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VAL -- A Value-Oriented Algorithmic Language 

I. INTRODUCTION 

The programming language VAL (V alue-Orttnttd Algorltlamlc Language) is designed for 

expressing algorithms for execution on computers capable of highly concurrent operation. More 

specifically, the application area to be supported is numerical computation which strains the limits 

of high performance machines, and the primary targets for translation of VAL programs are data 

driven machines of the form under development by the Computation Structures Group of the MIT 

Laboratory for Computer Science for high performance numerical computation. 

Nevertheless, it has been our intention that the language not have idiosyncrasies reflecting the 

particular nature of the application area or target machine. It should be reasonable for VAL to 

evolve into a general purpose language appropriate for writing programs to run on future general 

purpose data flow computers. 

In the design of VAL we have given careful consideration to the recently developed body of 

knowledge about program structures and language characteristics which support program 

verification. We have found a natural consistency between language design for support of 

concurrency and language design for correctness and verifiability. This has made it possible, in the 

design of VAL, to adhere to program structures and language characteristics that have been found 

desirable for ease of understanding and verification, and ease of building a program by combining 

separately specified modules. 

We have undertaken the design of a new language because existing languages for numerical 

computation have a serious deficiency: they reflect the storage structure of the von Neumann 

concept of computer organization in. that each language has some method of effecting a change in 

state of the memory which cannot be modeled as a local effect. Fortran, still the most popular 

language for large scale. numerical work, is particularly blatant In this respect since it was conceived 

as a high level notation for programs to be run on a machine of classical design (the IBM 70-t). 

Key words: programming languages, applicative pragrammtll(, medulutty 



The difflculty Witlt;, ...... that dDw ,pedficatilll,d' flobalaate changes ii that ,,..._. 
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may be -~ wJrich are very dtffitlllt or ·tmpouilllt to anatpe for parts that :may IN, .... 

concurrently. It u mpassible tn gaeraUo trw the·,_ d dala wldt lels'.dln a alllfllete ••.,. 
. .'. ,-

ti the entire prog1:an1. ·On1J with ..... .....,... ii t p Dillllle lO ... .. . ...... ..... ..., 

constraints on the aqu■tcing .of propam parts. 

In contrast. ,fhe 'fawguage VAL is at~ free of .aide dects: ach module or well '°1 med. 

portion of a VAL pragram mtli!Sfiands ·te a tnadletnatical ~ ... the .-effect of ,-u,.g 
two parts together Is to compose the ~ .ftlnc:dons. Socb. • ....... ts~;~ 

.,,,.,,__ Athaugh ...... for .,,....e laftcl-., ~ ..... ....._., army ·U.S tn the 
',. ~·- . !./ ' . ' . . 

·literature, there have ._. few 1M1mpt1 to Glllltlllct a mnplBI! and ,..ac.1 definition. This Is 

due to the difficulty of.....,... ftle apclales •... ~ apera-.1; w_ltbtn the 
' - . ' ' ' '- . ,: . ' ' ' . . - ' ~ .. 

applkatiYe framework, ad the •lltien·,of efficllllCJ of tmpJen Hit•• The -~ -- ii 

•muntered· m VAi by ear.pal d ,.W,_.fllldel ............. IDff Dlted "' .,..._ 

llftg:uages. and 9111' H11 ID ••ellp .mnputer. -atdilledlns ........ tllflr:tent ---- . of 

programs exprmed in functillna1lupages. 

The ftle update nd ..,.,..,_ ta1eS wll-lH!.llddtased tn fllture ftrlians of VAL ta whtdl 

streams of values ·wtll be intNlll•d u a ,..... ~~ fer ~ between. ,...,_... 

modules. Medutes .tflat pn,clla stma u ...- or _ _... •••• u q,ut. can be lllecl for 

~put/output pn,cases further .. the implementatlan af -----• a data._. may be Yiem 

as the prooeutng of a stream of l.'lffllWICll by a data. base •secretary• • •panttan• tnadule ~ 

holds the data base as lnlffllal data. If It ts deured to -realtze mGl'.e. c:oncumncy in ,,...... 
, , . , ,, 

transactlens, the data but may be dtv«.led Vito· parts. each With its own secr«ary moclufe. 

In developing the structare of VAL, it was.__.., for us to Jiart from a language design 

whkh ts of high quaftty. ts welt documented, and is close tn spirit to our goals. Such a langu&Je is 

CLU [I, 2l. developed at MIT by the P,.ramming Mtrhodola.gy Graap under Profmor Barbara 

Liskov. In partk:Ular. CLU is datgMd for complete canple ~ tJpe chedtillg, and tt hu a lilt Gf 

well thought-out control structures and basic data types COIIIOftallt with rnadem .prlndp~ of 

structured P1 ogrammtng. 



While we ha-ve adopted many of die ~¥Aeat,of.CW, VAL dttrer.racHany from 

, .. <;LU In tftat u,e. .. .«er.: lib ~,.,. ~ il;ab,-t......a lnsellld:•of\~.,...ottented •. ,ln 

k"f)tng with this difference, the syntax and general structure of VAL are designed to reflect the 

functional character of the language and our desire to IUppOlt highly concurrent program 

execution •. 
~ . . . , -
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-2. W,IGUAGI?: SUMMARY 

A program in V ~L ts a ~•~ of separate', t~~rt'f:?.,.. ~u/"· ~c;t, OJQdule 

· contains the. definition or one ex~I fuftction. This f'llnctta,I 11 ..,le iq an.~. ~11,t,s. of 
~•., . • ..-•·., , ~: '-<. ·_,,,;":;. f .( -:,~~.~-,H~"' •-:. ;'-,_~.:;,,_ /,· -~ .. ' . if ••:'. .-; 

tu VAL. program by use of Its name. A module may. also cantatn the definitions of lntffl1al 

functions. These internal functions are used only wjthin the ~"~ •~cr,ot ~fe·to· other 
. ' ' ~:~"'-; -' .·~ -.,,, _ .... ~ ·,. ~-;;,~ '·· >· ·, ·., -,; 

modules. 

The VAL language ls applat,ive~ t~at .~ Y!~~~: In. cm,~ to ~PY . atber 
' . .. _, -· ' , -··· :,·:· .-

.·. lapgu•~e,.,. there are no •ot,~• thought of,~ .. ~ in ~.•n.d. ~--u~te~t.
1
,~ die 

·. computat~ progresses. Ev~ arrays and record~ are ltftted in VAL u mathemalttcat .~~ .. ·, . 

A function computes one· or more data values as a, funct~ .~ 8'le or "'°" .~ values. 
. . •. ,- , ·. ,. -,, : i; :"' '., . ' . ',. :?· ,: ,. ;' '. ... . ', -... '~ . , ·. ' 

Except for tnvocattons of otfltr functtons, a functlan 1n..-t1o1,1 has. access only to lts a:,gum,ents; 
·._· • - ·: ;-···,. ·f ,-··· .. ·.-t.· ;-{ .. ·>'.·-~';U·.f~·: · - -

there are no side effects. Further, a fu~on 1'$tns no ttate tttforn1ation from one Invocation to 
•-' ' • 7:,- • • • <,: -~, ·'.•-- "\ _{..,/~;·; .. ,~'•{ .··:;./ !f; ~- :•-~~ ':·•. ,,,.·a., •'~+..•-·• • 

another; each function Invocation ts atrtctly .~ .· -~ ,~ retul1Nd. ~ .. ~ ·~ 
,. . ,, ' ', . - . . . t. . ~ . ' ... ' . .. :~-: ' . '. , ,..·._;_, 

depend only on the argument values presented to It - a VAL function. implemalts. a tr1le ~ ·.•··'.r• •. . . . . , .. . • . ,· .. . . .. . . . . ..... •. 
in the mathematical sense. 

The data types of VAL include the basic ~lar ~: ~••. in•• real, ~ cha~~-
. . ' . . • .. -1"· -~ ;._: , ' ·. ~~ . . • •; ~ . ' .• 

Data structure values are either record values or •~.t values. . !(~s have.~ fixed for~•r In 
\

0 
• ~· ' ."i, V ",' •,; , ; _• , } ,; :,". ,• ~ •• , , • 

which each field has a spedfled type. An array type has an integer Index set and its components 

are of arbitrary but uniform type. Data structures of arb1trarJ depth nay be ~ nested 

array and record types. Union types may be formed in wltich tap allow dbcrlmlnattan among a 

specified set or·constttuent types. 

Each data type has Its associated set of operations and predicates. Array and record types are 

tteated as mathematical sets of values - just as the boolean, integer, real. and character types. Tlie 

operations for arrays and records ate chosen to support tdentiftcatton of concurrency for ~IIP,ltkln 

on a highly parallel processor. 
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Programs are wrt.~ using the ASCII character set. N9 •conaror cha~s ~ber than ~ 
~ ';',i, __ ; ~~~',! .. , ,/,, .e;;T'. ;_ ~; , "t\:•• 

and newline are used, except in cflal'acter constants. ~-~~ ~· •~ .. ~tian and 
' -. . .• ··:·- .- ... - . . , ·.,. . ~ '-· 

punctuation symbols. ~I and integer n~ character strt~,_.Nd .._ and ~-

The operation and punctUa~ syn,,ots are the following: . -~ .. " ' ;.>~ ,. 
+ * I I le 

'i' 

u < > II: 

.-
( ) [ ] • 

An integer number ts a sequence of digits without a decimal point : fl. -~•. number is a 

sequence of digits with either a decimal point or an apanent Reid. An apanent field Is the letter 

•£• or ~e•, an optional stgri. and one or more, (\.its. 

A ch~r~cter constant. ts, ~ ~gle c;hara,cter fl!Clo~•t '9. SUQ,i~ . A ~racter Str~ 
. ,., .. ; 4, • . :·. >·.' A-' • .. . ~ '.; •.. "• -~. ·; ·. . . • . ' 

' .CClll~nt ts .a ~,ng of ,?e,!'9 ~ ~-C~!&~S .~tc'!~~t~ ~-r~ •, .~~ -~ ,o/ ~ 
ta~la!e~.~ce ... newltne, pe~.~ ~U"-~Jh•~:,~,t ~!'-. Aflot,lb~:.~ 
may be placed t~. a ~l'i!'J by ~~ ~ d~ .-, ~: 

A reser~~. word is a word th" •~fS_has a~•-~!~!\~~ words ma1,.,~er be 
•., ' • ',- , ,, ' ~. '· • r,,. . · .. ,-,. ~ ; ' ,'. .. • - ,. . '; "( 

used in any context for other than theil.' spt!Cial ftll!IIIHM'. Re,erffd ...Ss. tn progr;arn examotes ~)~.~:: -~~-· .• .. ', .. ., . ,-_->··~ :.":. ,; ~·· ·.: ,;t,~. ,: .:~~. --:." :,~:7:;-;:;, ~-_:·,·" .--. \;~_,.·:;,~1 -.,.,J --.. ·,· ·- ·. ·,: . -:~ ';;~·.,~f-T , 

and In the syntax ue printed tn bClldfece in this report 
• 

The reserved words are: 

abs do if over• 

and .... in plut 
,, 

arith_error elseif •. 1-,J...- '""~It!" ... 
array endell ii .PM~ 
array_addh endfor lier rNI 
llf'T8)' _ ... endM let r..-cl 



.,,.,_..,., endif 

.,,.,_ .... y ...... ...,.,_ •. .... 
ana,J.lin, ..... 
arr-,....,Jiia: • .J .,,.., 
•ra,JiMJ, ..... 
array_r,_. . .. 
arTaJ.X.• Mtemel, 

•ray_•etl , .. 
.,,.,;... .. , .. 
booleen forell 

c:baracter fllllction 

COMltuct 

... 
ffl8K 

• •• 

. _; ···;··· ,_,, .. ..... : ........ ;. 
~~''"' 

nil 

nuta: ..., 
a,, 

otlerwlM 
'), 

......... , . 

retuma-

t• , .... 
.•, 

tu 
type 
undef 

under 

A name ls a .seqqence.ot leUers...cUg;b. and u. · ·· .. ·. ' .of·~,tlltr1'btchatac&ermust be-ca 

letter. A name ma.y not be tbe ·same- u a raerved":woal. A name tMJ.be;u• as a value . ......_ a 

Nnct1on name, a:dellMd·t,.-....._.a,nalfll,·ftiil,~Jr.·a,il1et':ug:~·- ·11Ni,e ~:aft· 
have·theirown.mechanba.roti:illllsM 1aaW.ii..1111l ..... i'.~1may:bi~~-~-­
annl ·or thea~ ....... 'hf.~-- a.,·'~--~,wi ~; .;__.-~. 111 a- ~';• 
spedficaUon or reaml .,..,..._..._:_.~~":~.;,~z~.-{~..; ~-. .: t• 

U~ and.lower case letten;f1tnamaancLrearriclword1·•~--~, but aU-11111 
> • 0 ', ' _ '• 

0 
_,.•,,:'' ; ·"•)~ J•>'1~: -~1r,f ;,•.:i::f 1 ·;: ,', ~._:,:, C, .,, , ,~~•:,i._/ 

or. a name·0t-Te111ved wont must. haveQIIIIUllnt·~.-...~ Nam may .,..,ot.:ay,:na1anallll· 
•. , --·1:r· . c.. . . . . length. ·•: . . . . 

The separating char'Mtm · spac:t.· tabalate; ancl ne.wline ar:e equt¥alent (exaipt in· deliintttnC 
• ._ -~-'~~, I , ' 

comments), and may appear anywhere except witfdn a preg~ ellmmt. Henat; thef. may Mt. 

appear within a.number or between, the dwattlers of"·-ttwo c~rac:ter aperadoll aymbll audt'·U- >• . 
. __ , . ~~, . . :- ·: -~ <}:t-·1 :~1 --~ . ::, ·r . _ .. ~,, 

A separating cllarader t1 required om,•tietw-~adjiulmt eDllllla8tl, ....., or reNl"Yed words. hr 

example, separati111 characters are fflllllrecHo:dlltinptlh t~ P..,. conllnlet "ff· p then 3 .._. 4 

endif• from the name •,tpthen3ette4endif•. ~ .... ~ not requ~ nat~ ~·~, 1 .._or 
. . .. , ·;,;, 

punctuation symbols. · 
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A comment begins with a percent sign and continues to the end of the line. A comment is 

equivalent to a space, and hence may be placed anywhere except within an program element. 

Examples of names and constants: 

ABC3_Q 

34 

.3141593El 

2.718282 

5772157E-7 

"abc""def" 
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4. VAWES MIi UPD 

The tnpurs. and .outpua..of YM. '"I!•••• .. •:~_....__ l'he,llllim.t:qllel:t•••·-er 
Yalues,that·na,he,p,191111ito.;•,,....llll.fllf¥M,,, ..... ,.,tfle, ... ,d ___ )IM,... .• 

value domain is s.ulldiv.ted 1nta JI 11mt daj,1• ·aalld•••• ttwat. • the< ._ tJ,e or YM.. 

There are lmfc ~ wMclt .._._ ... luRtffar·.., .... af •nt••••-. --. .t!Jl,n· ill 

the form-of arrays aad,1!1118fd&u.M1atly~dllt ta, .. ,. .......... er ••P • ffllll;:aad 

dtta1miftaled 111ta. _ _.,_ 

4.1 

A type spedfkattan In Y A:t ft'. &'SJIRlldK antnlltdat rpetiflaa data tp; 

t,,.....,.. U'•---• .,. , ........... ,~ 
bask-type spec u-. t1111;J:cr.111,. pat, e ~l'!lllt i\c11 .,. .. ., 
campaunrkp.spec. u,.-.•ttplpld 

~,....t~ ,;~,.....11 
I --,;t,tac...-::f: ~,1111,.-JJ: 

field:...- u,•· fietd"IIMII~ f, fiell: llllffll: }; : t"'6 spec. 

tag-spec: :t:• tag-name_{ .... ~}{: ..... ] 
fieldioftame a.a.., name 

twrn•me:-·u•,natne­

type,:-name· U • ll8ffle 

For a basic type. the:' spemftcatkln -ii• stmply the·· name of the type. Far a ccnpaund·- type, the 

spectftcattan comtsrs ot a,,,,,, «lfUlnldltl gMng. ttae_,.. ot lk • ...,._.. tp. Mia eri bJ t11e 

necessary addkianaf lnf'ollMdan witlitff:bracktta. 
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The array type constructor gives the type of the elements of the array. 

Exafllple.s: 

array { tnteser ] 
..,. [array'.(, ... )) 

· The ·record tn,e construttor ·pes:ttte.• W MIMl • 'the type ....-.d· with ,eaclt fteld. 

The field ·names ... wtthftJ lflf ,.,,. lj,«tfkatton·n•n.e dtltina. WfMff lirYifiJ w , ...... 
•re listed with one type. the fields are an of that type. 

Examples: 

record ( I, J: intepr I TEMP: real J 
record ( 1 : recanl ( x : array [ boolean J I v : character J , TEMP : real J 

• '~; -:·'.· . • ~} ·; . • • j. '., / 

A .tJatn,e.,. ~l .be llMd u a field n;une ~ ,.S: ,~J ~-Jl1'Pte .~t • ,. -"""• ~) 
, , • ,i •.• , ,,. · > '•c' · ·:. ,,•·· !'c 

wtthc;lut cx,nruct, since it.isiltteq,r~ ua field-.~ illtht .. ~ ~ .• ...-.Jfl . ..-,cl 

operations. The same field ~ctl,aJ 1-. .~ in .~~_....-d •twtcW~ 

T.~ oneof 6.mtonhp .~ctor,gtvei tJM-~ and ~tp ..... ~. With ,each.,. The 

tag names ~at be distinct. Where s,v,raUag .-.~ l#tcJ.,,..,Qlle _.,_. tap ~.~te 

that type!. lf.thecolonantlfollDlria,&~'.~~,~.~-di,P•UIIQICi.. 

Examples: 

oneof [ LP, DOWN. LEFT, RIGHT ] 

oneof C FIX :' lntepr , FLO : real J 
oneof c THIS: array t lnteser J; THAT, TJ£_OTI£R: record t c: reel, o: boolean n 

As in the case of field names. a tag name may coincide with any other ,... wltflOilt tonflkt, and 

the same tag name may be used in several union types without Clallllltf · ·· ' 

Any type name used as a tn,e specification must be deflMd by a type deflnltian (lee Section 

4.6). 
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4.2 Value Domal111 

Each data type is a domain of values ,as described 1Mlow. As .wt1:1--,teen. tlch .data ~ 

includes proper elements. nd error ...._ -wltidl __, u lte,~ftllllt~ . .r •; ••••• wMlrt 

computation of a proper value of the type ts tmposalble. Each data tp ls further charact.eriud by 

.thesetofoperatianl,thatnaJN;...,J .. .,.. ...... ,...__,,dle,tp. 'the< ......... 

for each data type or VAL are defined m '--·' as • ...... ,,_... .. , dial· Qlllnrt 

values of one type into values of another. 

4.3 Error Values 

The error elements are included to support the unusual treatment or exceptions adOpled in 

VAL as discussed in Sections 5 and 7. The ·fufl name ef an error value '.•suts of an er,or name 

ro11owed by the ·type spedftcattoft endased Jn t,rama,· f« aample·_,.JI ..... This is 

because efffJ value, tnduding a1t error nines.. tnUSt' .haw a ••ill• type. to. ,_ ~. 
zero_clvlcletretil} ts .a dfffennt valle ftilm zero..Jlk.....,_1.trl' , 

Two error values a:re ~• or fffl'J data -. tie ele,_lt ~] resu1ts when 

operand values are 110t in the damatn of an . .,-, Wt...,..;, JI the· ffldex of a11 ffi'aJ acx:ess 

operation ts outside- the range of·tht array: 1lle ~·---•,.pil ffldlts ff 1tie mdex Gt an 
array access operation Is wtthkt thearray range,wtMdata value.-ataat iftda. 

4.4 Balle Types 

TAI Null T7pt 

proper elements: nil 

err« elll!lne11ts~ .. 1nu111 .... ....ettlftullJ 

The null type occurs in a dntinptshed union (OIINf) type where In one or more allem&U•• 

no data value js -required. 



T le, Bool,an T7p, . 

proper elements: true. fal• 

error elements: undeflbooiteeftl 11111• .... eltlbNINftl 

TM lnt,g,r r,p, ., ,. 

proper elements: The integers between some ltmtu whkh are 

implementation dependent. 

error elements: undefflnteaerl mi11_elt0nt..-1 

po1_over0nt....-l 1MtLoverlinl...,l 

tntnOWIIOntecerl z~"!'~¥itllllhll.-,J . 
• ,'·• : ,. - 1 ··_t1)1':>.~~ : . .,r~·1 ~·=t · .. - ·xff~(::~ :1 ~. ·--":(¼~·-

The e~ts pos_ov!f'(lnte1erJ and ft8Lov-ontep) ~· dlat ~ inlepr Yalue ts 
,.-~\.•t': A··· ;,; :? : 'TC'.~ • --~ ~/1~f\--.,,~ ~-~;; · ... _:: .tr•>t~, :;(;(.~ . .,,r1 ~~'.)~ .. ;· .::::?f?: ···,•,<(·:\:;: 

too large (positive or nepttve) to be represented· In die .,........_ The eleltWlt 
t ~:>r~,:,-,c; 

unknown[iftteprJ indicates, the .result of a ~ that hu ~ the capactty or the 
:,;,,Lt ·¾:;r--· . ·r_-~·r . .1 "- ; ?:;--\ -~. ".; :";;<t ;¢:,.•,~} 

implementation, but whole true value ts not known to. be out or range. The elemalt 
~ ·' ·;:·~:.;..~, :>~:- ;r ~ ~~- f ·>."'f~.; ~- ' ~:~~,. , ::· "_'.'.· · _'., 

zero_clvide(intepr] tnd~tes the resuk of a dtvuion !>' modulus aperatlan wkh zero diYtlar • 
• • :-:··-· ~-~ a;.· ! • --: --~ ;_,. i;: /.~.f:=:<·:r.~; . 

Tit, RHLT7/)t 

proper elements: Floating point ~ or real numbers :•, ~- -:-~r- rJ;r [·· :1v~"\~:·~-~~-:;.,_~:~".:,,' 

including zero, with some expontnt range which is· . 
implementation dependent 

error elements: l.lldef[reell ni"_elt[reell 

pos_overCreell ML .. -C,Nll 
~ . . - ~·--

pos_underireail ML ..... eall 
unknownCreall z•o~&~;..1: 

The elements poa_over(real) and t1eJ-ovwf'9"'J indtcaee that the real value ls larger 
,-. , .' ·. v ¼i ' ;_;c,·. •.; ; .: _ifi~f ~-~?;:;'~ _, • ~i{-r: c' ! ••.~•;•;,',f•:•;.-;, , 

(positive or negative) than is representable in the floating point method or the lmplemlntatton. 

The elements pos_under(real] and MLundertreal] repretent non-zero value too sman In 

magnitude to be representable in the floating point method of the tmpl1me11tatlon. The element 

unknown[real] tndkates the result of a computation that has exceeded the exponent range at the 

implementation, but whose true value is not known to be out of ranp. The elemat 
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zero_dlvide[reel] indicates the result of an attempted dtvtston by zero. 

TA, Clearact,r T7f>t 

pn,per ..._.ts: The 121·dlaractert oft• ASCU cllmder·-. 

error elements: ........,__.1............,1 · 
4.5 Compound Types 

For each data ·type.cW,med,.b.y ... v·AL tp ~ T.an,_,., .,,,_._, be deftMd 

by· the type tpedftcalfon · 11T.,n"l 
I ' ' .. 1 ~ ~, 

proper.~ A preper ,a,:say ..... in . ..,. [Tl._... .tf tWO. 
-~ ~ ' ..... 

<<O A T8f' <tO .. ·Hlhwre Lo • HJ ue •·•• •and 
~. '.'.' ,,.._~ . -" :, ' 

W ~ HI·+ I. Thete ,;IU · ·iltduSiff . ....._, on the .,._ 
~ - . ~ ~'":: ·~ '·'. '", . . ,, -·/ 

elements. If LO .. HI + I the array haJ "° -•ts. 
(2) A ~ of HI ... L(l + I elemalta, al type T. 

error elements: lfffJ Jrt'lf ·:type ~.arra,JTJ ._..des dltc . ....._. 
:~lftd' . ._~,1r·· . · ,:; 

•'· _, 

If t1, ... , tk are VAL type ~ and ~l• ... , ."k. are clllUnct ...,__ then 

record [ n1 :. t1 ; ••• ;·"tt; tk J spectfiesa r~ t,ee: · 
praper elements. Each proper value of ·the rtmrd type is a tet of .k pain 

{(n1, v1), .. •J (n_, ¥:el)) w~..ch .~t•~.~ or~ . 
• ·. , ' ,, ·-'~ • • - ; '::,',,"<f ·> ~-,, .,. 

error elements: &nleff.Tl ... _eltffl where T ta die na,rd type 
•"': C S > ~ ; :• •~ ;;~;;. l'! r • • , ••·· 



Unton T7p,s 

, ,,~•.: · Each,mnent. 'l7f a Union type a• ellm• of cine of ..... tlOffltllNlt tpt.-l~ted by 

i"t& tag •-.MdrUhdicatlS- OOltltiaaenUJl'e'lront'1fhtdtldlla!IMl•IJJflf taka<lf t1• ••• , 1t( 'SM type 
,;speclf.icmilana. andirn:1, .. :.~"·are~~ tllaJ...,,f;n1 si't, ~ •• s'ftr(,t tk l spec:1,-,,a 

.;,lllriGR... ,~ 

·,~,' . 0pt'OpH fllements:. Eadi PfGp11 .._.,,,tbe,--~-,,.11 a pa1r -en.-·•,> 
...,et~. i ~ t,afld vi t12aa~d'f-

error elements: undef[Tl ml11_elttn where T is the union type · 

's,niax: 

type-def ,: : • lypt, uee-name • type-~ 
'• , , .. ' . : 

A function definition may contain a number of type definitions whkh spectfJ 

~prbgt-am~nllmed types used tn the ftlnctt6'it; tacit ffl,e ~ lipedftd ihat a ·:rn,e name 

itemites the 'type· represel,l8f l>y the gtvadw,t spedtitidad. The 1JPe lpectfkatta1f pa11 of a ~tfi,e 

· def11'l~ ny con1ttn type. namesdfttect lri ~•siflltor _.. ~ Recursidfl and ·mutual 

· :remtston ·are · permiited ttttype definitions: Such ~ detinfttons,.,~, used' ttr mnstruct data 

· typej dRtiposeih,r array w ~striJ&ores ot'6nfna1taf;~h. · -1' 

Example: 

type STACK = oneof [ empty : null.: efetnetlf1 NtOfdtVllue : ---, i 1'8St : ST~ )] ; 

The name of a defined type~, .. ~,PMd &f\JW •. ,!hat• lJfth~• ts peqnitted, e.g. 
• 0 H ~ ' ,: • " • 

as the type parameter for constants such as mi11_elt[type-specl 
' ' 

A name may be used as a type name and as any other kind of name without confflct, ltMI IS 

is interpreted as a type name only in well defined contexts. 
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4. 7 Equlveleace, of Type Speclffcallou-

Type theckmg · is performed .t,y tht. VAL ~ bJ·--, tut the type fJf,. each1upression 

or subexpresston matcha" t'- ,typti·,.trfdr'*-'t•••;. ifkwldah/k-_,,.,&, . l'!tlrtfpe''af ·Ill· 

ex,ress1on or subaprmion is,dela'lllfflcdby ,tacamp11lllll't frani ~•aid :ellln f Nry•terms 

as described· in Sections 5 and 6. Thwmwt matdi· thtt type requireu,, tts context: an .,....,nuo 
a funttton must ma&cb· tM"t.tptnmt tp,tndkalllCUn1• ,_._., . ......._ a,ed an expression 

on the rtght hand stde of a deflft....,-(sirt«tilft· 7.2)·111tat:fflltell *1dedlred' type of t~ name on 

the left hand side. 

The necessary test is to determine -if. two. type ·specifications are lfJUOldmt; that is, if· they 

denote the same type. Two bask• type specifitatielts are ·equivalent tf they are the same. Two 

array spedfications are equivalent if their element typn are equtvalent; Two record or oneof 

type speclflcations are equtvatent· if their cert~ ffl1Milt''Cililft,\tllill11t •typel ot • CCJIIJtitUent 

types are equiva~ the order in'whkh they •re·11Hted is net··stgatf1&nt A. dlfiMd'lype naMe ts 

equtvalent to the type appearing ott tht right hand side of its definttien. 

A c:ompoumi type specifitaUon can ~.-wsualtaed. u a.-tree ..... noda.are ~ .,...,, 

record, .or. oneof; wh~ ara from record or,......, nodes._are tneled wttla field or tag,~ 

and. wllose· leans are bask types. f.qui'fl._. c=- .,.,._.. .. ___ ._._c,fctbis ~....,..,..._= 
Two type spec:ificattons are equivalentif their trees.are~ "'l,MprdJng;the-order-ofan:s. ,If 

a type specification uses recurston. this tree is .. inftnit,; .two .such ~ •re-eqtd•aJmt• if _U.. 

inflntt~ trees are identical. 

Examples •• assume the following .tJpe- definitions: 

type MM • real ; 
type STACt( • oneof [empty: rut; element: ITEM]; 

lype"fl'Bt,-• ,_.d'f VMUe : rel1'; rftt: STACK J; 
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Then the following pairs of type specifications are equivalent: 

real (A defined type is exactly equivalent 

NUM to the type that it is defined to be.) 

record [ a : real ; b : integer ] 
record [ b : integer; a : real ] 

(order of fields is not signlf icant) 

oneof [ empty : null ; element : record [ value : real; rest : STACK]]; 

STACK (The (infinite) trees implied by these 

type specifications are equivalent.) 
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5. OPERATIONS 

In thls.~ ~spedfy the:-.SQf; ....... -,plkali!"toactldata typeof'VAL la the: 

ecamptes or nora~ P' .. <t,...-.•;•1•· ~J •. llllll'1tr.lntilpn;• x· aftd·Y ,-. natt. c. 
and D for cha.1.-1.wA ._,.,JftMr--,s;·R for ...,....,::t:t•---<~:~·<a11c1 V rot 

values .of .arbttrary'type. 

5.1 Error test, 

A number of tests are pnmded: for 'lfnll"..eliwwnts. The rollit IIIJ tltn!it,·are deftlled for d 

types: 

operation natatiall• ..... lity 

teatforantef, i•1,1 ~•IYl any: .. ;-

test.ftlrfflia.;...et is;~ .., .... _ 
tat for aR.erron laerrer(Y) any -+l!s!!t 

The tatJs er.ror: ts saUsftea.by al•fll'Gr fflael. for the: type·••.wldch it b appllild! •def, 
.... ;.;;.ell. and any other emm IUdt u ·zero_cl.,.··-that· extat .fer that ·typ,. Addaianal error 

tests. such as 11 over. are deftntd belaw for certauuypes. 

AR error test operations always rttuffl true· or flllte; llffff • errw ftlue. Tfiey .ffllll('be 

used for testing for em,n, ffl pretwence bHhe·eip1111:f. · (ec •. "X .•. 1t1111111a111• , .... the 

taner·returm ~---x·,tsanenw ••• 

5.2 Null. opentllona. 

The null type ls used to pnwtde a caa· in a .unieft type for which- the·•••· Is trrelHnt. 

There ~ no operattans.for thb type except thecemw._. lsi....,. 1- llles_elt, aMI I•~..,_~ 



- 20-

5.3 Boolean operations 

The boolean operations are the following: 

operation notation functionality 

and P&Q.. bool, bool ➔ bool 

or P IQ. bool. bool ➔ bool 

not Np bool ➔ bool 

equal p = Q. bool, boot ➔ bool 

not equal p N:Q. bool. boot ➔ bool 

test for undef is undef(P) bool ➔ bool 

test for rniss_elt is mise_elt(P) bool ➔ bool 

test for undef or miss_elt is error(P) bool ➔ bool 

If an error value is an operand to a boolean operation other than an error test, the resuk ls 

undef[booleanJ. 

5.4 Integer operations 

The integer operations are the following: 

operation notation functionality 

addition J + K !ru, int ➔ int 

subtraction J - K !ru, int ➔ int 

multiplication J * K !ru, int ➔ int 

division J / K !ru, int ➔ int 

modulus mod(J, K) mt int ➔ int 

exponentiation exp(J,K) mt int ➔ int 

negation -J int ➔ int 



magnitude 

maximum 

mtntfflum 

equal 

not equal 

greater, less 

greater/equal, less/"fU&I 

test for pos_ovar 

test·for ne1..;.over 

test for Y'lknown 

test for iero~clvicle 

test for pos_over -er •neg_••• 
test for pos_o-.er, ...._...,, 

.unknown. or zeroJl'fide 

test forWlClef 

test for min_ett 

• for IMdef, fllin...;.elt, ,-..,....,., 

-21 -

,ebs(J) 

mex(J,K) 

min(}. K) 

J=K 
J""'=K 
J > K,J <·K 

J >= K,J <• 'K. 

is;paa,_.over{J) 

is :NL;over(J) 

la.~) 

is,,2-~) 

ia:ll'tllf'O) 

....... tlfflll'(J)' 

i•Ulldef(J) 
istliu_91lU) 

fl,Wf!Dt(j) 

nq_ov•. unknown, or uro_•wie 

int-➔·tnt 

!!!, tm. ➔ ml 

!!!J,.f!!!. ~ int 

j!ll, m! ➔ 'ID!! 
•i!ll,!m. ➔ I!!!! 

mt, !n1 ➔ I!!!!! 
m!,m! ➔ lm!I. 

mt ➔ beol 

mt .. !I!!! 
int ➔~ 

mt➔ bool 

., .. :JIil. 

JD!➔ :l!!!l 

tm.-+:f!at 
·!!! ➔ hool 

i! ➔ ·f!!!t 

The error value zero_divide[intepr} may molt from the division or mudulm aperattans. 

The error values pos_overfintepr] ·or ~] may result from the artttwMtk 

operations if the resuk exceeds the range of numbers representable on the target computer. 

If the error value· undefflntelerl min_eltlint..,l or zero_cltvicleOnt...,.J ii an 

operand to any integer operatJan other than a11 · error test, the result Is undef or the .~ 

type. 



- 22-

The tnteger operators have the folloWing special behavtor with respect to the error values 

poa_over, neLover, and unknown. These rules are of course symmetric with· ·respect to 

exchange of the arguments to +, *• max, and min. These rules do not apply lf any operand ii 

undef. mias_elt. or zero_divide. 

la. pos_over + J • pos_over if J ~ O or J • poa_over, 

Wlknown otherwise 

lb. MLover+J • ne1_over tf J ~ 0 or J • MLOY81", 

unknown otherwise 

le. ta1known + J • unknown 

2a. - poa_over • neLOVer 

2b. - MLover • po1_over 

:· 2c. -llhknewn • unlnawn 

3. J - K • J + ( - K ), so, for example, by rules 2a and lb, 

J - pos_over • neLover If J ~ o or J • ft8LOVer, 

ll'lknown otherwise 

-ta. J * pos_over • neg_aver If J ~ -tor J • MLOVer, 

pos_over if J ~ I or J • poa_over, 

• 0 if J = o. 
unknown otherwise 

<fb. J * neLover • - O * pos_over) 

-k. J * Wlknown • o if J - o, 
unknown otherwise 

Sa. J < pos_over • true unless J • poa_over or unknown. 
in which case the result is undef 

5b. heLOVer < J - true unless J • fteLOver or unknown. 
in which: case the ·N!sult is undef 

The preceding two rules also yield true if the connective ts <•, and fatse If the connective Is > or 
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>•. They are also of c:oune. ,,..._h: wteh ....-.•·tsdl••--.iMP•••••"'"__. f/1 

the CQIJMCtiYe. 

&a. abs(poa .. .,.,) - ••••1-:ww) • ,-_..., 
6b. abe(unknown) • ---

7a. mex(po1_over. J) • ....,..,. 
'1b. fflin(pos_..,.., J) - . J 
7c. max(l'l9Lover,J) • J 
7d. llin(aq_fta",j) • flllLOVet 

7e. ........... J) ...... .. 
7f .............. J) ...... ... 

Other than theall9ftwea.tf-,ap11Hdtoa illlllpl .• :,11t1,n llhlr: . ._,....,. •• 

an error value. the-rea11l u -~■f·Gf die..,.. ... tfpe. 

5.5 Real ....... 

The real operations are the following: 

operation ftltldleMlly 

addition X+Y rm m1 ... !Ill 
subtraction X-V .-., ... 1!1! .. m! 
multipticatton X•V ....... 
division XIV , .. ~,-
exponentiation up(X.¥) j • \ ::111f, 1!!1-+ mt 
exponentiation with Integer exp(X,J) l!!ld!l ➔ m! 
negation -X m!-+flll 
magnitude ---) ml ➔ ml 
maximum ~.Y)._ ··!!IILl!ll<ot,ml .. 
minimum flH(X,Y) mll!!! ... 1!11 



equal .... 
1.-.ter,,_less· 

gr.ater/equal, less/equal 
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X .,,,y 

X > Y, X < V 

X >• V, X <• V 

it ,-_cwer(X) · 

isneLO~) 

ls poe_~X). , 

lsnea_~) 

ralral ➔ I!!!!! 

, t!&tm•lm!, 

·•mt~,lgd 
,1111,m .. ,taJ. 

, : ,-• .. bool , -f.1111. -

m:1 .... 1 
.• : .. lm!zl_ 

test for pos,...9¥er 

test for neLover 

test for poe .......... r 

test for MLunder 

test for unknown 

test for zero_divide 

is unknown(X) ·" , , · ¥ :-m! .. !la. . 

test for poe_over or "8LOVer - is over<X,) 

test for pos_under or ReLunder 1, ·. . • X) , 

test for poe_over, neLover, is ...,._~) 

pos_under, neLunder, t.mknown. or zer•..A•; 

test for undef Is undef(X) 

!'.B!~!!!!l- ,., 
!JI! .. 1!9!i. 

, _ ... ,...._. 
_,, ,,Q;:11\. ~ 

test for rniss_elt Is miss_elt(X) !'.Bl .. l!ml 
test for undef, miss_elt, pos_over, is error(X) 1111 ,. l!!lll 

MLOVer, pos_under, MLunder, unknown. or zero.Awde .· 

The error value zero_civide[real] may result from the division operation. The error values 

pos_over[reall nq_overCr..al-poe...--,:rull ·•· .......... c,aatl may fJ!SUll: from the 

arithmetic _eperatbu tf the rauk exceed• t-··rantfi! of .. ..,,.. rtpNlllllfllllWe on .the target 

computer. 

If the error value undeflr-.11 min_elt[r~all or zer♦..,.4,lde(r"IJ JI an ciperand to lltJ 

real operation other than an mw test, lhe molt .ls undef Qf tlM 111PN.Pflate type. 
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The reali ..... ~ the fallDwtng lpldat . ...._ WIii NllplCt to the em,r -­

pos_over • ......,_1 •. ......., n. .....: an c,f, _,. .,...,l&ne .. 11 ,uc• • 

m:hang.e of r--=••PR!l!!lds.(• +,-. --•••n Tfale·ndlllde.•...., W •r-111 •••·11 .. , .... _..~-~ 

et I :■tllR ~allsr.-
lb. . fleL.ovr+-1l •. .._...,. fPW:~~x • .........,a?11C)r\1ln; .......... , 
le. 

le. 

If. 

tg. 

lh. 

It. 

IJ. 

MLUlldlr+'.X • X ffX ilf''~1f41rl11 ..._. ··•[•., 

pos~~♦.,,au tdsr - pet,Jlflll: · · 
....,., ... ,+a...,. 
,_._..... • n LL ,., • ,_,..lfllilui' •' 

,.._. Ja·+:o» ·- ,-:.;.tllllllr' 
~..-:,_ . ....,....,. 

2a. _.,.._ ... •., _.... 

2b. -t181-""" • ,.....,...,, 

k ;.;,-a,nda·•~· 
~- _ ............. ,.._..... .. 
1 · X-¥ • ~if..(-Y);SOt,fW•••li,'flrf•.....-.-' ., 

X -~···• "9£..,... --~-•~w!J•■E!ll .... 

.t:ewn· Glhlrwt• 

•• x--~ ......... ,,'~ •·'!··~-r .......... ; 
,-~ ifX;~~-, ........... -i·. 

0.0 tf X • (U), 

........ otherwite 
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-fb. X * nq_over - - (X * pos_over) 

fc. X * pos_....., • nea_under if -1.0 ~ X < 0.0 or X • lleLunder, 

pas_....,. ifO.O<X;f,te•·~~--- _,· 

0.0 if X • 0.0, 

unknown otherwise'' 

4d. X * nq_under • - (X * pos_under) 

4e. X * tl'lknoWft .. ' • 0.0 if X • 0.0, 

5a. 

5b. 

.,..nown otherwise 

X < pos_over • true unless X • pos~over or unknown, 

in which case the·'~k ts l.lldef 

fteLOV* < X • true unless X'• NeLover or .......... 
. ln which case the resuit ·1s· unilif-· 

The preceding two rules also yield true If the tonneetm ts <•, and falN If the aJMeettwe ts > or 

>•. They are also of coune symmetrk with respect to exchange fl the arpments and reversal of 

' 'the connective. 

6a. abs(pos_over) • abt<neLOVer) • poa_over 

6b. abs(pos_under) • abl(neLunder) • pos_uniler 

It. abl(unlcnown) • Ullknown 

1a. • ts_ovar. X) • pes..;.:over 

-·'7b; Mill(J,oi_ovs,X) • X 

7c. 

7d. 

7e. 

ma>e(MLOVer, X) • X 

min(MLOVer, X) • MLOVer 

max<.....,_,_ x> • unknown 

7f. mh(unknown, X) • unknow,1 

Other than the abpve cases, if any opej'and· to a real operation other than an error teat la an 
error value, the result is Ulidef of the appropriate type. 



The character opel .. l aretlll-..f1U11•qg: 

operation 

equal 

not equal 

test for undef 
test for ___ elt 

test f~ undaf or .... _ell . 

C""•D 

•~l .. 
i•.-~ ... ~. 

- -.· - ,-. .t"", 

.. ., -~ Jrat 
:sl&mt-+11!11 

. ..... J. 
-➔1!!!1, ·,. ;_':t_, 

If an·~ value as. an ,aperand;t.o a character·.,.... . .._ .... ao emar • t11eJ•~~ ~ 

undeftchar.acl•l 

5.7 Arr-,..,...._ 

The .,...,, for the array data type sre,(TJ ••••·catiaft,ef tftlW,....,._ MleEdlln.. 

prodtldng MW array ..... .,, ...... tonlfNIRlhb -- ..,.., ... and cadlblfttng . .arrapt,y 

concatenation. Recan that an array value CGIISiltl at.,•---•·::Willld)tt,j•·-..-tlaO. a ·hleh 
index HI, and a """a of Hl--L'O+l illlMrits··fA Ille_.. .. , ... :.ef;~...,_ •1~11Je 

••-•m 
operation. 

create 

create/fttl 

select 

append 

create by elements 

index of hJghest 

notatton 

err-,..;;.empty[T] 

~~·V) 

~fJJ 
AU: V] 

0 :VJ 

arrayJklh(A) 

fuffl.t:1111.tlJ 

➔ u.w.C'J1 

JIL!ILT-ttmllT] 
- .' -· ·. -~~ '. ., - . - ' 

. -~mdf'lim.-tT 
mum Jm, T -+ I.IDIJ:fl 
i!!,T-tmuJT] 

.mu.tTJ ➔ i!! 



tnde"' of lowest 

numberofdements 

setbouflda 

extend high 

extend low 

remove high 

remove.low 

.. low limit 

concatenate 

"-P defined elements 

test for llldef 

te#forffliss_elt 
) •·r ~ ,. '.• ~•k ' ~ 'Jr,:• , 

te.st for undef or niss_elt 
' . ~ ' . . 

array Jiflll(A) muff] .. Int 

array _eize(A) muff] ~ Ill . 

•ray -•~J) , ·~•11!l ~ ~ .... 
array~A. V) l!DJlTl T .. mu.(TJ 

array _adcl(A. V) 

wrayJemh(A) 

•rerJ~A) 
array~A.J> 
ARB 

.;,?-

array _Jom(A. B) 

ls undef(A) 

it nill elt(A) 
' .," •~:i. ,,:., .: ': 

11 err.-(A) 
: ":~ .. -~ : ;. 

l!WfflT ➔ !!I!IJ1) 

m.urn ➔ mu.(TJ 

~, .. ~; 

·~J/P:;~ 
\i~~l~r,.-,~i:,~J3/ 

muf.Tl m.urn .. mum 

l!J'.UlT] ➔ gf_ 

l!Ifi.T];t!ls!slJ. 
~ , " 

-~➔,. 

In general, the resuk or an array operation Is the error element ll'ldef or the appropriate type 

if either an index operand ts an error value or an arraJ apnnd if ...., or,----~ T. 
remaining cases In whkh the result Is an error are apedfied NIDw ror each operation. 

c,,.,, array_etnply[t~spec] 

This ts actt1,tly a constant. It is an array of the t,ldkated type. • .._. ,low index ii -~• high 
. . ·. ~: ' . - ·-,. , ·- ,' . ' " . 

index Is zero, and whkh therefore contalm no elements. 

Cr,at1/flll array _filt(LO, HI, V) 

This creates an array wi~h the given ~~,~ ~nd a.ft elemellt:'. ~•: to the given value. If 

1,.0 > Hl+I, the resuk Is ll'ldef(array(Tll This operatian Jieldl a praper arraJ even If V II an 
error value such as l.Sldef or poa_ovw. 
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Example: 

arrayJHIU, 10, &) 

ta all .,,., wKh 18 .......... .....,., 6. 

• This operattan ytetm 1he element of the array A.at index J. If J ts nat Within the ,.. of the 
array, the resu1t ts und&IU 1 · Otherwise. kr.e1111t-n·wha••• ftlll a tn the,array, wlltdt 1WlllJ 1.,e 

an error value sudt u wht_-.trrJ or unde1lTl 

ThJs fftUmS an array ldenckal to A ftalpt that the •••• at -llldn J Im . .,._ ,.._... l>J 

•alue V. The range of A ts. expanded as -needed·• tndude Index i ---ay MW elen""ta • the 
expanded range are gJven the -,alue .. _.atm. hr amplt. tf A haa bauncll I aad 3, ...SJ II 
to, e1ementa 4 through 9 wffl lM ~-tn die ·Rllllt. 

This returns an array with low and hip indices both J, and GM tlllrlent V at tnctex j. 

There are abbreYiated notations for canponttons ot ul«t, .,,,._, and c,,aU 6J «ffffll"llts 
' ' 

operations to stmpllfy CGftStrUctian ot MUIUp1e ._.tt ana,s and for ..... GIi 

multt-dtmensional arrays. See Seaton 6.i. 

lflfln of ltlfAut, l-,nt any Jinlh(A). -arrayJiftll(A) 

These func:ttons return the ·high or tow tndtl or A, retpecttvely. 
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Nu_, of 1lffll'llts array_ilze(A) 

S,t bounds array _edjuat(A. J. K) 

This returns an array wtth range O, K), contain"W;ett,;~ ~~• ~i~~J.!r J(J~ 
N~• • ,_ 

greater than array Jlml(A) or K ts less than array _llah(A), IOflll .._.m ~ A wtl be absent tn 

~,~ .Jr J as am, ti..n . ..,.._J~A),pr; g • ~..-,~>., "'"""'~~ 
poslu.ts are - ~. m1 .. _.a1rr1 , 0' 

'\! 

:. ,,: T...,,. r~m .~ arra1 A with itt ~•&It ,~;~.bJ -~ '!·~:--'~ .--. .~•~!'«.ffl\t,.1 
on,- anclJ~ ..... •••Vas-. new,~ 

These retum the array .A With its high index decreued ltJ one •• 1lliw _... tll!ed'llhel by 

one. An element of A Is 1!>5t in the mull If the array A hu lile IINJ, the result II undet. 
~·; '~¼; ~ '-';: ' 

,_ 

s,t lo• """' array _aetl(A, J) 

; {'_ ' ,. ' ' 

This adds J - arr.ayJiml(A) to.all~~ .. tn4~ .. ~nd . .to.. ~.~of the __ ~. 

yielding an array simi~~ io A INt with tJte ~- kl low Inda ts J. 
array Jell([ 2: ~ Y, Z], 5) 

denotes the same value as 

( 5: X, Y, Z J 

where the abbreviated notation iJ defined· 1n 5ectlOft 6.4. 



Concatffltltt A I B 

This returns an array whose size Is the Sllffl ar the-Jita or A aftd B, tanned t,y COIICMlll&t• 
A and B. The low inde1: of the result ts the w ,as,. ·the low inda .r A. ,IN the •-• ot A 
retain their original indices. The indices of B are shifted u necessary; 

M ng, d,jl111tl ,t,_,,,s _,.., _JalntA, B} 

This merges the arrays by elements. The low tndex of the result ii the minimum .r 
flffay Jiml(A) and · .lml)' Jiml(B). and the high_ Index ii the mutnum of ._,.., _titllt(,t) · and 

.,.ay _limh(B). Thost- elemenb of the mutt that are net within dw t'anp of e.t1ter A or I are Ht 

to ftllss_ett. Those that are wtttnn ·the range et IM. al'gllliet 1fflt ·• to the ~ 

element of that argument. Thole that are wttlrin the raage .or both ar• set to die c:orrespancltftg 

element ot A if tfle correspandlng --element Qf ·B Ji'IIIN.,.Jlllt, ID die.~ eteu•tt lJf B if 

the corresponding element of A ts .... _ett. and to flat--" .._... ·n. ,.,,._ ... ii 

intended to be used to merge partially defined arrays, such as an array with only even ele1nent1 

ftfined (the others being ... _elt) aftcl an amywldt infJ'.odd·~~-

The operations for a record type specifted u T • f'acor• N t : T 1 ; ... ; Nk : T" ) . ue the 

followtng. N 1 ... Nk are the field names, and T 1 ... T k are the correapcnling types. 

operation 

create 

selecti, I ~ I ~ k 

replacei• I ~ i ~ k 

notation f'llnc.Uonaltty 

recorcl:N1 : V 1 ; ... ; Nk: Vk] 

T1, ... ,Tk~T 

R. Ni 

R replace (Ni : VJ 



testJor l,fldef 

test for mlss_elt 

test for undef or niss_ell 

Cr,at, recorcl N1: V l; ... ; Nk: vk] 
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Is undef(R) 

Is mitl.J'lt(R) 

is error(Jl) 

This builds a record value ( (N1, V 1) •...• (Nk•,:Vk) i. All of tJM. fleld.11&~.~la,ted •t~h 

the typeCJ(.tl)e~ .. bdnJ q,o~ must.wear,•~ ~ht:~~·~.,..,,.~• 
error values such as undeflT1J or nis,_elttril 

S1l«t R • N 

This returns the value of the named fleid, that is, V1 If N • N1. 

R1/1latl R replace [ N : V ] 

Thts returns a record similar to R except that the N-fleld ii changed to V. 
. . -~. 

Abbreviated notations are provided for. ~nd selecton and mnltiple values In rep)~ 

~tions. See Section 6.5. 

5.9 Operations for Irion types 

The bask operations for a 11111Dn type ~Redal: T.• eftlOfl N1 : T 1,; ••. ; Nk : Th,] .we a 

create operation and a test of a tag. The IIIC8'8 control structure....,.._ • .. ~ .. 7:4.-• d,e 

mechanism for accessing constituent values from a value of union type. In the followtng, N 1 ... Nk 

are the tag names. and T 1 ... T k are the corresponding constttuent types. 

create;, I ~ i ~ k 

tag test;. I ~ i ~ k 

notation 

make T [ N, : V J 

is N1 (U) 



test for undef 

tat for miss_elt 

test· tor undi1 or ... _.. .. 

•·· undef(O)' 

is'ati;;JIIICU) 
fs, eiftl(U)'• 

The operations lllllte: T [ N : V 1 and is N (ti) aR tJ,NIOrr'ect only tf N· is a tag name of·the 

type T and v· jj of'fflaltonstltutnnype. 111e·resalt·af .... <Trkj: ~v !:ts dll· pair (Ni : V,)for 

anf eletnent V of T,:. Tfwn!IUlt cf is Ni {U):a:fflle:1'tl'•'(fl► aiijtt.a91f ........... ur·t1 » 
undef(T] or llliu_eft(Tl or ,._~hll•be; 

5.10 Typ.,COIWW9toft..,.... 

Type•conftl'Sien,opentianl'8R,~ ............. , ~·rak~ ........... ... 
characters.. 

operation 

real-to--integ,er 

Integer-to-real 
' . : ~ -, .. 

charauer-to-tnteger 

tnteger-to-character 

'int••Od 
real(J) 

Weier(c) 

~ 

~-

!!I! ➔ !!! 

•➔ rm 
at➔ !!! .... 

In each c:ase:·an argument .valiltNlr --• er --~,.,_....,:,..·•lllf!: ·F«•otftlr· ,..,._ 

tfte1ZOM'•·••·••,...__ 
lntepr(X): 

If X is larger m mag, .. dec than. is repr....eRIIMe as a proper elnent of intepr, t,_ ,_.IUt 

pes_ov• or neLover. rr X is zero_dlwte,.poa..J,wr, ,.._..,.,, or ..... -. the ,_. ts 

undef. If X ls ,.._..., or ..._.....::'the rmal b ran,. Ot......_ the_. a ...... iJ 
roundtng nontntegrat mua of X t9Wafd· zero. 



reelO►. 

All proper values of J are converted to the touaponcung reata. If J is zero_dlvlde, 
·:paei,ov•. ML.,.,, or Uflltt....., thetauk is--,. 

This opera~ yields tlie ASCII aJde for the charac:rer C. 

character(J►. 

This operation is the inverse of inlqer(C). Its mult for values not In the nnge of 

Int~ ~not Jpedfied,. 

5.11 Type correctnen of operations 

In VAL the type of value produced by each expression can be determined by the translator 

from the properties of the opmUons ~• spedfled · Jn thjs sect.;._ Aft Ptton In a program Is type 
~ ,>~ ' - . ~.,{\; _;,?~ __ · :•: ';. ~ ;; --: 

correct If and only if the types of lts argument expressiin'are the .sap u ~ argument types 
,, , , , ,._ , ,' ( 

spectfled for the operation. Note that for each operator the types _,ct ~ ~Its are determined 

when the types of the arguments are known. 



&. CONSTANTS, V.. IIME&, ,AIIUil'flESSIONS 

An expression ts the .bask•~ s-1 Aeept._,,.,.,._._- YdllS II(-_.. Tile _,, 

.ran txpresskJn Js·dtewa,efdte·tupleof _....ttMt-p,., ,,~iJl,,_•,1wa,e~,•---• 
tttey have the ..... tly and lite NINlplndmg Y ...... ., .... type. n.••tp ., .. 
VAL language Js .IUL'h that the artty aad •'Jpel d a exptllll•, ad ._. the wnt.w•'flf-,0 
expressions. may bt ck!teltllined by npadian d die pmpaa. flle *¥Ii.It type' 8f -,.1111111 fll 

artty one is a cunstant. a walue a--. ar ,lll~;-Jl,1,il~:IP,.,,,13IIJ••l!ln;.d a1!lty ..._ 

The simplest type af apnsskln ef Mper aritJ u a --d •••••• DI :arlly ene 111paratal. by 

A constant u a syntactic untt of artty one whae value and type ut'•ullM --- • -.. 

S,,Ua: 

constant 11 • nil I true f W• 

I -.,-numa.r f ,.........t·~ .. 1 ........... ••n1nt .. ,.,.,_..,tfk,pe-tpec] ,, .. ,. ,, .:,: ',: ' ' ': . ' 

I ~l•-~ . ,, . 
f pos_Meritp-.-JJ,.._.~ .. 

, ,..~ lplC] J...._,..lllftrpe ••d 
I unknowtlllftle-.-cl I ... _thtdlftype-spec] 

The va1ues undet(tJpNpec] and fflile_.ttltype1ped are canatams denoting the tlftdeflned 

value amt missing array ~ value or the type ....... tn the lJINPlfl& Fer nantpllt, 
undelllrt.,..111r1J ..._ lM·IIIMh!ftnld afue.of tJpe ....,......,1 ThM twe COIUtMtl 

exist for all types. JRcluding array, r«Ol'd, and vman types. The ,....,.. ..... for each 6ita 

typeareufCJllows: 

The only censtant of the null tp,b the Nll!l'Ved word 1111. 
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l'tle.CPRStants of the boelean type an the. raernd:..at t,ue and ·felN. 

The principal constants of the inl .. er and Nat typr are,-.., numbers afld real ......._ 

Ute. format of which are given In Settlan 1 Th~arealso dli,faltllf....,a,ittllAMdc error mMtants; , 

pos_overOnte1erJ pos_overCrHIJ 

119LD-,Unt...,J ft9LOv.erfatlt] 

unknown[lnte1erJ 

zero_clvlde(lnte1erl 

poa_undilrvell] 

. ..._unllerlNIIJ 
unktlowtli1 ael) 
zero_clvldetreall 

The constants of the character type are the characters enclosed In single quotes. 

A character string enc:bed in double quotes la a constant or ·type arra,(ctMntlerJ 

containing the inclivtdual characters of the string as elements. Thf ftnt~a.....- b at tndex one. 

The array constant ..,., _empty[typeJ denotes the arraJ or me'. indicated eletnent type whose 

range Is (l, 0). and hence has no elements. · 

There . are no othet array, record, or union constants, but varkMas constnldtng operators may 

be. used with constant arguments to denote •constant• arrays. records, or union elements: 

Exa,mples: 

[ 1 : 1, 2, 3, 4, 5 ] 

record ( A : 6 ; e : 7.3 J 
makeT(A:6] 

6.2 Value names 

(array constant, SH Section 6.4) 

(record constant) 
' 

(constant of union type T) 

A value name is a name which denotes a single computed value of a specific .type. Every 

va 1ue name is introduced either in the header or. a function : def'lrtttton (If the value name ts a 

formal argum'ent of the function being defined) or in a program canstruct such as a let block or a 

for block. In either case, each value name ~as a sco;, and a type, and has a unlqUe value of' that 

type for each Instantiation during execution of the function or block with whkh the value name ls 



associated. The ape'd'a .._, .. ll•ttwe,,.- e,.,....-1 .. lft.ftidt•• MIIGIIII te the 

value name detotea Its nlue. The scape and type of any value name ,_, be dUJr nlllMd by 

m-,eccton .er the Pflllrm G11111nNt dllt •••••·tt.:.-., ... ., .._ •1, 111b • Ille .... 

piW during t..,..lk -·•••••.r, ....... --.il.i 
The scape of a nlue name ·tatMd••III a,,a forJRal ,,., ldt ;-,,_, Is the entire 

fbnction deftnttton, less any inner ... ~N,taqlducJe the ............ The type of such 

a va~ name ts gi'fett· bJ·• type cH1la ti t • ~ ,ladlr. kt ..aue ts•the ttlue or -ttae 
cormpondtng •rgument for the ,. NIil II• I a: Ill u;f die ~. · · 

Example: 

function f.( >< dnl111•··rebnl·Nal > 
<eq,r"5ion> 

endfun 

An:~ or valuie •~ x ,m the•~ 1nM., 1'f\\~u,it~;•.., ••fttdt,F 
-., Jnvolltd. lb tflle b Ill I r. 

The~ O,a Yalue r.utme.llatrodlltat -•~~•·•·~ld·atflW,,,.,_ 1-. . . . . . . 

w Mgtan Of tlte'awutructthat .............. ~ ... ,.,.~•( ........ -i .. 

re-tntreduce dtew·•••--- -~••w,.,.._.. ...... _,_ . ., ... , ....... ~ 
-blshed .deplffds,'.cm:,lfte~_,,..,,1 1. 1-. 

Example:, 

let 
X:r..a:•3.0; 

<another ·deddef> I 

<another deddef> I 

<-another dee .... ; 

·ffl•••nlon> ..... 
The scope of X. Is the ·enttn ~k, -~ ~: ~~ .. tAer." ~ ~~,..-, ~ that 

re-tntroduce X. lta tp i1·n.-J. •··•-:.Js 3~ .. -~,~~!--~~ .,~J~P"-'9 tn ~ U: lf 

this b~ had appeared Wflhtn die KOped X ~ •J'8',.e~,~ tMt --~­
With its value and type. would ttitapar withtn IMl·.t..t ~-
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6.3 Expr8"iOM 

Expressions are buik out or smaller expressions by mans or operation sJfflbols. 

S,ntax: 

expression : : • level-I-exp f expression , level-I-exp 

~ ' ' ' 

In the next 8_ Unes, the operators may only be used if all operands are or artty one. 

level-I-exp 11 • level-2~p f level-I-exp I level-2-exp (boolean •ori 

level-2-exp 11 • level-3-exp f tevel-2-exp & level-3-exp ·(-n •and1 

level-3-exp u • level--t-exp I,., level-'f-exp • (Mdleaft •nor, 
level--t-exp : 1 • level-S-exp f level--t-exp relational-op lev.,._.p 

level-5-exp : : • level-6-exp f level-S-exp _I level e--.:r (u1ey c:dftGdllllatt) 

level-6-exp-n• lnel-'J-exp f ~·ackffnf-olJ 1M1'-'7.., · 

level-7-exp u·• leffll exp f ..._..,1-exp:maltlP'flllfTOf> l!._.ldp . 

level-8-exp 11 • primary f unary-op primary 

relational-op :: • < f <• f > f >• I • I ,.,. 
adding-op u • + I -
multiplying-op u - * f / 
unary-op :: • + f.,; 

primary : 1 • constant f value-name 

I (expression) 

I Invocation 

I array-ref' I array-generator 

I record-ref' I recotd-genetator 
f oneof-test 1 oneof'-generator · 

I error-test f preftx-opetatlon 

(these have arttf one) 

(saw.e itttj is exptfSSioil In ·parentheses) 

(artty" b t~ _,_.,., ~ '~a~ returned) 

(These'' elght · forms 

ha~ •rkJ ·one.) 



I condttional-exp 

I tet-tn-exp 

t tagcase-exp 

I !teratton-exp 

trora1,-, 
value--nawle' n • name 

(These fiff stnlehlres are 

described tn ..... 7. 

TI-, haw artJJttrar, artty.) 

In an invocation, tlle anty of the expreutan in pa11Rdu111 must. be ecptal to the l_lllfflber or 
arguments required by the ftmctton. 

tnvocatton 11 • .......,_ (expN11•> 

function-name· tt• ...... 

array-ref ,.,. pr . I 

array-generator n • l..,..•• ~•ap,lllim (.4.-,re11la f.,...... JJ 
tpnm••J { •,111..., ~ . ..,,■111n., I•••• .., ••••••111, }l · 

record-ref' u • prkllary • field~ 

In the next 7 forms. all expresuuns must have arity aae' acept as etherwue naterl. and die rwlratlt 

expnsstons always hffe artty one. 

r«ord-generator ••·• reconl ( Reid . : ...,. ..... { ; * : . · . .· } J 

· l · ry rlPlacef~~..---·{ ;flllrl:• .. •••·• .. ll 
field n • fleld-Mme { • field-name } 

field-name. 1: • name 

·aneof-test tr• I•·-~ ~I--) 

oneor~~~~r u ....... ~ t rag-name : expnutan· J 
tag-name 11• name 

mw-test n••~·<-r••••.J·i•~~) 
t 19 error (expesJtatt~ l •ar• .... ~ .... •1,•l 
I t• poa_over {flprmtm) f·• •~•<epe,lpn) 
f is pell ___ (fftl'llllan) J'•·flltJP .. I ..... ) 
I •• over (expmstan) f t. under (apmstan) 

I •• arith_.,. (exprasion) , ......... (exprmion) 



:.'i.f~!"'·""'- ·/<;~ ; .,~- ':.' :,, ' 

' 

The aritles of' the argument expresstens for a prefix opeffitan aie:as lfaowft, ud the n!SUlt arltJ is 

always one. 

prefix-operation u • iftlepr (expreuton) 

I real (expression) 

I c:haract• (expression) 

I abt (expression) 

I exp (expression) 

f mod (expression) 

I max (expression) 

I min <expr~ton> 

I array _fill (expression) 

I array Jimh (expressioo) 

I array Jiml (expression) 

I •ray _llze (expression) 

I array _adjust (expressioo) 

I array _adctl (expression) 

I array _addl (expression) 

jarray_r8'1h.~,....,,_) 

I arr~ _r8flll (expression) 

I array _join (expression) 

I array _aetl (expression) 

(arity • O 

(aritJ.• I) 

(arffJ .:1) 
>- ~'!C:1 ~-

(arll, "0 
(arity•,I) 

(aritJ • 2) 

(any arity) 

(any artty) 

(aritJ • 3) 

(artty - o 
(afttJ::ro. 

.· (arMJ •.O 
(artty • 3) 

(aritJ • 2) 

(artt1 • 2) 

,(utq. •: l) .. , 

(uity. I) 

' .• ,., •. !) . 

(arity • 2) 

Note that operators obey the customary precedence rules: unary plus and minus have highest 

priority; multtpftcattve ap,eratofS <•~ /) ar,e next; additive ~c,p (+, ".") •~-~t; •r. is next; 
; _-., ,. . '.;~ -· . - ~ •' ,· . . .. .. " "; ; ·. . - . ' .. 

relational operatQrs ( <, <•, >, >•, •, ""•) are nex~ •,,_• l.t ~ ~•• ts, next; an~t T has ~ . _. ; ~- . '. ';. . . . -

priority. 



I 

Eump1e1.o1.......,.,.r,utq . .­

A 

tnae 
a1E-02 
T 

"XYrlU :,CJtlf'~ 
--,_e ..... d'.al■rJ ~·· 
>< >2&Z<~ · 

- )( +3·•• 
3•(X+Y) 
tunc(3+X. Y) 

(3:Z) 

A[3:Z] 
A[~Jl 
R.x.v.zz 
recerct [ A : P ,.fl: OJ 
ttrap .. e:('#.t~:'illlt!ILY.: OJ 
tsA•(U> 
INkeT[A]·::a 
....... (X) 

UNdef{,ell)" 
It p·thM,4 .._9__.; 

The syntax proYides abbn!,tattd ~ for the """• •• and ,,.,, ·., •-­

.,...... te-..,_mnftllttatway:a-- •H••dfb•:Gf 111■ 1111,1 ••••• .. ,~ 
l ".,'~:-.~· , ~-~ ~·~,: .. • 

. . 
Stnee 1Mdrl4ilmel111Nl'~arrays ne:1-,.ei1ntllf n mafLd\ ...... - ............ way to 

A(Jlf(IL} 

TIits.may, be Written 

A(J,K, .. l} 

The expnuton wtthln bradtca hu·utty:three. 

~ ' ~ J .- < • ' 
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· The at,f>encl operation c:an -~ .-sed for multi-dlmertsiGnal atrars ~1 usi11g an expr~on of 

arity greater than one for the subscripts. Thus 

A[J,K,L:V] 

Is equivalent to 

A [ J : A[J] [ K : A[J, K] [ L : V])] 

that Is, A with its J, K, L element replaced by V. 

Several values may be appended at consecutive Indices by using an expression of arlty greater 

than one. 

A [ J: V, W, X] 

is equtvatent to 

A [ J:V; J+l:W; J+2:X ] 

If multi-dimensional arrays are being IPl!d, the last .tn4ex ls the one .tlla& varies when multiple data 

Items are present. 

A [ J, K, L : V, W, X] 

is equivalent to 

A [ J, K, L : V ; J, K, L+l : W; J, K, L+2 : X ] 

These expressions need not be constructed by listing expressions of Jrity one ... ~ bJ commas. 

Other forms of expressions with high arity ·will be described tn Section 6.6. For example: 

A [ J : TRJPLE(X, Y, Z) ] 

fills in indices J,J+I, and J+2 tf TRIPLE is a function returning three values. 

finally, af,p,nd. operattQns may be composed by wnting theJ: V pain in sequence within the 

brackets, separated by semicolons. 

A[J1 :V1 ;J2:V2; ... ;~:VN] 

is equivalent to 

A[J1 :V1 IJ2·:V2J .•• [~:VN] 

where, as noted above, Ji and/or v1 may be expressions of any arity. 



AR of the ab1umaUDnt permtuMt for rt. 4,,,,,,,, if8:JIM ,_,,..8!11ll1Wt f6r 11'w__, IJ 
llfflfflls operation. 

Examples: 

[ 3 :.X 15: Y, Z} 

Is an array wtth range (3, $. and elementa X, •• ... elL Y. 11"1 Z. 

[ l : A J 

ts a •stng1etun• array.widt-lewand hip indkes ~._. 

LS Abbrffltlliw fw NICGl'd,apendi-

Then are ablNffated fbmlt·for·dle r.11111111p1rtdllt, ..... -••••nt ....... Ill 

campaund Jefecton.and mulffplt-daaela ..... 

ACCl!ISiftg ,.. ....... ,nd- f11U1,tt:; ... 1tjlilr,di.ii't 7t1llll•lf•wy:­

R.A.B.C 

Compound ---~-,- l»Ulllt 1tt:r1111ll11• 111111111111 b) wrllll I dilt1ftllrl--· ltJIUIHd' 
by periods: ' . 

it'NIIIIM•-t A. 8. C-:·V· Ji 

ii eipuntent -

R , ..... £A: R.A ,....[ Et: R.A..B;f!IIIIN-(.C: vm 
that ii. R Wlddts A. 9,~t:~•-Cllftllp· V. 

repl .. operattGltl.may bemn'811d byM' ... tlle M1:Y:plira'lnffljbdl&1 .... die 

brack• sepuaa.M,,,__._ 

A. r•••l A· : v I a.: Wr.; c.o : Xl 

is--,n•aleatto 
' . ' 

((lfrepl-.( A: y )r111l1Nc[&: w ,,.,.,,t~ :x'1 
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. 6.f .. ~essiana of hi..,. erity 

The program structures provided in VAL for conditional .c:onpJ~tion and iteration are 
• ' I • . • " •-~ .• ;- .• "~· ,,.. 

expressions of arbitrary arity, and are described in Section 7. Such expressions, or function 

invocations, may occur in program text in places that Nllflllil'e .a. lllflle• .va•.r spctfled types: 

the argument list of an operation or function invocattoo, the body of a fuftdion definition, a ltst of 

array indices or elements in an arraJ~tion, or:li~l)uilc:hng t~ 'p;.r.m structures presented In 

Section 7. 

6. 7 Function invocations 

A function •invocation consists of the name of the function followed by an argument list within 

parentheses. (The syntax Is the same for internal and external and external functions.) The 

argument list is an expression, whose arity and types conform to the arguments requ.lred by the 

function. This information is given in the header of the function definition. See Section 8. The 

argument list is usually written as a series of expmstons of arity one separated by commas. but tt 

may be any expression. 

A function invocation is itself an expression whose arity and types are the number and types 

of the values returned by the function, which.information also appean in the function's header. An 

Invocation that returns one value may appear in expressions with complete generahty, such as an 

argument to arithmetic, array, and record operations. An invocation that returns sneral values 

may only be used where expressions of higher arity are permitted. 

In the following examples, SINGLE, DOUBLE, and TRIPLE each take 3 arguments and 

return I, 2, or 3 values, respectively: 

I<:= 3 + Z * SINGLE (X + 1, 3, SINGLE (X + 2, 4, W)); 

In the following example, if P ts false, F and G are defined to be DOUBLE (X, V, Z), while 

H is defined to be W: 

f, G, H := If P then TRIPLE (X, Y, Z) else DOL&.E (X, Y, Z), W endif ; 



Since the •i ... llftt lilt for •11J fundlllt,--, ,._ UJ...,..,_,1t -..,w,~·•i11 .. 1'­
ftlnction imocation or .other prvg,am _,_._ 

3 + SINtl.E fl'RBllf CX. Y,,l)) 

The last example 11190MII SINCLt.'Wlth tltfu, ........ 1Jf~wlddl flle tint two· aNt __,.,.._.. 5 

or the two •aloes retunlal by ootJBt.E. TttetMnl ........ IINOLI ts....,.: k. 



7. PROGRAM STRI.CTURES 

The ~ ltNctQra. dacribed in this -- a,e aplClflt ,....., of·..,....._._ If their 

artty I$ ~•hey -, lppelf lit a~q,ertttuns. 

Example: 

If P then X elae Y endlf + 3 

This expression has value X+3 or Y +3, depending on P. 

7.1 The.F construct 

The condtttonal ~presston selects one of ....... ~ ..,.. ... m the values of 

boolean exp~ions. 

condttlonaHXp : : • if expression then expression. 
{ alsetf expraskln t~ .,.......} 

,.. . • :-; ;<,j'. 

else expression 

endlf 

The expressions following ff and elaeif are 11st ar1ssllllu. Their ~rtty,, must be one and :~ 
I• '-:· : ' ' • • • ",_, ,.); • , : ·\ . .,.:• ':· •' • • ' _'..!oi ;"~ ~, < -:'I' 

type boolean. · The expressJons following then and et .. are the anu. They mu$t confo,nn to 
'· . . ,, :- .. 

each other, and the entire construct conforms u, the arms. 

The entire construct is an expressioll whose tuple of values Is t"-t of the first arm whose test 

expression ts true, or Jhe final arm at d • expressions are false. If -, ._ . .,,...... needed to 

evaluate the construct is an error value (undeffbaalNn) or 1111.._.atlbeolean]), the nlue of the 

entire ~struct is a tuple ol lllldef n.aue. of the ~~,,~,.;(If• • ~ ,_. value 
. . ' . . ' . , . 

true, later test ~xpressions are - needed and .,., .... '"'fl". .,""" ..... .aff~ . ...-.­

or the construct). 

The if construct introduces no value names. All v~lue name ~,.,-. tnto aq If ..,.. 

If the scope or a value name tncludes an If construct, tt includes an of ~. ~.,,..._• of that 

construct, so that value name may be used anywhere inside the candldanal construct 
.. ·c-. 



7.2 The lEJ c:anstnlct 

The purpose of tlril· ambmt Js:to; hlllDdtJae:: .. ar·--. ... , ........... ,their Yalael. 

. Mid IYaluate •n ap,reuiDlt _..t;tfaetr ......... i1t311il'I ... Jf~---di:IINi11,....._ 

let deddef-part 

in expression 

81111..t: 

decldef-:part is ..-.deddlf,{; dicllef:} f; T 
dec1def , s • ded 

'def I ded { , ded } :• apressian 

ded u •· ••tile-name { , Ydle'1llme } ~ type'spec 

def u • value-name f, , .. namrf :• e,cpa---

Every value->1111111t:iatrullumt,Jn,a:Jet bkmkmust-'IJe:·dedlmd,...a, ance·and, deftned. encdy 

C111C2 tn that bluet. The dee...-. ffllJ be'-patt afU.clefttdtloll. or It may'be by-llllf pteaedtns. 

the definition. 

Examples: 

(dedlration) 

(dlflnltian) 

(......,_·11-,..-t :of dlfWlkwt)· 

The declaration· of a value name must- pnr.eda or be part of Its ,d6flnltkll~ Each value name 
• 

must·be-~eftned'tiefere·-U·tsused(GIJ::thertpt,lrmit~st46'.of ...... ·deflnlttan)~ IJeelliadani•and 

deftntttons may be mixed tn any Ofder.,·u lang"as thlle .. ,........ are met: 

Several value names may bedeclared·at once: 

X. Y, Z : real ; 

This declares aH 3 names to be reel 
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~· .. , ..•. ~Y.!,".J.l v"lue~.r,ames ,,_, be ~1¥1- ~l ~ii tThe}¥1Pra.n4,.$11111,~ tbe.,QaOIIS must 

mnform to the artty a~d tyPt!loftl~•t•P'~V• ~--~,-,...~~.:, 
X, Y, Z :• 1.0, 2.0, 3.0; 

P, 0. R :• TRJPL£(X, Y, Z) ; 

Several va.lue names may be declared and defined at once. In th! cue, each of a group of 
·., • i_ • • ,_: --· ~ .' '\_;:, • • ; /' / , t :··./ -~ "•: }' . ~ ~ ' . ' ''. ,·, : . 

value name names preceding a type ~tton are ~red to be of that type. 
' · x :l~qer, v, z : real :• 3, 4.o, s:~ 1 · · · · ' · · · •.' · · 

Thls declares X to be integer, and both Y and Z to be real. 

The dec:fa~tion~ definitions. and ;combtned cMdarat«m and deftnltklna are separated by 

semicolons; a semicolon after the last ls optional. 

The scope of each value name introduced In a let block ls the_.,. __ _,~.~ t,ss any Inner 
' '"t-·· . '··, 

constructs that re-introduce the same •~ "'~·,,,~,r'.l a-~•-~-~ not be used In the 

definitions preceding its own deflnttion. 

AH scopes for value names not Introduced in a -~~• let ~lack ~ 1"'~ ~t black. Hence, If 

~he scope of a value name (introduced bJ an outer amtrllCt) Rldtades a. ~~-~ and that value ... ,.,... ., ' 

name is not re-Introduced, it may be referred to fre.elf
1 
!1011 .. k~. 

Example: 

tetx:real;T:reah 
T~•P+ a7; ·· 
)( :•, T + 2.4 ; 

inx * T 

enclet 

In thi,S: eqfflRle, the valqe of P_ is t,nported frJQ -~:.,._ ~t. T" KGflel.,Q( T aqd X are 

both __ the entire l>."?ck: ~ r~~, to" iq t~ ~.·-~ T. ~~'"" ,-.,t~"".k II •J!htn 
the ~- of X ·"~ .r:loes .~ follow the <Wlni• J»r.J! J., ... ,,C \b,11 qlNU'lld. -. ~ -. ancl: Its 

• .,_ ',• < -,. ~ • • • • • • ~ • •' ~• Lj ; ~ ' • . V ,,~ s ; • 

sn,e is rea~ because X*T has artty one and type real .. 
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Since a vatue name·mar_nott.e11sed -until after tt 1111·bl;en cteftned, and must bedeti1Nld GIiiy 

once in a block, it may !'«·appear ln'ltlewn ~-,,..._ ~-·IUCh· 11 

I :• I + 1 ; 

lte ntver legal in let blocks (though they may occur tn ·1ter clauses or for blocks; see Section 7.t.J 

The expression following 6e word In ts in the KClpl of al of die illtl'OdUC..S value names. alld 
' - . _.,., . ' 

hence can make use of their deflntttons. The entire tel CXJ1U1rUtt CIJlllol• ID thts expresskln. 
, ·'' < " "' ~ 

7.3 The TAGCASE construct 

This Jelects one of a number or expreaklna. -~ on._ the .·.-C of a _, !ON,· aad 

extracts the constituent value. 

tagcase-exp II• 

•--• [ ftlaHtame :• ] expmaion [; ] 

tag~ltst : expression 

{ tag+tist : expression } 

[ ....... : ap1mton] ..... 
tag-fist U • ... taf-naMe { •.,..... } 

The entire construct is an expmston whose values are those or the 11epms,Aon tn the amt whose tag 

name matches that of the value of the test expreuian. If no match u found; die arm foUowiftg the 

wcml· otherwl1e ts used. AU arms mtnt conform to .ach other. and the Mite •c:autrutt conforms 

to the arms. 

The expression followtng the word t..._. must be of arity one· and or a eneof type. The 

· tag names appeartftg tn the arms of the consttuct n1tnfW tat• or·tt,ll GIINf tfl,e. lfthey comprise 

alf the tags of that type. the ....,_Warm is nat iliedftfnot. .._ ..., .... "" t•:~. 
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If a value name and •==• appear after the word tagcase, that name Is introduced for each 

arm of the construct except the otherwise arm. Its scope In each case Is the expression in that 

arm, and its type is the constituent type indicated by the tag name for that arm. If an arm Is 

evaluated (meaning that the tag of the test expression matches the tag name of the arm), the value 

name Is defined to be the constituent value from the test e~pression. If the value name and •:a:• do 

not appear, the constituent value is not made available inside the arms. 

Example: 

Let X be of type 

oneof [A: integer; B: array[integer]; c: real Io: boole• J 

If X has tag A and constituent value 3, 

tagcase P := x ; 
tag A: P + 4 

tag B: P(6] 

otherwise : 5 

endta1 

has value 7. The first arm is taken, and P (whose type is inte1er tn that arm) is defined to be 3, 

the constituent value of X. If X has tag Band constituent value some array whose sixth element Is 

2, the value of the abovt construct is 2. In that case, P is defined to be the array. If X has tag C 

or D, the construct has value 5. In that case the constituent value Is not available, since the value 

name's scopes do not include the otherwise arm. (This is because the otherwise arm can 
' 

encompass different constituent types, so the type of the value name could not be determined.) 

More than one tag name may share the same arm If they indicate the same type. In this case, 

the tag names are all listed, separated by commas, after the word ta1. 

Example: 

Let X be of type 

oneof [ A: integer; B: real; c: integer] 

Then the following Is permissible: 

tagcase P := x; 
tag A, C: expression1 
ta1 B : expression2 

endtag 

(P is Integer here) 

(P Is real here) 
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Alt IICGplUllf ---·OIIW,._ . .,_. ................. lqlMl• .... -itlW 
aalltnkt.' :,- --; .................... ,:.,_,,..,...;11r., .......... ... ... , •... : .... ,.. ......... , . ......_ .. . 

7.4 The FOR. c.wktlit 

Thll perfolffll -..-1 --.. 18. wJddt CM •-- •"-•• • ttte ..... f1l 

prevtaus cJdes. The --- ••t•1 I a a•mll1r .,~-.fir lil1i1r~"~:•·,.. ·irj111r4 -
,..:f , C •)• ';: ~ 

CIIIYef lnfonMtton ftam ane cydl,to die.... ' 

S,-.: 

.... ...,. u,. -~..­
•~~~­... 

lter:·end; ~p., ... , .... tftln1•· ·: 
' . i' ; ; ,·•·. )'. 

t~; ,,., 'o,a,...,_►,~fJl'r'J .-:~~!~.,. .... ·., . 
,, ..... E--·-=· l..,,...._[,J 

tac·•=· ......... • 
{·.-•_:...,..·•l 
[.u.wlte.:tteHRd] ..... 

t••· dedder1JUtlit--..-.... ,JI:'. , ...... 
Iner dtlf..,.rt ...,. 

def.part· U·• cW'{'; •l [ i]' 

The loop names are thole appearing in the dldmttam anrt dtflnltlan1 folilw"II t111·...., 
for. These declaradana and deflftttlaahan the .,.:lemtu tit a let lt1ack. · .. : ··, 
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The behavior of the for construct is as follows: The loop names are in~tiallzed, only once. to 

the values indicated in the definitions· appearing a~ the word t«. and the ,first Iteration cycle 

begins. During each iteration cycle these names haven~ ,alua. 

The iteration body is then evaluated. using the current defiltlfiaru or the loop names. The 

result of that evaluation is either a decision to terminate the iteration, with values to be returned, or 

a decision to iterate again with new definitions for the loop names. 

. The iteration body consists of an if construct, lilCIM construct, or a tiW of If, teac-. and 

let constructs. with a slight modification: the arms may either be c:anventtonal expressions,· or may 

consist of iter, some redefinitions, and enditer. There may be manJ arms of each type. 

If the arm that is chosen for evaluation is an expression, the lteratlon terminates, and the 

· values of the expression are the values of the entire for construct. All such arms must conform to 

each other, and the entire constntct conforms to these arms. 

If the chosen arm consists of iter, some tedefmttiaM, and flldter, those loop names are 

redefined according to the the right hand sides of the redefinttloils, and ri'aluation of the body ls 

repeated. 

Examples: 

for v: integer:• l IP: int...,.:• N; 

do if P ..... 1 then tter v :• v~ ; P :• P-1 ; endit• 
else v 
erdf 

endfor 

This computes the factorial of N. It introduces loop names Y and P, whkh are both integer. Their 

initial values are I and N, respectively. 

The body of this construct is 11n if/U.Wel• construct wholecftnl arm is a redefloitioA and 

. whose JeCORd arm JS: the expression -v•. Accordkt&JJ.at the IMgimtlng of each.ken,.t• c,cle .P· ls 

tested. If it is not one, the iter arm gives Y the new Yalue Yd and P die new value P .. L aad 

another cycle begins. If P is one, the iteration terminates With the value Y. 



far T : rell :• X l 
• 1111-D : real :• (X/T - l)/2 1 

In HD<•ill•fT 
....... T :a T + O.t _._, ... ..... ..., 

This computes the tqaan? roar o,·,c, ustng Newtan1..,... ·n. ... ..,. llody· UNS .a lat black 

to introduce die temporary name D. It illlpolll tire"-•~• .ftwn "-~ • whkh • l;lact 

appean. 

The next example rnenes the list lffl!II as "INPUr, by .,...., deflmng T te be INPUT 

and u to be tbe·..., 11st. ancl .. ,..,..., ~}••·-•fr •. u. All ... the .. LIST 
has•been .,.. • .,, 

type UST •. -,. (...., :,d.-•••• :.•1ntla.■,.vftlllJ•f'•t : i,IST )J ' . '. . . . ':.- ' 

A "LIST• ila chatn·ofniconb--tldnfatt,....., ...... ,rl1fl __,fll...._ 
for T, U :, klST ... ,NU1.;1111►•UIT' (__.,,.:: . .a.)• 
do lep1•Z:-T1 

hla9111pty·:U 
, .......... y: 

...... 
endfor 

It• 
T, u :• u.eat,. .... US'.r.{ no1••• ,r...,litea:-ZJtea ,reet: U D 1 ..... 

·The·leep --~--•ffllUt 111 be dHf'tl.-. Yhlftri..,. are dlitllltN fer-• ._:11111 

inner blocks that.,.. llll'rmla die Atne name. They an ..,..___. ---,,. 6ead· Ill ;dllt~w 

manner as ln a lal block. As tn a. let black~ each llltlle must be dedlred- exacdyClla aftd deftfted 

• .., -- .... ~ .,, • ., ...... ;.;91111):fllti.., ............ , -· lach 

dlcllnttelti ...... w Dlfflll•lld••• .. •., ........ IMl,~w;Manll ., ·• •1111111M 

excapt U.~llst. fir wtltcfl die ...._.,,,ll ...... 
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Within each it• a(ffl the redefiMd value names 111111t be,.,,_,. of die loop-names. These 

redeftnJttons may make use of the previous values of all nama, IRdudlng the one being redeOiled. 

These redefinitions do not Include declarations, since the types or the laap names were declared at 

~~• bf:giqnjng of the fw .~ .• ,-,. ,... __ •rt•• ed·by·• __... .exa:pr the 

1'st, for, !'hkh the semkelon 11....-1. 

Unlike the definition• Jn a 1'14JJ blodt or,the. inldal ._,, nlue deffn~ tn a for block. a 

redefinitJort in an·fter t;IM may cont,tn .• on its ript .._ • .___, nunes,$bat ..,af on the 

left hand side of the same or later redefinitklla. In IUch, .a ~--~old~ 1alue &l ul;ed, tllat . .q. cdle 

value· that the name had on the iteration cycle just ending. If the name appeared on the left hand 

side of an earlier redefinition, its •new• value Is used. that is, the resdlt atthat redtdlnlttan. 
. . 

Hence a redefinition such as 

J :• J + 1; 

Is legal. and means that the next iteration cycle ts to begi,1 with a .vai.a,e ot:J ~hkh II one If'&., 
than its value on the cycle just ended. In theJattafial tx1mp1'.1t!"" ,._.e. tfle lteratl9.'I daUM 

Her Y :• Y.t' 1 P :• P-1 ; enclter 

multiplies Y by the Dul value of P. Jr t-he order l)ad .• • re\ffflld: 

iter P :• P-1 ; Y :• Y.t' ; enditer 

Y would be multiplied by the ""' value of P. and the example program would compute the 

factorial of N-1. 

The simplest way to redefine 1two or more loop variables ln terms or each others' old values ts 

to use a m1,1ltiple assignment. For example: . \ 
iter X, y := Y, X i enclter . 

exchanges the values of X and Y for the next iteration cycle. 

A loop name not appearing in a redefinition after lier retains its old value. 



t 
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T._..,. . .,...,......._,_,..., ._ .. ..,,....._:,_:,.__. . ..._.....,thef• 

t.ladt. 

tf.wemn- ocews__. dlllh .............. :llep·111,ie a11i.ltrfa,111111lL ... 111la 

Inn ff or IIF- mmtract na--111·,an·_,......__. ... ,. .• ....__, ...,...a'its 

value a__..~ __,, . .,._.flf, _.. .... types. Aa·mm' vtstq ...,_ In the..,. "8dy . ._.cause.,_.. .. .._ ,.,, .... ••••~-.i-.....,._..._,. ddiNICI •· be 

tlie'envr __.'Micttlwiletlibf rmEI ti& Bit-..flNlliepfi:mil it9tnr·dte-'fllal --·to-tie 

· ....... ,led, that error ,,.._ . ...,..,...,._...ffldl: 
7.5 llle.Rlltf I ....t,uct 

This generates one er more sets of mues. ef.untform type wdtll each Mt. and either r:ean111 
them as arrays or ntums • Nll1ll1t of m operatta(wb u ...) an.;_ ·n.· fol mer me 

ts tndtcated by die ward Ctllllkud, U. IIU..·ttf dle . .nt - lllmruul ·ly die - of the 

aperato,. The fllues lftil,J nat ~ en adl der . ...: t1e 111M•tt b .. llriy Ile mil' ••ii 
. ~sty on a para&r....,... ..... ,,.,...-. 

This construtt tnltoduas-.,-.mdfe,,.,_...._, .... d, ....... alld a ...... II .--1 .... ry .,.._ ~ the'• .... ·tff dledte--"lllfdii1er8M•af llltitlack. 

forall-ftp J l • 

feralknlue-name 1ft [ ..,....- J. [. DIiie -- • [ exprmtan J} 
[ deddef-part ] 

foraf .. bedy:-part 

{ ball-bedy-part } .... 
forall-body-part 11•-.conetrucl ...... t-.....a.r.a1,..,,.... 
feral-op H• ... , ... t• ,~-l•T-' · 



The index names ~re those appearing before the word"iri.' · T1le ~ names are those 
.' ,·,!.: : - ' 

appearing in .the declarations and definitions. 

The index and temporary names must aU be diffennt. Their ... are .. Jhe, ~ construct 

less any t~ blocks that tt-lntroduce the same value name. The types. of "'1~ktf~~ tntepr. 

TJ;te types of the temporary names are specified in their~.,._ ,,...,"•~• let expression. a 

temporary name may not appear tn deflnttions precedmrfll'OMI.'' · , · 

Eath expression appearing in brackets after the "°:"1 In ii of arity two with both types 

,-.er~:,· Ttie .n,o ~tt'"lin· ttif tn"'and1 lifCti ~ ~;'-w· t11e lncle,c For eaa. 
number. within those limits, the index ii defined co be:..m~.Mi clnnllblfs:t:i the ~ry 

names are ~de, and all the parts are evaluated. When more than ane tndex ii given, this ii done 

· for- each ~ ·1tt tfle~rteda11 'p,aducr" or 11te'~•tMfitr;· • ....,. ~ ·or Index 

Yakl411. 

~ · In a c:onst,uct part.· the· 'expffl'Ukln ts Mluted · ·tor · atti ·mclel ·vatuet' · and for each 

.·~n•111e exptfflidll;'111 amy iS;formecf.._w:11tne,Mtiis h NmD ,aven ftw'ttte 
index and elements equal to the values obtained. If more diin'' · arie Index Is gtveri; a 

multidimensional array is formed, that Is, an array of arrays. with the ftnt Index ref'errlng ro the 

outermost array. If some component of the expression Is .- error value fbr 1G111e lftdn value, that 

array element is simply set to that error value. 

Example: 

forall J In ( 1. 4 J 
X : real :• squareJoot(real(J)); 

construct J, x. X+l.O 

et'.ldall. 
creates 3 arrays, an with range I to of. The first is· intlpr and contains values I, 2. 3. and 4: The 

second is real and contains 1.0, UH, 1.732, and 2.0. The lut ii real and contains 2.0, 2.4M, 2.732, and 

3.0. This foraH block is an expression of artty three whGle values are thele three arrays. 



forell J In { A, B l I<- ift { ~ O J 
construct <expr...ton> 

endell 

ta•nlentto 
ferell J hi [ A,B J 
CGMtruct 

... , 
,to,111·1< in {''<llO l 

. ••a:t·~1tp1Wtln> ...... 
and constnJtts .a ~,,.._,. ihat~,~,,a . .-.,..._'.,_.,are f:A.Blaacl,.,,__. 

etenllfl1Js•are.arra,•,..._,....,_,.,. tOrJ>l 

In an,, :9vel part. lhe,'........-~~,...-pl L11._.t1W~a.~1NX.,•►• • T:he adty 

of the expressioruR111tw-.ad Ml,_.,,_.,1,e,...,,.,..ae,for,f.helipaMtln.'. rat or....,..,,_ 
plat. lfflNII. :lllff\t.er;ae,c. boolean far.er or;·,-. The _,...... a ·eutllalel for each index 

value. and the aperadoQ u.plrfon111ChlN\:~.~~{~..._:.., . .,. .... 1f1muldple 

t,ldtces are . ......,. llle.q,e1.-,,'4l ,,,._...'.._...;., .. < -••1t.Pl':_,.11,yl!ldll•d,.~.-
IIDIJ•matu,ns;of181dn· .... 

Exa.-ple: 

for.U Jin [ .1, N J 
evalplus Al 

endel1 

N 
mums~ f. 

The result of an entire .•el blatlt · is, an -expreuian C8IIIUUCllld .,, mr.aea ... the -relllltl 

of •11 ,.of the parts. 



· Example: 

forall J in ( 1, N 1 
·.>C·:.f!eel,:-sciuar•..roo«real<J>); 
evalptus ~ 
construct J, x, x+1.o 
endell 
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is an expression of arity • and types inte1er, array[lnteprl array(reall and array(reall 
• • '1 • ; ;,, , ' 

If one of the bounds is an error value, or the lower bound is greater than the upper bound 

plus one, the resuk of the entire forall block. is~ tuple of ll'ldef v~~ of.appropriate types. If the 

lower bound ·as equal ~ the upper bound ~lus · ~; ,t·~ .:.U.· of ~h; ~ruct · part j~ · a~ array 

with no elemen~ and the resuk of each eval pan ls o, .;~_ov•. ~-~~. fat-. or true, if 

the operator ls plus, times, min, mex, or, or and, respectively. . , ·, ., , . 
~ ~ . ~-

The scopes of any value names other than the index and temporary names, . Introduced In 
' - ~ '~, ' ' 

outer constructs. pass into the for.U block. 
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8. FlJNCTION.DEf1MTIDNS 

A VAL programrconsiats al a.colltdion.of modalea.•Jllf1■4,.-.-"'•1~i811·aacl 

. 11\f tullaber of •1~• ........_, F'Mh"-...,,jfi,:QII ~-i.hf<J•,~~~~~dlJt j: 
ptec.e of text conststi&g .,C: 

(t) The word . functiGn. 
(2) The functtm,~and··~ ..... ,.the•~;tty::_.. .. .,,..of·•arp,nratts·. 

and retumed•Yalues.· TidJ lnfcJnnaUolt.JS:.ulld.~·~•. 

(3) T.he type deflnitjan, ~ tn¢~··functiarl~aei "~~~t~;~:-.;~~t~.,. . 
. the~~~••:~~~~~{J•~,~~·;•~~~~~~r~,°'~, .. ·· 
(4) The defit'ltttons.of·thl lldllnu Mdfala:......,toddtOII& F--....... 

. :• .. ·,?rr~ · ·. tit•~:''~?· d-·t·:\ .,'..'.<. ·oS! ·-_-:i ~~ ·· - -.·, 
. may .thus be nested arbJtnanly~ 

·. . . ·r.. ; . .. '. ·-~~· . ; . . , : 

(S) The exprenialt.·gt,ing tlle,,:muea,tcd,a.....,,dlt:,_-., Thia ii .the "bedy• 

oftfle;functian. deftluttalt. 
,. ,,., , .._ .. 

(6) The, word endfun. 

The definttten of an .external .ft.uldna: 11 an lfttD;madllle-: ta, VAL DefbitilM Alf illllnllll 

. ,appeat ...................... ,+ ......... ..... 

module : 1 •. extemal--functffXHlef 

external-functton.-def : : • 

function· function·header• 

[ type-external def,patt ] 

{ tnternaH\inctloh-def ·} 

expression 

endfun 

internal-function-def : : • 

functiOA funcdoo.•header 

[type-def-part] 

{ lntemaHtmction-def } 

expression 

endfu'I 



,-•;~ ;•~ •• •' ...t,,:;~••• a-.' 

,,,,,';''.;-:. l,F ,, ... ,<>_;._f.•, 

type-extemal-def-1,art. u • type-ex._t-dtf ,{ ; tp:--Mkltr··} [ ;·]' 

type 1rcta,&klef' u • tJpe-def t externaW 

type,-dee.pa,t·.u • t,...-, {;·IJPl"dtfi} [·;] 
•, type,,def: IJ 111 t,pe,-type-aaffll'. C: typHl)fC 

extemaW u .,e,ctemal f9t1Ct1Dft-htacler 

functjofl-,-der. u • AlndteR•me ( dfd,{:r•ectf,... typ, spet· f', type-spec})'·' 
function-nameu-name 

Example: 

functi~ sum_of_squares (X, y: real reltwn1 reah 
X-X + Y•Y 

endfun 

Only the external (outermost) function defined in a module:ls accesitble to ~her modules. 

Optional type definitions may appear after the header to give names to · types. These 

user-defined names may be used anywtwe1 e tn ttw1ftlbcddn deflnidan.rtnclucllng tts· ·own header. 

The type definitions (and external declarations) are separated from each ~ by ll!fflk:olon~ a 
' ~ 

semicolon after the last is optional. 

Ex•'!'P!e: 
ftmdion co~Rlex_,,,uttlply (X. Y : com_ple>( relums complex) 

. . ; . ' .. , . . . . . .. ,.P - ·. . . 

type complex • record [ re, im : real J ; 
record [ re : X.re * Y.re· ._ x.1...: • Y.im ; Im :' X.hn * Y.te· + X.re * Y.lm ] 

endfun 

8.1 The header and value transmi11ion 

The list of formal arguments and their type specifications appean In the· header between the 

left parenthesis and the word rellrftl. These declarations are separated from each other by 

semtcotons. tath declaratlol'I may contain · several v-1ue names, whtch are' separated fram · each 

., other :by commas. 



e c: a. .=- I!' . -I •i . I I 1 I i • J 1 1. · .. :1 .· ·11 c.·.··.·. : ;: r , , :1 :a Q. g 
ctf!t ; ► !jl,f - • -t, s.-:12.il -t 

t · • · · • · · · 1. · ·· i I I . ·~ I :s i Q. -1, • r jl' • -I 
I:(f.l ill! ... t.11 .·. ~s~".' ·1.1 11~:i.if!i, a "' . '" a I I I ! I i s ·. : ··t ~ s. i · ,. I i i ;. 
:r - :r -= .. - - - - . - ,I . a. , : , i' ~ • . •. l : :! , Cl!. 

f i.. 1• I .. ,~.: 
0

l... i i .·.i i ! J·.. t ·.! t I f l '· ~. ! I I 3" 1 .• :, .· 1· I • I . 11 S a r i 
. 1 . .· I;: ·1·· 

1
1 t ~ .. i : .. ·. · ··1· -1 ~ .. 1. ·. .. , , •. 

~ l = s- ' . . , I , . ',, - ;. £ w • ' , I ' I ' 
:f .. , I I ' ·.•· . ... ·11· ! .. l t f • 'j t f ii 1:t" '. ·, '- '.· J l l l • , , '.·'., ; ;· ', I '' ·. ;:- I . " f f ff_. . -:=-- . .... .· . e lf&,.J • .. 

. . .. • f:1f t : .i I I ,, 7 .• .~ ·'. ' 

::.·:• - .. · ::; . 1··~ . r ; , ... f. : ' , ·, .· ' 
" ts,· .·.1 ·. .··. · ...... 

r . . . . .·· . .. .. • 

' ·, . ' ( ·. 1· t ~ 

. 

,w. · ... -.r ... ·.·.·t ... . : :,Ir. ll _., I ~ .•. .t . i I .. -
t ·1 : · .. - ·1· I I I : .. >. t I , ' : . j : , t , I 
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inc~~ '""ly for JJll@~k: con_.~,,. T~, Jnt~ a, ~. •~ ~,.~~ c:apied ;Y~ from 

the modules defining sin and cos into the module defining tcm. 

A module's external declarations must appear following the header of tllif'oatelmost f'f.mdion 
. . ~- ,- .; . ·~ . '. :, : :,, fi}:_~· / ' , 

definition of that module, even if the f'unctions being declared are used GIiiy .bf ~•\ ~a. 
. ' .... ~- . .., ; ~~ ,.,., {: J 

The external declarations may precede, follow, or be miKtd With•~. type \tefltl.~'Fof the 

outermost function definttion .. 

8.3 Inheritance of data, type deflnitlona, end ext.-nal decl•ationl 

A · function has access only to the data presented to It in its invocation. No data ritues are 

imported from any enclosing function definition. Type deflntttons made in one function'~ffl;ltion 
- , .:· . - f\ .r; ·,;.,;;~.:; ~ . 

are inherited by an functions subsidiary to it A redefinition In an tntemat~:•pf• ~ a,ame 

already defined in an outer context is not pennttttd. 

External declarations made in the outermost functtan definttian are inherited by an ln~I 

functions. 

8.4 Scope of function definitions 

The scope of an external function definition consilts of an module$ of the program except the 

module defining the funttton. That is, afty · external function may W1· · 1t1voked · from anywhere 
' . . ' 

except in the module ~•~•.ng that function's definition. The scope of an internal function consbts 

solely of the immediately ~lostng function deftnitlon. Note that this precludes any recursion or 
> '•, • ' • • 

mutual recursion. 



The scope rules for ftn:dolts arid' type dtft....wens:are .. ••1'f ttle ,..,.... t:11...ple: 

function F ( <header> ) 

external FF { <header> ) ; 

WINI .r. <t¥tN,.-,spec> ,; 

func:tien. G ( <header> ) 

type U • <lype .. lfNIC,._ ; 

htlldhinM(·••••■r'>.). 
functian N ( ..._.,> > 

BODYN 
endfun 

BOOYM ......... 
BODY.G 
endfun 

.· function H ( <header> ) 
fundiCIII p (' _..,,,,. ) 

ID>Vp 
endfun 

lb,yH 
endfun 

BOOYF 
udfun 

F 

G 

M 

N 

H 
p. 

ff (external). G,· H (ifttef..t) 

.. FF .~.•if•· · . I) 
ff.<-t>t··N._~ 

''.,Ff(ntenat) 

FF· (ate,nal). p (tntemat) .,,_,..., 



the body and header of 

F 

G 

M 

N 

H 

p 

may . .,.,~ types 

T 

T,U 

T,U 
T,U 

T 

T 

The modules comprising a program are translated separately. The manner in which their 
. ' . ~ ~ 

. names are used to access them tn Hbrartes and the ffllffllff' tn whkh they are. linked Into a complete 

program ts dependent on the Implementation. No recursive tn,~ among external or Internal 

functions are permitted. 



Appendbc, t - Fonnal Syata,c 

module : : • exttmaHunction-def 

external-function-def· a t • 

function functton--header 

[ type-extemaMer-,art ] 

{ lnternat-functkJIHlef } 

expression 

endfun 

tnternal-fiHKtton-.r : I • 

functton·funaion-header· 

. [ type-def .. ~ ] 

{ intemal-func:tton-def } 

expression 

endfUlt 

type-external-def-part U• typHXtefflal-def { ; typNXtemal-eW·} [ ; ] 
type-extemal-det 1: • type def I exttmaMtf 

type-def--part n • typHef { ; type-4ef' } [ ; ] 

type-def II• type tJllHII.IM • typetpec 

external-def : : • ed.,... f'uRdillt, header · 

function-head~ I: - functlen-name ( ded { ; cled } ,....,. .,,. .. •c { • "" If IC } ) . 

function-name c: • name 

expression 1: • lffel+-exp l expreuton , leYel-t1Xp 

level-I-exp 11 • lffel-2-exp f teffl-1-exp f level-2-exp 

level-2-exp u• levet-3-exp I levet-2-exp & ~ 

level-3-exp : 1 • leYel-i-exp I _,,, lefff+exp 

level-<f-exp s: • level-5-exp I leveH-exp relattc,nal-Gp leYel &-Gp 

level-hxp : : • levet-6-Np I ·1mt-5-up I lnel+ap. 

lffel-6-exp : : - levef.. ,..., t ll!Yel-&ftp addtltg1p 1ne1-,._, 
leffl-7-exp 11 • level-I-exp f tevet-7-exp ·~·lel'el •:ap 
level-8-exp I I • primaf'J , .. ..,..., primaf'y 
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relational-op::• <J.<• 1> I>." l-1~= 
adding-op 1: •+I-. 
multiplying-op 11 • • f t 
unary-op :: • + I-

primary : : • constant I value-name 

I (expression) 

I invocation 

I array-ref I array-generator 

I record-ref I record-generator 

f oneof-test f oneof-generator 

I error-test f prefix-operation 

I cond1t1ona1-exp 

I 1et-1n-exp 

I tagcase-exp 

I iteration-exp 

f forall-exp 

value-name : : • name 

invocation : : • function-name (expression) 

array-ref : : • primary [expression] 

array-generator : : • [ expression : expression {; ~ ;,~ } J 

I primary [ expression : expression { ; ~ : ~ }l 
. . ' 

record-ref : : • primary • field-name 

record-generator :t• record [field-name: exp~;{; flelcl.,..._: ,xp...-} l 
f primary rllPI.- IQe.ld+~ { ~J~kl: ~.} J .. 

field : : • field-name { • field-name } 

field-name 1:- name 

oneof-test : : • is tag-name (expression) 

oneof-generator : : • meke tJp!"...,ec,l!ag-~ : apre.ukln· J 
tag-name 11 • name 

error-test 1: • is undef (expression) 11• rniu_elt (......,) 

f 1• error (expression) J 1• zeroJlvlde ~ 



j t, pa_over (expression) I i•'ML...,·(expr--) 

I •• pos;_under·(expresston) f I•<~~ 

I •• over (exprmton) f is·Ulllller·-,.-.) 
11,,arffh:,.,,.~il1111t~:t• a:dllin• .......... 

prefix-operation i :·•. inh,pr(exp,entan) 

real(~ 

. . '(expmsilln), 

abs (expmston)c 

exp· (expression) 

mod·(expmsim). 

Mllt(exp~· 

•·(spreuiaR► 

..,.., _fffl (expmsien) 

....,.,..Jjmh(npressiont·. 

lffllt'~~ 
.,..,;_ .. :(expms-ton) 

.,...;..._(~)-· 

--,:;..addlt<apresstan) 
array;;;_ ... ,~.....-) 

arra,.;.r...,~i, 

f arrey .;.reml (expression) 

I array.Join (expraiclr) 

, .. ,.,~..u .(expmnan) 

constant11• nlflttue:f ,._. 
I tnteger-mnnber I reakumber :f 'diitadlt'<Ollllallt f ~"CGftlUlllt 

1 arr-,_--,ty(t~1 

I undef!type,-,pec] J .... ~e1t&n,e-specl 

I pos_ove,ftype,-specl I ••LJWertna aprcJ. 

I pos~undaitype,-sped f ~--•· 
I unknown(tn,e-,pec1 1 z-.Jil«ideltn,e-sped 

type-spec 11 • bask~· 

I compounct-r,pe-spec 
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I type-name 

b~stc-type-spec :: • null I boolean I Int ... f ,Nt·J..-lller 
compound-type-spec.:: • arra, llypHp«l 

I record [ field-spec { ; field-spec }J . · 
I oneof C tag.:spec { ; tag-spec }: J 

field-spec : : • field-name { , fleld-na~ } : type epec · 

tag-spec : : • tag-name { , tag-name } ( : type-spec ] 
type-name : : • name 

conditional-exp : : • if expression then expreutc,n. 

let-in-exp : : • 

{ elself expression then expression } 

else expression 

endif 

tel detldef-part 

in expression 

endlet 

decldef-part : : • decldef { ; decldef } [ ; ] 

decldef : : • decl 

jdef 

I decl { , decl } :• expression 

decl : : • value-name· { , value-name } : type-spec 

def::• value-name {,value-name}:• expression 

tagcase-exp : : • · 

tagcase [value-name:•] expression [;] 

tag-list : expression 

{ tag-list : expression } 

[ otherwise : expression ] 

endtag 

tag-list : : • t 81 tag-name { , tag-name } 

iteration-exp : : • 

tor decldef-part 

do iter-end 



endfor 

lter.-end : I - If expr.....--1t11en ....... 
{ elNif:•presstam...,.dtll.•4} 

elMtter.,ad~-

l'l•••• [ ~,:J•1 111raf;J 
tag"lbt;iler!llld 

.{ tag:;.ffst-~ lltr. •J 
[ ....... -~•:}-.· 

I •• deddef1)8rt 1ft itlMlllltldlllt 

l·flfffl!SMR·· 
f'lt.r·-def-part: ....,, 

def-part·::• def{; def: }1[ ;] 
foralHXp::• 

foall·---nune:Jn,[.....-I{ ,·.,..11111.all llfl UllDIIJ:} 

[..w~]'. 
~ 
f foralUal,naut'}· .... 

f~rt: 1, .......... ;..,.....,,...._,.....,,_,, .... 

Rn&op u .. p1ue,fU■a1,J.-.,~._;i-;:■ d; 



• 

Function Module 

FUNCTION 

Function Header 

Function 
name 

Function 
header 

Type and Function Definitions 

TYPE 

EXTERNAL 
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VAL Syntax Charts 

Type and 
func:tidn 
defiffitions · 

Type 
name 

Function 
header 

!=unction 
module 

Tvpe-tPeC 

ENOFUN 



Fllld-Spec·Llst 

Tar,,,lpeclilt 

Type Spec 

Tag 
name 

ONEC!)FI< 

Field · 
name 
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CHARACTER 

'U 

..._.___..._,;'.TyPHP91). 

Null type 
abbrevi•rion 

• 



Expression* 

--

1 

Expression 

1 

Expression 

n 

Expression 

•The precedence levels for these infix operators is 
illustrated by their position in the chart; "unary 
operator" is highest precedence, comma lowest. 

The superscript following "expre11ion" indicates 
•he number of values that muit be represented 
by the term replacing that box in the program. 

- an exact number • · that arity is the only legal one 
- "n" -• any arity is valid 

-

-

--

-

- "K" arity must match arity of other 
expressions in some chart 
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Unary 1 
-

operator Expression I 

Multiplying 1 

operator - Expression 

.. 

Adding -operator -
.•·•·. 

- II --

1 

Relational -
aperator 

. ~ . - -

- & -

- I 

n 
-

Expression -, 

Primary --



p I rmary 

Constant .-
I 

- Vatue 
- ...,,. 

n 
) Function ( - -

Expression name 

n 
] -[ -Arrey ref 

Primary - Expression -

Field --Record ref 
Primary - name . 

One of 
1 

) --Teg ... ( 
test 

IS .. 
' ,- Exi,rettion Mme 

Error 
1 ,. __ - ) 

Error ( -tflt 
IS - Exprauion 

I 
name 

' n 
) ... -Prefix ~ ( -Prefix op -- -

Expression 
-

name 

n -...... ) ( ~ 

Expression 
Grouping op 

-• Array ..... 
generator -

Record -generator 

Oneof -generator 

Conditional -- exp 

Lat-in .... 
- exp 

- _ Tegcase -exp 

- Iteration 
~ 

exp 

Foran -exp 
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Iteration Exp 

----411►---c FOR )1----.... IBKl<Mf<-rtl--el---t• ... I her-end .. 1-....... ( ENDFOR )---.· --..t-~ 

lter-end 

ITER Value 
name 

n 

Expression 

n 

Expression 
ENOITER 

Conditional 1------------------t..i ~-------------------1~ iter-end 

Conditional Exp 
· {conditional iter-end) 

IF 

ELSEIF 

ExPTenion 

t 
Expression 

Tag 
iter-end 

Let 
itar-end 

THEN 

ELSE 

Expression K 

iter::end' 

Expr111ion 

1 iter4tld 

~ion ........... .;'----
iter-end 

____ ..., 

ENOIF 



--••..._< LET 

T~ .. i,.. __ ..,. 

TAG 

for.all Exp 

FORALL v ... ,_ 

EVAL Merge 
operator 

n 

t 

1 

E,cpraaion 



Definition 

Declaration 

Multiple Definition 

Value 
hltl'ne 

Value 
name 

_________ _,.., Declaration,._~------... 

Deel-Def Part 
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Type,tp1e 

II 

--------------r--,.--"'I Dech.ration t-------rt~ 

Definition 

Multiple 
definition 



FrGffl 
.. tsting .,,., 

Primary 

One of G8nerator 

RECORD 

.Mf'\.ACE 
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f ... ..,_loft ,__eo( 

1 
E.....,, 



.... Operator 

PLUS 

AND·~•------...... 

OR 

MtN 

Multiplyl111.0par1tor 

Adding O,,.atot, Unary-O,...-

Relational Oaarator 
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I 

INT&GER 

it 

AMIAY .JOtN 

ARRAY-FILL 

ARRAV-SETL 



Constant 

.__.., ..... ~ ARRAY-EMPTY 

UNDEF 

MIS-ELT 

POS-OVER 

NEG-OVER 

ZERO-DIVIDE 

PCS-UNDER 

NEG-UNDER 

UNKNOWN 
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NIL 

TRUE 

FALSE 

Integer 
number 

Real 
number 

String 
constant 

Character 
constant 

Function name, formal parameter, type name, 
value name, field name, tag name: 

~ they are all simple identifiers 

Type-spec 


