | I i'sz! -¡4 -> -= -> / / >= :=

omnl-rr =

constallt = in'Eegencorrstant
sh or-f in t'e ge rcons t ant
realconstant
lcng:rea-Iconstant
imag-incons'l-ðnt
longimaginconstant
I noì r': I ¡'ons l-¡- -t-

integerconstant = sign-option integen

shor,tr'n1 esel.constant = intesercons'ia'lrt S--Þ--

real-constant = decimal-constant reafexPonent-option
ínfcoor.oonqf enf r.eal rtxnoncnt

I on ør'ea I c-onstant =, decimal-constant i-ongr"eaiexponent
Ínfcoer.¡on<+-*+ I ^- --^ - r ^.')Onent¿ri LçBçr'çu]rò Lorl L rulrËt çGrç^I

ìmeoinnnns.f¡n1 = inteøerconstant ILU¿'e!

.rcalconstant f

longimaginconstant = fongrealconstant f

l^-'i^=ìnnncf=n.f = TRUE-LUBf UdrçUrlù LOll

FALSE

decimal-constant = integerconstant . integer-option
sr' on-onfr' on ìntccor.

r"ealexnonent = E inteøene-onstant

I ons¡eal eXnOne-f = Tl ¡'nf aoonnr¡¡gf ¿¡frvl¡6r ttL - u

3.2 fnput Conventions

3.2. I _ Use of Terminal Symbols

The source program is a sequence of the terminaf syrnbols intro-

duced above. The sole use of the characten rrb.Lank" is -Eo separate other

tenmina-I syrnbols in the input stream. It does not form a pant of any
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othe¡ 'cerrninaf syrnbol . Sr.Lccessive 'Lerminal symbols rnay be separated by

an arbitrary number of blanks. In the case of adjacent identifiens,

eoi¡oe¡f I r'ter"als or" adiacent ir+^-^- - ¡# r^'ot one bl-ank must be insertedc¿uJqvçirL IILçLar- *-.J------ --ILUBEIù, oL Jgoòl

+^ --..--'i -'-1-ì^,,-'L!,,avvru,-,,--5*-t1/. Whene two oper:ators are adjacent, bJ-anks may have to

be -lnsented in crder t<¡ avoid confusion with the Coubl-e character operators

(see 3.1.4).

Card Bounclaries

Input necords for FLEX are 80 charactets -Iorig" Cc,l-unrns ì- thr:oirgh

72 ccntain soullce texr; cofumns 73 through B0 are ignored and may be used

fo:r sequence numbers. In other words, column 73 acts effectively as the

r-ar.d horrnd¡r.r¡. I'Jìfìr a few excentions. car.d boundanies have no effect onvqau lvuf¡uqlJ. , vvr

the input strean. This means that continuation fr-om one card to the next

is automatic. The first exception is that a single terminal symbol may no-i:

i;e continued across a card boundary; that is, identifiers, -ì-iter"als, constalrts

and oncr.e.i-ons m¡st;ìDrleå.n enti:nel\/ ôn ône r-ard- The SeCOnd iS that aqrru. vPer q Lvr. o

rrcand commlnt" may not be continueC.

3.2.3 Comments

' Ther"e ane two -Lvpes of comments in FLEX. One is a stat-ement

(the CO¡,II+ENT statement) which is descnibed in 3.7. The second is the

card comment mentioned above. This comment begins with the pr-rnctua',;ion

syrnbol tt%ott and ends at the card boundary. A card comment may appear

:nr¡r^¡hano in e nnnonrm Tf ¿es.i pej - it mav qtâr.+ .i n the mìdrìle Of aQr¡jwlrsle fI¡ a lJr'uË!alll. f r eut rt ,,,*J ùLqI L

Statement. It has uo effect on the Source progl:am. In fact, the tt9otl

sYmboÌ has the same effect as the carcl boundar}'. Whenever either is

encounter"ed- scannins is continued on the next card. If a tt9ott is used

in co]-umn I of a card. the entire card is a comrnent.
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3"2.4 Literal

A l-iteraÌ is bounded by tivo identicai quote symbo_ì_s. If the

use:r wishes to incluc'l,e the bcunding quote character in the literal , he

dupricates it as in FL/l-. Because tteott by itself is used io indica'be

the car"d boundary, a ttgott is incl-uded in a l-itenal- by wniting ttggotr

A l-itenal- may not be con'cinued on the next cand.

3.2.5 Reserved l.tro'nds

In i-CRlt-'RAÌï, a sta'rement is nct neccgnized rnereJ-y because it

starts with a keyworcl . The s5rntax of the sta-tement is a-l-so considered.

Thus the statenerrt:

D0 f0 I=l-

is inter.pr.eted as ¿ln assignment statement. Similanly:

I,/RITE (l,J) = n

is not a WRITE staternent. 'tÌre use of kevwor.ds as variable names can be

very confusíng to the readeir of a prognam, but it also makes the statement

recognition Ðrocess môr.ê r-omnlir:ated fo'n fhe ììlôccessolr,, iil FLEX- kevrvordsvusoovJ , 11¡ L uLt\ ) J\9J rYv|uo

andrrpunctuationrrwords are reserved f,on the specific uses described in

the syntax, and they cannot be used e-l-sewhere.

In the description given above, the tenm keywond is used to

refen to those special identifier"s that appear at the beginning of a state-

ment and identify its type. Some keywonds in FLEX are: PR.IORITY, DO, and

FUNCTION, and they identify the PRIORITY, D0 and FUNCTIOI'I statements

resnecf i velr¡ Tf the USef haS 6 srznfax er.r-or. in - n^ ^+-r çopçu Lr vsrJ . rI Llte UbeI' lld:; a -n, Say ) a UU STaf emenT ,

FLEX considers it to be an incoruect DO statement rather" than an unclecodabl-e

statement or" assignment statement, as in FORTRAN.

A punctuation word is an identifier which appears in a contnof
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s-Lnuctì-llre for the purpose of delimiting specific parts. Examples of

punctuation words are: DOI¿NTO, IN, OUTCASE and ENDPROC"

" Al-Ì punc'ruation wcrds and keywords are reserved. Resenved words

are indicated in ¡þç sr¡i:tactic definition as termirral symbols. However,

not al-l- terminal- s\,/inbol-s which a¡e words are reser'ved. The fortlrat and

contnol names r.rsed in the I/0 statements are riot resenved.

A few of the kernvords ancl punctuation w')rds have a'l-ternate forms

/^-"-^-,,-- \ ô ì -i qf e,í: fheqe s\¡nôn\¡ms mar¡ he foilncl in Aooendix l-.\ >y rlLJlly tllò / . n ¿ro '- \/r ei rr v¡¡J

3 .2 .6 The Seni- col-on

The semi-col.on is used as a statement sepana'ùor irather -than a ter'-

minator. Semi-cc.lc,ns are used between adjacent' statements or control-

structures. Al-thoueh a ser-i es of contnol structures and statements

(see 3.1"4) does not rec,uir"e a semi-colon at the end, it is not incorrect

for one to be iirserted. Any- statement which is immediateJ-y followed by a

punctuation word does not have to end with a seìni-colon; the puactuation

wor"d fulfil-l-s its function. As indicated above, however, â[Y contro]-

structure which ís immediately fol-l-owe.d by a new statement must be sepanated

from that statement bV a semi-colon.

3. 3 Sour.ce Prog::am

The general structu::e of the sour:ce (userrs) pnogram is shown

bel-ow:

s.t].tyr.'êTro|m = øl Obe'l rlefn . nr.nr--serliesuvur vçy6r¡¡

proc-series

-r ^1-- Lr^ 'Ê^ - r^€nStmt-SenieS
BIUUdJUgfrr - usf

defnstmt = modestmt
priostmt
operstmt
cmtstmt

cì
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proc = pgmstruc
rcns-cl.uc
subrstruc

The nroslam mav start with a senies of øfobal definition staJ-emsnJ-s----- .r*-Ò--"' "'*J

which are separated frorn the foii-owing pr.ocedu?es by a semi-col-on. 0n1y

new modes, operators and pr.íorities may be definerl in thís global- area.

Anv definr'tions which are rnade ín the ølobal detj*-'+j^-^ -^^r" to evelvL¿vr¿o wrf ¿ef I ql e irreuç *.. * *-¿-Llr¿ Lrvtrà qPPry LV ç Vçr'J

n¡nnaâr'¡o i¡ +'l'? n-noçrrìAm anci rìo not have to be ir,a'ìe-ìn eer.lr nnocedure whichLV uç rr¡c¡.Jç Jlt 9autr IJ! l

.,- ^^ rL ^*ÞËò Lttcl/1.

There are thr"ee types of proceduraes: the main-Line, the subr"outine

and the function. As in FORTRAN, only one maiirl-ine procedure shoul-d be

supplied. However", ther"e is no restr"iction on the number" of functions or

subr'outines that may appea¡, The procedunes may be specified in any order

that the usen desi.os but they may not be nested.

3.4 Control- Structures

3.4. l- General Structure

A desc:ription of the va::ious contr"ol- str"uctures which have been

implemented in FLEX is girren below:

pgmstr.uc = pgmstmt; procstmt-ser"ies ENDPROC

fcnstruc = fcnstmt; procstmt-ser.ies ENDPROC

subnstruc = subrstmt; subrstmt-senies ENDPROC

dostruc = dostmt; pnocstmt-series-option END

whilestruc = whilestmt; pnocstmt-ser.ies END

casestr"uc = CASE caseclause EIIDCASE

ifstruc = fF ifctause ENDIF
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The gener:al structure (.an íntroductory statement folfov,'ed by a series of

other statements and terminated w:'-th a special punctuation wond) is quite

c-r-¡¡r'^'l'if^n.'=-á The sliøhilv.mojâe c.omnl-îcated caseS of -r-he Sel_eCtiOn

structu-res, IF and CASE, ar.e described later.

The types of statements and stlluct-uï'es allowed in the rrbodyrr of

a contro-L stnucture ar"e described as fo]lows:

procstmt = -l-abefdefn-sequence-optJ-on irnper.ative
dec-Is'lnt
cìefnstmt

subnstmt - procstmt
Ånf ¡r¡e'j-mJ-

l-abe.l-defn = labe'l- :

l-abel- = identifier"

imperative = I oop
se.l-cction
stint

lonn = rlnqfnrrn

whil-estruc

sel-ection = casestruc
fstnuc

stmt = assi ørstmt
iostmt
cal-l-stmt
a+^ña+mf

:retu:rnstmt
-^+^- +-+
BU LUÞ Ll¡l L

There ar:e two basic constructs which may

a) definition and declaration

b ) l-abel-l-ed imper"atives .

Tn eddì f i nn -l-ho q¡rl-¡narrf i na nnncadrr¡a m¡r¡

which is not al-Iowed ín any of the other

Definition statements (name-Iv.

ânnêãr. rn ânv r-ontfOl stfuctufe:

â+â+^-^*+^ -^Jù LALçlilg1l Lò , éltU

also contain the ENTRY statement

structures.

MODE, PRIORITY and OPERATOR)
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pnovide infor.mation fon the proper processing of the other" statements.

Such statements genera'Le no object code but mer.el-y contllof the tr"ansl-ation

n-rìôeess.' llefinition Statements inâv Êrìnean ìn the s.lobal definitiOn area

as wel-l as -Iocal-fy in the various procedures.

Declanation statements ane statements iu v¡hí ch var.iabies ane

decl-ared. They nray be used l-ocall5r i¡ a proceduz'e, but not gfobaj_ly.

Both of these types of statements, as ivefl- as the procedur.e

statements (narnet-v, PROGRAM, FIJNCTION. SUBROUTINE and ENTRY), shculd not

be l-al;e il-ed.

The t"ernaininÊ. con'LnoÌ str.uctures as we-lÌ as al--l- statements in

FLEX which have not yet been mentionedrare neferred to as imneratives,

al-.L of which can be l-abel-led. The contr"of structures of this tvpe are

lnnnq ¡n¡l eaìan+j¡¡g. ihe thfee mnqt fnanrranl-l.' "^^,1 -+-+^ñ^ñ+S WhiChJJ\i:¡o. rf¡'J u¡¡Içs ¡¡¡VèL rlçYUçIrLfJ UògU ùLOLglltgllL

ADDea1^ in this r:l-aSSifiCatiOn ¿¡a flra ãcc.'-ño-t r'nnrrf/nrrfnrr1- and CALL-l.t--*- u/ vuL}/L:L

statements.

Because J-abel-s are identifier"s, meaningful- names can be chosen

to heln rlocllment +h^ Of co¡'r.sc- if tha ny).ìorum iq ql-¡rrnfrrradLv r1ç¿}/ uveurr¡çr¡L Lt¡ç p|vðr'qlilr vr uvur'ùs, II Lll- F_'Ò_ _-..

G0T0ts (which use fabe.ls) wil-l be used infrequently.

As indicated prevíously, pnocedures cannot be nested. However,

a.ll- other contr"ol- structures may be. The abil-ity to nest l-oops and selections

is a verv nower"ful nroøramminø tool-.'--J

3.4.2 Maínfíne Pnocedune

The PROGRAM statement introduces the mainl-ine pr.ocedure. Its

sr¡ntax i s as Fol fov¡s:-J " -*'_

pgmstrnt = PROGRAM
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The n¡oee|rrr"a enã. r^rr'J-h r.ha nrrnrifs¿fion word ENDPRQC. ExeCUtiOn of a

I'LEX source pnogram begins when the system transfers controi to Ccalfs )

the mainl-ine pi:ocedure (as in FORTRAI'Ï) and ends when control neaches the

ENDPROC of the mainline procedure (or a STOP statement).

3.4. 3 Fr:nction Procedur"e

A function pr:ccedure is introduced bv the FUNCTION statement

ancì ends with ENDPROC. This intnoductory statemerrt has the fo]J-ovring

synta:l:

fcnstmt = FU\ICTION resul-tmode fcname (parm-Iist)

nesu.l-tmode = modename

fcname = identifier

pârm = identifi er

The r"esult of a functíon is returned to the ca-l-l-ing procedure in the same

r,.Jay as in FORTRAi'I: the val-ue is assigned to the function name. The mode

of the resu.l-t is defined in the FUNCTION statement, as are the panameter"

rlolllËò.

The FLEX FUNCTI0N statement .is reproduced essentially unchanged

in the object program; that is, a FORTRAN FUNCTION statement is pnoduced

whose function name and paramete].s arre taken dinectly fnom the FLEX state-

ment (al-though they may be truncated to confonm to FORTRAN naming conventions ),

and whose mode is the fundamental- mode that is netated to I'nesultmoderr.

Panameter.s are declared in declaration statements within the

flln¡fr'nn ¡nrì fh^^^ r^^r-*-+-'^*-l a1re tnanS.l_ate¡f awrntìrz âq:nâ,----'-Lr^I Ullu LIUIl , OtlU UI]g>g ucuf dl'd LJUIIò o! ç L|q11ùrq Lçu ç^qu LaJ qù ql ç vo|f (ilrc

dec-Iarations.

The nesulting mode and the modes of the panameter"s are known

^*ì__ .-:+L-:* +r-^ .i=rrnntr'nn nr.nncdltr.r, ifseli:. fh¡t is _ these modeS afe nr'ltullry w-L Llrf ll Lrlc a ultu Lrulr P|ugçuu! ç r Lùvrr t LrrqL rr , Lf luou



used folt translating function ca.Lfs, which occur only in other" procedunes

Csee 3. 6 .1- ) .

" In onder to properiy 'Lrans-Iate function cal-ls, the user must

make a global definition (in an OPERATOR stateruenL) which specifies the

modes of the parameters and the mode of the r"esult of the function

(see 3.5.4). The correctness of a function caJ-I. wí'cir r"esÞect to the

number and mocles of the arguinents, is detenmined by marching the modes

of the arguments wi'cir the modes in tfris definition in a process exactly

l-ike that used in 1-.pelator invocatj-on.

The r.esul-ting ;nocìe may not be related to an array mode, because

of nestirictions on the types of r¡a-l-ues that may be r-eturned fr^om a FORTRAN

function. Thus the foll-owing sequence of stateinents would be inconrect:

I"IODE R.EALA : P,EAL(25);

OPERATOR QLìERY (P,XALA,REALA) = REALA;

FUNCT]CN REALA QUERY (A,B);

REAI,A A, B;

.;However, the desir"ed resul-t, of invoking a function whic:h returns an array

of values, could be achieved using the. following sequence of statements:

MODE REALA : RIAL(25);

OPERATOR QUERY (nTRLA,RXALA) = REALA

( ' CALL QUERY (eO,et ,t2); 60 t );

suBROuTrNE QUERY (C,e,n) ;

REALA A,B,C;

An accentable invocation of the oner.ator./function woui-cl be:

QUERY (A,B)

The difference betv¡een invoJcing an operator whích produces a subroutine
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^âì I --,1çqJr 9 qlru

may occur

cal I t'nø a Sub¡oUtìnê nì.Òr-'êdr'niê iS

in an expression whil-e a subroutine

oncr";j iÕn ì''vc,c¡ti cn

-l^-+^ -.--.-^nenta èL:Pqr'qLç ò LqLç

Lt.tc L

c¿ìl I

'ihe

tò

3.4.4 Subrouti-ne Procedure

A s'.:b'routine p:rocedure is intnoducecl by the SUBROUTII{E statement

and ends with ENDPROC. The syntax of the SLIBROU'IINI] sr-atement is:

subrstmt = SUBROUTINE pr.ocname (parm-list)

procneme = identifiei:

panl'n = identifier"

A sub:routine pnocedure is cali-ed .l lr a separ:'ate stätement. the

CALL statement (see 3.6.4). Values cal-cul-ated in a subr.outine mav be

returned via the parameter/angurnent I ists as in fCli'lIlAN. .inus any val-ues

which ane retuÌ"ned to the cal-l-ing pr"ocedure do rì.)t iìn-te:!" Into further

computations immediately, as does the result returneo Ìry a function

nnnna ärrna

.As is the case fo:: functíons, the modes of the palrämeters are

known only in the subnoutine procedure. fn or.der. to determine the coruect-

ness of subroutine cal-ls with r.egard to both the number of par:arnetens and

fhar'¡ mndaq +he infOrlnation muSt be known to the crher ,oroCedUres (which

cal-l- the subroutine). It is declared. in a (gJobaì ) Opfl.RfOR statement

(see 3.5.4), so that a matchíng pnocess can be carlr'iecl out- as it is for

oneraf or -í nrzor'et jg¡ .

The FLEX SUBROUTINE statement is transl-a'ced in the obiect

Di.oørâm exactl\¡ aS it iS COded jn fha q^rrF.ê rìF.syr,am with thr. noss'ible

exception that truncation of the pnocedure or parameter" names coui-d occul?

so that they conform to FORTR.AN naming ccnventions.

aa



â lr R ENTRY Statement

The ENTRY statement nay occur. onJ-y in a subroutine procedure.

T! 
-^--a L llld-y lru L oPPe or w r u¡¡ rrr sr¡J

entr5¡stmt = ENTRY procname (parm- j-ist )

It establishes a seconclary 'rentry poin-tÎr to the pi'ocedune. An entry point

is the nlac.e in Ìho nt.oeedrrre to which cont¡'of is transferred when theIè L¡¡e PJque r-r¡

nr"oocdrrr.e is r:alted. Thu,'s a caÌ]. using an entry name ï'ather than the

subroutine name ',.¡oulrl -i;ransfer control to the appnopriate entr:¡ point

within rhe prccedure r.ather" than tc ';he beginning of the p:'ocedu::e.

The par:anietei, .l-ist in an ENTRY statement need not have the same

names or. number of par:ameters as parameter l-ists in the SUBROUTINE state-

ment or in other ENTRY statements occurning in the same pi:ocedune. A

nar'¡mefer mrst be declar.eC and used after" the first ENTRY statement ín
vsr ur:rv ev¿

which it appears. 'lirus the following sequence of statements uses panameters

P3 and Q incor'nectJ-y:

SUBROUTINE ABC (rr,P2);

REAL P]-,Q ;

INTEGER P2;

Pl- := )!:tcP2-P3'

ENTRY ET (P3,Q ) ;

With the possible exception that truncation of the entry name

rìÌî.ârâmete¡namoo mìalrf ^n.rrn qn'i-h:t thew r..onfotlm to FORTRAN namingv! Pqr q¡lrv LUr rrur¡¡gÞ trlr ó¡¿ u

n¡nr¡cnfions- the ENTRY statement is translated in the object prog::am

exac.tlv as it is coded in the source prognam.

To ensure that cal-ls to a secondary entry point are trans,lated

nronerlv- the nanameter infoi:mation must be declaned in a (globaJ-) OpnRefOR
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-+-+-^'-^h+ -l .'ô+ ãe l-he nr'ìmêrw entln/ nclint (the bcyi ;':irìn. of the procedure )Þ Lc1 Lt:illcll L , J uò L qù urrs Pr

is dec.l-ared.

3. r+. 6 If Se-Lection

An *F conti'ol- structure is int::cduced bY ]-he kevword fF and ends

riith the pr:nctuation word ENDIF. It has the fcllolving synta>r:

ifstruc = IF ifcÌause ENDIF

ifc]-ause = expr thenc.l-ause el-seclause-c-rpt-r.cn

thenci-ause = THEN procs'üntt-series

^ I -^ ^ I ¡,,¡n - FI.CE nr-ncstmt-seni eSc]òcuJÕuòË - !!u! P¿vvo

ELSEIF ifcl-ause

In an IF selecti-cn, c;:e or two cIa.ìlscs r;-'.: pr:'.'-i-dc<1 , one of

which is sel-ected fon execution based upon i:he va-li:e of the ev'Ðression in

the selection. If the value is tr.ue, the THEi'l ctause is selected; otherwise,

the ELSE cl-ause is selected. If an ELSE cl-ause is not Ðroviðed and the

val-ue is f-afse. then an immediate exit from the selection is taken.

If the el-se clause consists sotely of another IF sel-ection, the

user may intiroduce the second IF by ELSEIF. r¡*ren lhis is clone, the second

fF selection is automatically terminated by the El,lDIF of the fi:rst IF.

If many IF setections ane coded ín this way, ali v:i-r--I be terminated by the

ENDIF which comesponds to the oniginaf IF, as si-ìo',^Iu in the follovring example:

TI- T-] TIJtrl\T
II

A . -R.tt.-p)

T.-a

ELSEIF I=3 THEN

- ")

ELSEIF I=f0 THEN
A '-r. /R .

vt y )

'tr'\tnT F
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Thr'e tr¡nr- nf nroonam sfrìrc-trrr'íns.l s nuiie comlron" aìid tire Il,SEIf'fea-lurer¡r!ù LJIJç vr lrr v6! .!:..b *- '1**'"

heJ-ps revea.l- the structur.e. In aCdition, sLìpelrfl-r:cus tlJDIis are ävoided,

makirrø the nropram more readable.

The IF seJ-ection may be extended b¡r the user as described below.

An r-F se-Iection l-ike:

IF I=0 THEN A:=C

ELSE B:=O ENDTF

is transtated ínto code simil-ar to the following:

rF(.NCT. (i.rq.o) )co rc to

A=C

GC TO I1

l-0 B=0

rl_

Hene it is clear that the operator -n has been ar¡ptied to tire ori-ginal

exn.nession (T=O) to obtain the result used in the objec-t code. Since

the -ì operator has the following definiticn:

OPERATOR .I(LOGICAL) = LOG]CAL( I.NOT.6I' )

the above code is produced. However", if the user. wishes to define the

- 
ononatô¡ ânnÌ1ônr.'i¡i-alr¡ ho mar¡ r'rse ânv tvne nt- ê?ì'llâêssl'on in the IF.I vyer uuv! qyyr uP! rqLÈrJ 9 ¡rç tr¡qJ vzrP j-vusrv¿¡ ¿¡¡

This is i-l-l-ustrated in the fol-l-owing exanrple:

OPERATOR .-(INTEGER) = LOGICAL(IS1.EQ.O' );

INTEGER I;

T.-ô.

IF I THEN A;=B

ELSE A:=C END]F
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In this case, the TIIEN clause wil-] be selected. fn fact, it rvill be

se.l-ected wheneven f has a non-zero value. In order tirat the object

code be correct. the mode of the result of a --ì invocat:'ioll must be

::elated to a LOGICAL mode. However, as seen abcve, the mode of'-cire

or:igl'nal expression caì1 be anything at a.LI' as long as the appropriate

nner,:to¡ exfensì-ons have been made.vF/v! sLv¿

3.4.7 Case Se-iec'Lion

A CASE contl ol strllctu.re is intr"o.iuccä r-,.¡r tì:re ì<eyvror'J. 3ASE and

ends with the wo::d ENDCASE. It has the follow:'-ng syittax:

casestr"uc = CASE caseclause ENDCASE

n¡qe¿-l ârìsê = exnr incl-ause orc.l-aus()-so f lrence-opti on outc.Lause-option- -.'r

ine.lause = IN orocstmt-series

orclarse = OR nnocstnlt-sernies-_- r-

outcfause = OUT procstmt-series

OUTCASE caseclause

'F1-^ .{:^r r^,.'.i-^ o.'¡¡¡le examnle 'i I lilst.nal-es tlre peneral- Stf.UC'tlrire Of a CASEIItË fufJUWJrrË òru+rrs e^artry¿

se.Iection:

CASE ] ]N

Â . -Þ.

ORA -V-u t

=v/ Þ

=+

OUT A; =3:'sg

ENDCASE

T

ORA
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In a CASE selection, severa.l clauses are provided, at most one

of which is se.l-ected for execution. Each cl-ause consists of a ser"ies of

(IaÏ¡eiIär'l ) imneref ives- rìec.lar.ation statements and definition statements\r(./Jvr¿eu) LttlvvL

as described in 3.t+.1. A cl-ause is sel-ected using the integer: value of

the exor"ession in the se-Lection. If the va.l-ue is 1 , then tiie first clause

is selected; if it is ? , the second cl-ause j-s sel-ected; and so on. The

c'l errscs âyìê seTrâraic,l hr¡ the v¡orrì OR - and the enf i yìê senrênce of clausesurquoço qrs ouPu!

is introduced by the word Il{. Any number of these cl-auses mð-}r be specified,

ês I c'ns as thei''e is aL least one ' 'l'he user can sìrnT'r'l v ;nr--1-hei" nì -'rraa +Ìrc
cu ¿\/!¡5 ua LrreJ. \j ID ¡ L içqr L vri= - "yP-J

OUT cl-ause, whÍch t.¡i.ll- oe selected when the intcger. value Ìies outside the

€^-..r1-''i-Ì. sne,-ifie. cl¡ìrses have been nr'ovided. If no Oul'clause is|qllËg ful wrllurr ùpE\-rf

provided and tht v¿lue is outside the lrange, then none of the clauses in

the sel-ection will- be executed. For example. if five clauses have been

ny,nr¡iáed fhcrr ¡'-'...-r"^ -^+'i- the'nanse I - 5 wil--l cause selection ofP! U v¿uçu t Lrlç11 úliy VCIUç Il(/ L ¿¡I L¡¡e ! u¡¿6ç

the OUT cl-ause (on exit fr¡r.'r 'i:Ìre sel-ection).

If the OUT cl-ause consists entirelv of another" CASE se.l-ection'

it may be introduced by the keyword OUTCASE. If this is done, the second

CASE sel-ection does not nequíre a tenminating ENDCASE; it wil-I be terminated

automaticalj-y by the ENDCASE cor"responding to the finst CASE. Many CASE

selections could be nested using this method, and only one ENDCASE woul-d

be i.eau'i i erì to termínate them al-l-. If the user. wishes to write the second

CASE selection separately, he may do so but then the second CASE requines

:n avnr-i^i+ tr\TnnASE of its own. This is similan to the nestins of IFrsqll ç^Praua L Lr\uvno! v! f Lo vvYfr

usins ELSEIF.

The CASE sefection may be extended by the user in much the same

\^¡av as the IF selection can. A CASE selection such as:
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CASE ] ]N

^.-Þ

0R A; =þ:i'g

OUT A:=B/C

ENDCAS:

woul-rl be tnansl-ated :'-nto ccde simil-ar" to:

ITEMPI- = I

G0 T0 r0

-12 A=B

G0 T0 il

l-3 A-B*C

c0 T0 fr

l_o GC To (tz,ts; , rrEl'tPf

A=B/C

l_ l_

The expr.ession which appears in the sel-ectíon is assigned to an INTEGER

temporany. The assignment oper.ator (:=) has been predefined to all-ow

a-l-l- the FORTRAN mixed-mode assignments. If the user wishes to use an

êXTl.}1essinn whinh nnnm:l lr¡ n:nnnf L^ --^.i 
-^J 

+^- uç qÒòrËrrsu Lv an INTEGER, he must make

the annr.on¡iafe extension of the := oner'¡fnt.- For rrxamnle. fhe exnr"ession-..-*.y.Y.'u¿¡9

e.olrId hc IooineI as iIIrrstr.ated bel_ow:at sù

OPERATOR : = (]NTEGER, LOGICAL )=
( | ç 1-^ . I\ e!-v t

'rE(82)61=r;');
LOGICAL L;

L := TRUE;

CASE L IN
^ 

. -Ð' n.-!

OUT A:=B/C ENDCASE

T^ +1^ì- ^..-**ì^-Ln rnr-s examp_Le, the first cl-ause wil-l_ be sel-ected.
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3.4.8 htrile LooP

A while contr.of structure is a loop which is contr"olted by a

logical ïal-ue. The whi-le loop is introduced by the WHILE statement and

ends with the wond END. The i^lHlLE statement has the fol-lot^¡in€l syntax:

whifestmt = I'IHILE expir

Tn oanan:l fho êx¡.nessìon in the s'tatement sÌrou.Id transl.ate into a logical
r¿1 Ëerrur q!, 

.

expression. However, as i:-r the IF selection, if the --l operator is defined

appropl?iately, the expression may be of arly mocie '

The fcirowing is a typiea' while locp in FLEX:

WHILE A}JS ( SUiTZ- SUI¡1 ) > EPS ;

u.-IJ/a.lt.-t't L -

Ui{i; =:iUM2 I

S[JM2: - (aPB * +;r;g4 + 2t;S2 )?TH

ENÐ

The J-oop is executed. as long as the expression r"emains true. If, when it

is tested- the value is fatse, execution of the loop is te:rminated. The
t e+¡v

ôvñhêeejnn ie tacfe¿l af fhe þssinnjno nf the lo^^' l-l¡r'o iF ì+ is fal-se toqlrv 
--öf 

I11rIl¡6 V¿ Lr¡e rvvlJ t L¡¡sv

]-^-.i* ,,-i+L +l.¡ 't ¡nn r¡i I I not be eXeCrÌted at all-.!JeBIrr wf, LIr t LIrç ruuP w rr¿ ¡rv u v'

3.4.9 Do Loop

A do control- structune is a loop which is controlted by an index

which is updated after each iteration. The do loop is int:roduced by the

DO statement. This statement provides the information necessary to contrcl

the loop. It has the following syntax:
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dostmt = D0 initc.Iause contr"ol-cl-ause

initcl-ause = varname: =expr

' contr"o.l-ciause = testc-l-ausc byclause-cptiorr

tesf cl aiise-onti on Ïrvc.l au-:e-onti on v¡h'i Iecl-ause

testclause = T0 expr

DOWNTO expr

byclause = BY expir

whil-eclause = \,JH]LE expr"

varnanè = i-fentifie¡

The J-oop is terrninated with the -r¿or"d END. The fo-l-l-ovring example ili-ustlrates

- +-.^ì^.. 1 -ì^ r^^a rypacar (-to -LooÐ:

D0 X:= -5'IO 5 BY .5;

wRrTE , X, F(X)

END

The variable name which appeans in the initialization c.l-ause is

gener"al-ly'r.eferued to as the ?lindex'Î. As in FORTRAN, the index may not be

subscripted. However, the value with which ít is initial-ized may be any

expr"ession, nather than just a simpJ-e constant or var.iabfe. The va-Lue of

fhe inl'tiel avnr.aqsion merz he no-;+"-'^ ¡a¡:r-r'¡¡---- ---r- -- -JStTl-Ve, negarave oll zeTo.

The test c.l-ause may be specified in two ways, with the wor"d T0

or the word DOW}ITO. tr{hen T0 is specified, the step val-ue is used as an

iner^em,ont. and the loon ends when the va-lue of the index is ,Larsen thanu t s¡rs

the test val-ue. fn the fol-fowing D0 statement:

INTEGER I;

DO f :=f TO l-00;

the index I takes on all- values fr.om -L to.l-00 in steps of l-. hrhen it
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attains a va.l-ue of }0lt

when D0\{NT0 is specified

laan anrlc r,rl-ran tl^^ rr-l rr^¿vvP çl¡uo wt¡ç¡r Lrlc voruç

the statement:

nnnfnnl n:qqêq fr"nm tha I onn

. the sten val ue iS used as a

of the index is smaller than

0n the other hand,

decrement and the

the test value. fn

D0 r-: =l-00 DOW\ITO I BY 6l

I stants \^rith the value .L00 and takes on everv sixth va-Iue down to 4.

hrhen it lreaches the va-l-ue .-2, tvhich is beyond the r.ange for which the

I oo¡ r's def in,,.d . executíon of the I oon ì s tenm'inated.-t -"

The iliCex is updated eacÌi t-ime the J-oop ís execu-Led. The

rrstep size" used to r-rpdate the index is supplied in the BY clause; if

no BY cl-ause is give:r, the integer va-Lue rl-I is used. Escape frcm the

loop occurs when the vaLue of the index ís beyond the val-ue which is

supp-lied in thc tes-c clanse. Compar"ison of the index and test values occu:r?s

¡t tho hoor'nn-i n^ ^€ +È^ I ^^ñ rIrL''- +L^ ^+-+^ñ^'.+^ ':* +L^ I ^^^ nnnl-rnl I orì ì¡r¡'
-o--------o UI Lf lC fUUtJ . I IIUÞ Ltlg ò LOLgrllgtl Lù f 1l L¡rç IUUI/ uVIl Ll-v!Içu !J .

D0 I:=5 T0 4:

ane not executed at a.Ll-, since the index starts out with a va-lue gneaten

than the test val-ue. If no test clause is specífied, a WHILE clause must be

supplíed in orden to provide an exit f.rom the loop.

Tlie val-ues which ane given in the test and BY cfauses may be

ewnr"o<qinnq 'fho faqt r¡elrro mar¡ hc nosifivc na--+-"-^ However'-ç^I/Içùùfvriè. Ill- -..-J -Ç yuorLrvç) IIÇBOLIVç U! LçLV. rrvwuve!,

the step val-ue should always be positíve. If it has a zeno on a negative

---ì"^ :-E-'-':J-ê lnnn m:r¡ r'oqtrlf Fnn p:¿:mnla !L^ ^+-+^ñ^*+'Vd.IUg, d-11 -Lltl-LI.I-L-- ---JrL¡ rwt ç^qll¡Plc, Lllg ùLOLÇlllEllLr

D0 I:=5 TO I0 BY -fr

wil-l result in an infini'Le loop, since the index can neven attain the test

value by repeated increments of -l-. Thus, using a negative step value

with a TC clause is not equivalent to using a positive step value with a

n^I"n\r'F^ ^r -',-^ L,ecaìlse. thc -ivne of coTnnar-json that iS made iS different in!vvllì r v uJouùg , uç9quùE Ll¡u LJI,U vf uvrr:po¡ rov¡¡ LJ

-46-



the tv¡o cases. For example,

D0 I:=5 T0 I BY -J-;

.'- *^+ ^o^..-'---a ^-as nor equl-varent to:

D0 I:=5 DOIiltiTO l-:

In the first case.. the loop wil.l- never be executed because the initía]-

rz='lrra ìc nna={-a¡ than the fg5f 1z:ìr'a Tho ìnnn ¿3¡fnoj lnfl hr; fhe SeCOndJ.VVIJ VVr¡ L! Vrrsu LJ L

statement wil-l- be executed .five times.

The hrilILE clause pr.ovides an a.l-ternate exit from the loop. Whíl.e

the exi:ression specified in the crause remaj.ns true (ancl the inoex has not

gone beyond the tes.L value), execution of the -Loop wil--l- continue. If the

expnession beccmes fal-se, the loop ends. For a discussion of the mode of

fhe e>¿nt-essr'nn irr the I{HIt,E Cfatrse- r-.ons¡lf J-he rìescr.ìntion of the v¡hiIe, vv¡¿u s! u rP L¿vr¡ vl

loop ( s. +. 8 ) and tl:e IF sei-ection ( 3. 4. 6 ) .

The fol-Ic\,''íng do loop ilJ-ustrates the use cf the WHILE cl-ause:

D0 I: =l T0 10000 þliiilE XI-X2 < EPS;

Vì . -VO.I\L . - I\L )

N:-N*2;

x2:=F(X,N)

END

Altho¡øh fho trrlHTT,E nl:rrqp õênêþÞl lr¡ :nnnmnânr'aq e fcsf nl:rlce ír- ^--6e¡¡er ur¿J avev¡rr}JarrrsÐ q Lvo t r L çqIr GPPço!

=rnna LJnr.rar¡a¡ such cases shoul d o.ener.al lv he renlaced bv the h.HiLEYvr, u

^+-+^ñ^-+

The do loon siven above wou]-d normaÌÌv be tr.anslated as fol-l-ows:
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Tl = 10000

" G0 T0 l-0

¿I f - I¡¿

.l_0 rF (r . cT. Tl_ )

rI-( . NOT. (xl

XI=X2

liJ = l'[:':2

x2 = i (x,N)

GO TO II

G0 T0 t2

*x2.LT. EPS ) ) eO rO rz

12

where the temporary Tl- is of the same mode a.s tlte ind.ex I If an expl-icit

ô+^ñ Ì,ir,,a h=,t !.apn qnpr-ifierl- r'-t tOO would jia.,: jleei-,31;3igned to a tempotrafy
ò LgP VGIUS l¡OU !ççr¡ Ðyev¿rrvst r

variabfe of the same mode as I Of course, -'i-f a LìOlij'{'I'O cfat-r,se had been

used instead. of the TO clause, the index woui-a be decremen.Lcd (i=I-t in ìi-ne l-l)

by the step size and tested (f .lf.Tl- in line t0) agaj-nst the test value. In

eithe:: case, when the index is updated, the assíÉprrìent oper"ator (:=) is

invoked. fn order to extend the do loOp so that new moCes can be used, the

user must extend the appropniate operators. If a test clause is not supplied,

the::e.Latíonal- oÞerators (> and <) need not be extended. In this case, the

sten vallle js al..-..- ,,-^,ì -ô .innnamlânf so ortfy the +- and aSSignment
ù Lsl/ vqruu ro qlwdy > uòcu oè or¡ lf tu! ç¡¡¡e¡¡ L , uv vr

operators need actually be extended.

The expression in the WHILE clause can be of any mode, as described

'in nr"evinrs sections. If the i= operator is extended appropriately, the

other expressions in the DO statement can afso be of any desired mode' In

crênêr,ât the sfanda:rd FORTRAN modes, INTEGER ¿lncl REAL, aÌ'e used because al.l

aJ: fha rao¡le¡ nnc¡¡for.s have bcon nr,erlefined fOf tlfeSe mOdes.v¿ L¡¡v ! uPçIqLVr
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3.5 Definition and Declaration Statemen.ts

3. 5. I Mode }trames

In FLEX, as in FORTRAN, the name of a uode ccnÐt'-i-ses tl'to parts:

modename = identíf:'-en submoCe.-op-cicn

submode = :'c identifier.

?'.' r'n f p oer.

Unl-ike FORTRAN, however, the submode has no intrinsic meaning (such as

j.ndi-cating the a.nror-r.nt of storage occupíed by var"ia.btes of tha.t mode ), but

is usecr. mereJ-y es a second Ìevel of ident-ification. tirus ai-lowi;¿' nany

differ"ent modes to be grouped under one genenaj- rr¿inre. For exampJ-er'Lhe

uselr may define three oiffer"ent mode names, Iì'ïTEG}:Iì, ii'il'iGERt;2 and

INTEGER'JíÌ'1. This il-Iustra-bes that INTEGER, r'ritlrou': an explicít submode, is

a mode which is different from INTEGER?'¡2 whicÌr rror:s h¿ve an explicit submode

(the user. shou.Ld considen INTEGER as having:. r:t-:-l:'r¡cðe r"hi.ch is different

fr"om al-l- other. expJ-icitJ-y-specified submodes ).

3.5.2 MODE Statement

The MODE statement is used tp define ner^¡ rnode names on mode all?ays,

and al-so to give the subroutine names which shoui.C be used for the input and

ouLput of val-ues of the new modes. It has the foilo"+i-ng syntax:

modestmt = MODE modelt-Iist

model-t = modedefn ioelt-sequence-optíor,

modedef-n = modename : oldmode

modename = oldmode

ol-dmode = modename dimel-t-op-Lion

dimel-t = (dim-tist )

¡l'im = infcoar.
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ioelt = ionarne (ior"tn )

ioname = INPUT

OUTPUT

RXAD

WRITE

ior.tn = identifier"

A new mode is defined by relating :'-t to an cid mooe, cl" to an

aruav of an old mode. If the nei^¡ mode is to be treated as a Cifíer'ent

mode than the oi-d mode duning pnocessing, then the ti:anslation relation

is used:

MODE INTEGER:ÌM : INTEGER

If the new mode is to be just â rìrîil name for the ,i-Liì Tiìc-ri3, the eqr-rivalence

ne]ation is useo:

MODE NEWREAL = REAL

No matten which of these two r.elations is actual-l-y specified when defining

an array mode, tnansl-ation is a-Iways assumed:

MODE VECT : REAL(2S)

As noted in the syntax description given above, more than one mode definition

can be made ín a MODE statement:

MODE INTEGER?'IM : ]NTEGER. NEWREAL = P.EAL

The user should read Chapter 2 for" a mo:re detai.Led presentation of the

concents 'invol r¡ed in this statement.vv¡¡ vv P

The rrioeltlr permits the user to declare the narnes of routines

which are to be called in order to perform input or output operatiorìs on

val-ues of the given mode. Up to foun subroutine names can be specified,

each one corresponding to one of the four. I/O statements. If no special
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subroutines are to be used for inprrt and output o:i' rlie va-l-ues of the nei"'

mode. l-he rorfines cô'nÌresnondinø to its r.elated lnoCe are used. Alf the¡¡rv s!. t

FORTR.CN inodes have subiroutine names associated rritìi 'uhetn for ai-Ì four

T/o onerations- and these will- be used if the user does not ivish to define

his own I/0 routines.

To define a new mode NEMUIODE as an aruay of tl^rel-ve REALs, in

which READ and WRITE statements are to be supportecr. with special subi:outines

IOìlI'lR and IONMI{, respectively, the user would cocle the foll-owing statement:

MODE NEWMCDE : REAL(12 ) RXAD(TONMR.) r:ilirF(:.OUUW)

3.5.3 PRIORITY Statenent

The fi¡¡ction of the pRIORITy stateme¡r.L is to assign a p::ior"ity to

an operator., and thus to r"ank ít relative to the or-Ìrcr'ol?raicrs. As ino:'-cated

jn the svntax r]esor,infion helor^;- l.haro ¡na'l-r.r,r'iât;:i ifr r.,titjCh the ValUe Of a

pr"ionitv can be establ-ished:

nniaqfmf - PRTíIRTTY nrioclJ--l isi

-nr'^olt = nno¡:+ '- -r -- * --or = prlo

nr-ìn = infcoot

operatoll

The first method provides an actuaf .¡a,Lue:

PRIORITY QUERY = I50;

In order to use this method, the usen must know rhe ac'r-ual- priorities assigned

to the otd operators in order to choose a vafue v¡l-rich cor::ectly ranks the

nêr^T ôñêFâf nn r.r¡'+h ¡ocnenl. J.n tha nl d nnon:f nrrq

The second method can onl5r be used if the new operaton is to have

fha <¡mê nnl'nnr'fr¡:q qômê awr'qJ-r'rro nnen:tnn'

PRIORITYQUERY=+;

trì
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'l'n ihi s case - the (nossiblv r¡rl<rrnr"rn ) r'n'l-aoen r':IUe r.¡hich. indiCates theIrl LrlJù uQùç, Lr¡s \yvuotlrJ / f rr qvóer

nal:1-r'¡¡a nni n¡r'f¡; nf + is ¡ssi mo j f n the nêTJ ^ñôÐã+nn flT'ItrPV!ureLrve IJ!rvrrLJ U.L l- Jù qùùfÈ;r¡su Lv Ll¡ç rlçla vPçtaLvr Yv!r\¡.

" The integer val-ue cf the priority permits the ope:ratcr to be

ranked rel-ative to al-l- other operators. During the cornpilation of an

expression e an operator with a high pr'Íority will be invoked befo¡e one

of l-ower pniority., r{hen they both could apply to the same opeland. Thus, in:

PRIORITY -t-=600 , t'='/00',

ff ¡ =l1Q:!¡

flra nnan=n¡f n COU.I-d either be aqrr-.o,i tO B fj.r"sf o¡ l-,e. mlrltinl ie'i bv D,

Since zt has higiier pri'Jrity, the multiplication is done first. If the

twn onerafor.s h¡r¡p tlr.-' qer¡e rr'r.innifr¡ fhc nne ôn the -Left is done first.

Thus, if the statements:

PRIORI1'Y QUERY = t' ;

A: =B QUERY CzlD+E

ar"e added to the above, the expnession is treated as if it had been

nananfhoqì zaà aq.

A:= (B QUERY (C",D)) + n

Thlrs _ the antilal valUe of a nrionitv js of lìtt]^ ;mna¡'l-=nno "'hat iSr¡¡uo t L¡rg auLue¿ t: 
". 

ue¡¡vv t rr

important is íts re-Iation to the other priorities.

The nr.innifr¡ sr-.heme which exists for the nneclefi¡s61 6nan:rnn<rvr f LJ

is given in Appendix 2. fncluded with the rel-ative ordering of the openators

are the âcfìrâl nr.ioritv vallles used- The nnedefined va.l-ues were used in

the definition of -l- and 'i' siven above.

3.5.4 OPERATOR Statement

The OPERATOR statement has several- functions:

a) to define new operators,

trô
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b) to extend the domains of existing oper:atons,

c) to dec-l-are FLEX functions, and

' d) to dec.l-ane FLEX subrcutines.

It is a very important statement because the definitìoirs esta-bl-ished by it

ar"e used during the pnocessing of the entire FLEX oi"ogram. If these

definitions are establ-ished incorrectly, the enti-re pr?ograrn v¡ill- be affected.

Thus, the user" should exer.cise car.e when coding an OPERATOR statement.

The OPERATOR statement has the fol-l-owing syntax:

operstmt = OPER.-þ,TOR op'ereì i, -list

ônerelt = onei^cec-L

fcndecl

subr"decl-

onei.dec:l = ()r)el1a¡-or. (modename-l-ist) = resu.l-tmode-option temp-ì-ate"r--*

fcndect = fcname (modename--List) = resultmode

subrcler'l = Ðl,aocnãme (rnodt:name- tist )

r"esul-tmode = modenalne

+^-^I-+^ - /r"'+^*-1 -^^"^-^^ìLell{J-Ld.Le - \ rf Le!of-ùç9uçtlçç /

3. 5 .4.1 Operator Dec.Larat:'-on

The extension of existing operators on the definition of new ones

is accomnlished'i n ¡n rroner.ator dec.l-ar"ationtt. Such a declaration pnovides

the info::mation required bv FLEX to transl-ate an invocation of the openaton

cor"::ectly. A specific openator may appean in many differ"ent dectanations.

Since the use of an operator with operands of specific modes is to be

tr.anslated unicueiv- thr: list of modenames should be different in each

dectaration. There coul-d be a different number of modes, they could be

snee'Ì 1='ieri in a d'i fFerent onrìer"- or the modes themse-l-ves could be different.



Fon e.xamnle- the oner"âtor, :!:'s ¿6¡1çl be defined as foll-ows;r vt u^q¡¡I/ru 3

gp¡p11gp r-,"1 (t¡lrrc¡n) = REAL(rEXP(rloar(sf) )' ),

:';:'s (p.iAL) = REAL(tEXp(tl_)' ),

*zl (INTEGER,INTEGER) = INTEGER( I tl:l*t2| ),

:l* (REAL,INTEGER) = REAL(1tl?t?'rt2r ),

:l:T (REALTREAL) = REAL( 'EXp(ALOG(er )r't2)');

the l-ast thnee .l-ines being s'i-andar"d definitions.

The l-ist of modenames suppJ-ies seve::al pieces of info::mation foi:

a r:anticufar decliraticn :

a) the numbe:" of operands required by the operaton,

b ) the modes of these oper'ands , and

c) thc or"der" in which they must appear.

This infor"rnaticrn i-s .ised i¡i se]ecting the appr:opniate template (as descr"ibed

in Oh:nfan ?l Referr.inø to lþp ow:mnla :l-rnr¡a if X iS a REAL Vaf.iabJ-e,L/.

then:

r,rnrrlâ ^¡n'li'aa +ho fol lnwino f¡anSlatiOn:

rY = EXP(X)I

white a binary ínvocation l-ike ¡:l:!¡, where J is INTEGER' woul-d produce

a REAL resu-Lt of the form:

I vJ.J. Tl' Ã."'u' .

On the other hand, a unarS¡ invocation with a REAL:'rB operand would be in

elîror because the appropriate declanation Ì^Ias not rlade.

Operatons in FLEX are restricted to a maximum of nine operands;

that is, only one digit is needed to descnibe the position of an operand in

the l-ist of mode names.

Tf -fhe onelator is transl-ated into a series of FORTRAN statements

tr ¡l
-JT-



onl-y (.tfrat is, it Ðroduces no text r¡hich is subsequently used in an

eXÐf¡eSSi On ) - â T,êerrl f r'no m^¡la .'S nOt Snee.ì fi erl - Hnwewcr. : tpmnl atc fn-n

the tnanSl.ation must always be pnovided. If the template is too J-ong to

be specified on a single card, a sequÈnce of severa-l litenals can be used.

(Recal-l- that a l-iteraf cannot be continued past the car,d boundary. )

I'ÍODE VECT : REAL (25);

OPERATOR := (VECI,VECT) =

( I D0 tSl- I=L t25 Jl

r65l- t.L(I) = t2(i);'),

- (vlcr) = vECT

(rD0 esl f=f ,25;l
I 6Sl- t0 (I ¡ = -6-l-(I ) ;'

r66i)i

Tn the nreneodino pv:mnl r- fhp nnaø¡{-a¡ }' -ô -^ -n-" I +.'*- -^/l^ }-^^-,,-^, L¡¡u vPc|qLUt IlOò llu l'eòUaLf,IlB llluu.e lJe:L.:d.Ll¡;g

no expression is produced to take pant in succeeding operaton invocations.

Howeve::, a tenporary vaniabJ-e (S0) of mode VECT is pnoduced as the resul-t

of the - operatoï..

Because the tnansl-ated code is not checked bv FLEX to determine

if it is val-id FORTRAN code, an inconr"ect tempJ-ate cou-l-d affect l-ai:ge par"ts

of the object pnogram. All l-ines of the temp-Iate ane assumed to be val-id

FORTRAN dec-l-aration or executab-l-e statements. Thus the user must not code

statements l-ike SUBROUTINE, FUNCTION, END, or? comnent in the tempJ_ate.

3. 5.4.2 Function Declaration

Al--I furctions and subroutines (see next section) that are used in

a progjram must be decl-ared as such in a g.Lobai- OPERATOR statement (or

sevenal- l-ocal statements if the user. pnefers ). The information which the

trtr
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functi.on decl-aration conveys js very simíl-ar t<¡ tl-,at provi.dei lry e¡

onerator^ declanation. The latter is used to define or extend an ôñerâJ-ôr'-

whij-e the for.mer. is used to provide mode informat.i r:n about a user.-defined

furction. A function declar"ation is used by the processclô in t:ra¡¡sl ating

invocations of the fu¡ction. Because each procedu.r:e is completely

independent of a-L-l others, this information is nct known to the othe:: procedunes

except through a (gtobal) function dec,Iarat:'-on.

Ai-l FLEX function invocations ane transiated .i-nto the standard

notation that is used fon FCRTRAII function j,ni'oc¡rr-i ons. 'ihe use¡- mav think

of a function decl-aration as having an impJ-icit-Len¡:late assoc-Lated with iI

¡*i +1^,,- ^^ *am^late is nenllir.ed - Howeve.n- thc. res¡ jt-i n:' i¡ode Of the rUnCtiOtrallu L¡¡ uù 11u Lçl¡rPra Ls rù r eYurr uu. ¡¡vw e v çr t L¡ru

must be specified.

During transl-ation of an expnession, ¿ func-i:ion cail j-s treated as

if it weue an openator invocation; that is , i.he rist cf node rìames i¡r the

decl-aratíon is compared to the mode of the a:'guments in the call-, and if the

ar"guments have been incon:ectJ-y specified, no match fo:r t-he (function)

invocation is found. The::efore, onl-y one dec.l-ar"ation should be made for a

narf ì c'.lrl er fnnrrf ion

The fol-lcwing pr.ogr?am segment ill-ustï'ates hol^¡ the frnction

decl-anation is used:

OPERATOR FCN(REAL,INTEGER'REAL) = REAL;

PROGRAI'Í ;

REAL A, B,C;

INTEGER I;

A:=A+FCN(B,I,C)

ENDPROC;



FUNCTTOI{ REAL FCN(A,B,C) ;

Þtr4T. a n.

INTEGER B;

ENDPROC

The function ca.l-Ì in the mainl-ine is tnansl-ated to pnocìuce the REAL nesul-t:

rFCN(B,f 
"C) 

t

3. 5.4. 3 Subnorrtine Decl-ar"ation

A subnoutine decl-aration has somewhai tìre same DurDose as a functior:

dec.l-aration: to descr.ibe the modes of its argulrr-Jil'rrl . ¡l singÌe gJ-obal

decl-aratíon of the sul¡r'outine witl- be known to e\/ei:,y prcceduz.e in the prcgnam.

S'-:broutine call-s are transl-ated into FORTRAN CALL statemen-ls Lrsing an impJ-icit

tempÌate ín the same manner as ane function call-s. Hov¡ever, sl'-nce there is

no resul-ting moCe, neither: a templ¿1e nolt a resu-l-'¡ing mode are specífied:'-n

a subnoutíne decl-aration. Only one decl-a.ration shou-Ld be made for each pr.o-

cedure (subr"outine or entrv) name. The reader. should consuj-t the discussion

of the CALL statement for a complete descripticn of sub::outine ca-Il-s.

3.5.5 Decl-aration Statement

The ntrrnnse nf ¡ dcr-laration

snecif'ïc modes- Because FLEX does not

does - ever-\¡ 'Î dentifien which is used as

rìeclai"erì exnl i c'itlv: thaf is - its name

statement in the procedure.

statement is to clecl-are variables of

have defauL.t decl-ar.ations as FORTRAN

a variabl-e in a procedure must be

mìÌst FñrlÊâî r'n some cìec-l-afation
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The deci-a:ration statement in FLEX has the fo-L.lci"ing syntaxt

decl-stmt = modename decl-Iist

decl- = vardecl dimelt-option

vardec.L = vanname submode-option

varname = identir'ier

dimel-t = (din-l-ist)

dim = integer

It is very simil-an to the type statement of FORTRAI{. For: exarnple, consider

;-r-^ f^r r ^-,.'-- ,r^claration:Lrrg f ulfuw JIlB uY

]NTEGER?'í4 A, B, C,D'IM

With the exception of the second submode, it looks Ìike a FORTRAI'I decl-aratjon.

Because a submode can be associated with each vai"i.:ble name, as

we-l-I as wíth the mode name itself, vaniabfes of se-¿eral different modes can

be dec.l-ar,ed in a single statement, as follow,::

INTEGER,I4 I )JTI2, K, L';M ( TO , 5 )

Ewern¡ var-r'ahlc which l-acks a submode is decl-ared to be of the mode specífied

initially. In the example above, I and K wouid be INTEGER?"'4, whil-e J

woul-d be INTEGER*2 and L woul-d be INTEGER?IM.

3.5.6 Predefined Nlodes and Operators

The standar.d FORTRAN modes and openai:<¡rs have been predefined in

FLEX. In addition, the mode STRING is permittecl in or"der that the user

mav declare ope:rators on functions whose operands are li-Lerafs. However,

since FORTRAN has no character string var"iabl-es, the user cannot decl-are

FLEX var.iabl-es of mode STRING (ttrat is, STRING is not a fundamental mode ).

The modulus operator (//) has afso been defined" For a fuJ-I description,

the reader" shoul-d consul-t Appendix 2.
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These definitíons have been 'incl-uded so lir¿¿t the user" clces not

have to define them himsei-f. This is verv convenierrt s:i.nce ¡he definitions

are cr uìte jenothv- Ther¡ ¡r.e known to the userrs ¡-r, f ir.e s.ììrr.ìF T-.._J *- _ '."Jwtr L() Lne user'.:. ..._ program;

that- is, they appear in the globa1 definition ar,ea associatec v¡ith the

ltq¡¡ I e ñh^õñtñ

3.6 Other. Statements

ù.o.¿ ¡xpressrc]ls

Expressi-ons in FLFX are more gene¡a..:. tnan those a-lloweo in FORTRAN.

expr = primary
expl: operator pr.imary

PnimarY = oPnd
ano¡efa¡ n¡'r- l_mar5/
f cncal-l-

opnd = var'
-l-iteral-
constant
lov^n- I i ef \

'Leçt

fcname

val: = valÌrtame
var (subscript-list)

vanname = identifier

subscr"ipt = expr

fcname = identifier

fcncal_l = fcname (ang-list)

arg - expn

There are several- differ"ences between FLEX expressions and FORTRAITi expressions.

The finst difference is that infix notation has been generalized

(see 2.3.6). Al-'Lhough this feature was introduced to per.mit operator" in-

vocation when more than two operands are specified, it- is vaÌid for binary
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operators as I.¡e-Il-. Thus , while one would norrnaì-Iy code:

A+B

the invobation

+(A,B)

is aiso val-id, if the user wishes to emphasize-ti:e sirnilaríty between

operators and functions. An infix operaton (th¿r1 is, cne which is written

in standard infix notation):requir.es a prio::itV in or"der to obtain the

cor:rect order of invocation. Prefix operator.s neect no priorities since

they ai:e always invcked before infiz operato::s . TÌ:u:.:

+(A,B)'!+(C,D)

is entrìvalent to +L^ .tr^ì I ^,,-i-- ñâr'ênthesi ze,l exÐL,eSSiCn:rD çvur vulurl L Lv LI¡ç JU!!VW!1ró yG! çr¿ UrrgÐraçu "^l

(e+n¡'t (c+l)

Another difference fnom FORTRAN is ti-le a,o.l-,.rr;' i:o ¡;peci.T multiple

srrhs¡r,ìni I i sf s f¡¡ the Ð¡ïrDôSe of makinp ar¡rav 'rrç-j¿ -¡g'l ¿ltf CnShi ns r:l êãrerlDI'UùUI IP L ¿IÐ LO f Ut Lrlç PutyvDe 
vr ur: q.!

f 
^ ^ ^\ISEC Z.J.YJ.

In FLEX, each operand in an expression can have an arbitnary

¡:rml.av, nf nnofiv anan:l-n¡q r^r¡'thnrlf rentlir,'i ng r¡er.,^;r"j-hesrrs (see 2 ? ?) TnrIUiiuçI Uf Pr'çaJ^ uPçI OLVT'è Wr LrlVqL \uvv ê ' e ' t t

FORTRAN, one woul-d code:

A+ (-B )

¡.rhi la in trT.ËY f'-ne expressl-on:

A+-B

r^rnrrld Ï¡o :nnant:Ìrle Sr'mi larlr¡:wvuru !v uevvP

D++ (A, B )

and D+-+ (4, B )

are va.l-id FLEX expnessions, although they would nol'rnally be v¡ritten:

l+ (Ars )

and D+(-(A+B))
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respectively. The firs'u ìrf rr in each case is an infix oPerator.

A function name may be used a.Lone onJ-y withín the cor"responding

function procedu::e (see 3.4.3); it is then treated essentially.l-íke a

va:riabl-e name. ln the othe-r procedu::es the functiorl name indicates an

in',¡ocation of the function. This is exactly how a function name is used

in FORTR.AN.

The assignment operaton in FLEX is

i n on I r¡ two e-on texts :

tl .-ll hI^¡m:ll*' ;+ rññôâ¡a. rr u! ilrqlry r L qPPçor ù

a) as the .l-eftmcst opera'úolì in an assignmeilE statelnent, and

b ) in the D0 statement.

It 't::a¡sfates into an or.dinary FORTRAN assignment statement. However, if

the user wishes to mal<e appropi:iate definitions, he may embed the : =

operator: in an expression.

3.6.2 Assisnment Statement

In FLEX, the assignment statement has the fol-l-owing syntax:

-^^-'-^+*+ - ..âyasslgns-EmÏ = var := expì'
var = expr

vat? = varname
van (subscnipt-list)

varname = identifier

subsci:ipt = exp]â

As in FORTRAN, the purpose of an assignment statement is to assign

val ¡e of the exnression to the (subscripted) variabte appearing on

l-eft side of the assignment operator.

Any imperative r^ihich does not start r^ri-th eithe:r a keywor"d or- a

mode name is assumed to be an assignnlent statement. The first oPerator

(wr'th the exr-.ention of those occurring within parentheses) may be eithen
\ ¡i ¿ L¿¡

+l^ ^

+1- ^Lt¡g
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= or: := If the = operator is used, it wi-IÌ be treated as the assign-

ment operato::; that is, one of th.e templates coÌ.raespon<ìing to the :=

oner,¡foi" will hc rserì for nr"oducins the translation- Ever"v ofher occurl?ence

of the = operator renrains unchanged. This permits the usen to write

FORTRAN-l-ike assignment statements using the = opera'tor instead of the

assignment (: = ) operator. Thus:

A=B+C

¿r r 
- 

pll I

ane bctli translated into the sarne code.

3 Â ? Tnnrrl. /llrrJ-nrrJ- Qf :J-amanJ-c¿Ltyvut

There are four input/output statements in FLEX: READ and WRITE

for formatted I/0, and INPUT and OUTPUT for" ur-ifonmatted record I/0. The

.Latter two s-Eatements ar"e used l-ess frequentlv. The I/0 statements in FLE,{

have the folJ-owing syntax:

iostmt = ioname (unitno) ioítem-tíst
íoname, ioitem--List

ioname = READ

WRITE
INPUT
OUTPUT

rtnr'fnn = ê:¿ñYr-'^r-

i'oitem = exnr'-ontion : fmtitem-'-r-
expn
I ooni tem

fmtitem = fmt/- , \t ïmï-Jasr J

fmt = fmtname exprelt-option
controlnarne exprelt-option

exorelt = (exnn-l-ist)

foonitem = D0 (initclause controlcl:rqa 'inifcm-ljs¡)
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fmtname = D

E

F
I
t,

contro]-nai"ne = BLANK
COLUMN

PAGE
SKIP

As discussed in Chapte:r 2, the omissíon of the unit number"

ímplies continua-Lion of a previous i/0 statement. This permits the usen

to inte::sperse othen statements among ,-he different por.tions of an I/O

oper.ation. Thus, it is simi.l-ar. to STREAM I/O ín PL/I. For example:

wRrl'E ( 6 ) X : E ( lo ,i+ ) , : BLANK ( lo ) ;

IF F(X ) "r =0

THEN I'JRITE, G(X)/F(X) :E(10,4)

ELSE WRITE, IUNDEF]NEDI

tst!- *t

- 
The::e are five díffenent for"mat names recognized by FLEX; the

FORTRAN names have been adopted for. simplicity. They contnol- the reacling

-'^r .,-:+.:-^ ^€ *he fundamentaf modes as foll_ows:qru wlr Lrrré vr L

a) E and F are used for. REALtr4 values,

b ) D and F are used for REAL:IB values,

c) I is used fon both INTEGER:!2 and INTEGER?'s4 values, and

d) L is used fo:: both LOGICAL*I and LOGICAL?'í4 values.

lnlhen i"eaclins'on...^':+'i ì"^^ ^f = nar.r mnãa r-he format name conresnondinq_ ____-Ò __ w|l LlltB voluçù uf, Q tlçw rrrvuÇ t Lrlç rv! ruq L lre¡¡rç ev! r çu¡/vr¡srr¡5

to the related fundamental mode should be used. As in FORTRAN, I and L

format specifications nequire only a single value, the fiel-d width. D, E

end F snec'i 'Fi c-+; ì'r=rra ¡ sêr'ônd velr're ø1'r¡r'no fhp ntrmher of decimal-qrlu ! D}/uurrruOLrUllò ¡llqJ llovç q ùçuvllu vq¿uç órv!r¡èi L¡rç rru¡¡lre
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positions. In al-l- five format specifications ) a zero or. negative fie-l-d

width wil-l- r"esutt in the omission of the fiel-d (and thenefore the data

item). When no format spec-ification ís gíven for a particuia.r" data item,

default val-ues are supplíed according to the mode cf the itern. The defauft

va-l-ues a:re given in Aopendix 2.

The four control- functions a::e useC to con-tr:ol- the position at

which the next read or write is to occun. Thev ane:

a) BLANK, which causes the specífied number" of colulms to be

skioped in the inp',rt r"ecord, or" bJ-a;:l<s ínserted in the output recorrì,

b) COi,UMl'l , 'rhich causes the next nead on print to start at

the col-umn specífied,

n ) PAGF wh i r-h ceìrsês fhe naxt nr'.i n ie¡ rrrfnrrt l-n haor'n :f fhav/ vuLl/u

+-^^ ^J - ñ^r." ñ-ñê ¡nrlLVP Vr Q llçW PqBY I ArrU

d) SKIP, which causes the specified number of l-ines to be skipped.

Each control- function may have one argument; if no argument is supplied, the

value l- is assumed. If the val-ue of the angument is zero or. negative, the

control- item is omitted, with the exception of SKIP(O) which causes re-

positioning to the beginning of the curuent r"econd; that is, SKIP(O) is

equival-ent to COLUMN (I ) .

There alre sevenal ways in which items can be specified in an

I/0 statement. For exampJ-e, if a RXAL variable A is to be printed starting

at co.l-umn 20 using default format, the statement would be coded in one of

+L^ t^11^.-:Ine ïO-LIOI¡Itng WayS:

WR]TE(6 ) A: COLUMN (20 );

WRITE(6 ) :COLUÌ'1N(20 ),4;

If it rdere to have a fíeld width of l-5, with 5 decimal places, the state-

ment woul-d be either I
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\,tRrrE(6 ) A; (coLUMN(20 ),E(rs rs ¡ ¡,

wnrr¡(0 ) :COLUMN(20), A:E(15,5) ;

r^^^- can be Used in T/O statemênts'irsf as ìn FôRTRAN !{ni.rarranuuuPò çQl uç uùçu I¡l ¿/ v ù LaLçrrrçrr Lo J uÐ L qo ar¡ r v¡\rrvur. ¡lvwç vsr',

+L^ ---*r-^" ^¡ -'lnnr' r'c ¡ìr'f€onant than FQRTRAN Syntax. The loop cOntrOlLli= ùylJ LdÃ Lll_ d J-UUrU rù 'rrrrçrsr.

information appealrs at the beginning and resembles the FLEX D0 cl-ause syntax.

For example, if B lvere a dimensioned REAL variable with N val-ues to be

-.^ - r +r- - ^+ -+^,1è.1-¡- nri ohf I ,rnk l_ike :r'çGu t LrIi ò LéLClrlg;l L lltaBll ! aUUN J

READ(5)N, Do(r='i ro N, n(r));

The I ôÕrl cãn contain a Ìist of data or control- ítems olt even othcr. I nnns .

Fn¡ av=mn la.

READ(5 ) D0(l=t t0 l_5, B(r ),

D0(J=1 T0 7, A(I,J), C(J,f)));

3.6.4 CALL StateTnent

The FLEX CALL statement is iust like the FORTRAN CALL statement.

It has the. fol-l-ow:'-ng syntax:

cal-l-stmt = CALL procname (arg-list)

procname = identifier^

arg - expr

and its ìììi¡ñôse is to transfer contr"ol- to one of the entrv ooints in aLU }JqrtJvuv rv

slrb.nolrtine nroc.erlrrr.e. as r¡el I as to establ-ish a one-to-one corresnondenceu¿vt uu

Ïretween fhc nar'a¡eters in the SUBROUTINE or ENTRY statement and the ansu-

ments in the CALL statement. The point to which control is transfemed

is determined bv the n'noe.edrlre name snecified in the call. The number of

anøuments must be the Same aS the nrrmher. of narameter s e>¿nee.ted at that

entry point, and their" modes must be the same. If the foflowing subroutine
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has been defined:

SUBROUTINE TEST(A,B,C, D) ;

REAL A,D;

VECT B;

ÏNTEGER C;

U_

ENDPROC

¡nd the. âñnrìônrr-; ate subroutin¿ decl-aration:

OPERATOR TEST(REAL, VECT, ]NTEGER]REAL) ;

r^-^ 1'''^-^ --r^ *hen the eubroutíne woul-d be cal-l-ed as fol-l-ows:¡¡ ãò L Y gll lllouË , r-

REAL X,Y;

\tE îrT .7 .v !v a u )

TilTiFFAIIÞ T T,¡¡\¡!9!r\ rrv t

:

nAT.T. TtrqTTY:''.Y Y T-,T Y).v¿¡!! rlur\¿r rt¡rt¿ v).1¿)

The cor.nespondence between parameters of an entry point and

anguments of a pnocedure invocation is established exactly the same way

that it is in FORTRAN. However, FLEX dces not per^mit arguments to be passed

hr¡ r¡: I rro :q ìn FôR'IRAlrI . : I I p¡61'ma^#a --^^| hr¡ afl¡]rcss --J - v]\r t\nlr , aLL q|BulllËllLò dr'g Poùògu uJ ouur'çÞù .

3.6.5 STOP Statement

The function of the STOP statement is to cause the pnognam to

terminate execution. It has the following syntax:
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stopstmt = STOP

This statement may aÞpean anywhere that any of the other statements are

all-owed . "

The STOP statement is not the onJ-y way to cause execution to

hal-t. Execution a.l-so ends when the ENDPROC in the mainline is encountered.

Thus the STOP statement usual-lv r:eed not be coded unl-ess execution is to

terminate at a nl-ace othen than the end of the mainlina ny'nnpdrrna

? 
^ 

A, ÞFTIIÞÀT Cr 'ts..-^... tsv.v.u r\!rvr\]r ùl-dLclllullL

The func'cion o¡ the RETURN statement is to cause contr"ol- to be

tnansferneci back to the procedune which cal--l-ed the cunrent procedure. It

has the followin¡:, syntax:

:returnstmt = RETURN

The RETURN staternent may be coded in the mainl-ine, function olr subnoutine

n¡ooeririres- Tn:-he fii.stc'.âsa. it is treated exactlw Iíke a STOP sf¡fcmpnÌ:

that is, the pnogram ter.minates. fn the other cases, control- returns to the

cal-l-ins or:ocedure. Control- al-so returns to the callÍno nrooerlrr?e wheneven

the ENDPROC of a fi:nction ol? subroutine procedure is encounter.ed. This means

that the RETURN statement mav be omitted whenever" the transfei: of control-

takcs nler-c ¡f fhe end of a function or subroutine.

3.6.7 G0T0 Statement

The n¡rrnose- oF the GOTO statement Ís to cause a transfen of control

to the r'mncr"afive havinø the labpt sner.ificd in the G0T0 statement. Its

syn'[ax is as f ol]-ows:

BULUùLl[L - UVtv !@sr

!@gI - Iugll Lf,M!

-67-



Lal:el-s a::e translated into FORTRAN statement nurbers " I',7t:enever" the -tabei

is r"eferenced (in a G0T0 statement), it is r"eofacecl by the appropriate

staterrerrt nurnbe?. Thus the following piece of coCe:

GOTO SKIP;

SKIP: A:=B+C;

nripÌr1. Ï¡e tr"ans I a'ced as fo.ll-ows:

G0T0 r0

l-0 A=B+C

0f course, in a structured pr"ogram, the G0T0 si:¿i:crneii: woulci be used quite

infnanrranflr¡

A '7 naìMMF\T'l' Q*¡+anan+vvr'¡t¡!r\ r ù Lo Lvlugl¡ L

The COMMENT statement provides the usel r.¡ith the abíl-i.ty to write

an exnlanato'rv comment that cr.osses caid boundari es. This is not all-owed

when cand comments are used (see 3.2.3). In genera.L, pltograms are intro-

duced with a long comment explain.ing the purpose of 'the pnogr.arn and introducing

the main variables, where necessary. The COMÌ'{ENT statemerrt is pr:ovided

snenì f ir-el lr¡ for ihiq ì-r¡na nf n9¡¡¡g¡f . The shon't contrents which senenal lvL UV.¡¡jrr9¿¡ LO W¡¡I9¡¡

ânneâ7r v¡i th ì rì : ñh^-Ð=m ^:ñ hô rù1e1'f f cn rls ì n ø fhg Caf'd COmment .

The COMMENT statement begins with the )ieyrvord COMÌ,IENT and ends

with a semi-co.lon. Between the COI'{MENT and the semi-co-Lon may appear any

seoì]ence of svmhols- wìfh thre exc.entjon of the semi-co-Lon.---1--..-"

If the user omits the ending semi-co-Lon part of his pl.ogram
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mã\¡ hê inclll,led in

usen shouJ-d verify

the COÌ'IMENT but

+L-+ ^+-+^-^^+-

thene will- j:e r-ìc er.r:or mess¿,ì,ge. The

of his D?osran ai"e nulnbered (Annendix 3)..t.* -5- \-'-Y.F

3.8 Addi tional Featur"es

Several- features in FLEX have not yet been described. They are

used somewhat infnequeltJ-y, and have been ga'Eher.ed here ratherLhan being

incl-uded with the basic concepts.

ft has becn mentioned several- times that the starrdarci FORTRAN

rno4es - ¡ne.r'ator"s and nri or.i f ì es hawc hccn nrrr,-ì,-fil:e ,l . This does not rrean

that these definitions cannot be changed. The rìser rnFry redefine any of

them hr¡ rlsr'no the definition Stat-ements. Fot-- ex-.¡,nl::- 'ihe n-n'i oriiv of tlre, ".-r

onen¡l'or" * r'nrrl d be r.edefined as fol_lows:

PRroRrTYr=:!ì

An onerator cl'n mode which is redefined within a oroceclure wi.jl be in effect

^*r" r"-"-^- +L-- nlonedrrre - Tts ori øinal def.l nition w:'-l-I he restored invi¡¿J uq|rrtð L¡rqL !,r uusuur'ç r f Le -- -Þ----_

the othen procedures. The usen may nedefíne anv nocle, operator or priority

which he has added in pnevious defin:l-tion statellents; however these

redefinitions are effective for the ::emainder of the pnogram and ar:e not

lîeset at the end of the pr"ocedur"e.

In the description of function and subroutt-ine cal--l-s given so far.,

nrefìx notatiôn r'-^ - r"-"- L^^^ used. Because the,;= invocations are treatedrloù orwoyù !çsrr

ìust I ike oner"ator. r'nwno:tr'nns +r'^ I 'i -^; form of infix notation canJ qo L rrrlu vper q Lu! f,It vuuq Lf,ullè , Ll¡ç ËçIrs|or!¿Çu

be used. Thus a function 0F mav be call-ed as fol.lows:

FOFX

nather" than using the usual pnefix nctation:

oF( F,X )

However - fhe rrsc¡ sþe¿ld reca.l--l_ that al_l_ infix pner.:tors hawe nrioritiest erre
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so that they can be invoked in the proper order. Thusr any function which

is invokeri usinø -'.^5':-' .^^*+*-'^- must al-so have a nr.ior'.itv. Tn nanan=l*-*--o IIIIf,à ¡lULOLrVr¡ rr¡Uè L OrùV ¡rqVç e },rrvrrLJ . ¿¡¡ 6s¿rs|arI

this orioritv should be hicther. tha.n that of eve:rv o-r-h¿r'onera'l-or."- "-Þ"-- -''"J -ì'-'---."-

A third fea'Lu:',e that has not yet been described is giving a -Líst

of mode names in piace of a singl-e mode in the OPERATOR statement. Foi:

e.xemnle. fhc dcfinition of scal-an mnlf inl'ir-etion or'\¡en in Annc'nflix 4 is:

OPERATOR'; ( (REAL.I}ITEGER),FOLY) - POLY

(tD0 tSl- f$=l.fôrr

' tSl_ tc(I$ )=61''.¿2(I$) ;'
lç^t l.9v ) ¡

For" this definition to be sel-ected, the fírst operanci may be eithen REAL

or fNTEGER and tire second must be POLY. The usen shoul-d exercise care when

.'--'*- +L':^ c^^:.Ì7,ê- Anr¡ oner ator invocation which t::anslates into auò111È] Lrlaù fgdLUlÇ. ¿rrrJ 'Jpe!uL\

FORTRAN subroutine or. function cafl requires d unique mode for each operand,

and thus the snecification c¡f a.List of modes will- i-ead to execution-time

er?nors. This is al-so the case for" any function or subroutine deci-anation.

Each operand must have a unique mode. However, in cases l-ike ttle one given

above, sevenal definitions can be combi-ned into one by using the multiple

mode sneci fìcati on for a sinøle ^*^--*r rL"^ of r-orrrse. rìenends on theUPs|qlru. Itl¿ù , vI uuqt òç t uÇIJç

fact that FORTRAN multiplication of a REAL by either a REAL or an INTEGER

has the same code.

The complete syntax of FLEX is given in Appencix l. Buil_t-in

definit.iolls are given in Appendix 2 and two samp-Ie FLEX programs are given

in Appendix 4.
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Ch¡nfan ll

CONCLUS]ONS

There were two orj-ginal

implementation progllessed, otÏrer

The r"esul-t ís a laaguage r^¡irich is

^^-l^ ^^ 
:-'^^,.^-^.1 1-^l^,, +l.^wgoals. AS ar-scusseo DeIo\^I , Tnelae

ments which can be made in FLEX.

r^^I* -^-r^ 5.¡r,FI,EX- bllf as theUYò !B1l BUa-Lò .L vt r r,!/\ t v u L uo

irnp::,ovements and a<lditions were inconporated.

lar.gely sì.lccessful- j-n acccrplishing these

are several- majon anci many mino:r impnove-

The fínst design goai 'was to penmit the p::ogi:arùme-i, to Cefine netv

morìes enrì oner.atorq- and ìt ar.ose from the desir"e fon a convenient and

readable way to perforni rnultiple precision corrpu'tations. In this nespect,

FLEX has made it verS¡ easy to define and use mu-Lti-precise vaniables in a

plrogram. The general- way in :.¡hj-ch these defirliticns ei:e implemented permits

the pr"ogrammerl to oid arbitrary data types. That the object code is FORTRAN,

however, pi:ecludes the rlefin:Î-tion of compl-icated data structures.

The second goal was extension of FORTRAN to include sevena.l-

r"easonably.powerful controf structi::les. The str"uctures incfuded in FLEX are

certa'i nlv a ør'eat deaf mone convenient than those in FORTRAN. In some

respects,they a::e better than those in PL/l-. For example, PL/I does not

have a CASE statement, a .Legitimate and very usefuf construct. The simple

lìô onnrrn h:c hapn al r'minetcd hr¡ havine An f F consir.uet ver.v simil-ar to that'"-J

in ALGOL 68 [4]. Again, the structure of FORTRAN l-imits the controf structures

-FI¡¡+ m:-' Ì.a .'*-lamanl.aä. fnn ow:mnle neqtìnø of nror-cdrrr.cs ìs not ner'-m'iffcd-Ll¡q L rrlqJ !E r¡¡rPrerrrurl Lvu t , r¡eo

One of the most impor:tant impnovements was the extension of the

input/output statements. The FLEX I/0 statements incorporate several changes

fr.om those in FORTRAN. For" example, for"mat specifications are incl-uded in

the T /O statement r'lsc l f - r.ather +L --ev^.¡v.¡L !LÞerrt rqur¡u¿ Ll1Ol1 Ill q ùçPq

FORTRAN. In addition. exÐressions are alfowed in the statements, thus making
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them mor.e general- and more convenient for the progra;nmer.

The fol-l-owing paragi:aphs describe imDrovements which har¡e not

.-ret been. i nrn I emented.

nL---^S to the hand]ins of innut and outnui- are of maio¡ imnor.tenne.-ç¡rqrtËsè Lv r-rr9 ¡rqr¡urrrt6 vr u¿¿s vqLl/uu qr e vf ¡rrqJ v¿ arrryv! Lqrf ue.

The nr.esent meth^r ^r ^-^^:Ê-"-z IiO routíne names in the MODE statement isrr¡u I,! Çoerr L r¡rE Lrruu uf ùPçulf,y rrrL

nof vor¡z safísfec'for¡¡- it woirìrì be more consistelt to decl-are them ve-rv

much l-il<e opera-tors in the OPERATOR statemente since input and output a:re

r.a¡l li;' i¡rst onerations on the data items which anDeêr in the I/0 statements.

This wouì-d have severa.l- advantages. It would penrnit more comp,lex code than

a sinrnle sllhr"olrf r'ne c:al I to be senerafed for. the innnt anrì olrinut of val-ues.

If the format specificatio;:s were al-so inc,l-uded as possibJ-e arguments, then

the user" wou]d be e.ble to make several definitions for each mode dependine

on the type and number of format specifications:

OPERATOR READ(INTE6¡R;',4) = ('CALL IOFREE(¿r)' );

READ(INTEGER'j4,INTEGER*l ) =

( 'c¿li, ro$r4F( tr,t2 )'| ) ;

tha nna<anf fimo how:rìpnr'm:l (v\ --I -r^L-*^.tîìc, lA) inn|l-/oltfnllf .isLrru I/ruour¡L L¿r¡ru, ,íJJ OIlu qJPl¡qlllçr'Iu \Ã/ f,lrPuL/vuLI,qu aè

:llnwcd fn¡:nr¡ r-+- +..^^- rach is::ead on wnitten bv a sinsl-e routineqr¿vwEu au! qrrJ udLc Lypçù. !eç¡¡ rù tçqu v! w-* - ---- -J * ----Þ

described in Appendix 2.

In o::der" to sirnptify some of the interna.l- onganization of FLEX

and to el-iminate the need for lísts of modes in the OPERATOR statement, it

woul-d be convenient if FLEX woul-d automatical--Iv convent values f::om one

data type to another (for: example, INTEGER to REAL to COMPLEX). This is

simil-ar. to coercions in ALGOL 68. Decl-aration of the desired conversions

woul-d be made in the i"lODE statement.

The multiple assignment statement would permit sevenal- computations

to be made before the val-ues were assisned to the vaniabl-es on the left hand

At

not

AS
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sicle of the assignment operaton. I'or. exampJ-e , j n the i-cìlr-c',rr'-ng rjta':ernÊll'r::

Iv v) ly+l v:'.-vl\1\rIl \.!¡r, 1r r/

cnce the

-^^.'--..^-¡qùòftsrisu

of )i is

in v;hich

'l-r.¡¡ namsrrt-:t-r'nnq Xi-]_ and X?'rY war'ê ,ìr.nr, :-ho ValUgS t+OUl-<1 berrçr.v lvjrç, Lr¡g

to X and Y, respectively" The effec-' l-- is t'hat the ol-d value

used in the secon<ì computation. Anotirer \¡erv conìmon situaticn

this construct woul-d be usefu]- is:

/v v\ r'v vl\^l r / \ r :^/

which in'uencharges tlle val-ues of x and Y . fn genelal-, 'uhe assignment

of val.ues to va::jabL.es r,rou.l.d be cne-to-one, tr.:-;'uÌre sar,re cxpress.ion could

be assigned to aff on some of the varìables accorC,i-nq ro cer'-la-in ru]es.

Fon exampJ-e, if fewer c>lpr"essions than var-iables \..icr.: Jpe(:i.fl=c, [hen the

last expression woul-d be assigned 'Lo the nema_i_n_iire; variables.

Sever"al- s-Latemen'¡:s in FORTRAN have ilo1; 1r¿¡'¿ ::eer¡ -in¡¡lenlented in

FLEX because they were considered reiativel-1' uri-l,pcrian'L " p:r.haps even

undesinable. They ane:

IMPLIC]T

EQU]VAI,ENCE

COMMON

Their syntax woul-d be veny similar to that- cf ti.rc, coìînesponciing FORTRAN

statements.

Initial-ization of vaniab.Les in decl-arat-ro¡r statemen'ts has not

rzaf Ìraan imnìama¡fsj. In FLEX, ini-Lial-iZation wi I I Ì¡a nonmj.r+od i¡ fhgJ-- --"" *"'r*-

MODE statement as r.^¡e-l-l-. This wil--I nermit the autcrnatic i.ni-¡:ial-iza-Lion of

al-l- variables of that mode, thus el-iminating the need for. individual-

initiai-ization.

A cross reference table is a useful debugging 'tooJ-. Provision

has been made in FLEX to impJ-ement such a feature in order to give the

na
- t¿ -



nroø1ìammer,â lisi- of evelry r'efetenCe tO the Var".j¡hìe n¡l¡c'::,- rroaCS e.¡d9 -''-'"

anon¡tanq rrqaâ in hr'< nr,¡on¡m

. FLEX has not yet been used extensive-'L'tr and, thcrcfore, a compl-ete

assessment of íts language features is not possi-ble. Cn -lìle basis of the

praognams that have been i:un, irowever, it has pr.oven itse-l-f a far superioll

language to FORTMì'I, and sometimes to PL/L (if t¡re Ðr.ograilìmer does not need,

on cannot cope with, the esoteric features of PL/l-). It h.as cer,tain-l-y

ftt-l-fitl-ed its oniginal goal- of pnoviding easy acccss 'Lo multip-ì-e precision

computati.ons, and it- is hoped that it may be usecr successfuil-v tc:: other

simil-ar aopli cations .
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APPENDIX 1

FLEX Syntax

This appendìx ccntains the compJ-ete syntax description of the

cument ver¡sion of ILE.{

ln the soulrce programe the fol-i-or^ring pairs of words ane

syrionyrns; that .is, they rnay be used jntencharrgeabJ-y:

ENDÌ| FI

ENDCASE ESAC

GOTO GO TO

ônlr¡ fhe fi nef moml¡on nf a:nh n:i n :nne:nq 'in +1-',. ¡rrn.J-¡vo L rr¡grlusr vJ. uQu¡¡ pa¿! -lf g ùyff Lq^.

The tlvo opera-lons , i= and =, are oifferent. Flowever, in the

D0 statement and tÌre assignment statement, the = operator may be used

where the assi¡prlr)ent opelraror is intended. ivhen = is used in these

contexts, it is transl-ated into the assignment operator. This per.mits

the = oÐelraton to be used as it is in FORTRAN.



ô^11Ð^ôññm - õl ^h,¡l |e.fn: n1ìO¿-Se1liesùvu! uçPËrr¡ - 6lvlqruua¡¡, yr vv uvr

Plloc-series

-r ^r--r.r^€,r - r^fnstmt-Series
Bf u!¡ of uç 1!r - uç r

defnstmt-series = defnstmt
defnstmt-series ; defnstmt

defnstm't = mr:destmt
niriostmtY- ---
oPerstmt
cmtstmt

n¡oe--ser-ieS = DrOC
pl?oc-sel?ies ; proc

û',rôtr - nomqt¡1ìo

fcnstruc
subrstruc

nønlstr.rrc = nømsi-mt. nr-or-.s1-mf-ser"ies ENDPROCy5..."",.."'y"

fcnstruc = fcnstmt; pl?ocstmt-sei:ies ENDPROC

subrstrìlc = subrstmt; strbrstmt-series ENDPROC

procstmt-series = prccstmt
n¡e,aqf mf -qer.i es : nrocsf mt

subrstmt-series = subrstmt
subrstmt-series ; s ubrstrnt

nnnnqf mf = I :hol l^€--¡a^rr^-^^ 'i mncr.ati wePrvuùLr¡lL -- rryeruglri-ùçguçrluç rlruurqervu
imperative
defnstmt
decl-stmt

srbi.stmt = n.nocstmt-H* ---

entrYstmt

1 -L^ ì r^.c'. ^^^,,^-lCe = _Iabe.l_defnfd.!grust11-ùçq_uçr

Ìabe l-de fn-s equen ce l-ab ef defn

l-abel-defn = Iabel:

r' mna¡:f l' r¡a = I nr-- Jp
sel-ection
stmt

I nnn = rlnqt¡rrn

whil-est:ruc

selection = casestlruc
ifstnuc
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stmt = assignstmt
íostmt
cal l-stmt
stoPstmt
råturnstmt
gotostmt

rnodestmt = I{ODE modelt-fist

nodelt-l-ist = mociel--l
mociei-t-l-ist, modelt

iilcdelt = :nodedefn
mode defn ioelt-sequence

modecetn = modename : oldmode
modename = ofdmocìe

oldmode = modenane
modename dimel-t

i nelf -senllence = ioelt
ioeJ-t-sequence ioelt

ioe-Lt = ioname (io::tn)

ior"tn = identifier

pr"iostmt = PRIORITY prioelt-l-ist

nr''i oelt-l ist = orioe.l-tr
Prioel'r-list, PnioeJ-t

pníoelt = operato¡ = Pr:io

prio = integer'
oPerator

operstmt = OPERATOR oPerelt-list

openeJ-t-.List = oPenelt
oPerelt-list, oPeireJ-t

oper.el-t = operdecl
fcndecl
s ubrde cl

operdecl = operator (mode-Iist) = resultmode
oPeraton (mode-líst) = temPlate

fcndeci- = fcname (node-i-ist) = resul-tmode

-77-
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subndecl = procname (node-l-ist)

mode-l ist = mode
rnode- l ist, mocle

mode = modename
(modename-list )

nodename--l-ist = modenarne
modename-I r'sf - moCerra-rne

temnlafe = I lr'tor.el -aê¡rìtêr¡!-ê I\rruvrs¿ uvYqv¡¿!¿vl

liter.al--sequence = l-i.teral-
I i'l-ei.¡ ì -sonrrg¡ge L-iterat

Dsmstm't = PROG,RAI"IrÞ-'-- -"_"

fcnstmt = FUNCTION :resufr-mode fcname (parm-.ì_ist)

subnstmt = SUBROUTINE procname (parn-list)

decl-stmt = modename decl-l-ist

Cecf-l-ist = dec.l-
de ci-- lis t , de cJ-

decl- = vardecl
var.dec-l dimelt

vardec.l- = vafname
vallname submode

entr"ystmt = ENTRY procname (parm-J_ist)

dostruc = dostmt END

dostmt; procstmt-senies END

whi-Lestr"uc = whilestmt; procstmt-series END

dostmt = D0 initc-lause control_cl-ause

initclause = varname := expll
val?name = expn

control-cl-ause = testcl-ause
whi-l-ecl-ause
f estel arsc hvr-l ause
test cl-ause whilecl-ause
br¡r" I erse wh i I cn Lause
.{-n¡*a1-,,^^ l-,,^t -,,^,- --ì--i r ^^ì -.,^^Lçù LUJOUùË !y Urd.Llòe yf I]_LICUId U5e
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testclause = T0 exor
DOl.ärlTO expn

byclause = BY ex1>r

whi-l-eclause = WHILE expr

whil-estmt = WHfLE expr

casestruc = CASE caseclause E}IÐCASE

ifstnuc = IF ir.cl-ause ENDIF

casecl-ause = expn incl¿¡gg
expr. inclause oncl-ause-sequence
expi: incJ_e_rise outclause
expr incl-ause crc.l_auso_scquence outc-lause

inclause = fN pnocstnlt-sc:cìes

orcl-ause-sequence = orcl-ause
or:c-lause-s equen ce or.cl-ause

onc-l-ause = 0R procstmt-series

outclause = OUT pr."ocstmt-ser"ies
OUTCASE casecl_arme

ifc.l-ause = expr thencfause
expn thenc-lause elseclause

thenc.Iause = THEN pnocstmt-series

e-l-secl-ause = ELSE pr.ocstmt-series
ELSEIF ifct_ause

gotostmt = G0T0 l_abef

cal-l-stmt = CALL plrocname (arg--ì_íst )

stopstmt = STOP

retul.nstmt = RETURN

assignstmt = var := expn
var = expr

iostmt = joname, ioitem-list
ioname (unitno) joltem-list

unitno = expr
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ioitem^'r-i"t = i:il3i-,-r"r. ioiremÈ+e u, rvr

ioitem = expr
" expr. : fmtitern
: fmtitem
J-oopitem

fintitem = fmt
(fmt-tist )

fmt-l-ist = fmt
fmt--l_ist, fmt

fmt = fmtname
fmtnane (expr-list)
contr"ol-nan:e
contr:ol-name ( expr-l-j.st )

roopitem = D0 (initcrause contror-cr-ause, ioitem-r-ist)

fmtname = A

D

E

F
I
L
ry
L

contr"o.lname = BLANK
COLUMN

PAGE. 
SK]P

cmtstmt = COMMENT chanstr"inge>lclsemico-l-on

mcdename = identifier"
identifier submode

submode = :t i¿"t aifier
ri' integen

êYTlr¡ = nnim:nt---r-
expn operator" pnímar"y

nnim:m¡ = nnnâr- -"'*_J
oper.ator" pnirnary
fcncall

opnd = var
l_i beraJ
constant
(expr-j-ist )
fcname
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val = varname
var (subscnipt-list )

varname = identifier"

stlbsn¡r'nf-l -iq'j- 
= qrrhqn¡ìnf" 

";":-ii*-., t.* qrrÏ.c¡¡r'^*

subscript = expr

expn-J-ist = expr
e>pn-]ist e expi?

fcnarne = iCenti-fie::

fcr¡call- = fcname (ang-]ist)

ang-list = arg
arg-list, ârg

âþo = ê:¿nn--Ò

r"esultmode = mode;lanre

pnocname = i dentif.i_er

l-abel- = identifie¡

Dai.m-list = narrn
par"m-list r parm

nâþm = r'¿ìanfr'€an

dimel-t = (dim-l-ist )

dim-l-ist = dim
dím-list, dim

;ìñ - -i-+^^^-rtr L çËst

ioname = INPUT
OUTPUT
READ
I\iRITE

identifier. = l-etter
identifien _letten
identifier" digit

l-itena-l- = | charstringt
Itchanstning't

l'ntooan = rlr'ar'J-

integen digit
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operaton = identifier
spe ciaJ-character-
<=
tlII

-,:
-ì>

tt¡t

>=

empty =

constant = in-le8er.constant
shor.t j-n te ge ;:,con st ant
realconl:tant
lonr;real_ccnttant
imaginconstant
I on or' m: r¡'i n ncn ql-:n i
- - __ o- "'*¿-*

J-og ical-constant

intêserconstant = sl'sn r'nfpoo:

sign - erpty
'r

qhn¡fìn-l-aca¡n^noJ- ¡n* -- -i-+^^^-^vvr¡scêIìr = l_ntegerconstant s

rea.l-constant = decimal-constant
decimal-const ant re a-Lexponent
integerconstant nealexponent

decÍmal-constant = integerconstant
infooc¡nnnqt¡nl- r'nfaoan
^-: -* 

.:-!^-^.sJ_gn . J-nreger

¡a=lavnnnôñ+ - E integ'e.nCOnStan.U

l-ongrealconstant = decimal-constant longnealexponent
inteperconstant lonønea I exnonent-'- --þ**

lnnoro¡lavnnnanl- = D inteøengônstant*-..Þ-

imaginconstant = integerconstant I
real-constant I

Iongimaginconstant = fongrea-l-coristant I

logrcalconstant = TRUE

FALSE
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This appenrìix

so tbat oirdin¡rrv FORTRAN
-*"** J

FLEX much as they are in

APPENDTX 2

Predefined Modes and Operators

discusses the definitions r^¡hich have been macie

Cata tyi)es and expnessicls may be wr"itten in

FORTRAN.

Modes

Thene are eight fr:ndamental

which have been defined in FLEX. They

TNTEGER*2

INTEGER.*4

RNAL'r4

ñr^r.lKEAL"38

COMPLEX*B

COMPLEX*].6

LOGICAL*4

LOGICAL*]-

modes which exist in FORTRAN, and

(r2)

(r4)

(n+ )

(R8 )

(c8 )

(ct6)

(14 )

(Lt )

The names in parentheses wil-l- be used to ::efer to these modes in the dis-

cussion and tabl-es that fol-l-ow. The fir.st síx are r,efenred to as arithmetic

modes and the last two as l-osical modes.

Tha €nl l^r.?iññ -¡fle ecll'ïValenr.ee l-'--'^ -r-^ l-^^- -,fedefined:¡rrç f vrfvwf¡r6 rrrvu9 9!1uf, vQ!çl¡uso r¡qvç aIòu !gEIl I

MODE INTEGER = INTEGER:'i4.

REAL = REAL*'4,

COMPLEX = COMPLEX?'.'4,

LOGICAL = LOcJCAL?'.'4;
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In addition, mode STÌìING has been Cefined; it is-Lhe niode cf fit.:r,al-s"

The user" cannot dec.l-are variables of mode STRING because of r.est:'ict-ions

in FORTRÁN.

Ccnstants

Viith the exception of LJ-, there are ':onstants of every funda-

nen-Lal- mode. Integer: (I4), real- (R4) and J-ong real (RB) cor:stants are

wrítten just as they ar"e in FORTRAN. Shont integcr (12) constants ane

just integer constants with the Ìett-er S at rhe eno (with no i:ltervening

char.actens). fmaginary (CB) and J-ong imaginar"y (Cj6) corrstants ane

desígnated by a (tong) neaf constant foil-owed h,y the retter I Tirus

complex constants must be written in two parts, as in:

'ìr+?tIT

Logical (L4) constants are designate<ì by TRi.lE ancl FÀLSI: (',ri'[hout- ¡eriods)"

A complete descr"iption of these constants may be found in A-ppendix l_.

FLEX imposes no restrictions on the size of an arithinetic constant.

However, for: the prognam to execute coruectJ-y, constants shou-l-d confor"m to

the size nestrictions imposed by the FORTMN cornp.iier which is used to

a¡mnl' ìo fha nlrìanf ñh^õhrm

Priorities

Tha ^^s¡¿tors have been assisned olîior.ities so that the usua]

FORTRAN or"der of operations is preserved. The actual pr.ionities are:

I
I

I

ç

l_00

200

300

< <= > >= = -ï= '-t< 'r> 500
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+- 600

!, / // ToO

'J¡f: BgC

Openator"s writ,-'en in pnefix notation are al-vrays j-nvol<cd fi::st; r_Ìrat is,

they effectiveÌy het'e a highe:: pr"ior:ity than any oper"ator",,^¡ritten in infix

notation. Afl- unary openatc:-'s ane wri-Lten usilng prefi>i notation, whez'eas

binar"y operators are usual-ly written in infix notation. However, thev

ma¡¡ -ha r^rnr'++o- in n¡ofìv nnJ-¡fr'Cn if deSifed. fn thjs e.asr-. fher n¡ioi.it.iasltt p¿ vtr^ rrv LaLJ.vt¡ f,I uçùIl.gu

l-isted above are i--.relevant.

Operator" De finít_ions

Rather than wniting out a-If the operatoi" dcfinitions which have

been predefinec fo¡ use in FLEX' they ane expJ-ained in the foÌlowing

pana.graphs, using tab-Les wher'e appJ_icable.

Wíth the exception of : = , all the oper"ators have resulting

modes. rn.the tabfes, the modes of the openands appear as the row and

co.l-umn indices " v¡hil-e the r"esu-Iting modes appeajr as the entnies in the taòl-es.

ff no resrrlfínø pgis is shown for a par"ticu,l-ar combination of one'an¿ mo¿es-or¡vvvf ¡ ¿vr a },q! Lf,uu¿qt. uultuJtt.d. L_LLJll uJ_ Lr _- *--

that combination has not been predefined. If the same tabie applies to

morae fh:n nno nnar:f ar +hô +.1-'l Â 
" 

ôr Lr¡e L.-Ie l-S gl-Ven OII.-L! vrrue, w¿Lr¡ o r¿St Of the

operatons to which it applies.

The ternpJ-ates used in ti:ansl-ating the operator invocations are

al-so given. fn general, the same temptate is used for every combination of

modes that is defined for a panticulan operator. In this case, the template

is specified onJ-y once, with the operaton to which it r"efers.
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l) Binany := ttl=t2

AII mode combinations such

both ere looin:1. ane defined fo:: the

no r¡e.srrlJ-ino mnrle: inwocation nf the

a FOR'IRA}I assignment statement.

+

one.nanrìs ar.e ar.íthnietic ol:

operatol? := There is

oneraf or s i mn I r¡ nrndrrnpq

I

that both

---.i ---^-+aòòI811lllU1t L

-^^i---^-+qùòf5lrlllsll L

t tl-+E2t

'GI-GZ'

| $1r's¿2 t

| €,r/ E2l
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llt¿ aa v

modes

The compariscn openator-.s ane defined betr,¡een anv pain cf the

f 2, 14, R.4 and R8. The resr-rft:'.ng mode is always L4.

l=

ç

I

I €1. LT.62 I

lçr Tra côl9L.Db.9Z

I tf. GT. t2 r

lçì rìI] côt9I. U!. 9¿

rêl_.EQ.621

Itl_.NE.t21

t ôf.AND. t2 I

r tl.0R.. 62 r

nna¡¡rnne =na 'lofr'¡ed between allv nair of the locric¡l!u Lwsç¡¡ ar-J r ___

alvrays L4.

4 t Hrnrrì\t

The logical

modes. T'he r"esul'c 'is

5) Unary -1

The oner'and mar¡ be

I

r 
. NOT. tl_ r

eithen L] or L4 but the resu-l-t ís al-wa\¡s L4.

6) Unary

If the operand is of

l_ha ¡ac,,l+;n- -^de iS the Same

lrç I I

I Cì I

mode 12, the resul-t is

as the (ar"ithmetic) mode

T1¿ . nfho¡r^¡íca

nF tha nnon:nâ
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B) Binary //

OPERATOR

I tLlt*t2l

cl6 cl_6

/ 1Àrmr^rñ.i.( 1N'i'EGERtr4, INTEGER:t4 ) = INTEGEiì?'Trl ( 'MOD ( et , eZ ¡ t

(RXAL*4,REAL:14) = B¡¿¡:t4 ('Aì.10D (EL,E2)t ),
(REAL,!B,REAL:tg) = p¡4¡:rB ('D¡joD(tt,t2)' );

RS

lì8

F.8R4I4I4r4

Dll

RB

CB

fr. S

iì3

R4

R8RB

R4

RB

C8

cl_6

),
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Inpu! and Output

The fundamental- modes of FORTRAN ah"ea<ìy have i,/c routines

associaied lvith them l7l . These routines pro-r:'_<Ìe a;¡ i.ntelface be-tv¡een

the FLEX object cocle and the FORTRAN executicn-,;íilre fcrnat rourines. Each

r"outine has at l-east one argument: the expression being pninted oi: *;he

var"iable being nead. This angument may be fo-l-l-olvecì by up to thr.ee othens:

the fiel-d width, the number of decimaÌ places arrd the scale fac.Lon. The

l-attc:r tv¡o ai'e useci only with neal- and compter va-l_ues. rf onJ_y the

expressi-on (or vaniable) is specific<ì, fnee i-or.¡ira-i-- is assumecÌ, a

descniption of which is given Ín chap'ter 2. T<-, output a va-rue under

free format, defau-lt va-rues for the fieJ-d wicth, ârrcl so or-ì, are supDliecì by

the noutines. These defaur-t values a:re gíven in the tabr-e given ber-ow.

mode routj.ne fieÌd ry¡qlh no. of d<:r:- nl sca-l_e._.,¿ g_.\_, 9r.i_--___

L1

L4 r0$L4 L2

T2 r0$r2

14 r0$I4 ].3

IOSLf

IO$R4

IO$RB

IO$C8

R4

R8

C8

16

¿Õ

l_6

23

7

l- l+

7

I¿]

0

0

0

0
Cl-6 I0$Ct6

In the case of complex expressions, twc real- values a¡e p¡int-ed.

using the same fonmat for" each.
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APPEND]X 3

" Compil-ation and Execution of FLEX pnograms

A samp]-e Job Control Language (.lCl,) J_isting. which ,..ras used tc
compiJ-e and execute a I'LEX program, is give:r at the end of this appendix.

As shown in the examp-ì-e , five fil-es are requined by the FLEX step. Thev ane :

a) STEPLIB, a partitioneC data set (.lii",r"ary) containing FLEX

b) 'IRAI'ISIN, corrtaining the I.LEX sour.ce progl?arn

c) TRÁhTSCUT, fon the FLEX pr,ograrn listing

d ) SYSPUNCH , for the ob j e ct pr"ogram

e) SYSUTI-, for temporar"y use dui:ing -the compiration.

The SYSllTl- fi-le ís used to hoi-d the object staternents until- the

end of the Procedui-e when the declaration statements of that Ðr:ocedure ar"e

wr"'ìtten into the SYSPUNCH fil-e. The SYSUTI- fil-e is then copied to the

SYSPUNCH fife fol-lowing tire dec-Ianations. This penmits decl-arations to
Ìra m=áo +h¡^"-l.orlt the sôìì'nnê nÌ.oøn¿m if fhê rrqan r^ríqhac. in +ì-,uç ¡¡¡quç Lrl-r'L,ugrruuL urrç ùuuluË prv6¡ Lr¡ç uÞvr rrrs¡¡ve, r¿¿ "rre object

code ai--I the decl-anations are moved to the beginning of the procedur"e.

The FORTRAN SYSPRINT fil_e (l'leX object code) is usual_l_y suppressecl.

However, if the usen wishes to l-ook at it, the DD-card in the examp.l_e mav

be removed.

Source Lísting

A sample listing of a FLEX sounce pl?ogram is given at the end of

this appendix. Eveny input record is numbered sequentiallV and this number"

is used to identify each:record uniquely. fn addition, a second number

appeans on some i:ecords. It is the numben of the fÍr"st new statement which

starts on that r"ecord. The::econ<ìs are pr.inted exactl-y as they wer:e r:ead.
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rf ernors are found in a neco::d, eruor messages are p:roducecl i:.r.the

listing; for" most errors a pointen ($) is usec] to inCicate the pcsition

where tÉe enror occunred in the necord. Some aessaÉ,;es:'-nclj.cate errors on

pr"eceding records, these causing no pointers to be prccìucecl; ho,reven, the

appnopriate necord and statement numbers are. given in the nìessages.

Messages and Compl_etion Code-s

A-I-I rnessages produced by FLEX begin r^,ith:

*':?TSTÁTEIvíENT XXXXX, LfNE'¿9TT.i:,Ifr¡i.

where XXXXX is the numben of the FLEX statement being pr.ocesse<l and

YYYYY is the number of the input record on 1."'hicli liÌ(ì ei.r,or i+a-.: iound. i,{os,;

messages pnecede the record to which they nef<:r,. hhen they rio, the position

of the eruon is marked by a t$rl pr"inted dj.r.eci:j-v abt¡r¡c it.

Messages j_n FLEX indicate one of Lhe for:r.-rypes cf errons descril,ed

bel-ov¡.

a)

be passed back

b)

code is l-2 ).

Fatal enrors cause compilation to be abandorred and control_ to

to the system immediately (condition code is 16).

seve.e erraons usual-ly cause text to be omitted (condition

c) Ernors do not cause text omission (cond_ltion co,Le is B).

d) tr^lannings indicate a possible erro? sj.luation although correct
object code is pr.oduced (condition code is 4).

Both er"r"ors and severe erro]]s cause prod.uction of object- code to be inhibiLed

for the nemainden of the statement . In additon, FLEX ge;rer"ates a cal--L to a

run-time erron routine, E$STP, so tl:at, if the object progra-Tn is actual-J-y

nun (and it shouìd not be), an executj_on time error wi-Ll be produced. fn
genena-ì-, the FORTRAN step is run if the condition code from the FLEX step
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is not gr.eater than B (as shown in the JCL listing). Thus, if a severe

or fatal- ernor is found, the FORTRAN step is bypassed.

Fatal E:rr:ons

l. STATEMENT STACK 0VERFi.0I17

Nesting of contnol- stnuctur:es is too deep.

2. GLOBAI, DEFIN]T]ON STACK OVERFLOW

A stack used when l-ocal- definitions are being ::e-''-eased at the

en¿ of ¡ nr.or-er1-rrr:e has ovelfiowed.

3. ARITHMET]C STACK ]NCORRECTLY BUILT

This message indicates a compiler elrror.

4. SYI'IBOL TABLE OVERFLOW

Too mar:y var"iabfes, ope::atons and modes have been decfared in

'{-}ra nrnar.:m

Sevene En::brs

]-. ARTTHMETIC STACK OVERFLOIù. STATEI'{ENT ABANDONED.

An expr"ession is too complex and/on contr.of structulles al?e

naqtarì f an ¡laon l--- *'--r..Y'

2. PR-ECEDING STATEMENT SHOULD END WITH SEMI-COLON

rì^-^"t-ation nesumes at the next necosnizable statement: that is-VUrl+rMLf,V¡¡ IçèUr¡¡sù qL u rvev6¡¡!4wLç ÐLqLçlrrsl¡Lt uflqL Io,

after the next semi-co.Ion or punctuation word is for.nd, or when a keyword

is found.

3. NAME PREVIOUSLY DEF]NED - OLD DEF]NIT]ON USED

The variable being decl-ared has al-ready been dec.l-aned, on the

name is a keywond, p'.,nctuation word, etc.
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4. ILLEGAL MODE NAME

The mode name is not an ident-ifier, or has been defined as

sorne'rhirfg other than a mode.

5. INVALID SUBMODE

The submode is neither" an identifíen non an integen.

6. OLDMODE CLAUSE IS M]SSING

The ol-diuode clause has been omitted, ol? an invalid symbol has

been userl for -lhe ne.l_ation.

7. ILLEGAL OPERATOR SPEC]F]ED

ft must be an identifier, a sÞecial character or one of the

snenr': I nh:n:¡tcslleçru¿ v¡¡qleu uel? p3..LIS .

8. EQUAL S]GN EXPECTED

The PRIORïTY statement is coded incor"rectly.

9. MODE L]ST I'IOT SUPPL]ED

The l-ist of mode names in the OPERATOR statement has been omi-Lted

on coded impr"cpenly.

].0. LITERAL EXPECTED

A template has not been suecified co:rr"ectly,

]-I. ATTEI',IPT TO REDECLARE FUNCTION

A function name should be decl-ared only once in a procedure, or

once in the global anea, but not both.

12. LABEL ]DEI,IT]FIER EXPECTED - STATEMENT ABANDONED

The -Iabel in a GOTO statement is not an iden-cifier.

T3. VARTABLE WAS EXPECTED AS DO ]NDEX

The D0 index vaniabl-e shou-l-d foll-ow the DO immeclia'Eel-y (or the

left panenthesis in an I/0 toop).
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]-4" I{ODE OF DO Ih]DEX ]S UNDEFINED

The DO index vaniable must be decl-az'eci.

r-5. r/0 ROUTINE NAME rS MTSSING IN MODE STATET.IEì{T

The routine name shou-l-d be enclosed in pareritheses ciir"ect-Iy

fol-lowing the I/0 ke5'çe¡¿.

l_6. TFIIS IGYWORÐ SHOULD NOT AppEAR IN I/O STATEMENT

OnJ-y Lhe keywo::d D0 is val-id withr'-n the Ii O stdterlents.

17 . I'1]SSING RIGHT PARENTHES]S IN I/O LOOP

The::ight pai:enthesis at the end of ¡.;r I/0 loop is omitted.

}8. EXCESS]VE NUMBER CF DIMEi{SIONS - STACK OVEJì|LCI{

The number: of dimensions decl-ar.ed fc,r' a vari able is too lar"se

to be stoned in the stack area.

].9. D]I'{ENSION STR]IIG TOO LONG _ OVERFLOVI

The dimension l-ist for a variabl-e being Cecl-ai-ed in the object

code has ovenflowed the ar.ea in which it is beiirs constr.uc:-led.

20. STACK OVERFLOT/¡ - T00 MANY LEVELS 0F P,AR.ENTHESES IN TRANSLATION

The tr"anslation of an oper:atbr invocat'íon ccntaíns too many levels

of n¡r.antheqaq nn fnn m:nr¡ naqtad qrrhqn-nìnf c-- r*-

2I, IDENT]F]ER WAS EXPECTED

An identifien is r"equir"ed in a. declaration statement.

22. RIGHT PARE}TTHESIS EXPECTED

Nn r.r'oht n¡r"enthcsis exists to match a nr"eee¡ìins'l eft nanenthesis-v¡¡ L¡¡eu ¿o rr5 ¿vt L l,qr 9r¡ ulrçof,ù .

23. UNMATCIIED OUOTE

A I ìtenal marz not cross a card þnrrnd:rnr
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Er.r"ons

]-. M]SSING PROGRAM STATEMENT

" The use:: has pìaced non-globa.l- statements in tìre gJ-obal- definition

area- or. has omitted the PROGR,{I'Í statement.

2. ÏNVALID FLI\_CTTOI'I }IAME

The name of a flmction is not an identifier".

3. PARAMETER L]ST IS Ì'{]SS]NG

Every func-licn must have at l-east otìe paÌîaineter:.

4. FUNCT]ON NAME DECLARED PRXVIOUSLY

Name being Ceclared as a function rvas pneviorisly decl-ai:ed as an

orlel.at.)r or sllhr.outine.

5. INVAL]D PROCEDUPJ }IAilE

The nante of a SUBRCUTINE or" ENTRY point is not an identifier.

6. PARAMETER NA}íE HAS BEEN USED PREV]OUSLY

A par"ameter name should not be decl-ar"ed or used befor.e it appears

in a oarameter. Iist.

7. MISSING STRUCTURE TERMINATOR

The END, ENDIF, ENDCASE o1" ENDPROC is míssing, on the control-

stnuctulres al.e impropenlv nested

8. PROCEDURE STATEMENT OR PUNCTUAT]ON SHOULD NOT BE LABELLED

PROGRAM, FUNCTI0N, SUBROUTINE and ENTRY statements shoul-d not be

labelled beca¡sa of ::estnictions in FORTRAN. Labellins a nrrnctuation word!wvt!tr¡6

ís enltiv¡lcnf fn lehel lino fho and nf fho nr.onad'ino nl:rrqp nnf tho fnl ln¡^rr'no
, rtv L L¡tç r vf,rvn Ir¡Ë

c]-ause.
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9. NAME 0F LABEL DEFII'IED PREVIOUSLY

An identifíer used as a l-abel- has been clefined pr-eviousJ-y. The

ìtser, mâ\r'he atfemntinø to Use a lleseÏ.Ved WOfd.

]-0. LABEL ]IAS BEEN USED PREVIOUSLY . NEW DEF]NITIO}I iS USED

The user is ai-tempting to nedefine a Ìabel.

1]-. PUNCTUATION WORD ]S ILLEGAL HERE. IT ]S OI'I]TTED.

A punctuation -'¡ord has been used improperll:. The contro-ì. stnuctures

t¡;r¡ hc naqJ-orl innnnranflr¡

12. PUNCTUAT]ON I^/ORD IITHFINII WAS EXPECTED

THEN is missing or improperly specifj,cd in IF sel-ecticn.

].3. PUNCTUAT]ON V/ORD ÎITNII WAS EXPECTED

IN is míssing or, improperly specifieci ln ilhSË sele.rtion.

J-4. ]NF]NITE DO LOOP iiAS BEEN GENERATED

A T0 c-l-ause, DOWNTO cl-ause or" WHILE c-l-ause rnust be specified to

pr.ovide a¡. exit from the toop.

].5. MISSTNG IITO'I

The T0 in the G0 T0 stater,ent is missinø.

J-6. TRANSLA'IION OF Ti{]S MODE IS NOT A FORTRAN I,ÏODE

A new mode is not r"el_ated to one c¡f the flurdamentat (roRrRatt) modes.

I7. CIRCULAR }ÍODE DEFIN]TTON

The use:: is attempting to neJ-ate a new mode- to itsel-f, either

directty or indirectJ-y.

]-8. CIRCULAR PRIORITY DEFINIT]OI'I - 20O ASSUMED

The user is atteinpting to define the prionity of an operator in

tenms nf r'fsolf p'ithon dinpntlr¡ nr.' r'nd'i r"p¡tlr¡t er L¡¡v!
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19. I/0 ROUTINE NAÌ.{E rS NOT A}t TDENTTFIER

The subroutine name specified in a MODE statement is not a

val-id identifier 
"

20. COMMA SHOULD FOLi,OW i/0 ÌGyt¡ORD

If no ulit number" i.s specified, thene shoul-d be a corsna after"

f h a l¿a¡rr,r¡¡rl

2L. UNIT NUMBER SHOULD BE INTEGER EXPI.ESSION

Any expression used to iderrtj-fy the u¡it for" I/O shouid be

Tìt ñn^ir ñ.r- r,
J_r\ L¡b-Ll\¡¡ + .

22, FORMAT NAI,íE ]S Uì,IDEFINEÐ

The format name in an I/0 statement is not one of those which is
necôorl'ì zed hr¡ trl,EX.

23. FORI'ÍAT EXPRESSICN SHOULD BE TNTEGER

Any expression for the fiel-d width, and so on, should be INTEGER:';4.

2+. NO OUTPUT EXPRESSION PROV]DED

A fonmat item has been suppÌied but ther.e is no cornesponding

expnession fon output, or var"iabl_e for .input.

25. I/O ROUT]NE NOT SUPPLIED

An I/0 routine corl'esponding to the I/O statement keyword has not

been suppl-ied for the mode of the output expnession or fon any of its
re]-ated modes.

26. MISS]NG LEFT PARENTHESTS TN ]/O LOOP

Thei:e must be a l-eft parenthesis between the DO and the fotlowing

cl-auses.
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27 . I'ftSSIl'tc COMMA IN I/0 L00P

The D0 cl-auses must be separated from tlie -l-j-st of I/C ìtems

hr¡ ¡ anmma
-J

28, UNI,IATCHED R]GHT PARXNTIiESIS

A night paz'enthesis matches no precedrl-ng Ìeft parenthesis in an

r/O statement.

29 " DTMENSION ]S NOT AN ]I,ITEGER CONSTAI,IT

rn a dirnensioned vari.abr-e o:r mode aÌr?av cecr_a.r.ation, the

rli¡lensions must be integen consr-ants.

30. VAR]ABLE NAME WAS EXPECTED BEFORE SUBSC]ì]PTS

Usen is attempting to subscr"ipt a quantity other than a dimensioned

vaniabl-e name.

3]-. VARIABLE HAS NOT BEE}I DECLARED

Usen is attempting to use an undeclar.ecl r,ar"iab-Le.

32, INCORRECT NUMBER OF SUBSCRIPTS

'ihe numben of subscripts specified dces nor correspond to the

number in the vaniabl-e decl-anation and/o:: in the aruay mod.e decl-ar.ations.

33. TOO I,ÍANY SUBSCRIPTS - DELETED AT RIGHT

The user has specified. mone subscnipts thal cìimensicns declared

fo:: the vaniabl-e and/on the anrav modes.

34. OPERAND EXPECTED - PUNCTUATION ]S OMITTED

A commar right panenthesis or" col-on has J:,een foun<1 rvhen an ooer"and

was expected. It is ignored.

35. OPERAND EXPECTED _ DUIVI}{Y VALUE ]S ASSUMED

For" the purpose of compiJ-ing the rest of the expnession, a dummy

openand is insented. The operand is not decl-aned; that is, it has no mode.
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36. OPERAND EXPECTED . PERTOD IS ]GNORED

A per"iod has been for:nd when an operarcl ivas czpected. The

oer.i od ì s i øn oned .

37 . TT,IO CONSECUTIVE OPERANDS . COI'IMA INSERTED

Two oper"ands appear with no separating cperator. They are

r +^ L^ ^^nar,¡fed hr¡ â aômma.qùùullçu LU us òspq|qLçu !y q gul

38. PERIOD TS AN INVALID OPERAT'OR - IT ]S IGNO]ìED

A period shoufd not appear in an expressicn r¡her-e ¿¡ ¡na¡a.le¡

i c avnan.{-aâ

39. UNMATCHED LEFT PARENTHESIS

A right parenthesis is missing in an exnnession.

40. NO TEI'IPLATE SUPPLIED I'OR THESE MODES

An oper:atoi: definition has not been macie for 'che l::odes that have

been used.

4].. INVALTD PARAMETER ]NDICATOR ]N TEMPI,ATE

An rttfr found but it is not 6n olr 6Sn.

42. NUMBER OF OPERANDS ]S LESS TI]AN PARAMETER }JTJ}IBEFI

The template contains a parametelr refer.ence- v¡hcse nuûìber is larger.

than the number of ope:rands Ín the defínition.

43. NO DEF]¡I]TTON FOUND TO MATCH TH]S FUNCT]ON O}ì OPERATOR I}'IVOCATION

A match has not been found for the given iist of operands; that

is^ the ânnronnr'.¿te decla:ration has not been made.*" t

44. UNMATCHED RIGHT PARENTHESIS IN TRANSLATION

The usen has omitted a right parenthesis when coding a temp-ì-ate.
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45. INCOMPLETE ASS]G]'IMEN'I STATEMENT, OR MISSING SEMI-COLON ]N TRANSLATION

TEMPLATE

' The user has coded an inval-id assignmi:nt statement or he has

forgotten the semi-ccJ-on in the template which causes the statement to be

produced i-n the objeet code file.

46 " I'{ULTIPLE PERIODS OCCUR IN TH]S CONSTANT

A rea-l- or" cornp.Iex constant has been specified incor"nectly.

47. S CANNOT BE USED I/¡ITH |LOATING POINT NU¡4BER

The short integen rrarken rrsrr should no'c be appended to a floating
nnr'nf nrrmÌ¡an

48. TEXT BETWEEN $IS HAS BEEN OM]TTED

severe erllors cften cause text to be omitted. This nessage

indicates exactly which text has been skipped.

Ì^7--^.: * -^Yr q!rr r li Bò

.].. INTEGER CONSTANT TOO LARGE - 32767 USED

The pnior-ity value must fit in a hal_f-word.

2. UNLABELLED STOP OR RETURN FOLI,OWS A TRANSFER

The STOP oT RETURN can never be executed.

3. UNLABELLED GOTO STATEMENT FOLLOWS A TRANSFER

The G0T0 can neven be executed.

4. ASSTGNMENT OPERATOR EXPECTED

fn an assignment statement, the left-most operator shoul-d be

VI
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q MODE HAS BEEN REDEF]NED FOR THTS PROCEDURE

The usen is r"edefinins a mode name.

PR.IORITY ALRXADY DEF']NED -. }IEI,¡ VALUE USED

The user is redefining an openator priority.

RESULTING MODE ALREADY DEFINED - NEW MODE USED

The user is redefining the i:esulting mode of an openatoir definition.

8. TEÌ:jPLATE ALRIADY SUPPLIED - NEW Ol'lE USED

The user" is r"edefining the tcmpl-ate in an operaton definition.

.7

- l-Oi- -



y'
l'-

.ì{
Ji

\lf
"t

-Ë
X

)lr
);

<
>

F
ril

jñ
i 

X
X

X
>

ir;
jr:

j<
 {

ilt
j 

itP
i /

i:!
-Ê

iX
 E

X
,//

sl
E

pt
-I

B
i i

 -<
,Y

 S
P

ill
'1

C

/'i
 S

Y
:;i

JT
 ]

/ /
I')

,Å
í',

i S
r)

ij
/ 

/1
¿

, 
A

Ì.i
:; 

ï 
N

l

ir_
È

i4
2I

i t
:F

V
13

l S
T

E
F

37
 4

,1
 S

F
t.E

X

.J
f-

t 
È

l û
 rJ

lr6
2 

e 
)(

X
X

):
 e

 l,
1P

 o
 T

=
 1

, 
,I_

=
 I 

ç 
[.=

,,)
 r

 " 
M

A
F

ì 
i A

N

R E l-l f) l'

t' D
t) tì

T t) ti i) E

\J
E

M
P

f, 
lri

 =
 l:

 l-
D

S
N

=
Z

t)
i\i

 i 
T

f)
c 

u
fiI

T
=

S
S

Y
S

T
J

P
 ì"

J/
i S

/f-
r_

E
x

/ F
t-

E
X

o 
"5

4

t)
ij

D
tl

S
T

E
P

E
P

E
X

rR
E

(;
I0

\l=
60

K
A

R
f..

lK
 E

" 
14

02
9 

5.
 F

L 
E

X
l.-

 i 
3 

o 
i) 

Ì 
S

P
=

S
i--

.{
iì

=
sy

S
ll,

A
 e

 s
t)

l\c
E

=
 (

 iR
K

. 
¡t

,'2
i.)

 u
 l0

 )
 )

 , 
t)

I:;
p=

 (
 e

=
 (

 R
 E

C
Ê

 M
- 

F
lj 

' U
 !-

K
S

 I 
i i

=
L¡

11
40

 r
 l-

iìË
C

 i-
"8

0 
)

Y
lìD

/-
ry

 li
P

A
C

L=
 (

 T
F

.l(
 r

 ( 
20

r 
i0

 )
 )

U
T

=
i\,

 D
C

B
=

 {
 Iì

 E
C

 F
}1

=
l-.

4,
 l

'll
- 

l(S
 i 

Z
E

=
 I

 3
3 

}

/ 
i 

Ë
X

E
C

 F
O

iìT
G

C
L

/ /
 F

O
R

T
" 

S
Y

S
P

R
 i 

N
T

/ 
/F

O
A

,T
"S

Y
S

iN
 D

i)
T

E
F

2A
2T

 S
T

E
í)

1E
F

37
3T

 S
T

E
P

 /
F

T
E

F
31

41
 S

T
E

P
 /F

F
IJ

R
I-

 
40

T I T

Ë
X

E
C

tJ
T

E
D

 C
T

II.
ID

 C
O

D
E

 O
O

i2
/ 

sT
A

iì1
 "

14
?4

2.
2L

32
/ 

S
T

O
P

 1
4?

-4
2"

2I
3?

 C
P

U
 

O
M

iN
 O

O
"4

7S
E

C
 M

A
IN

 5
B

K
 I

-C
S

 
O

K
S

E
C

 E
X

E
C

 T
IM

E
 

0"
41

 S
E

C
 C

P
U

 T
II4

E
 

I7
8 

T
/O

 C
Û

T
}N

T
S

 6
O

K
 P

.E
G

IO
N

Ë
F

2ù
21

E
Ë

37
3 

i
E

F
37

 4
1

G
 r

C
tlN

D
=

 (
B

 e
 L

T
 )

D
D

 D
IJ

f"
lI4

Y

D
S

N
=

'i.
 "

f: 
LE

X
 " 

S
Y

S
P

LJ
N

C
H

 T
 D

 I 
S

P
=

 (
 O

LD
r 

P
A

S
S

 )
F

O
R

T
 

, 
W

A
S

 N
I]T

 R
IJ

N
 B

E
C

A
U

S
E

 O
F

 C
O

N
D

IT
iO

N
 C

O
D

E
S

"
Û

R
T

 
/ 

S
T

'A
R

T
 7

42
42

"2
I3

?.
O

R
T

 
/ 

S
T

O
P

 7
4?

4?
-.

2L
32

 C
P

{' 
O

M
ÏN

 O
O

"O
O

S
E

C
 M

A
IN

 
O

K
 I.

C
S

 
O

K

L4
 S

E
C

 E
X

E
C

 T
ií4

8 
O

"0
O

 S
E

C
 C

P
U

 T
II'

1E
 

4T
 T

/O
 C

O
I'Í

..I
T

S
 T

O
4K

 R
E

G
iO

N
I 

O
K

 U
S

E
D

Li
-(

E
f)

S
T

E
P

 
I-

K
E

D
S

T
Ë

P
 /I

-K
E

D
S

T
E

P
 /

LK
E

t)
6.

95
 S

Ë
C

IE
F

2û
2

r 
8F

37
3

i E
t:3

74
G

(]
 

2 
"9

7 
S

Ê
C

T
 E

F
37

5 
i 

JO
B

 /R
I-

JI
\F

LE
X

T
E

F
37

óI
 -

,!Ü
B

 iR
U

N
F

LE
X

R
.IJ

N
F

LE
X

 
34

 "
60

 S
E

C

S
I'E

P
 

G
O

S
T

E
,D

 /
G

O
S

T
E

P
 /G

A

9 
U

JA
S

 N
O

T
 R

U
N

 B
E

C
A

U
S

E
 O

F
 C

O
N

D
I 

T
 I 

O
I\ 

C
O

D
E

S
 "

/ 
sT

A
R

T
 7

42
42

"2
i3

2
/ 

sT
op

 
't+

'¿
.4

2"
2)

33
 C

P
U

 
O

M
iN

 0
C

"0
0S

E
C

 þ
1A

IN
 

0K
 t

_C
S

 
O

K

E
X

E
C

 II
IIi

E
 

O
. 

O
O

 S
E

C
 C

P
U

 T
IM

E
 

B
O

 T
/O

 C
O

I.,
h]

T
S

 1
O

4K
 R

E
G

IT
]I!

, 
W

A
S

 N
fII

'R
IJ

I\ 
B

E
C

A
IJ

S
Ë

 I
]F

 C
O

N
D

iT
IO

N
 C

O
D

E
S

"
/ 

S
T

A
R

T
 ¡

42
4?

-"
2T

3V
/ 

S
T

O
P

 1
42

42
"2

T
33

 C
P

(' 
O

¡,
IIN

 O
O

"O
O

S
E

C
 I

4A
iN

 
O

K
 I-

C
S

 
O

K
E

X
E

C
 T

IM
Ë

 
0.

û0
 S

E
C

 C
pt

J 
T

II4
E

 
39

 I
/tJ

 C
O

LJ
N

T
S

 5
2/

, 
R

E
G

IC
N

P
A

S
S

 )
 ,

JC
B

 9
I]O

/ 
S

T
¡r

R
T

'7
42

42
"2

L3
?.

/ 
sT

oP
 '7

42
42

"2
13

3 
C

P
tJ

 0
M

IN
 O

0"
47

S
E

C
Ë

X
É

C
 T

iM
E

 
O

,1
+

1 
S

E
C

 C
P

U
 T

IM
E

 
D

A
T

E

5B
K

 U
S

E
t)

74
"?

42
 U

N
iV

E
R

S
IT

Y
 O

F
 M

A
N

IT
O

B
A

O
K

 U
S

 E
D

O
K

 IJ
S

E
D



l- 2 3
**

I<
S

T
A

T
E

M
E

N
T

>
F

>
F

>
 S

T
A

T
 E

M
E

N
T

+ 5
.6

t B v 10 i1 T
2

13 1.
4

L) l6 T
7 1B l9 2-
O

?L 22 ?3 2¿
r

*>
:<

>
kS

T
A

T
E

M
E

lrt
_i

N
E

IT
LI

N
E

JD

IV
ìO

D
E

 4
E

A
LA

3 4 lr c) a

O
P

E
R

A
T

O
R

 A
B

C
 (

 R
E

A
L 

I I
 N

T
E

G
E

R
 }

 .,
E

1(
R

E
A

LI
R

E
A

L)
T

D
E

F
(R

E
A

Lç
R

E
A

L)
=

R
E

A
L;

/. 
\r

/ 
\r

. 
\ç

T
nr

fl

4>
:<

>
N

 * Ð̂

- 
D

tr
^l

 
.

- 
'\ 

L 
ts

\r
- 

t

P
R

O
G

R
A

M
;

R
E

A
L 

X
IY

 U
Z

i
IN

T
E

G
E

R
 I

,J
9K

C
A

I-
L 

A
F

]C
(X

,I)
Y

:=
D

E
F

(X
,Y

);
cA

t_
L 

E
l(x

?Y
)

E
N

D
P

R
I]C

;

I 
LI

.E
G

A
L 

14
O

D
F

.:

T
E

X
T

 f
]E

T
W

E
E

N

9 'tn t't II 1a LL N
T

S
I.J

B
R

O
T

JT
 I

 N
E

 A
B

C
 (

 P
 L

, P
2

R
E

A
L 

P
 I 

? 
P

3;
Ï 

N
IT

 E
G

 E
R

 P
2i

P
1:

=
2'

i"i
P

2-
P

3a
l3

rL
IN

Ë
 

?5
>

7>
?\

<

26 27 1,
ó

29 30

N
A

M
 E

$ 
¡ 
S

 H
A

S
 B

E
I;I

\ 
O

f4
iT

T
F

D

I

3I
 

T
6 

Í:U
N

C
T

iO
N

 R
E

A
L 

D
E

F
(A

9B
);

*¡
!9

¡S
T

A
T

E
M

E
N

T
 1

7,
I-

IN
E

 
32

1'
,:'

,1
,, 

N
A

M
E

 P
R

E
V

IO
U

S
LY

 D
E

F
IN

E
D

 O
i-D

 D
E

F
IN

iT
It]

N
 U

S
E

D
q.

I3 L4 t5

E
N

T
R

Y
 E

1
rì

E
A

L
X

Y
Z

: 
=

E
N

D
P

R
O

C
;

33 _f
+

(P
3r

g)
;

L.
t

D
't

);

L1 IB
R

E
A

L 
D

E
F

gA
gB

;
D

E
F

: 
=

A
+

B
E

N
 D

P
 R

 T
-]

C

P
A

R
A

M
E

T
E

R
 N

A
M

E
 H

A
S

 ts
E

Ë
N

I 
U

S
E

D
 P

R
E

V
iO

IJ
S

LY

,X
Y

Z
;



APPENDIX 4

T\^¡o Sampl-e Prognams

This appendix contains ÌÍstings and genelated object code for

two programs that i,Il-ustr"ate many of the features of FLEX.

The finst program defines a number of functions and subr"outines

whinh na¡fnnm nnenatíôns ôn nolr.*^*.'-r ^ ^E À^--.ee .l-ess than sixteen. Thewllf,çll PgI f ullll upsr qLrv¡ro v¡l pvaJ!lv¡¡l!q!ù uf uç5!'

basic mode and oper.ato:: definitions occupy the fírst page of the example.

These Jefinitions ere global defini-lj.ons; they woul-d be used as a preJ-ude

to each progran that thc user. wnites to do poì.ynonial- ma¡ipulation. The

next two pages define the proceoures referred to j.n these gÌoba-L definitions.

'Iha fnrrnfh n¡oa ..^--:--i-- ¡ o¡mnl^ -=ìñ1.'ñâ ñÐ^-râm th:f :nnl ios fho nr"enadinorrlç IUU|Lrr PdBY riulr LAatlò A ùquurç ruqrrrJ¿rlç P|u5r

oefinitions. The l-asr four nages of the exarrple contain the FORTRAN object

code genenatecl by |LEX.

The second example {, 1-ius-Lr"a.tes the scÌution of a l-inean Diophantine

equation whose coefficients are mutti-precise integers. The fir"st two pages

of the source nï,^-h:m nnnr-=i- +he sfobaf definitions that are used with thevf Lr¡ç ovu! 9ç P! VË! qlll 9U¡¡ LaJ-I¡ L¡¡e 6lvvq

multiple pnecision package. They al-l-ow expnessions invo.l-ving muJ-ti-pnecise

integers to be coded in the nolrmal- infix notation, thus making it veiry easy

fnn : nnôon:mmên i-n na¡fô¡m mìrlf inlo nr"oniqinn nner"etr'ons ^ Comnar'ìson of

the FLEX program with the FORTRAN program shows how confusing it woul-d be

to code the FORTRAN program direct.l-y using function cal--Is.

Statement 5 il-l-ustrates how the = openaton may be extended to

comnare I ooì cal values.

- i-04 -



I

-L
3 I C 0 Mtl ¡ N]l:ir:l: ir:i< >i<>i<;f, {<:l<);<;ir:j( * ):<):<)l{):<>ir )i< >i< >:<;i< {< >k>:<>i< >i< >i< >!;l<:ir >i: ):{ rii,i: ):.:;<;:<>F..!::{ ii<:ji

4)F
5 ,'; GI-[)ßAL DEFiNITiON AREA
6ì<
a-

' | -Ê1'a'1"ô4'ã

B

9 ,l DEGLARE REAL POLYNOMIALS l'JITIJ A M¡\Xir'1llr"'1 r-ìSGRi:i:0F L5
10
11 2 I'1[]DE P[]LY:REAL( 16) READ(PÛLYIN} I,'RITE{Pi-V. iIiJT) ;
T2
13 "¿ DECLARE OPERATORS ON THE POLYNIOMIAT.S

'L4
15 3 'JPERATOR + (POI-Y,PiiLY)=POI-Y
L6 (rDtJ 65l I$=1116;8
Ll I 8SIåO( Is )=tt ( Is)+t2( iS );,
Ig ¡tOr)r
19 + {POLYTREAL)=P0¡_Y
Z0 (raoil)=t1(i)+t2;¡
?t rDO tSI I$=211.6;¡
¿? r ts16.0( i$; !=e.1( i.9 ); t

?3 rto! )r
?4 ( POLY ) =POI-Y
7-5 (¡DO tSI I$=1çló;¡
?6 t tSItO( I5)=-tl( I$);¡
27 ¡tO¡ )r
28 ¡ ((REAI-TINTEGER)uPOLY)=F,OI_Y
?9 (¡DO tsl I.$=LçIóï¡
l0 Ê tSItìO( I$ )=i,l'i.tZ( I$);e
Vl ¡tOr )y
32 = (POLYsPII|-Y)=LOGICAL
33 (rEguAlP(tt,t2)¡),
)4 - (POLY'REAL)=LOGICAL
35 (tEQUAL(fìIrt2)r)r
)6 ì= ( POLY, POLY)=I_OGICA|_
j7 ( | "NOT"EQUALP( SIu€^2) | ) *

ìB r= (POLY'REAL)=LOGICAI-
39 ( T.NOT.EQtJAL(trrt2) r )ç,+0 OF (P0I-Y'REAL)=REAI-ç
+1 DERIV (POLY)=PûLY
+2 (tcAt-r_ DERIV(ttrt0);r
+3 rto! )ç
+4 != (POl-YrPOl-Y)=
+5 (tDO tSI IS=1rI6;t
+6 r tSI6l(I$)=t2( I.$ )io)s
+1 := (POLYçREAL)=
îB (rtl(l)=t2i'
!+9 tDO €,Sl I5=2.el6;¡

-,t0 r 65161(IS )=0";t);
j1
)Z Z THESE FtJNCTIt)NS MTJST 8E DECLARED iNi THr: FLEX PROGRAI'1

'3 
2; SO THAT TIlEY |^1ILL BE DECI-ARED IN TI-IE ÛBJECT PRiJGRAi"i

)4
i5 4 0PER,ATUR EQUAL (POLYTREAI-)=l-tlGiCALr
)6 EO|.JA|-P ( POI-Y, Ptll-Y )=LOG I CAL;
t1

'B 
Z IOFI WILL BE USEI] AS AN INFIX OPERATIIR

i9
tO 5 PiìItllìITY tlF = lO00;
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62
Ì - rlÂitÁt-rrI-ar.,-L

tJ 5 () u L., I'i I'l i: l\ | "r 
/'r r â\ ''r âr

(t4 )i<

b5 r, PROCEDURES F0R INPU-f AND 0UTPUT tlF POLYNf-ìMIAI-S
ôo
61 ;1. )k >:< ::: >i< ::r )i< tí >i: * >i >ß >i< >i< :i< >i< )F >:< * ): *< * >i< >? :! )l: )F * >:. >F *. >k >i< * * t< )i< >:< >l< )lr >:r )F * ):( i< >i: ìk t< ;
6B
69 i SIJBROU"TiNE POLYIN (F);
70
1L B COMMENT A POLYNIOMIAL F OF DEGREE N REOUIRES N+2 VALUES FOR INPUT:
72 THE VALIjE OF N, ANJ[)

13 THE IIJ+I COEFF lCI ENTS I N Ï NCREASINIG P[]I,JERS;
74
15 9 PUI-Y F;
76 10 IÍ\TËGER Ï,N;
11 1i R.EAD, N9 % READ DEGREE OF POLYNOMi IlL
78 r)O (I=1 TO i{+}' tr(i}); ZREAD THE CUEf-triCIEN-IS
19 12 {iû I=N+2 ÏO ló;
BO T3 '-(I) = 0. /" ZERO REMAINING COEFFICIENTS
B I E l,!rJ

82 Ë |\IDPROC ;
t,) J

84
85 T4 SI.,IÉ]R.OUTiNE PLYOUT (F );
86
87 i5 COI4I"IENT THE iI\lDEX I OI- THE HIGHEST ORDER NON-ZERT] COEFFICIEI\IT
B8 IS DETERMINIED, AI\D I COEFFICIENTS ARE PRiI'ITED"
89 IF F=0" f-(i) iS PIìIN-|ED;
Jt)
9]. ió POLY F;
9? L7 INTEGER iIJ;
93 i8 DO I=16 DOWNTC t
94 tIHILE F(I)=0" "À DETERMINE FIRST NON-ZERO COEFFICIENT
95 END;
96 19 WR i TË, D0 ( J= I IIOWNTO 2s
97 F(J)r rx:i:>t ri J_1:I(ZI¡ ¡+r)r
eB F ( I ) ;
99 ËNDPR[]C;
oo
01
O?_ 20 C OM M E N T )1.:l>:< *)i. >:<)i< )k>F * >i.l¡)i<)F >i<)k >i< )i< >¡>;< l.* )i<:i<>:< >i<:i<:,k1< )i< >i. ):<):< )f >i<)i<)3Í< )k*>;(>i< >:<

03 >i<

04 'i, I-i]GICAL FUhICTIONS FOR POLYNOMIAL COMPARI SOf\
05 >:<

^ 
/ \', \r, \r, rr¿ !L \,, !,, ô

tJ L) T ?'1.'\ n\,'\.'\ .'l ,^..r 1\.|i /È 7¡\

07
OB 2T FTJNCTION LOGICAI- EOI,IALP (F,G);
,09
'lO 22 COí/iMENT ThJO POLYN0MIAI-S F AND G ARE EQIJAI- IF F(I) = G(I)
1l FUR I=1 Tt.ì 16;
T2
13 23 Pflr_Y FeG;
T4 2Ir iI\TEGER i;
1.5 25 D0 I=l T0 16
16 l^,HILE F(I) = G(I) % DETERMINE IF CIJEFFICIENTS ARE EOUAL
17 END ;
lB ?-6 IF I (= Ió THEN E(llJAl-P = FALSE
19 28 ELSE EQUALP = TRUE FI.
20 ËI{DPÍìT}C ¡



2.L

?2
23
24
25
26 2e FrjilcTION L0GiCAL E0UAL (F,A);
?1
t2B 30 COMI'IENT A POI-YliOMI Al- f- i S EOUAL T0 A SCALAR A I F

29 F IS OF DEGREE 0 AND F(I)=A;
30
3L 3L POLY F;
32 32 REÁL A;
V3 33 INTEGER I;
34 34 IF F(1) = {
V5 35 Tl-lEN EQUAL = FAI-S[:
36 36 ELSE D0 I=2 TO 16 i^Jf-lIl-E F( I) = 0. END;
37 31 IF I (= 1Ò THEÍ\ E(ILJAL = FALSE
38 V9 ELSE EOI'AL = I'RIJE Fi
39 FI
4.Û ENDPR.LIC;
4L
.t- ¿

43 4O C Ofil"i E Nl T,:.ti. ):<)1. >:<:!;ir):. i.)F):< >3 >i< >1. >i. >ir);<>i< )i<>:< ):< >F >i<>l< i<>3 >i. *< )i.>i. )i<)i< >i<>i< >l< >i: >i< >i<:i<>i<;i< >i< >i< >l<

4¿¡ )i<

45 , >tí PijLYN0fviIAl- EVALUATitI\
t/ct-D

47 >i< >l< ì! l.< >i< >:< >i< >1. >1. t< )F >3 )l< ):< ;'i >i< :i: {< )! i< * >I >:< )i< >:< ):< ):r >:< ):r >lr >:r i< >:< ;< >i< )i( f. >i< )l< )i: * >i< >k >! >i< x< )i< >k ::. >k ;

4B
49 ¿+L Ft-li\CTION REAI- 0F (FrX);
50
5I 42 COI'1MENT EVALIJATE PiILYNOMIAL F AT THE POiNT X;
52
53 43 POLY F;
54 44 REAL X;
55 4.5 I NJTEGER i ;
56 46 0F = F(16)i
57 47 DO I =15 DO|,.JNITO I;
58 48 0F = OF,i< X + F(I)
59 E l\t)
óO FNDPRT]C;
61
62
63 49 C tJ fvl frl E N T >lr );< >i< >:< :k :i< ,J¡ >i< >i< >i< >i< :! ìk >:< >i< ):. :3 >1. t< >¡ 1< )i< >:. >l< X<:i< >k )¡ >3 >:< )i< >:< >F )i< )i< >:< )F )i< ):< )i< >i< >i< Í< *<

64 >:<

65 >i. FIRST DERIVATIVE//oc)

67 )i<lÉ )ir:i<::< >:<):< )ir::. *<>:: >i<>l< >:: * >:<>:. >i< )i< >F >l< * ):<:i!):< >:< * )1. ):< >:< *)Fló >S >3::<>ir>:<)l< >::>X )l< ):: >:< * >k*:i< * * 3

6B
69 5O SIJBROUTINE DERIV (F,FPRII'1E)i
70
7I 51 COMI4ENT DERIVATIVE OF A POI.YNOIVIIAI. F iS A POLYI\OMiAL FPRIME
72 l^/I TH DEGREE I LES.S Tl-lAN |-]L:GREE OF F;
13
74 5?- PTJLY FTFPRi{"lE;
15 53 I NTEGER I ;
76 54 FPRIME(16) = 0"i
11 55 D0 I=15 DOWNTO 1;
78 56 FPRIME(I) = | '1. F(i+I)
79 E t!t)
BO EJ\DPRIJC;



ì1
ìz
]3 57 C Of"lM E i\ Tri<>Í:k* *** >l< );<i. ** f)k >:<::r)F>F>f)i: {<:lr àk ìk>irt¡ >N ìk >i<):<>F* >1.)i: >:< )i( * jí )i.>¡ >:. >i< >;<)¡

\4 >:<

j5 ':. MAIf\LINE PROCET)IJRE:
]ó )i< THREE EXAMPLFS USING THE DEFINITIONS GiVEN ABOVE
)7 >:<

ì I >f )k ì< l< )i< >:: ):: :k :F )i< X. * :k ;i< lr >F ):< >:: >l< ìk J,: >:< :;< Ì( )¡ :i. >F {< ì< Ír ::< ;k >k i< ):: )k ;:< )ir >:< y¡ >l< >:< >;< )F :i< i< >:< >k >;< )ir :
]r)
)O 58 PROGRAI4:
)1.

)Z 59 CtIMMENT:F1<)i<lí)i<{<)i<>ir>;. ËXAf"lPl-E I )i<)1.)i<Ír)i<);<l:)l()l<>i<)ir>l<):r>j.):<*<:i<>i<>k>k>i<l

)3
i4 óO COf'1MENT FOR POLYI!ÛI',IIALS Â ÄI{D B CIìECK IF
)5 DEP.IV (Ai + DE,ì,IV (ts) = DERIV (A + B);
16 ói POLY Ar B,C:Di
)7 62 REÀD (5) ArB;
)B ó3 C - í-ìERIV A + DERIV Bz
)9 64 i = DERIV (A + B);
)0 65 iF C ¡= D

)] 66 -IHEN I,IRITE (6) 'PLIJS FORMULA NOT VFIìIFIED¡
)2 67 ELSE ìdRiTE (6) IPI-US F.ORí"iI.JLA VERIFiÊD¡
\3 FI;
)4 ó8 I'JRiTE (6) rAr + Rr = ile C r 3Sl(ip(1),
)5 . "(A + B)t =!!ç D ;
)6
)1 69 C O iI M E N T Í. r:. >:< >:< )i< >:. >i< {r :.:< -E X A M p L E 2 * >¡ >i< >:< >i< >k )i< )i< >i< >k >,r ):< >:< >:: >i<::< t< ir >:: )F )k ;
)B
)9 7O COI"1I"1ENT FOR POI-YNOI'1iAL A AND SCALAR S CHECK iF
.O S DERIV (A) _- DERIV (S A);
.1 1! REAL S;
.2 -t?. READ (5) S;
3 73 C _ S ,i. DERIV A ;
4 74 D = DERIV (S ,i< A);
.5 15 IFC-i=D
.6 76 THEN Ì^,RiTE (6) 'SCAI-AR ¡,ìtJl-TIPLICATIOhI FORMULA N0T VERIFIED'
.7 77 ELSE I4RITE (6 ) ' SCALAìì. MULTIPLTCATII]I\ FORMULA VERiFIËD¡
B FI;
.9 78 WRITE (6) ItS ):< A¡ = il, C r 3SKIp(l),
:0 n(s >? A)¡ = nç D i
it
:2 19 C0f"lt4ENTY¡*rj.r:.,i<*)i<>k>i< EXAMPLE 3 )i()!)k>i<:i<:i<>i:>i<ì<>i<*{<;i<>FÍ<>i<>F¡k>k>i<>Ki

'3,.4 BO COMlviENT TAB(JI-ATE VAI-UES OF F(X) AI{i) FPRII'48(X) II\ THE INTERVAI-
15 _IO TO IO TO GET AN IDEA IIF THE SI_IAPE OF F9 I.JSIÍ\G
16 FIRST DERiVATIVE TEST CRITIChL PtlIl'lTS l-iE IN,.7 TNTERVAL.S I^JHEI,E SIGN CHANGES;
t8 81 P0t-Y F;
I9 82 R,EAL X;
IO 83 READ (5) F;
il 84 hIRITE (ó):CtjL(10), rF(X)tç:CO!_(30), ¡F3t(X)r,
'2 DO ( X = -10 TO 10 fìY .5u
\3 :SKIP"
'4 :Ct_lt-(5)r F OF X : E(14r7),
;5 :COL (24) I DEiìiV F OF X : E(L4r7) );
,6

i7 EI\DPROC
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3

1
r)

4
3

SI.JBROTJTI i\EPOLY IN { / F 1 I

LOGiCAL':'4EOUAl-P
INTEGER't,4T$0OAe I eN
LOGICAL';.4EOUAL
REAL>;4F(L6)
R E A Lr¡4OF
CALL ItJ$ST(8215\
CALL I O$ I4 ( I\ )

i=(I)
T$004=(N+(1))
GO TO3
I=(i+1)
I F ( I " GT. T$OO,A ) GO'ItJ5
CALLIOSR4 (F(I))
GOT04
CALL I O$END
I=(N+(2))
T5O0A= ( 16 )

GOTO6
I=(I+I)
iF(I"GT"T$OOA)GUTO8
F(I)=(0"80)
GOTOT
RETURNI
ENI)
SIJBROIJT I i\EPI-YOI.J 1 1 / F i I

LÛGT CALì,4EOI.JALP
I NTEGER'i.4TSOOA '.I ? i
LOG i CAL'i.4ÈOIJAL
RËAL'F4F ( 16 )

R E AL';.40F
I = ( 16 )

TS00A= ( I )

GOTO3
I=(I-l)
iF(I"LT.TSOOA)GOTO5
IF ( " NOT" ( F ( I ). EQ" ( O. E0 ) )

G0T04
cALL IO$ST( I46,ó )

J=i
T$004= ( 2 )

GOT06
J= ( J-1 )

I F ( J. LT " TSOOA )Gi.]Ti]B
CALLIO$R4 (f-(J))
CALI_IL.l$CH (3y r)(>ir>i<r )

CALLI0$I4 ( (J-(1 ) ), {2) )

CALLIO.$CH (I' !-!-! )

GO TO7
cALLI0$,R4 (F((l)))
CALI- I0:6i:i\l-)
R.ETURN
E NI)
Lt-ìG ICALFTINCT I iJhJEOUAI.P>i'4 (

INTEGER,i.4T$004, I
t_0GICAL,i.4EQUAL

1
6

) G0TO5

/F/,/G/)



¿,r

'3

REAL.,i.4F ( Ió ) I G ( l_ó )

R E AL,i.¿r[JF
i=(I)
T$004= ( l6 )

G0TU3
I=(I+1)
TF(I"GT""T$OOA)GOTO5
IF("t{üT" (F ( I )" E8"G (I ) ) )G[}TO5
GOT04
iF(.NOT" ( I "LE" ( Ló) ) )GOTO6
EQUnLP= "FAl-SE"
GOTOT
É0UALP= "TRUE "
RË IURN
END
LOGI CALF.UNCTI 0NEeUALr,4 ( / F /, / A/ \

LOGI¡¡¡,l.aEeUALp
INTEGER'i.4T$OO.3I I
REAL':'t+7().6)
RcAL'i.44
iì,EAl-,i.4[JF
IF ( "Nl0T" ( F{ ( I ) ) " E0"A ) )GOTO3
T(JU/\L= " I_AL)F "
GOTU4
l=(21
T$0OB= ( l6 )

GOT 05

6
7

6
5

I=(I+l.i
IF
IF

i,GT,T$00i1)GoT07
" t\uT" ( F ( I ) " EQ" ( 0.Eo) ) )G0TO7

GOTOó
il- ( " t\[]T" ( I " LE" ( l6) ) )GOTtlS
EOUAL= ' FALSE "
GOTO9
EOUAL= "ÌRUE e

COI\T I NIJE

RËTURN
ENt-)
IìEALFUNCTIONOF,I,4I /F/ ? /X/ I

LiIGI CAL,;.4EQtJALP
I NTEGET-l'i.4TS00A e I
LOG I CAL':.4EQIJAI-
REAL'1.4F ( 16 )

R E AL,I.4X
0F=F((16))
I=( I5)
T$004= ( I )

GOTO3
I=(I-1)
IF( I"LT"T$OOA)GOTC]5
OF=((OF,|.X)+t-(I))
GOTO4
RETI.JRN
ENI)
SIJBROUT i i{EDER I V ( / F / 9/FPR I I''1E/ )

LOGI CAL'¡48(JUAI.P

B

9
4

3



i NTEGFR'i.4T$004 e I
LOG iCAL.*48(JUAL
REAL,:.4i:pR i i,l[ ( I6 ) e F ( Ió )

REAL'i.4OF
FPRiME((16))=(0"80)
i=(15).
T$004= ( I )

GOTO3
4 I=( I-1)
3 I F( I "LT"T$OOA )GiJT05

FPRii"lE ( I ) =( I,i.F ( ( i+( I ) ) ) )

G flT 04
5 RETIJRN

END
LOG ï CAL,i.4E0UALP
LOGICAL,:.4EQLJAL
RiIAL'i</iT$004(ió),TS0OP,(16)eT$00C(fó)rD(1b)rA(tó)rF(1ó)rB(Ió),C(16)
') liAL,F4T$00 E ? T S00F r S r X
f{ E AL >1..1+0F

cALL I0.$ST(80ç(5))
CALLPOLYIN(A}
CALLPOLYIN(B)
CALL I O$ËND
CALL DERIV(ÀIT$OOA)
CALL DER I V ( Ur.r'$OCl-l )

Dt-l 4 i$=Içló
4 T$gOC ( I$ )=T$0OA ( Is )+ l'S008 ( I.s )

tlO t4 I$=IçIó
14 C (I$)=T$00C (Is)

DO ?4 1.9=|'16
24 TS00C (Is)=A (I$)+U (I$)

cALL DERiV ( T$00Ce T$008 )

D0 ?4 i$=1.r 1É;

34 D (I$)=TSOOtl (IS)
iF( " NOT" ( "N0T" E0UALP (C, D ) ) )GOTO43
cALL iU$Sr (L44, (ó ) )

CALLiOSCH (251 'PLUS FOIìMULA NOT VERIFIEDI )

CALL IO$ENI)
GOT044

43 CALL IO$ST(L44r{ó))
CALLit).$CII (2T¡ IPLUS FORMUI-A VERIFIED¡ )

CALL IO$END
44 CALL I0SST(L44ç(6))

C/\LLIo$CH (Io, ¡A¡r + Brr = ¡ )

CALLPLYOTJT (C )

CALLIT]SSK ((T))
CALLIIìSCH (l1r '(A + B)rr = ! )

CALLPLYOI.JT(D)
CALL i O.SÈND
cALL I0SST(BOr(5))
CALLI0.$'ì,4 (S)
CALL I O$END
CALL I)ËIìIV(A,TSOOC)
ll0 46 IS=1çI6

46 T$008 (IS)=S,i.T$00C (i$)
DO 56 I$=l¡I6



56 C (I$)=T$COß (I5¡)
UO 66 I$=l.rl6

66 TSO0C (I$)=S':.A (IS)
cALL DËRI V( T$00C rT$O0B )

DO 76 ¡5=l'16
76 D (I$)=T$0OB (i$)

I F i,i\ltlT " ( "itl0t " EOIJAI-P ( C' D ) ) )GUTOB5
cALt_ I0$sT(r44r(6))
CALLIO$CH (42ç ¡SCALAR 14I.,II-TIPLICATION FORMULA NIOT VERIFIEDI )

CALL I I]$ ENt]
GOTCB6

B5 CALL IÛSS'l(I44r (6) )

CALLI0$CH (38? 'SCALAR i"1Ul-TiPLICATIÛN FORMULh VERiFIEU¡ )

CALL I U$Ël\ii)
86 CAI-L i OSST ( L4¿+ e (ó ) )

CAi.tIO$CH (9r rS >:< Aq¡ = f )

CALLPLYOIJT (C )

cALt_ioç'sK ((1))
CALLIC$CH (Ilç t(S j< A)¡r ¡ 3 )

CALI-PLYI)UT(D)
CALL IO$EI\JD
cAt_t- io.$sr(Bor(5)!
CALLPT]LYiN(F)
CALL T O$ENI)
cALL IO$ST (L44 ç (6 ) )

cÄi'LIo$ctjl_((10))
cALLI0$CH (4, rF(X)¡ )

cALLiO$COL( (30))
CALLItì-$CH (5c rFr'(X)r )

X={-10)
TS00E= ( 1(.) )

T$0OF=("5E0)
GOT OB 7

8B X- ( X+T$00F )

B7 I F(XOGT"TSOOE )GTJTOBg
CALLTO$SK

qìcALL i OSCOr- (

CALL I tì$R4 ( UF ( F r X ) ) r ( 14 ) , ( 7 ) )

cALLI O$COl- ( (241 )

CALL DERIV(F,T$OOC)
cALLIO$R4 ( (OF(TSOOCeX) ) r ( 14)' (7) )

GO TOB B

B9 CALL I I]SEN]D
STOP
E Nt)



I

2

3
4 I C tJl'1M E \ -f >;:;i: >:.::< Í< >i.)F >i( )i< **ì<:F >:r):: )l<X<)F >i:):<)i< Í< >l< >i<1,<>í ):.;¡:i<:;: ):r;ii:i.)¡ i:íìl< )ir ):r

Ã

6
7
I
I

:I DEFINiTION OF I.{ULTIP!-E PR.ECISÏÜi'J 1.i'IiO'U*5

rL sr. J, irl \r¿

10
l1
LZ 2 MODE INTEGER,i:i"l : INTEGER,:.4
l3
l4
L5
16
17 3 OPERATOR + (ïNTEGER':.MolNTEGER,i.lui)=Ir\iTEGER,i.M

READ( I0$iM) t\rRITË( IO$iM) iNPUTi Iû5i14) OUTPTJT( IO$il"l) ;

(rl1PA(tl?t2)!),
+ ( I NTEGER,i,M ç I NTEGER,i.4.)= I i\lTEGEiì,i.l'i

(rÍ,iPAhr(tIrtì?ltly
+ ( I NT EGER):.4? i NTEGERì.14 ! = i i( Í FC;Ef{,i.i'1

( E I4PAW ( t2 ç t l ) f ) r

( I NTEGER'j,Mr I NTEGERi.M ) = i ¡,ij !:itFí<':.r'4
( ¡f4PS(tiet2)r)r
( INTEGER'i.t4ç INTEGER'i.4)=It'J I EGFR*rM
( rMPSti( tle t2) | ) 

"( ï NT EGER,:.4, I NiEGERt M ) =,i i,l-r-[:rìfiì-;-i,ì
( rMPN(MPS|^J( t2rtl ) )G) ç

( I NT EGERY¡M ) -- I NT EGER,i.trl
(rMPN(tI)')r

i< ( INTEGER'i.Mr INTEGER,'kM)=INTEGER'kM
(fMPM(tl?t2l1lç

ìk ( I NTEGER'i.Mr I NTEGER;,4.) = I hiTEGEliì,1.i4
(tMPMI^J(tIet2)t)?

x< ( I NTEGER,i,4ç I NTEGER>i<trt ):,I i\l"ECìER,i.M
( rMPMW(t2rt'l) | )'v

/ ( INTEGER'i.lr1r I NTEGER,t.t"1 )=iN1 EGER,:<M
(rlviPD(tl"tZ)tls

/ (I NTEGER>i.Mr iNTEGER,",4l - i\iTS{ìER'i ù1

(TMPDW(t1?[ì2)r)e

/ / ( I NT EGERr<Þir I NTEGEI.ì.':,M ) = i NTEGER:i.í'1
(fMPR(t1rtZltls

/ / ( INTEGER,i.M, INTEGER,i.4 )=Ii\.I.EGER,;.4
(ri'lPRl^l(t1et2)r)r

>i(* (I NTEGER'i.M, I I'JTEGEIì,:.4 ) = INTEGER,;.1"1
(¡|'IPXW(tI1t2)¡)e

MP ( Il'JTEGEtì'1 4) =iNTEGER,i.M
(rMP|^J(tI)r),

18
l9
20
2L
22
23
24
¿>
26
27
ZB
29
30
3t
32
33
34
35
36
37
38
39
40
4t
42
43
44
45
46
47
4B
49
50
5t
52
53
54
55
56
c:a
hP

)Y
60



6L
o¿
63
64
65
66
67
6B
69
70
a1tJ_

12
13
14
15
76
17
1',ò

19
80
8L
B2

B/+

E5
8ó
87
öö
89
90
91
92
93
94
95
96
97
9B
99

100
l0t
102
103
lo4
105
106
107
l0B
109
110
III
LL2
lt3
LT4
ll5
I I6
It7
I IB
119
L20

= { INTEGER,i.MT INTEGERTTM}=LDGICALì!4
(¡|'4PCEQ(tlrtZ)¡)ç

= ( INTEGË[ì,:<1"1r INTEGER,i.4 )=LOGiCALr.4
( É MpCEQ|J ( t t ç t2 ) ¡ ) y

- t I NTEGER'i.4? INTEGEiì,i.M )=LOGICALT.4
( !MPCEQT¡J(E2çtI)|) r

r= ( I NT EGER*.My I NiTEGER,i,M ) -LÜG i CAL'l'4
(!MpCNE(âlrt2)¡)ç

.a= ( INTÊGER,i.Mr I NTEGER'i.4)=LOGICAL'i.4
(rMpCNEr^!(tlrt2)o)r

r= ( I f.iIEGER'i.4r I NTEGER':.|'4 ) =L.OGICAI-'i(4
(TMpCNEW(tZç€.1)r)r

(tMPCGT(tl,t2)¡)e
> ( i t!l-ËCER'i<My I NT[:GER'l'4 )=LOGICAL'i<4

( t l"iPCGTW ( t 11t2 ) | ) e

> ( I NTEGER'i<49 I f\TEGÉR,i.IVi ) =LOGI C/IL,i.¿+
( TMPCLTW(t2r€,1)¡)r

)= ( I NTEGER'l.Mr I NTEGER':.1.1 ) =LnGI CAL'1 4
(tMPCGE(tlçÊ2)¡)ç

)= ( INTEGER;.Mç I NTEGER':.4 )=LOGICAL':.4
( ¡ f.tpCGEW ( tlçtì2 ) | ) ç

)= ( I NT EGER,l,4r I NTEGER'i.M ) =LOGI CAL'¡zr
(tMPCLEW(t2çtl)¡)r

< (INTEGER':.MT INTEGER*M)=LOGiCAL,F4
(TMPCLT(tlet2)L)r

< ( I NTEGER,i.IIIy I ITITEGER,i.4)=LOGI CAL'¡4
( ¡l"1PCI-TW(tlrt2) t ) r

(¡MPCGTW(t2yt,l.)¡)"

(= ( I NTEGER'i.MI INTEGER,;.M ) =LOGICITL':.4
(TMPCLE(tl,t2)¡)?

(= ( I NT EGER'i.I'1 ç I NTEGEiì,34 I = Ll]G I CAL,I.4
( ! i'iPCl-E\^l ( tl ç tZ) ? i s

(= ( I i\T EGER'i.4 I I NTEGER':.|u1 ) =LOG I CAL,¡¿+
( cfvipCGE'd( tZetI ) ú ) e

: = ( INTEGERf.My INTEGER'i'M )=
( ¡CAl-l- l'lPE ( tItfi2) ; | ) r

:= ( INlTEGER'1,M" INTEGE(>i:{)=
('cALl_ MPE\^I( tlrt,2) ; I ) r

: = ( INTEGÊR,i.4y INTEGER:i'M )=
( ¡ t l=l'iP I { t2 ) ; I ) ;



L2L
L22
L?_3
L?_li 4 COMt4 E N T >i<;3 >3*),< >! l¡t<;i(ì?>:r )F:F >:< * Í< i<*::i)i<+ t. >i: N<:i<;i< ¡k:i *::<>:< >F;;.>i< >:: ì? * lÁ t< >;.):. )i< >i<*;: )1. *< *

L25 l<

126 l. THiS PROGRAt,'l SOLVES THE LINEAR DiûPHANTINE EOUATION
L?-l;i<AX+BY=Ç
L28 ¡"' WHER.E AE BT C ARE MLJLTi_PfìECISE"
T2g >K, IT USES THE STATJDARD TECHNIQUE OF EXI)RËSSiNG
130)i<-A/r3
I31 X' AS A CONTII\IUED FRACTION TO FJND THE SOLUTION OF

132 >F A X + fl Y = (ArB)"
L)3
L3¿t):(>k)kl,<*.:k)¡:k*):<*<*ìt>:<i<::<ìk):<>:rtó>i<>!>F>:<:::)1.>ir):::k>:<>l:)F>:rX<:F>i(>:<):r>F*<ì!)F>F)i<>¡>k;:<>:<::<):<);<>i>i>ki

t35
136
rv7
138 5 0PERATOR = { l-OG ICAI-'i:4y LOGICAL'i'41=l-OGI CA|-rt4
L}g (t (tl"AND.t2)"0R."N10T" (81"0R.t2)r);
140
L4r
I42 6 PROGRAM;
L/;3
L44
L45 7 INTEGERÍ'M Ar X, tJu Yr C'
.L46 APREV, IJPREV 'L47 XPREV' XNEXT' YP{ìEV, YNËXT,
L48 Or Rt
1.49 MrUl- T ;
150 B INTEGER':'4 SIGt'lr JSiGN;
L5L
L52
I53 9 SIGN := +l;
L54
t55 10 READ (5) A, Br C;
156 11 APREV := A;
I57 12 BPREV := B;
158
T59
160 13 iF $ = 0
Iól 14 THEN IF A = Q

L62 15 THEN I,JRITE (6) ' ILLEGAL DIOPHANTINE EOL'ATIONI;
L63 16 STÛP
L64 F I;
L65 L7 B := A;
16ó l8 X := I;
161 L9 Y := 0;
I6B
169
I7O 20 ELSÉ CUMMENT SET X(1)ç X(0)s Y(l')' Y(0) = 0r 1r 1r O

LlI IF SIGNS OF A AND B AR.E THE SAME

ll7 Ol-ì = Or -lr -lr 0

L73 IF SIGNS 0F A AND B ARE DIFFERENT >l<):<)j.>t<)i<*<;<;

114
L15 2L IF (A > 0) = (B
116 23 ELSE JSIG|II := -i FI;
L17 ?-4 X := 0;
l7B ?5 XPREV := JSIGI{;
L79 26 Y:= JSIGN;
180 21 YPREV 3= 0;



lBl
182
lB3
tB4 28 COMMENT Fïi.lD X(N+t) _ 0 X(N) + X(N*li
185Y(N+I)_0Y(N)+Y(NI_I)
186 CONTINUE UNTIL REI'IAINDER IS ZERO )T>i'>I'>¡)Fi<>:<IÉ;

187
IBB 29 R := A // B;
189 30 I'IHILE R -= 0;
190 31 0 :- A / B;
191 32 XNEXT := X * 0 + XPR,EV;
I92 33 XPREV := X;
L93 34 X 3= Xi{EXT;
Ig4 35 YNEXT := \, 'i. 8 + YPREV;
L95 36 YPREV := Y;
196 37 Y '= YNEXT;
197 38 A := B;
l9B 39 I := R;
L99 40 SIGN := _SIGN;
200 4L R:=A// B

2 0 I El\lD
2A2 Fi;
203
204
2O5 42 IF C // B -= 0
,206 43 THEN I^JRII'E (6) 'NO SOLI.JTIOI{ FIIR DIOPHANTINE EOUATIONI;
20-t 44 S TOP
2O8 FI;
20e
2.ro
2Il 45 MULT := (C / È');
2L2 46 X := X + MUL.T;
213 47 Y := Y Y¡ MULT;
2ï4 48 If- SIGN = +I THEN f, = -X
?I5 50 ËLSE Y - -Y FI;
216 5l IF APREV x< X + BPREV * Y î= C

2L1 52 THEN WRITE (6) 'SOLLITION IS INCORRECTI
2rB 53 ELSE r^tR I TE (6 ) APREV, BPREV r Cr X r Y

2L9 FI
22O ENDPROC



I.¡JTEÇf Q>i<rrrlPREV, Y, MULT e XPR EVe YPR EV s Ar 0s XNEXTe Be R e APREV? YNEXTT X' C

I NT EG ER'i.¿r.l S I GN r S I GN

SIGN=(+l)
cALL I0SST(80ç(5))
CALLIO$iM (A)
cALLI0$ii'i (B)
CALLIO$Ii{ (C)
CALL IO$Ef\D
CALL IìPE ( APR,EV, A }

CALL þiPE (BPREV,B)
IF(.NtT. (MPCEQ''^J(Br (0) ) ) )GUTO3
IF( "NOT"(l4PCEQl^l(At(0) ) ) )GilTtl5
cALL I{.1$Sr(r44r(ó))
CALLIO$CH (28ç 'ILLËGAL DIOPHANTINE EQUATiONI )

cALL I0$tl\t)
STOP

5 CALL ívipE ( B, A

c AL !- t'1P Eil ( )( ,
CALL i'iPÊI^I(Y./
G I]T tJ4

3 iF("NOT"(((ÞIPCGîI^J(Ar(0)))"ANID"(|'ìPCGTW(Br(0))))"OR""f,lOT"((l"lPCGT''^'(A'
X( O) ) ) .0R" ( Í'ìPCGTI.J( Br (0) ) ) ) ) )GoTo7
JSiGN=(l)
GOT OB

7 JSiGN=(-I )

8 CALL fViPEI4(XI(O))
CALL f4PEt^l ( XPREV, JS TGI'i)
CALL I"1PEI.J ( Y, JSIGN )

CALL I'1PEI.J( YPREV' (O ) )

CALL t"lPE (R y ( i¡PR íA ?ts ) ) )

9 IF("NoT" (MPC|\Ef.J(Rr (0)) ) )GoToIo
C/\LL MPE(QI (IV1PD(AIB ) ) )

CALL rUPE(XNEXTT (l"lPA((MPM(XrQ) )'XPREV) ) )

CALL iVIP.E (XPREVgX )

CALL I"IPE ( X, XI!EXT )

CALL MPE(YN]EXTI (MPA( (MPM(YIQ) )IYPREV)))
CALL fqPE(YPREV'Y)
CALL MPË ( Y 

'YNEXT 
)

CALL MPE ( A, B )

CALL I"1PE ( B,R )

SIGN=(-SIGI\)
CALL MPE(Rç (MPR(A'B} ) )

GOTn9
iO CONTiNUE
4 It-( "f.toT" (MPCNEI^J( (t'1PR(C?B ))r (0) )) )G0TO1t

CALL IO$ST (L/+4r {6 ) )

CALLIOSCH ( 3ó9 ¡ IIO SOLUTION FT]R DIOPHANTiNE EQUATION¡ )

CAL L I OSEI\D
S TI]P

lI CALL tripE(f"tijt_Tr (i"iPD( CrB ) ) )

CALL l,lPË (X' ( l'1PM( X' l''lt,LT ) ) )

CALL ivtPE(Yç (lvlPM (Y'Ì'4tiLT ) ) )

I F ( . NOT" ( SIGN" EIJ" ( +1. ) ) )GOTOl3
CALL l'lPE (X r (MPrtl(X ) ) )

GO Tt] I4
L3 CALL PIPE(YI(MPN(Y ) ) )



L4 IF("NOT"(i"iPCNE((MPA((lvlPM(APREVeX))r(f4P''lilJPi'r[:VrY]]))'C)))Gt)T015
CALt. I0$ST(i1¿¡r(ó))
CALLIt,I$CII I2Tç SSf.]LUTION IS INCORRECïI i

cALL IilsÈr',Jt)
GOT0l6

T5 CALL IO$ST(L44ç(ó} )

CALLIT)SIM (¿\PFìEV)
CALL.I O.9I M ( I]PR EV )

CALLIO$If"l (C)
cALLiO$Ii"l (X)
CALLITI$IM (Y}
TìALL I ÛSEND

I6 STOP
END
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