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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 limiu 

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 70f ). 

Key words: programming languages, applicative pragrammtnc. n..tulutty 
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• 
may be .~ wJrich are very dtffimlt or ·tmpouitllt to anatpe for parts that :may be ....m 
concurrently. It u Hnpassibte Jn paeraUo trw the·.., d ._ wldt Bs'.dwn a a""'*te ••.,... 

. " . .-

" the entire prog1:an1. ·0n1y with ..... .....,... II • 'DHMe to ... .a.......... ..... ..., 
constraints on the sequmidng Gf pmpMB parts. 

In contrast. 'the 'fawguage VAL is at~ free of .aide dects: each module or weft Im med· 

porttOn of a VAL program mtlftfiands ·tea tMthenatlcal ~ .... the.- effect of,_., 
two parts together Is to compose the ~ .ftlnc:dons. Socb. • ........ ts~;~ 
.,,,.,,.,. Athaugh ...... for .,,....e ...... ~ """' .......... tw1J ·U.S tn the 

... ~·- - !./ ' - ' . . 

·11terature, there have '-" few Mt1tnpt1 to ...uad· a mmpllllte and ,..acat definition. This Is 

due to the dtmcutty of~ ftle apctnes •... ~ apera-.1; w.ltbtn the 
' - - ' ' ' '- . i; . ' ' ' . . - ' ~ .. 

applkatiYe ftamework, ad the ........ ,of effict_,- of tmpJen 1101• The ·f.lftctenc1 .. ii 
•cmlldered · m VAi by ear. pal d ....., .. fllldel ....-. ..... • . .,, •ted 9'J .,..._ 
llng:uagn. and am ..... ID ••ellp aaputer .. ......._ ....,_lb' ., tllfldent ,...... . of 

progrsms exprmed in functima1 Janpages. 

The ftle update nd ...,.,_,.. blues wll IH!.llddtwed tn f8ture ¥enians of VAL ta whtdt 

Streams of values ·wtll be intndlml u a .,....,.. ~~fer ~ bet•_. pr111i.m 

modules. Medutes .tflat ,...ma ·stm• u ...,_ or.--.. •••• u JJtpat. can be "'*' for 

~put/output praceses further .. the ~ af ....... a data ·1-e may be Yiewd 

as the prOCll!lltng of a stream of ranrmndl by a data. bale •secretary• • •panttan• tnadule ~ 

holds the data base as lntwnl data. If It ts dmred to .realtze 11181'.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 Mtrhodolagy Graap under P1'Gfmor Barbara 

Liskov. In partkUlar. CLU is detgMd for complete maple ~ tJpe chedtiftg, and tt hu a lilt Gf 

we1I thought-out contr'01 structures and basic data types consonant with rnadem .prlndp~ of 

structured P1 ogrammtng. 
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While we ha-ve adopted many oftlle ~..-•,of.CW, VAL dttrer.racHany from 

, . <;LU In tftat u,e. .. ...,.: lib ~Jfl4W ~ il;ab.;.t.....a 1nseead:·of\~allwottfted •. ,Jn 

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

f\lncttonal character of the language and our desire to aupport highly concurrent program 

execution •. 
~ . . . ' -

··:, 
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Fram .... ·MR" WI ...... ,.. .. ,, .... ; .• , ......... n..., froni'.J(Jj·Sley"' 

Odont·Unttretstty, Glla«allft·•IRM.~ .. , .............. " ... at 

In addition, we thaak Bart.ara Uskm and a.. •dmt1 for,..,..... In CLU a·CtMtlldent 

high qualtty staflinC pmat fer_,_.• VAL. 
, . ' , '. 'Y 

1.2· Referenc• 
) , . , . '-~:, 

8J u.t.v.B . .H.;11tll., "CLV·.a·-- ...... t,....,111ifiln••tt1•i1es·GN1111p'flt-.,.*>. 

l.abmatory for Computer 5*t•-titll"i 81111l• ... lt W« llltlirMIJ,.., .. ,. 

\ 
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A program in V ~L ts a ~·~ of separatea, t~~rt'f:?.,.. ~u/"· ~c;t, mqdule 

. contains the. definition Of one ex~I function. This tundta,. 11 -.. •. iq an.~. ~11,tfs. of 
~·., • • ..-··., , ~: /,<. ·;,;":;. ~ .( -:,~~.~-,H~"' •-: - ;'-,_~.:;,,_ /,· -~ .. ' . )! '':1 .-; 

tM VAL. program by use of Its name. A module may. also cantatn the definitions of u.rnal 

functions. These internal fUnctkJns are used only wjthin the ~"~ a~CIJOt ~fe·to· other 
. ' . ~:~"'-; -' .. ~ ._,, '_ .... ~ ·,. "'.:';;,~ '·· >· ·, ·., -,; 

modules. 

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

.· . lapgua~~ there are no ·ob~· thought or ,~ ·.~ tn ~ .•n.d. ~ __ u~~"'.;'~· die 

" computat~ progresses. Ev~ arrays and record~ are kated in VAL u matheftlttcat .~~ .. · c . 

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,t has. access only to lts a:~ 
-. _· ' • - : ;· -·· '· - f ,. --- • _-_ -t.' '; -~: ... ·::~ «~';i,;;..: ~ - : . - -

there are no side effects. Further, a fu~on 1'$tns no ttate tttfom1atkJft from one Invocation to 
._' . . 7:. . - <.: -~- _,_ .. - ·:;: _{..,~i.~;·: .. ,~"~ .··:;-;.: !f; ~- :·-~~ ".·· . •, .. ·~ .. "'~+.. ·-··. 

another; each function Invocation ts atrtctly .~ .· -~ ,~ retur_llld ~ .. ~ ·~ 
,. . -- ' ', , - . . . '~. . ~ . ' ... ' . .. :~-: ' . '. , ,.. ... ;., 

depend only on the argument values presented to It - a VAL fUnctlon. implem81ts. a lt1Je ~ 
·.:··'.r• •. . . . . . .. . • . , .. · . . .. . . . . ...... . 

in the mathematical sense. 

The data types of VAL include the basic ~lar ~: ~t;t •. inRgel'. real,~ cha~~· 
. . ' . . • .. ·1"· ·~ ;._: , ' ·. ~~ . . • •; ~ . ' .• 

Data structure values are either record values or a~! .. values.. !l~s have.~ fixed f~t .. In 
\

0 
• ~· ' '~ 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 ~ nelted 

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

specified set or·constttuent types. 

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

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

operations for arrays and records ate chosen to support tdentiftcatton of concurrency for~""'*"' 

on a highly parallel processor. 
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Exceptions are ·handled In VAL through special error e._.:11 ill elllch· .-... type. The 

element undef signals that one .or more operand values .are net ·tn the fpedfted -..an -of an 

........ Theelelnent11ii9:..Mt...-that•~...wk-~ili1~1l Odlet .......... 
- - ' :·,,- - ;' -o.~·,··~· - .. - - . '• -.~':1- ;1"'-:~'-'i>'S:"':.'. '. • ' , .• • ,. 

aft ·proYlded ln the numeric 'tp·to .... at.lfhlMdc ......... 

The design of VAL penntts type dMlcMng ·m be P.A»..S ~ the trwlaw. The t,,e of 

each argument or mull value of a functtan ts spedfted in the f'uncltan deflnitian's header. Each 

value name used In the body of a function must hoe its data type~· The ·operadanl of 

VAL are destgned IO'MUhe tp1 dtbe ..... ~ tie dilio.illed trtf.e typls ef the apirwls me 

·known. StftceVte lJPIS fl al;*"*: aapim'nitam a.····~1}~11 ·of al ap1111.n~~ 1-e 
" 

cletermtned. 

Without effect on can.,aeecf'te..b. illvl61•1tr•htr.....n.•fYALw.a .,..._form -.,. 
-1tpres1ton -~tian:Ot.wldth yteldsa·ttlplt~Wfa,J& ....... ~ ... ~:far 

\ . . . . ·} .'- -~ .. -·:- . :~- .. : ... ·~ ··-~ ;'!)~--~;~,: .. ~"'-~-1"~-~r :·- ~ .(: . , <. ·, .. · -
condtttonal exprelitans (fflthe#.._). Mid ibr ....... _,..-.. ~). the latter . ....., a 

·.. •·' .~ : . ··.·- :~.- :· ~1';;;~~-~-'t:·;,1 ':"'"-' -~--.=· ~ ;;·~:.: " . . -·~: :.". 
ICheme tor .npreseutng . ...._ u rml .,..,...... Ill .c•n• . ..,.111111 •ltt'UetWel _...,..-.... 

"~- ,' i :,.:.-'le-:'_, . . "":~{i-¥ ~~-! 

fDr distrlbuttd ·~ 4 the CGR.Mlelltl d a MW UNf ar ef·alua11J :be ...... ·by'·aft 

..,.tor. A ·fonilllcwtrur:t exp111• Js mid m CiMtp11te Che ...... ant ftlallof a ,.. ..na1 . 
• - • • "."; :''•': •: '~,"~··,~, ' ~.>;1-.' ·;~'. '·},:,; -3'~·~··~:·:· ... f';i '··w';; '-,.' ~• '"·:. :f.,' 

~-....--...,. A Willelf91 ·elfW1ta•IM't .,...., litnlllliln •llJ -.p11uc' --- bf.• 
• ·,,f- -.. • - .. 

;Utodatne aperattan wh n.acldtttan. .......... or mutmum . 
.. '°.;; _',~-. -' ' •\ 

In the BNF presentation of the tyntax, large curly bracesJ .... } ._.._. .,._. ar :""" 

repetkians or the lllatelial ...... i,.e ..... r ... 1 · Jndkate ........................ :..a, 
appear .-0 times ar ,..._ 

----~-----------~--------------'-'-------------
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a PROGRAM~FOAWA T 

Programs are wrt,~ using the ASCII character set. N9 •conaror cha~s ~ber than ~ 
~ ';':i,_-· ~~~'j .. , ,/,, ·':;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~ s~ are the following: . -~ .. " . ;.>~ ,. 
+ * I I le 

'\' 

u < > <• >• • 
. -

( ) [ ] • 

An integer number ts a sequence of digits without a decimal point : fl .. ~I. 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 "!'~. '9. *Q,i~ .A ~racter $tr~ 
- '-' .. ; "'· • • :·. >·.'A-' • .. . ~ '.; •.• "• -~. ·; ·. . . - . ' 

, .CClll~nt ts .a ~'ng of ,?e,!'9 ~ ~.c~!&~s.~r;~ ~-I'~ ... ~~.~ ,o/ ~ 
t&~la!e~.~c:e •.. newltne. pe~.~ ~n"·~Jh•~.,~'ft ~!'-.A~~;.~ 
may be pfaced t~. a ~l'i!'J by ~~. ~ d~..., ~: 

A reser~~. word is a word th" a~r. has a ~I.~! ~!~~ WOl'ds maJ,.,~er be 
-.. ' ' '; ' .> ' ~. '· - r-. . ._,-,. ¥- ; ' ,'. .. • - " • '; "( 

used in any context for other than theil.' ~ial ............. a.,...s JllOl'ds. tn progr;arn examotes 
>~~-~:: -~~-· __ .. .._. .. ., · _._-> .. ~ :.":. ,; ~-- ·.: ,~t.~· v: .:~~. --:.- :.~:7:;-;;;, ~-.:·,.'" .··. -~-~~:.·"(~ -,,,,.l ·--··,· -. ·. ·,: · -:~ ';;~·"~~--T , 

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

The reserved words are: 

abs do if ov• · 

and .... in plus .. " .. , 
arith_error elseif •. 1"1...- '""~It!" ... 
array endell ii .PM~ 
•rey_eddh endf or lier rNI 
81fT8)' _eddl endM let ,..,. 
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array_ed~t endif ... ......... , 
array_.,.ty ...... lftM· retuma. 

-- ' ~. '" ..,.,_ •. ..... • tea; . ', 

... .,jfift, ..... t••• ........... ; • .J _...,, .. __ '• t• 
•nlJJiMJ eYll ........... ; t'-a 

~~' " ' .... errayJemh- .. .....,.., .. Mtetnet, nil type 

•rar-•etl , .. null: undef 
.....,;... .. , .. .... under 

booleen forell at· 

c:baractw fulction ......... .,._....., 
can.ttuct 

,,, 

letter. A name ma.y not be tbe·same- u a reserved~woal• A RllM tMJ.be;used as a value.~ a 
~. . .:~ - : '.· ••· _--.•• ,· ", :'~ •• _,! . ,,. ;; -~i~''. ! .- ;· •• :;-,·_:-, ; 

Nnctlort· name,. a :deftfttd 'tJt*'N..e...a•......t··ftiil1nlm1dlr.' .,......,, ..... :...... ........ - :aft· 
'-. ' : . .• .•• ~-..•. • ,.;. "'1~- ~"tl ~ ,. ·~, .. :· - f··J' .'",_ ' .- :~;;; ···,~i;...,, 

h&ve·their own.mdan .... tOri:ildapi; 11&..W~ . .-..-·iume mily :bi .Mt~-~ for· 
aner.1.·or the.~~ 'hf~'. &/~·.:fl.fi. ~;· .;. .. ·~· 11t •· ~··· 

- • ' - - • '"' < ' ' ~ • • , •e r ~-,,fl ~;, .... ~·· 1 ' {" ..... ' • ' - /'"i '.· 

spedficaUon or nmat .,,,,..._...-. .a~~J)e..,.l.i'witUa··~at.ie name.- .. 

U~ and.lower case letten;fttnamaancLremriclworda·a~.;.~. but aU·ut11 
. _ , .. . _ .. _, .. " ... , , "-)~ J·,..d: -~~r.f ;-·.f~::t: ·,: ... ~._:.> , . .,, . ,~~-.. _Li 

or.a name·or·i'elelnd wom.must.havealaautenf~iiitlM~ Nammaybe.;of·:_,,,,. ....... 

length. 
.,~·J "'t(' .; ~-· .. ' ' . , "' ' 

The separating char'Mtm· spac:e.· tabalate; ancl ne.wline ar:e equt¥alent (exaipt in· ctetlintttnc 
: ·- ·~.'~~~ I .,'. '·.': 

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

appear withtna.numberor bttween.thechUac.wrsof"·.a:two cbaraC.. aperadollaymbDllUdt'·U· >•. 
· _ •. ~~,_-:- ·: -~;~1:.~:-·~~~I --~. :~ ·r'., --~i 

A separating cllafader t1 required °"":tietwmradjlmlt ~ ,...., or relined words. hr 

example, separatillg characters are nqulred· to:diltinptlh t~ ...... conllnlet "ff· p then 3 ..-. 4 

endif. from the name •rtpthen3ette4enclif•. ~ .... ~ - ..... .:a ..at~ ~-a,! ...... 
.. . ' ·;,:, '. ,. . 

punctuation symtiOls. · 
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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 ftPliS 

The tnpurs.aad.outpuD.ofYM.ap1m1J.,.and.:~ ....... l'M:llltimt:qllll:t•••"er 

ftlues,that·..., he·flU a llllrto.;•,...-.••fllf ¥M.,: ... a•,•·•---•-•iel)f;M... 'die 
vafue domain is salati•tded lntlr-'dl llr.c& dajat•·1lllllf•11R1 t.twat. • the<*- "'9 al YM.. 

There are lmfc fJ1V wMdt ........ die fiuRIUlr·...., .... af &1Gt:;J1M1S1-. ......., .t!Jlln· in 

the fOlm. of arrays Mld.1!118fd&u.dlfl1atl*J~dllll llq11rn• .._ a_,.r,•np • tJpll;:aad 

dttaimiftaled uaa..lyp&. 

4.1 

t,,.....,.. u ....... .,. , ......... .. 
1-~-

buk-type sp« U•·Mll+llJlf I• ~bfl b ~l'Jllliil;cb lflar 

~.spec.st•-.[tptpnli 

~,....[;~ i;~~ll 
I _,;t.tac...-::f: ~,..,.,.J.i: 

fteld:"'ll* u:•· fietd"'ftMll~ f, A•:- }; : t""' .spec. 

tag-spec: :t:• tac ...... _{ .... ~}{: ..... ] 
field"name 1.t•1 name 

twrn•me:-·u•:mtne

type-:-Mme· u • name 

For a basic type. the:' spa!iftcatkln. ii• stmply the·· name Of the type. Far a compaund type, the 

speciftcattan. comtsrs ola1lfltl·cortllnld0r li*J.tk.,..oflk• ....... tpftAI ed by the 

necessary addkianaf lftton•ttan witlibr:bracktta. 
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The array type constructor gives the type of the elements of the array. 

Exafllple.s: 

,;ray r tnteser 1 
..,. [array'.(, ... )) 

· The ·record tjpe construttor ·pes:ttfe.· W "'"* .,. 'the type GSOdil1*t· with ,eadt fte1d. 

The flekhmnes .... wtthflJ Inf ,..,,. ~·nae:ae dtltiMt. WfitftllVifiJ fMl•:naMel 

-.re listed with one type. the fields are an of that type. 

Examples: 

record (I, J: intepr 1 TEMP: reel J 
record ( 1 : rec:anl ( x : array [ boalqn J 1 Y : chereder J a TEMP : r811 J 

• • ~; -:·'.· . • ~} ·; - • • j' '_, ! 

A·~··· ~J .be llMd u a field n;une ~ ..-:.~J ~- . ..,. .~t • ,• ,...Jiil ~) 
, , • >i ·.• ' ,,. - > '•c' · ·:. ·"·- !'c 

wtthc;MJt c;onruct, since it.isiltteqJt~ ua field......_~ illtht .. ~ ~ .• ..-..Jfl . ...-cl 
operations. The same field ~Jl,aJ t-. .~ in.~""*~ •twtcW~ 

T.~ oneof 6.mtonhJPC .toQlV.tJctor,gtvei tJM-~ and ~tp ..... ~.With .each •1· The 

tag names ~st be distinct. Where ~...-ua1.-.~ l#tcJ.,,..,Qlle _.,_.tap ~-~te 
that type!. If.the colon anttfollDlri'W;~'.~ ""'~ •. ~.l9Ulf: ,,,. tJ UllQICI.. 

Examples: 

Oneof [ LP, DOWN. LEFT, RIGHT ] 

oneof [ FIX :' lntepr ; FLO : reel 1 
oneof [THIS: array [ lnt91er]; THAT, TJ£_0TI£R: record [ C: reel JD: boole• D 

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

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

Any type name used as a lJP' specification must be deflMd by a type deflnltian C- Section 

4.6). 
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Each data type is a domain of values ,as described -llelow. As .wt1:,,w-,..., ·tlCh .data ~ 

includes proper elements. nd error ....._ ·wltidl tKXlUI' u -~...-~-·-;••••Ion wMln 

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

.the set of operatiaM ,that maJ N;...,J •..-e-.1,••lflnn,....__. .. .,... 'l'k ........... 

for each data type or VAL are defined • ..._ ,.f. as • me..- .,.... .... dial· Qll1nrt 

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 ·tuft name ef an error value '.•sbts of an ..,. name 

ro11owm by the ·type spedftcattoft endased Jn tnma,· W aample·drWJl!JtW911J. This is 

because efttJ value, tndudiftg a1t error ntnes. tnUSt' .haW a· ••'1• type. .0. fGr ~. 
z•o_clvlcletr*ti8 ts .a dffferlRt ·va'-e ftilm zero.Jlt,......1·u1' , 

Two error values a:re ~s or nery data -. tile elei1Mtl' ~] resu1ts when 

operand values lire ftOt in the damatn of an ..... ; Wt ..-pte;' JI the:tttdex of aft array acx:ess 
operation ts outside- the range of· tht array: 1lle e1iMnf· .... JltftJ'pil-tedtts ff 1tie mdex Gt an 
array access operation Is wtthkt thearray range.inltnodata valueMtltSataat iftda. 

4.4 Balk: Types 

TAI Null T7pt 

proper elements: nil 

err« elelne11ts: ....... 1.-.,....ettWJ 

The null type occurs in a dntinptshed union (Ollllef) type Where In one or more alaem&U•• 

no data value js -required. 
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T lei Bool1an T7fH . 

proper elements: true, fal• 

error elements: undeflbooiteeftl 11111•-.eltlboohtMJ 

T Ill lnt1pr T7fH . " " 

proper elements: The integers between some ltmtu whkh are 

implementation dependent. 

error eJements: undef0nte1erl mi11_eltllnteprl 

pos_overOnt....-l n&LOV.anl...,l 

lDtnownDnt91erl z~"!'~¥itWlllt~J · 
- ,'·· ; '· - 1 ··_r1)1':>.~~ :<1-~'l ~·=t · .. - ·Jff~(::~ ~~ ~.·--":ff~·-

The e~ts pos_ov!f'Onle1erJ and fteLDV..ontepJ ~· dtat ~ in.pr Yatue ts 
,.-~;;,•·: A··· ;; :;.·: "-T::~ , ·.~ ~/ 1~f\--.,,~ ~-~;; ._ .. .. -: -~#"'·>~~' :!(~(.~ .. }-:1 ~~'.)~ .. ;- .::::?t?: ····«<(·:~;;: 

too large (positive or nepttve) to be represented· in' die ap........... The elelnent 
{ ~:>r~,;,-<'; 

unknown[intepr] indicates, the ,result of a ~ that hu ~ the capactty or the 
:,;,L:; ·r.3~-<' . ·r_-~·r · .1 "- ; ?: >~ .. ~. ".; :c;;<t ~ .. ",~} 

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

~•JlvicWinteprJ tnd~tes the resuk of a dtvilion !>' maduhia aperatlan wtth mo diYtlar. 
• .: ·:··-· ~-~ "'- ! • --: ··~ ;_' • j;: -~-~-f:=:;,~r-~; . 

Floating point ~ or real numbers 
_ ... ~- - :-~-~:- ~J;r :-· :1v~·\~:-~-~~<.,_~:~".:,.· 

including zero, with some expontnt range which is · 
' 

implementation dependent 

error elements: \lldef[reell ni .. _elt[reell 

pos_overCreell ML .. erlr811l 
~ . . - ~·--

pos_underCreail ..._ ........ l. 

unknownCreall z-o~&~;a.1: 

The elemerits poa_overireal) and fteJ-Ovwlf9!1'l indkael that the real value ls larger 
,- .. : ·. v \i ' ;_;c,·.·.;; .:_i~i~~· ~-~?;;;'~ .,· ~i{-r: "'! ··.~·;•;~',.'./'":'>-~· · 

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

The elements pos_underCrealJ and MLunderCreelJ repretent non-zero value too sman In 

magnitude to be representable in the floating point method of the lmpl1111e11tatlon. The element 

unknown[reel] tndk:ates 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[reelJ indicates the result of an attempted dtvtston by zero. 

TA1 Cllaractn T7f>t 
p,., ..._.ts: The 121·dtaractert of tM ASCU dwacler·-. 

error elements: ......___.1~1 · 
4.5 Compound Types 

For each data ·type.cW.mecl·.b.y ..... v·AL tp ~ T • ...,.,., .,,_._, be.,..... 
by· the type tpedftca&fon . ..,.,.,,-1 

I ' ' .. ) ~ ~, 

praper.·e~ A preper .ar:say . .-.. in ....... [T) ._... .tf two 
-~ ~ ' ..... 

<(I) A T8f' (l.O.:HI> ,,.,. LO and Hf ate ...... ·and 
~. '.'.' .,.._~ . "" :, ' 

W ~ HI·+ I. Thete ,;au· ·iltduSiYe . ._.., on the .,._. 
~ - -~~'"::·~ '·~'', ... ,-·.~ 

etements. If LO .. HI + I the: array hu "°••ts. 
(2) A~ of HI ... LO·+ l···elemmta.ef tyfie T. 

error elements: lfffJ '""f ·:type ~ . .,.,rrl -...c1a dttc ......_. 
:~.d'·--••ti''·' .. ::; 

•'· _, 

If t 1 .... , tk are VAL type ~ and ~l· ... , nk are clbtlnct ........ then 

record [ n1 :. t1 ; ••• ;·"tt; tk J spectfies a r~ t1'e: . 
praper elements: Ii.ct. proper value of ·the rtmrd type is a • of .k pain 

{(n1. v,), ... J (n_. V:k)) w~ .ch.~ ... ~.~ or~· 
• . , ' ;, --'~ • - - ; ':: .. .., -> ~-,, .,. 

error elements: &nleff.Tl ... _eltffl where T ta die NCDl'd type .·': " , > ~ , :· -~ ;;~;;. r~ {< . . - .-.-
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, :,~•: , Each,mnentofauntontypets•ellm•ot•or...,.t...-.rtpt.·•~ted by 

i't& tag ·~MdrUhdicatlS- aoMti81enMJPe'lrOnt<#htdtldll• ....... Jflf taka<lf ti· .•. '11< 'SM type 

illplClticatMJRI; andirti}i·. ;,~"'aft dUttnGtirnaane. ttt.J-''finl li°'t I~•• rftr('S tk l sped°"''& 

<'1111 .. Uype. < , · ,~ ' 

,' -; 

. , ... op• ._..ts: Eadi pfepel' .._.,,,tbe-tHltln~.,,.11 • pa1r <nt•·•1> 
Where t ~· i ~ t,atld vi t12m~d'f. 

error elements: undef[Tl ml11_e1trn where T is the unton type · 

''s7ntax: 

> type-def .:: • ty" ~~name • type-~ 
, ty~nalJle s: • name·. , 

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

~prl>gTam~nllmed types used tn the ftlnctt8i.;; !adt f1Pe ~ lpednd ihat a ·:'type name 

aenctes the 'type, r~laf l>y the gtvadff't:Jpedft&ikili. The 'type lpectfkattmf patt of a ~tjpe 

'de™l~ rriiy conlttn type, namesdftteet fii tY*-'siftltOt Olitir ~ Recurstdf. and 'lnUtUal 

· :reeutston ·are · permiited ltf''typie <MtnftionS; Sueh ~ deflrifttons•11t11"'be' used' ttf mnStruct data 

· typiej ditiposeih>f array w ~ strU&Ores of '6nfnt1tecflltitth. -1
' · 

1 

Example: 

type STACK = oneof [ empty : null.: efetnetif'.: NtOfd'['Vllue : ·r.at t l'eSt : ST~ )] ; 

The name of a defined type ~y ~,PMd &f\JW~,.!hat• ~~-is ~itted, e.g. 

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 conflict, ltMI IS 

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

Type checkmg ·is performed .f>y the» VAL ~bf·......, tat the type fJI,. each1upression 

or subexpresston matcha" tfle. ,type1·,.trfd1'*''tfMr••;·,ilf}:wbalvtt . ..,.,.,. ~tfpe''af ·aft· 

ex,ression or subapre$Sion ts.deta'llltnedby Jts;camp11ltlll't frani ~a.W elll'tt f aary:terms 

as described· in Sections 5 and 6. Thwmwt matth· thtt type· reqtHred; b? Its context: an a,....1nt:to 

a function must· rm&cb·iM"t.tpllllRt tp.tnda.CUn,·• ,_..., . ....._..,-.cl an expression 

on the rtght hand stde of a deflftllUt»(sirt«tilft· 7.2)·111tat:fltltell •1dedlred' type of t~ name on 

the left hand side. 

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

denote the same type. Two basic• type specifitatimts are ·equtvalent tf they are the same. Two 

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

type spedflcations are equtvatent· if their corr~ ~'·ci1i11f»MM111t •tJPes ot • CCJllJtitUent 

types are equiva~ the order in'whkh they •re·11Hted is net"stpif1&nt A. dlfiMd''frPe naMe ts 

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

A c:ompoumi type specifitaUon can ~ .. vffu&ltaed. u a.· tree ...... nod* .are ....... .,...,, 

record, .or oneof; wh~ ara from record or:....., noda.are tdeled wttla field or tag,~ 

and. wl1tJse· lea.ves are bask types. f.qui'fl._. ~ ._,.,...._. ... il'Ji.,....CJf,tbis ~.......,,...: 

Two type spec:ificattons are equivalent if their trees.are~ "'.,eprcting;the·orclctl" ofan:s. ,If 

a type specification uses recurston. this tree is .. inftn• .two .IUdt ~ areeqtd•tJmt· if .U.. 

inflntt~ trees are identical. 

Examples •• assume the following .tJpe· definitions: 

type MM • real ; 
type STAC« • oneof [empty: rUI; element: ITEM]; 

type"fTBf:·• r••ntf vMue : rftl1'; rat: 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.~ ~spedfythe:..UQf: ............ We,,toadtdata typeof'VAL ht the: 

-.mptes or noratar;P:mwtq;,....-rw;tioaa••n·~J.lllllt'1t rw-..s;. x·awc1·y ,..,..., c 
and D for chu.-e.wAw:··stMr...,s;·Rfor~.(t9,._(.....,.ftlliet:anctV rot 

values .of .arbttraq·type. 

5.1 Error tests 

operation 

teat for a.wdef· 

test .fOr 1111•.;...elt 

tat.for aR.erron 

~ , 'f 

i~UI ••IYJ 

-~ 
laerrer(V) 

llltJ ~ .. ;lls!t 
.. , .. lm!l 
any .. l!!!l. 

The tatJs.er.ror: ts saUsfterl.by al·ftl'Gf ........ for the: tppe·,•.wldch it ts appllid:, •def, 

..... ;.;;.ell. and any other emm ltKh u ·zero.Jl.._ .. ,that· extat .fer that type. Addltanal error 
tests. such as 11 ...,, are deftntd betaw for artauac.types. 

5.2 Null. operations. 

The null type ts used to pro¥tde a caw in a .uman type for which· the· value· ts trrelHant 

There ~no operattans;.for thts type except thecemw'MICI fs•;undilf.1- -.._elt, llMl 1•~_,.~ 
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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 boot ... boot 

equal p = Q. bool. boot ... bool 

not equal p N:Q. bool. boot ... boot 

test for undef is undef(P) bool ... bool 

test for rniss_elt is mise_elt(P) bool -t bool 

test for undef or miss_elt is error(P) boot ... 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 !!!!, int .. int 

subtraction J - K !!!!, int .. int 

multiplication J * K !!!!, int ... int 

division JI K !!!!, int .. int 

modulus mod(J, K) mt int .. int 

exponentiation exp(J,K) mt int ... int 

negation -J int-+ int 



magnitude 

maximum 

mtntmum 

equal 

not equal 

greater, less 

greater/equal, less/"fU&I 

test for pos_over 

test·for ne1..;.over 

test for Y'lknown 

test for iero~clvicle 

test for pos_over -er neg_avw 

test for pos_o•er • ...._...,., 

.unknown. or zeroJl'fide 

test forWlClef 

test for min_ett 

tat for tMdef, ftlin...;;elt, ,...,....,., 
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J=K 
J""'=K 
J > K,J <·K 

J >= K,J <• 'K. 

i•.-....-U> 
is :NL;ov-<J) 

is.~) 

is,,2-~) 

ia:lPtllf'Q) 

....... emll'(J). 

is ""*f(J) 

istliu_91lU) 

iswrtlll(J) 

int•-+·lnt 

!!!, !!!!. .... 

··!!!.~int 

Jm. am. .. ·l!!z! 
•i!U. !!!! ... I!!!! 
!!!!. !n1 .. mg 
jg!, D!! .. lm!I. 

mt .. beol 

mt .. !I!!! 
int-+~ 

mt ... bool 

., .. :Jml. 

JD! ... :I!!! 

tm.-+:f!!!t 
·!!!-+hool 

!! ... f!!!t 

The error value zero_divideDntepr} may mlllt from the division or mudulm aperattans. 

The error values pos_,over'Onteprl ·or ~] may result from the artttwnetk 

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

If the error value· undefBnteprl min_eltlint..,l or zero_cltvideOnteprJ ii an 

operand to any integer 0peratJan other than an· error test, the result Is undef or the .~ 

type. 
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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· ·ftspect 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. fteLOVer + J • ne1_over tf J ~ 0 or J • MLOY81', 

unknown otherwise 

le. tAiknown + J • unknown 

2a. - pos_over • ft8LOVer 

2b. -fteLOVer • poa_over 

.' 2c. -Uhknewn • unlnawn 

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

J - pos_over • neLover If J ~ o 0r j • fteLOver, 

unknown 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) 

-tc. J * lA'lknown • 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. neg_over < j • true unless j • ftel_over or unknown. 
in which: case the ·ti!sult is undef 

The preceding two rules also yield true if the connective ts <•, and fetse If the connective Is > or 
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>•. They are also of coune s,..._tc wteh ...-.•:mittfll' '11 -.iMl'J•••·-4JM ... fJI 

the CQIJMCtiYe. 

&a. abs(poa ...... ) - .............. ) • ,.._ .... 

6b. abe(unknown) • ....... 

. ' 

7a. mex(po1_over. j) • ....,..,. 

'1b. min(pos_OYe", J) - . J 
7c. max(fteLOYer,j) • j 

7d. llin(aq_n.,j) • flllLOVet 

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

Other than the at.ft .cwa. tf Hf epR11Cltoa illlllpf .11:11ntttn ..._...__ ... • • 

an error value. the·re1111l ls -~•f·af die.,... .... tfpe. 

S.5 ........... 

The real operations are the folowtng: 

operation 

addition 

subtraction 

multipticatton 

division 

exponentiation 

exponentiation with Integer 

negation 

magnttude 

maximum 

minimum 

X+Y 

X-V 

X•V 
XIV 

up(X.¥) 

exp(X,J) 

-X 
. ._) 
~.Y) .. 

mia(X,Y) 

rm ml ... !Ill 
'·~l!l! .. m! ....... -
,,.-~,-

l•t::tmf,1!!1-+mt 

l!!ld!l .. ml 
m!-+f!ll 
!!!! .. ml 

. . !!IL ... - .. 
ml I!!! ... ml 



equal .... 
1...-ter.>-less· 

gr.ater/equal, less/equal 

test for pos...,.9¥er 

test for neLover 

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

test for MLunder 

test for unknown 

test for zero_divide 

test for poe_over or neLOVer 

test for pos_under or ReLunder 

test for poe_over, neLover, 

- 24 -

x ... y 

x-... v 
x > v.x < v 
x >• v. x <• v 

it pos._cwer(X) · 

isneLO~) 

ls poe_~X). , 

lsnea_~) 

ral real .. I!!!! 
. r!&mt•lm!, 
·!!&ml~olgd 

··-.. ,ta.I. 

, : ,-• .. bool , - f.1:111. -

ml-+.&! 
.ml:-+ lm!zl, 

is unknown(X) ·" · · · :µ :·m! .. !:!a. · 
i~ iero..JI~>. !'.Bl~ gg .... 

!JI! -+ 1!9!i. 
> ....... lat 
.tat.t!a! 

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

test for undef Is undef(X) 

test for rniss_elt Is mist_elt(X) !'.Bl .. l!ml 
test for undef, mi11_elt, poe_over, it error(X) 1111-+ l!!lll 

n&Lover, poe_under, MLunder, unknown. or zero.AWde .· 

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

pos_over[reell nq_overer..ai.poe...-.t:rull·•· ~ may fJ!SUll: from the 

arithmetic .eperatbu tf the rauk exceed• t- ··rantfi! of .. ..,,.._ rtpreMRlllWe on .the target 

computer. 

If the error value undeflrettl min_eltlr~all or zer• .... 4yjde(reelJ JI an ciperand to •J 

real operation other than an mw test, lhe molt .ls undef Qf tlM ..,,.,tate type. 
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The real •••••_. ,._ the follDwtng lpldat . ....._ Wiii 1tllpld to the enor ..... 

pos_ov•. ~1-. --..... n. ..- an of. a.rw .,...._ ..,. JI fllll' • 

exchange of , .......... -. +, .. ....-•nMilhu;; ftese·ndlll de.• . ...., W ~· ........... _..~............ '' 

la. po8_0\fS'1+X •'~ ·ttw:~•X•,,_.._....,,........,.~ 

u Pu ,.,.. . ~ulisr..e 

lb. . .,.._over+-1' •· .._....,. fPW:~~x • ........,..•·?'llll!Jl1ln; 

k. 

Id. 

le. 

If. 

tg. 

lh. 

It. 

2a. 

2b. 

k 

2d. 

.,..__......,'JE- .• x wir.-a •••,.....,.. 
ft8Lundlr+'.X • X ffX.ilf''~1*4flk#11··..a.r··.'i:,, 

,_........_~•l'•SU ulu • ,-.)rJll1··' 
MLJ•J•1•»111PRdw .~.·~ 2•1 <·: 

,.._.....+"A LJ7 lldw • .... tiJJi' :' 

_.,.._.,,.,.· .. _..... 
-~. ,......,._.,. 
-..-~·-~· 
_ ............. - ,.._.....,, 

- ~ - ' > • '· ,-, ,.. • ,: 

1 · X-¥ • ~if..( - Y ), sot1fW·. ,,.,,,_,., ........ ·, ·' 

"-.-~ ·• "9£...,. --~-'*"~wa1mr ulnr. "'*·-· ........ 
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-fb. X * nq_over • - (X * pos_over) >, 

fc. X * posJ,nter • nea_under if -1.0 ~ X < 0.0 or X • nq_under, 

0.0 if x • 0.0, 

.......... otherwise'' 

4d. X * nq_under • - (X * pos_Under) 

ff. X*~'• 0.0 ifX•O.O, 

5a. 

5b. 

"'*nown otherwise 

X < pos_over • true unlm X • Pol~ovw or uMnown, 

in whiCh case ~"~k ts..., 
net-av• < X • true unless X'• -.:_over or .......... 

. ln which case the re.u1r-11· uftilif-· 

The preceding two rules also yield true tr the tonnec:tm ts <•, and , .... If the mnnecttwe 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_ov• 

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

It. 8bl(unkftoWn) • .......,. 

1a . 

. · '7b; Mill(J>oi_over, X) • X 

7c. 

7d. 

7e. 

ma>c(MLOVer, X) • X 

min(MLOVer, X) • MLOVer 

max<.....,.,. x> • unknown 

Other than the abpve cases, if any opei-and· to a real operation other than an error tell la an 
error value, the result is undef of the appropriate type. 

' 



5.6 Clw'ecter operations 

operation 

equal 

not equal 

test for undef 

test for ... _e1t 
test f~ undaf or .... _ell . 

C•D 

C""•D 

-~l .. 

'··-~ ... ~. 
- -.· - ,-. .t'"" 

-·d!ttslllt~Jrat 

: *" - .. 11!11 

. ..... ). 
... 1!!!1. 

·,, ;-':'-, 
If an-~ value as. an ,aperand;t.oa character-...-·---tlmt ao emw • t'lw_-~~ 

undef{char.ecl•l 

5.7 ArrSJopwattw 
.-·i ' 

The .,...,, for the amy data type -.rertrl •••rrcatian1ef tftlW,...._ Nle'*"t 

productng MW array .alms fly app..,ton.,...tb •• am.y ..-. and cadlblMng:arrapby 

concatenation. Recan that an array value CGllSists at.'•.._ •. delllld)tt,j•·• ... tW. a ·hlch 
index HI, and ........ or Hl-.L'O+I ......... ·fA die ....... ·-:-ef;~ ..... •1~1• 

••-•m 
operation. 

create 

create/ftp 

select 

append 

create by elements 

index of hJghest 

..,.,..;.;. .... y[T] 

~~·V) 

~fJJ 

AU :V] 

0 :VJ 

•rayJklh(A) 

1Uta1111111, 

.. u.w.C'J1 
Jm.jgg,T .. !!flllTJ 

. .' -· ·. -~~ '. ., - . - ' 

. -~mdf'lim. .. T 

m.ul'I1 Jm, T .. l.IDIJ:'fl 
in!, T .. muJT] 

.mu.rn .. i!! 



tnde"' of lowest 

number of dements 

set bouflda 

extend high 

extend low 

remove high 

remove.low 
.I ~: ., 

-.1ow 1imtt 

concatenate 

"-P defined elements 

test rorllldef 

te#forMiss_elt 
) .. , ~ ,. '.. ~·~··· ' ~ ·1~,,;. , 

te.st for Undef or ni1s_elt 
. ·~ l 

' . ~ ' . . 

-~-

array Jilll(A) !II!IITl .. Int 

array _eize(A) !II!IITl ~Ill . 

wray_ad~J). ,~-11!l~ ~·· .. 
array~A. V) mulTJ. T .. !!!UlTJ 
array _edcl(A. V) 

array Jemh(A) 

mufrl T .. !!I!IJ1J 
m.urn .. !!!UlTl 
~ ... ~; 
·~JIP:;~ 

wrerJ""A) 
array~A.J> 
ARB 

.;,?-

array ...Joln(A. B) 
\i;:~i~ri,~J~ 
mum m.urn .. mum 

ls undef(A) m.ulTJ .,. l!92J_ 

it lllJ·~~~~ '. . " . ~ ;t !ls!5lJ. 
iserr.-(A) •·'·•~ :; .. ~ ..... 

. . \ __ 

In general, the resuk of' an array operation Is the error element &l'ldef of the appropriate type 

tr either an index operand ts an error value or an arrar apnnd if ...., or,----~ T. 
remaining cases In whkh the result is an error are apedfied t.elDw ror each ..,....tton. 

This ts actu•llf a constant. It is an arra7 of the iplclkated type. • .._.,low index ii -~· high 
- . ·. ~: ' . - ·-,. . ·- ,' . ' " . 

index Is zero, and whkh therefore contalm no elements. 

Cr1at1/flll •ray _filt(LO, HI, V) 

This creates an array wt~h the given ~~'~ ~nd a.ft elemel":'. ~·: to the given value. If 

1,.0 > Hl+I, the resuk Is ll'Klef(..,ay(Tll This operatian Jieldl a praper arrar even If V II an 
error value such as &.ntef or poa_ovw. 
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Example: .... .,_,.(l, 10, &) 

..... .,,., wKh •·•·•-d·...-tto6. 

Sll«t · AfJJ 

• This operattan ytetdl 1he element of the array A.at index J. If J ts nat Within the ,... of the 
array, the resu1t ts ...,Ii 1·0therwne. tfrte'r.elr*.ta\Wha••• ftlle a tn the·arr&J, Wlltctt •y l,,e 

an error value sudt as wht_.atrJ or alle'll.TJ. 

A/lfwlul A [J: VJ 

ThJs returns an array ldenckal to A fta1Pt that the elat•lt at ·Inda J Im ·t.n ........ f>J 

•alue V. The range of A ts. expanded as .needfd · • tndude Index i .i ay w e1en.nt1 • the 
expanded range are gJven the ftlue ... _tlltm. hr amplt. tf A haa balllncll I aad 3, alld J II 
to, e1ementa .. through 9 .... ~·· .. ·19dt. 

c.,...,...,,,,, {j ~ v J 

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

There are abbreYiated notations for cernponuons ot ul«t, •HI"'· and er"* 6J .Zffftll'llts 
' ' 

operations to stmpllfy CGftStrUctian ot ~ etement •n&JI and for ..... .. 

multt-dtmensional arrays. See Seaton 6.i. 
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Nulftbu of 1llfM'llts array_ilze(A) 

Sit bounds erray _edjuat(A. J. K) 

This returns an array wtth range O. K), contain"W:.t~~ ~~s ~~~~J.!: JfJ~ 
M~• ' '-

greater than array Jlml(A) or K ts less than array _llmh(A), IOfM lflllMltts ~ A wtl be absent tn 

~,~.Jr J as Im. ti.n . ..,.-.rJu.tl<A),pr; g • ~.-,~>.,"'"""'~~ 
poslu.ts are set ~ ni".AlttTl . . , ,, " ,. . ' ~ 

These retum the array .A with its high index decreued ltJ one •• 1lliw .._ t1111u!liilel .by 

one. An element of A Is '!>st in the mull If the array A hu lile llhJ, the result II undet. 
"i. -- ~·; '~~; ~ ' -';: ' 

,_ 

Sit lor11 limit erray _aetl(A, j) 

; r·- . ,. , , 

Thts adds J -11'1.IYJiml<A> to.an~~ .. tn4~ .. ~nd.,to.. ~.~of the __ ~• 

yielding an array simi~~ io A Wt 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. 



Concatntatt A I B 

This returns an array whose size Is the sum ar the-Jita or A and B, tanned by COllCMlllat• 
A and B. The low inde1: of the result ts the w .as· ·the low index .r A. ,18d the •-* ot A 
retain their original indices. The indices of B are shifted u necessary; 

M "I' defl111tl tlnmus ..,.., _JalnfA, B} 

This merges the arrays by elements. The low tndel or the result ii the mtmmum .r 
fllfay Jiml(A) and · ."'9)'Jiml(B). and the high_ Index ii the mutnum of ·arrlJ Jitllt(*)· and 

.,.ay _limh(B). Those eletnenb of the mutt that are net within dw nap of d1ler A or I are Ht 

to ftllSs_ett. Those that are wtttnn ·Ute rarip et IM. a~ 1mt 'let to the ~ 

element of that argument. Those that are Witlrin the raage _of both ar• set to die c:orrespancltftg 

element ot A if the correlpalldtng--elelRent Qf ·B Ji·--...Jllt, ID die-~ etet1•tt of B if 

the corresponding element of A ts ... _.. and to .... _. ..._... ·Tfdt 'bp!r*ttoft ts 

intended to be used to merge partially defined arrays. such as an array with only even elements 

ftfined (the others being ..... _ .. , aftcl an amfWktt itdf'.Odd ~-~. 

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

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

operation 

selecti, I ~ I ~ k 

replacei• I ~ i ~ k 

notation 

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

T1, ... ,Tk ~T 

R. Ni 

R replace (Ni : VJ 



testJorl,fldef 

test for mlss_elt 

test for undef or niss_elt 

Crtat1 recorcl N 1 : v 1 ; ... ; Nk: vk J 
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Is undef(R) 

Is mitl.J'lt(R) 

is error(Jl) 

This builds a record value ( (N 1• V 1 ) •...• (Nk•, :Vk> i. AQ or tJM. fJeld pa~ .~la,ted wt~h 

the typeCJ(.tl)e.~ .. bdnJ qJO~ must.wear.•~ ~ht:~~·~.,..,,.~. 
error values such as undeflT1J or niss_elttril . / 

S1l«t R • N 

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

R1/1lat1 R replace C N : v J 

Th ts returns a record similar to R except that the N-fteld ii changed to V. 
. . -~. 

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

~tions. See Section 6.5. 

5.9 Operations for Irion types 

The bask operations for a 1111kln type ~Reda1: T.• emofl N1 : T 1.; ••. ; Nk : Th,] .we a 

create operation and a test of a tag. The t11C898 control structure......,_ • .. ~ .. 7:4.·ts dte 
mechanism for accessing constituent values from a value of unkln type. In the fonowtng, 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 [ Ni : V ] 

is N1 (U) 



test for undef 

tat for miss_elt 

test. ro.. undi1 or ,.._.. .. 

. ,,_ 

is· undefftJY 
i•'.mift;;JlllCU) 

fS.8i'Nr(U)' 

The operations "'*• T [ N : V 1 and is N (U) aR typHIDlrect anlJ tf N· is .a tag name .r the 

type T and v· ts ormatC:onstttutnuype. The·ft!lfdt·at,...<T-rft}: ~v 1:ts tht· patr 041: Vlfor 

anf eleuM!nt v of T1: · Tfwtt!IUlt or is N; {U) :a:tnle:l'u ·•'(ff~ ai~;:llllil•lt11.t;lf:·u. » 
undef(TJ or ftliu_eftfTl or filleeothetwbe; 

characters.. 

operation 

reaHo--tnteg,er 

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

charauer-to-tnteger 

tnteger·to-charac:ter 

'int-..X> 
realU> 
Weie&1CJ 
~ 

r!t!~ !!! 
.... ml 
.... !!!. 
!!. ... 

In eachc:ase:11ft argument .vahltlNlf .. far.._A,,,.._ia..,_., .... ,t 'F«atftlr·...._ 

tfte1ZDM•illl••,aa. ,..._. 

lntepr(X): 

If X is larger m mag1•dec than. is reprexMRte as a proper eleme11t of intepr, the' rwtUs 

pes_ov• or neLover. rr X is zero_dlvtcte."poe..J>Wlr • ..._..,.,,or ....... -. the ,_.ts 
undef. If X ls ,.._...,or .._.....::'the resu1t b raro. Otherwtle. the_. a -....fl iy 
raundtng nontntegrat mua of X t8Wafd· zero. 
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reelO}. 

All proper values of J are converted to the touespancUng reata. If j is zero_dlvlde, 

·:paei,ov•. fteL..,.,, or ... ....., thetltuk is fllditt. 

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

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

Int~ ~not Ji*ified,. 

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 ~s spedfled ·Jn tMs teeta;.._ Aft .P,:.tton an a program Is type 
~ ,>~ ' ~ . ~.,{\~ _;,:;~ __ · :·: ';. ~ ;; --: 

correct tr and only if the types of lts argument expressiin'lre the .sap u ~argument types 
,, , , , ,._ , .· ( 

spectfled for the operation. Note that for each operator the tJpa .,Gt ~ ~Its are determined 

when the types of the arguments are known. 



! i Ii 
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i f !' ' : ! f J I f l t i , 
. ..-... f ·.··t i I J ....... " 
..... - ,, ~ 

"' .. •,, 

J· •;t•~ 
' ' t ' J 

I t*-1·· .. t,f 
. I • t_f··· r .rl-.lr .• J 

fj 
• 
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l'tae.CPRStants of the boeleen type an the. raened:..at ttUe and ·fel• 

Ute. format of which are given In Settlan 1 Th~uealso dli;faltllfllllaaittliANlk error Coaltants; , 

pos_overOnte1erJ pos_overCrHIJ 

,.......0nt...,J ft9LOv.(qal] 

unknown[lnte1•1 
zero_clvlde0nte1erl 

poa_undilrVell] 

. ....._uulerfNllJ 

unkMwnbeelJ 

zero_clvldeCrealJ 

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

A character string enc:bed in double quotes ll a mnstant or ·type .,.,CChWltf •1 
containing the inclivtdual characters of the string as elements. Thf twlt~at.Cter b at tlidex Orie. 

The array constant erTlf _empty(tjpe) denotes the array or me'. indicated element type whose 

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

There . are no othet array, record, or union constants, bUt varkMas constnlcttng operators may 

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

Exa,mples: 

[ 1 : 1, 2, 3, 4, 5 1 
record ( A : 6 ; e : 7.3 ] 

makeT(A:6] 

6.2 Value names 

(array constant, SH Section 6.4) 

(record constent) . 
(constant of union typ. 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 tunctiOn : deflrtttton (If the value name iS a 

formal argum'ent of the function being defined) Or in a Pfog;am canstruct such as. let block or a 

for block. In either case, each value name ~as a sco;t 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 
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associated. The ape'd' a .._,.._ II .• ,,._ ef.,.....~.-lft.ntdt•• .,.._. te the 

value name detotea Its ulue. The scape and type of any value Mme .., be du Jr mined by 

Dl1Pectton .of the Pflllralll ....,. dllt/tttlllidn•·._:.-. .... ., .._ dilf! 11111• t11t ...._ 

piW during t..,... ••t111•tt11•1,tfsdll---·--·~ 
The scape of a nlue name ·tatmd•ril .,,a forJRal •11••• 

fbnction deftnttton, less any inner-..~---- thew-----. The type of such 

a va~ name ts gtfttt· bJ't type data 11 1 • ~ ,.._... kt ..aue ts·the ttlue or ·the 

cormpondtng •rgument for the •• llllM' 18111 a tU ad die fUndtlll. · · 

Example: 

furdi• f.( )( dnl111•, ........ ) 
<e1qH'9$Sion> 

endfun 

An:~otvaluien~X.mtht~1M'M.,~W~~;._..-.,, •. fttdt,F 

,.., Jnvolltd. lb tflle a 1111 I r. 

The~ Of a nlue r.utme.tatrodllcld tQ ·~~ .• ,aJ.a .. ld·CK';/Gf''.,.._ 1' 

w Mgtan Of tlte·c:autnxtthat ........ ,.. ....... ~ .... ,.,.,~.,.,... ~--

re-tntreduce dtew·v•lae--. ~ •• .,,.,...,. ... ..,_, . .,..ar·dle,.._..,.._~ 

•blshed . .,..'.Cll:,lfte.fDr,Ulf,111'1 1. hW'.f. , , .. 

Example:. 

let 
x :r ... :• 3.0; 

<another ·deddef> I 

<9"0ther decrc.f> I 
<-another ..... ; 

.ift •xpr•IMon> ..... 
The scope of X. is the ·enttn ~k, -~~:~ ........... "~~~,....-,~that 

re-tntroduce x. 1tatpct1·.....,. .... .,_.~.i~ .. ·~,~~:·~~~m'tl,N!d tn~U: 1r 
this b~ had appeared Wfthtn die KOped X ~ :bJ ~/~:~r~ tMt ...... ,...,, 
With its value and type. would ttiu,,_, withtn IMI· .... ~· 
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6.3 Expr8"iona 

Expressions are buik out or smaller expressions by means or operation sJmbols. 

S1fttax: 

expression : : • level-I-exp I expression , level-I-exp (the arttie'm added) 

~ ' ' ' 

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 le level-3-exp .(.,.n •and1 

level-3-exp u • level-'f-exp I,., level-'f-exp · (Mdldn ·nori 

levef..'f-exp : 1 • level-S-exp f level-'f-exp relational-op lev...,..p 

level-5-exp : : • level-6-exp f level-S-exp .I level ee.,_:r (Wntyc:dftGdlMatt) 

level-6-exp-n• lnel-'J-exp f ~'acldtnf"OIJ -...1..,. · 
level-7-exp u··leffll exp f ..._..,1-exp:maltlP'flllfTOp k'4elldp · 

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

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

primary : 1 • constant f value-name 

I (expression) 

I invocation 

I array-ref' I array-generator 

I record-ref' I fetotd-genetator 
f oneof-test 1 oneof-generaior · 

I error-test f prefix-operation 

(these have artty One) 

(slWae tfltj is exprfssion In ·parentheses) 

(arttf .. t~ n~ fA ;~-~ returiied) 

(These'' elght ·forms 

ha~ aritJ ·one.) 



1 conc1ttaona1-exp 

I tet-tn-exp 

t tagcase-exp 

l!teratton-exp 

tror.1 . ., 
value--naMe n• name 

• 39 -

(ThtR fift stnlehlres are 

described tn ....... 7. 

TheJ haw....,.,..,., artty.) 

In an invocation, tlle anty of the expreutan in paNRdm11 must. be .-1 to the ._..., of 

arguments required by rhe ftmctton. 

tnvocatton 11 • ............ (expN11•) 

function-name· tt• ....... 

array-generator n • l..,...1• :. . .,,111tm la:·apra1m i..,...__ Jl 
t,-•• ,, .. ,, ..... : ........ J ......... f., ....... :)l · 

record-ref' u • prkAary • field~ 

In the next 7 forms. all expressions must nve arity cine' acept as ethll'Wbe nated. and the rwlratlt 

expresstons always hue artty one. 

field-name 1: • name 

·aneof-test tr ...... ~ t.xpri.-> 
oneor-g~~~r u., ..... ~ [rag-name: expnutan· J 
tag-name 11• name 

mw-test n·ls~.(ap••••.J·is~~) 
t 19 error (expesJtan~ l t.aro_.~.,,11,•) 
I ts poa_over {exprmtm) f·•-~vw<-r-.•> I••.,.._...., (npr111len) J'•·t11LJ$•1 ......... ) 
I is over (expmstan) ft. under (apmstan) 

I •• erith_ ... (exprasion) , ......... (expr..ton) 
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:.'i.f~~"'·" .,, . /<;~ ; ·' ~- ':.' :,, ' 

' 

The aritles of' the argument expresstens for a prefix opeMtan aie:as lfaoWft, Del the NSUlt arltJ is 

always one. 

prefix-operation u • iftlepr (expreuton) 

I reel (expression) 

I c:lwact• (expression) 

I abs (expression) 

I exp (expression) 

f mod (expression) 

1 max <expression> 

I min (expr~ion) 
I array _fill (expression) 

I array Jimh (expressioo) 

I array Jiml (expression) 

I erray _llze (expression) 

I array _adjust (expressioo) 

I array _adctt (expression) 

I array _eddl (expression) 

I array _r8'1h . .(ex,....,..) 

I arr~ _r8flll (expression) 

j wray _join (expression) 

f array _aetl (expression) 

(arity • O 

(aritJ.• I) 

(arff, .:1) 
>- ~'!0:1 ~-

(arll, "U 
(arity•,f) 

(aritJ • 2) 

(any arity) 

(any artty) 

(aritJ • 3) 

(artty • O 

(aftt1::ro. 

.· (arMJ ·U 
(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; multtpltcattve 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. 



Eumplesof.,.......,.r.anq ..... 

A 

true 
3.7£•02 

T 

'">CYrl[1 :·CJ'.lf'~ 
..,~ ... d\a.•rJ 
~··. 

>< >2•Z<$W · 
- )( +3·•:9 
3•(X+Y) 
tunc(3+X. Y) 

(3:Z] 

A[3:Z) 
A(~Jl 

R.x.v.zz 
recent [ A : P 1.fh OJ 
ltrap .. a::{'~~:'illlj!ILY.: OJ 
t•A·<U> 
ntlkeT[A]·:;a 
........ (X) 

Wllll9fttelll 
ltP'.._,4._9 ... ; 

- I ~---- ---~ 

-41· 

The syntax provides aMnMtattd rar.. fDr die """• .... and ,,.,, · 6J .....,, 
.......... .._can....n.tway:--...-~--... :at11u•.l't ~111..,•aft'llf!L 

l ~.-.:-.~· '~-~ :f.·~.,_ .. 

< • • 

Slftee.·1Mdt1~1me1111DMl',arrays an:r.p.1i1n&llt'at anafa.Cll'~*....-.wwdway to 
lllect:'~·efllditt·a;...,~-.,-..1•1aiuuctra1 ·- · ... ,i,c.· . 

A(Jlf<ILJ 

This.may· be Written 

A(J,K.ll 

The expnuton wtthttt bracMta hu·artty:three. 



- •2-

· The a/Jf>enc:l operation c:an -~ .-sed for mu1ti-dimertsianal atrars ~1 using an expr~on of 

arity greater than one for the subxripts. 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 equivalent to 

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

If multi-dimensional arrays are being U$1!d, the last .tn4ex ls the one .dla& 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, appnui. operattQns may be composed by writing thej: V pain in sequence within the 

brackets, separated by semicolons. 

A [ J1 : V 1 ; J2 : V2 ; · · ·; -'N: VN] 

is equivalent to 

A[J1 :V1 IJ2·:v2J .•• [~:VNJ 

where, as noted above, J.i and/or v1 may be expressions of any arity. 
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AR of the ~ penntsUlll for the,,,.,,,,.,, ClfLld ... 11e· .. 1111tdlilt'iir1fw ..... IJ 

ll..ms operation. 

Examples: 

[ 3:.X15: Y, Z} 

Is an array wtth range (3, $. and elementa X, llll• ... elt Y. IM Z. 

[ l : A] 

ts a •s1ng1emn• arraywitlt-lewand hap indkes ~._. 
. ; 

Then are ablnfftated ftmM· tor· tM J!BflllH:· ap111adlft, • ....... , Mllnt ......... al 

c:mnpound selectors.and multfple·dltaoelllllllllitl. 

ACCl!ISiftg ,._.'Wtdt;...,.nel· llMS;prifisrt 111.ilr·dk al',,_ • .,,,..,.. 
R.A.B.C 

c.ompound ........._..,, ........ la:U'911•• 1p1211tll'AI by wr1111 5 dilt1ftllrl--· ,..1r••· 
by periods: ' . 

W ....... at lft.8.C::·V· Ji 

ii •ntent to" 

R , ..... (A : R. A repililce·[ Et: R. A.Jl.iflfl!l .. -(.C : V m 
that tit R wlddts A. B'~C:~~~blp· V. 

replace operatiGltl. may be can,11111 by wtdl( ·ttte M1
: Y :p.trr In -.••••· ..... die 

brack• separated~.,,.,.-.. . 
A. r8"1••.f: A·: v I a.: Wr.; c.o: )t.). 

is-.,U•aleatto 
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. 6.~ .. ~essiana of hi..,. .tty 

The program structures provided in VAL for conditional .c:orn,pq~tion and iteration are 
. . -~ .• ' ,,.. 

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

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

the argument list of an operation or function invocattoo, the body of a f'uftdion definition, a ltst of 

array indices or elements in an arraf~tio'1, Ot:li~l)uilehftg t~ 'p;.r.m sti'Uctures 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 f'Unction'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 Is 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 DOUBLE (X, Y, Z), W enclf ; 



Since the •1ga111tt··tut for•ny fulW.tlllt,__,,.__,._.... ..... ...., • ._~"fj1lllfJlt!ffill 
ftlnction imocation or .other ,,..,,.. stnlC*lre. 

3+SINtl.E fTRlflltcx_ Y,,t» 

The last e-. 111"*-SIMCLt.'WRh t1rra,m1•n .... d~Wlddt flletlnt two·aN ............. 5 

or the two •aloes fltUnlld by ootJBt.E. TttetMN 111•:111t" IDtOLI ts.....,.: k. 

; ' ''.'.'~ ' 

~·- ---- -----------------------------~~---~--
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7. PROGRAM STRl.CTURES 

The ~ ltNctQra. dacribed In this -- .,. apeaflt--- ol· ...,...... If their 

artty 1$ °"'•hey_,.,,,_ lit ·~~s. 
Example: 

If p then x .... 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 se•at ~ ~IRg m the values ol 

boolean exp~ions. 

conditional-exp : : • if expression then expression. 

{ 81..tf expraskln t~ ..,......} 
c .. - ' : - ; ;•- \( ~ 

else expression 

endlf 

The expressions followtng ff and elaeif are t1st "'"ssllllU. Their ~l'ttJ .. must be one and :~ 
I. '':· : ' ' • - • "\',.); - , : "\ "": ':· ,• ' . ' .'~i~·~ ~, • < '."*' 

type boolean. · The expressJons following then and et .. are the anu. They mu$t ~ to 

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

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

expression ts true, or Jhe final arm at d td expressions are false. If .., ~·.,,...,.. needed to 

evaluate the construct is an error value (undeflbaal...i or llllea_eltlbeoleM). the nlue ol the 

entire ~struct is a tuple ol ~f "-'-'of the~~,,~, .;(If• •.,...... ,._. value 

true, later test ~xpresstons are a,ot needed and ""' hav. "'fl". •'"""..,._.&ff~ . ..--.. 
or the construct). 

The if construct introduces no value names. All v~lue name ~,'8JS 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 cand~l construct 



7.2 The lEJ c:ansh'uct 

The purpose of tltlt ambmt-is:to: tnlllldta:: ... ar·~.._, ...... _ _..,their Yalaelt 

.Mltf IYaluate•n ap,reuilwt'_..t;tfaetr ...... ---1'1 .... ~ ..... ,dtllllltil1•......_ 

1et~tn-exp : : • 

let deddef-part 

in expression ...... : 
decldef.fmt it•-deddlf,{; dicllef:J f; 1 
dec1def is • ded 

'def I det1 { • dect } :• •pressian 

ded u··•atue-name {, ftlueonlme} ~ tJpe'lflC 

def u • vatue-name f, , .. namrf :•·sp1..._· 

Every value·mmt:iatrolluadl.Jn 1148' bkmkmmt·W·dfdlnd:...a, aea·and: deftned. exactly 

C111C2 tn that bluet. Thedec...-..-ybe'-part afU.'Mdtiolat orltmay'beby-llelfptwdtns. 

the definition. 

Examples: 

)(: ...... 1 (dedlration) 

(dlfWian> 

<......,_·•-""1 « cMlfwlton>-

The declaration· of a value name must- pnr.eda or be part of Its :d6flnitkll~ Each vatue name 
• 

must·be-~eftned'tieferejt·tsused(GR:theriptchait~-:Of ..... ·ctennittml)~ ~rand 

deftntttons may be mixed tn any order.:·ulang.,as thlle .. ,......_... are met: 

Several va1ue names may be declared-at once: 

X. Y, Z: re .. ; 

This declares au 3 names to be reel 
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~· .. , .. ,~Y.!,".J.l v"lue~.f)ames ,,.y be ~t¥t ~l ~ii tThe:~ra,n4,.$pl,~ tbe.,QalJllS must 

mnform to the arkJ a~d tlf"!' of tl~tt•P~~ ~--~,..,....~~.:, 

X, Y, Z := 1.0, 2.0, 3.0; 

P, 0. R :• TRJPL£(X, Y, Z) ; 
-· ', J, j ~ t 

Several va.lue names may be declared and defined at once. In th! cue, each of a group of 
·.- . {" • • ' - : ... ~ .' ·~~' _;:· • • : /' / , ~ :··./ -~ ,_: } • . ~ ~ < • ' ' '. '" : • 

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

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

The deefa~tion~ definlttons. and ;cOmbtned cMclaraliofts and deftnltma Ire separated by 

semicolons; a semicolon after the last ls optional. 

The scope of each value name introduced In a let block ls the •re .. .,~.~ "'5 any Inner 
' '"t-·· . ' .. , 

constructs that re-introduce the same v~ "'~·.,,~'1'.l a-~-·~-~ not be used In the 

definitions preceding its own deflnttion. 

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

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

name is not re-Introduced, it may be referred to '"-'lf
1 
!1011 .. k~ .. 

Example: 

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

inx * T 
encl et 

In thi.J: eqfflRle. the valqe of P. is lfflPOl'led flJQ -~:.,._ ~t. T ... sc:apet.,Q( T aqd X are 

both .. the entire l>."?ck: ~ r~~' to" iq t~ ~.·.~ T. ~~'"" ,.._t~P:.k ti •J!htn 

the ~- of X ·"~ .r;loes .~ follow the <Wlni• .9' ~! 1 ...... 4( \b,ll qlNU'UCt. ·. ~ -. ancl: Its 
• .,_ ·.- ' ,,. ~ . • • . . • ~ • . ' ~· .. , ; ~ ' . - v ,'~ ' : • 

Sp is rea~ because X*T has artty one and type real .. 
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Since a vatue name·mar.nott.eused 1lfttll after tt ttas·bt!len cteftned, and must bedetifted Giiiy 

once in a block, it may !'CJl·appeu bl"it&dn ~.''Heike ~s ·such· as 

I :•I + 1 ; 

lte ntver legal in let blocks (though they may occur tn ·ner clauses d fw blocks; see Sectlon '7.t.J 

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

hence can make use of their deflntttons. The enttrt let Cx.utruct a..to.. to thts expresskln. 
, ·'' < " "' ~ 

7.3 The TAGCASE construct 

tagcase«p I I• 

1..-11 [ ftlaHtame :• J expmaion [; ] 

tag~ltst : expression 

{ tag+tist : expression } 

[ ....... : ....... ] ..... 
tag-list u .... tar....fte { . .,..... } 

The entire construct is an expmston whose values are those or the IJCPms,ian tn the amt whose tag 

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

wcml· otherwl1e ts used. AU arms mtnt conform·toach other. and the i!nttte•cmutrutt conforms 

to the arms. 

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

· tag names appeartftg tn the arms of the conSttud: n1tnfW tat• of"tlllt GllMf tft'e. IUhef compttse 

alt the tags of that type. the......,.. .. arm is IRit eiedntftat. IM· ....... •rm ti:~. 
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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 •:c:• 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; o: 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 abovf! 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) 



Alt ICOplt.d ---·OllW191ut·._.•,8Di1:tlil._.tlllWrd'l•c•1·..-.•itlW 
aatltnkt.' :,. .. =...,., .... .............. , ............ ;.,.,._. ............ ... 

. ·.·,, ; 

7.4 The FOR. c.wkJlit 

Thlt perfanm ...... I lterattlft. 18. ~ w Ill._ qc1e"dlp•• • ttw ..... f1l 

prevtaus cydes. The ....,_ •1 t•1 I a u•1r tf~.uif .iil;l~"~:,·,...·it{sl M,; -
,,.:~ , ' -)_ ';: ~ 

'*9Yef information rtam ane CJdt• tM ..-. ' 

...... ....,.u,. 
•-..w.,.a 
-~~~.... 

tter,-end; ~p ............ 1 ••• : 
' • ;·· ; ; ,.• •• J". 

t~; 'If-! I O••·~~fJll-:l 
.-:~~l~.,. .... ·_, . 

1•.-c--·-=· l..,,.....C•J 
tac·•:· ...... 
{·.-•. :...,..··} 
[ .u.wtM.: tteHRd 1-. 

t let' ctedder1JUt .......... JI':. ,..,..... 
1 n• dtlf..,.rt ....,. 

defopart· U·• clef'{'; def'.'}'. [ i]. 

.. 

The loop names are thole appearing in the dldmttam anrt citftnltlan1 folilw"'I t11e· -.t• 
for. These declarathm and defllntlmla han the .,..,..,,.. tit a let "1ack. . . . : .. , 



- 52 -

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 fw. and the ,first Iteration cycle 

begins. During each iteration cycle these names have fiJtf.d .. Jafues. 

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, 1.-construCt. or a uw 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 man1 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 arlns. 

If the chosen arm consists of iter, some tedtfmtttaMt and enclter, those loop names are 

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

repeated. 

Examples: 

for v : integer :• 1 1 P : intepr :• N ; 

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

endf or 

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.t/elae construct wholecftnl arm is a redefloitioA and 

. whose JeCORd arm JS: the expression "Y•. Accordkt&JJ.at the IMgimtlng of each . ..._t._ CJCle .P· ls 

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

another cycle begins. If P is one, the iteration terminates With the value Y. 
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f• T : rell :• X l 
• ltlt-D: real:• (X/T- l)/21 

In HD<..-1llM'T 
.. llerT:aT+O.;,_._. ... ..... --

This computes the lqtl8"! TODt o1·ic, mtng Newtanrunechod. ·n. ltllattllll body ...e. a , .. black 

to introduce die temporary name D. It ...... tire.,. .. ~ •. ftwn ._ ~ • wldch • t;lact 

appnn. 

The next example mens rhe list pw as "INPUr, by ......., deftfttng T te be INPUT 

andUtobetbe·-..,llt.ancl._.,....,~;,-.·~r•.U. t,1 nethe1JP1tLIST 

has been .,... by 

type LIST•·-'· l~ :'dt•••1 t.....-ta..,.v•J·f'•t: i,IST I ' . '. . . . ':- ' 

A "LIST. a a chain oh1mr•-unnr •·•••J ......._ff t1hf tt ,.., .r ...._ 
torr, 1:1 :. t.tsT ... ,MtR.;••·•aar f..., .. :: . .a.i • 
do le&e11eZ:aT1 

hrl""'PIY·:U 
hlanoneMPty: 

..... 
endf or 

It• 
T, u :• l.rest,. ..... U$f.{ non111-ttr rr...tlite.:.ZJteat sreet: u D 1 ....... 

The·lnep--·w~tnd 111 be·ctHrto-. Yh*1..,. an_......, ........ ._:er 
inner blocks that··retntrocltla! Cite ame name. n., an ...,.._...llillllf ...,.'.:*' ;dW~w 
manner as ln a 1111 bledt. As tn a. let blad~ each ftlllle must be dedued. exact1p· . ._ aftd deftfted 

• .., ~ ..,,. a.,: •••• ,. ... ; ... ;~~ ................ , -· .... 
tllclltattmi .._. .... • ,_IJil•ill·ddL1•1•~;....,_ _,~M;,.... s• ., .• •tllllfM 

... the~llst, .,.. wtttdt ~ ....... ; ....... 
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Within each itw a(tn the redefiMd valuenama llllllt be,•,..,. of die loop-names. These 

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

These redefinitions do not Include dec1aratlons, since the types or the laap names were declared at 

~~· bf:li•njng of the fw .~ ·•'-" ,... •... JIMllt a. r.1t1 ell ·by· a ......, .exa:pr the 

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

Unlike the definition• Jn a 1'14iJ blodt or, the. tnldal ._,, nlue defln~ tn a for block. a 

redefinitJC>rt in an·ft• t;lM may contJtn. on its ript ..- • ._ ... nunes,$bat __.f on the 

left hand side of the same or later redefinitklla. Jn IUch, .a ~.'"'~old~ !alue &l ut;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 redteftnlttan. 
. . 

Hence a redefinition such as 

J :• J + 1; 

Is legal. and means that the next iteration cycle ts to beglJI with a .vai..,e ot:J ~hkh II one If'&~ 

than its value on the cycle just ended. In theJattafial tx1mp1'-ll!"" ,...e. tfle Mera .. daUM 

iter Y :• Y*" 1 P :• P-1 ; enclter 

multiplies Y by the oUl value of P. Jr the order l)ad .• • re\feflld: 

iter p :• P-1 ; y :• Y*" I enclter 

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 m\lltiple assignment. For example: . \ 
iter x, v := v, x 1 enclter · 

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

A loop name not appearing in a redefinition after It• retains its old value. 
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·•· 
T ........ .,.~..,.,.._. thaWIM..,,...._:,_~,.__. ....... ...,thet• 

t.ladt. 

tr.wemwocmn .. dlllf.-....a11t.1••••1M:t.a;·111,iea111••fa,t• . ..,.111l8ft 

Inn ff or l1F-·amt1Uct na--•··•·.,..'ftlllt)ttrP• ••·•Mlnllll•.a ....... 'its 

.... a .... ~ ..,, .... .flf,_..;aae typu. Aft··-- utztna ....... In ........ , 

. ._ nut cause .,..."ldlmlf: 1 lf'lllll•.•-'llir~.WcM....,...,._... defll_. to· be 

tlie'envr .._.,...,tlWilelMbtcmll tis. 'Bit_..._.,ftltlilitftRr·Utrflllal ..-·toile 

··retlfrtft!d, that error ..,.._ . ...,..,...,._..twdl: 

This generates one er more sets of Yatues. ef.untform type wdtll each Mt. and either reanm 

them as arrays or ntums tW relllltof m operata.(tBcb u ~·an.;. Tiie f..mer me 

ts tndtcated by die . ...n cmlhur4, u. fl•·ttf die . .-.! Wll IJll ucl ·ty die WM of the 

...... The ftlues lftil·J nat ~en a. der . ...: mt lllllri*51t ·b .. ital, ..e ~. 11•d 

.~styon a para&r......-... wt'lattC.10. 

This construtt inltoduas-'• llidfe',..,._..._,..._d,¥1ntll• ·allil a ..... fll 

apltanaltanporary ._._.._the' . ...,·tn:dledte_. ... ilser••·•llltittack. 

forall-ftp JI • 

t..U· mue..n&me ift c ..,....- l [. n• ••ht c.,....... J} 
[ deddef-part ] 

foraf .. bedy:-part 

{ ball-bedy-part } ..... 
forall-body-part 11•·.conetrucl ...... t·e¥11:faraloap ....... 

feral-op H· • r..-t• t~• 1•r., ··· 
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The index names ~re those appearing before the wotd"iri.' · Tt.e ~ names are those 
.' ,·,!.: : - ' 

appearing in .the declarations and definitions. 

The index and temporary names must an be diffeNnt. Their ... a~e .. Jhe, ~ construct 

less any t~ blocks that re-introduce the same value name. The types. of "'1~ ... ~~ tntepr. 

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

temporary name may not appear tn deflnttions precedanr«t'OMI.'' · , · 

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

,,..er~:,· Tlie .n.c, ~tt'"lln· ttif tn"'aunt1 tifll' ~ ~;'-w· the Index~' F0r eaa. 

number. within those limits, the index ii defined co be:..m~.lfli clhftltbrfs:t:i die ~ry 
names are ~de, and all the parts are evaluated. When more than ane tndex ii gt••· this ii done 

· for- each Pf*t .... tfte~rteda1t 'praducf" or 1M'~''tMfit(· tw ner,· ~·or Index 

~ · In a c:onstftUct part,· the· 'expteukln ts evifuted· ·ror ·atti ·mclex ·vatuet' ·and for each 

. ·~•t '9lflthe exptenidlt;'111 may iS;formecfMflWtW:ll'tne'Mailil h llnl'D ,av .. ftW'tfte 
index and elements equal to the values obtained. If more ftiilr' · arie Index Is ttveri; a 

multidimensional array is formed, that 11, an array of arrays. with the ftnt Index reterrlnl ro the 

outermost array. If some component of the expression Is .- error value fbr .me tndn value, that 

array element 11 simply set to that error value. 

Example: 

forell J In ( 1. 4 J 
x : real :• squereJoot(real(J)); 

construct J, x. X+l.O ....... 
creates 3 arrays, an with range I to of. The first is· intlpr and cGntains values I, 2. 3. arid 4: The 

second is real and contains 1.0, UH, l.732, and 2.0. The lut ii real and contains 2.0, 2.fM, 2.732, and 

3.0. This forall block is an expression of artty three whGle values are theR three arrays. 



forefl J In (A, B l 1« ift { ~ o 1 
construct <expreuton> 

endell 

ti .... lent to 

ferell J ift [ A,B] 

canstrud 

endell 

,...,..1( ... t"c.~0 l 
· 011.tna:t ·•iP'•Hlln> ....... 

'!.!J7 -

and COl'lst1'11Cts .a ~<'81faJ. thatAf.."U ......... '. ... ' ... (:.A,.Blancl-.-· ..... 

elen211Js·are.array••..._,.._.,.,. [Jlr;Dl 

In art',eYel part.te~ ........ .-:~, ... -pt .. ,:li.~lf~ ..... ,_.,_. .. TJte .adty 

of the expressioru•ut!llecm.ad ... _..,..,.,~·fofl.t•.P.Mtlla: nator ..,..·for 
plut. tMet. :ftlk\t.er;~ boolean far« or;·,.._ The.,_..... a·eatllallld for each index 

vatue. and the aperadoQ u.,.,,.._.,•:§he.~~{ .... ._:"·iP••• 1f1..,lttple 

tndtces are ....S.,Qe:cpi1..-:~p11....-.·...-:--.l-IHQ1t;1f1,,i..,."" .... 'td'"•~•• 
............. ;ofmdft ...... 

Exa..,it: 

f•ell Jin [ .1, N ] 
..... plus .... ...... 
N 

mums~ f. 

The result of an entire _,..ell blaclt ·11.an-expreua. mMUuc.tld .,, mr-.atuz-. ·the -remltl 

of •1t.ofthe parts. 



·Example: 

forall J in ( 1, N 1 
·. >C ·:. f!ftl,:-sciUar•..roo«r*ll<J>) ; 
evalptus ~ 
construct J, x, X+l.O 

endell 
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is an expression of arity • and types inte1er. array[lnteprl array(reell and array(reall 
. • ' ~ • ; ;<, , . : ;, 

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 forell btock. is~ tupte of ..... v~~ of.approPriate types. If the 

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

with no elemen~ and the resuk of each evel pan ls 0, 1;~_ov•. ~.~~. tel-. or lrile, if 

the operator ls plus, times, min, mex, Or, or end, respectively. . ' ·, ·' , . 
~ ~ . ~-

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

outer constructs. pass into the for.al block. 
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A VAL programrconsiats al a .colledion. of modalea.•;Alaflllk4:-.!"e11~iall·aacl 

. 11\f ·fttllaber.of ·1~· ........._, F'.Mh"--."H>:C'\dtl ·~-i,111.f.J•e~~~~~dl·Jt j: 
ptec.e of text conststi&g .,C: 

(t) The word . functiGn. 

(2) The runCtt.,~a1.f~ . ..-.'.the·~;kY:· .... tploft.arg ...... 
and retumed•Yalues .. TfdJlnfaraUoD.JS:.ulld.~·~·. 

(3) T.he type~.~ tn¢~·JuncUan'~~i "~~~:~;~:.-.;~,~.,. . 

. the~~~-·:~~~~~{J-~,~~···.~~~~·~~r-:e,°'~: ... 
(4) Ttte defintttons.of.the lnte1nalMetfala:.......,*9ddtain& ,......, ........... 

. :· .. . ,~~-rr~ . ._ r;~r·~i'~~· d -·~~·:·:~ _,'..'.<, ·oS ~ ·-.-;~ ~~ .• - -.·; 

. may .thus be nested arbJtnanly~ 
·. . . ·r.. ; . -· '. --~~- - ; . . , : 

(S) The exprenialt:gb~ing tllec,ntueacto;ba ......... .._._t.ten.; Thia ii.the "bedy• 

oftfte;functian. deftldttalt. 
,.. .... , .._ 
~ , .... 

(&)The: word 8lldfun. 

module :1 •. extemal--fUncttarHlef 

externaH'unctton.-def : : • 

function· function·header· 

[ type-external def"Ptlt ] 

{ tnternaHUncttoh-def ·} 

expression 

endfun 

lntema .. function-def : : • 

functiOA fUncdoo-header 

[type-def-part] 

{ lntemaHtmction-def } 

expression 

endfU'I 



,--;~ ;·~ •. . ' 
'<'"''jj-:. l,F ,. ... ,<>_;..f ... 

type-extemakief-part.u• typeoex._Mtf,{; tp: ... nakltr··} [ ;· ]' 

type 1Ktel•aklef' u • tJpe-def' t externaW ., · 

type--def.pa!t·.u • ,,..., {;·IJPl"Cltfi} [·;) 

extemaW u •,eJCt..,... f911Ct1Dft·htacler 

functjofa-Mader. u • Al,....._me ( deti-{:r•ectf ...... tfpl If*' f', t;pe-spee }l'·' 
function-nameu-name 

Example: 

fUncti~ sum_of_squares (X, Y: r.81 reltwn1 r8111) 
X~ + Y•Y 

end fun 

Only the external (outermost) function defined in a module; Is accesilbte to ~her modules. 

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

user-defined names may be used anywtwele tn llW1~ d~l'tnclucllng tts· ·0wn header. 

The type definitions (and externtll declarations) are separated from each other by 11mk:olon1; a 

semicolon after the last is optional. 
' . ·~· ./. .. ' . . . . " . l~; 

Exa'!'P!e: 
ftmdion co~Rlex_,nuttlply <X. Y : comple>( returns complex) 

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

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

endf un 

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 ret&rns. These declarations are separated from each other by 

semtcotons. tath declaration may contain 'several v6Je names, whfch are' leparated tram' each 

'other :by commas. 
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t · • · · • · · · 1. · ·· i R I . ·~ I :s i Q. ·t • r jl' • ~ 
1:11.1 ill! ... It.ff.·. ~ 8 ~".1 ·1.i i,~:i.[~!i, a "' . '" a I I I ! • i s ·. : ··1 ~ s. i · ,. i. i i ;. 
:r - :r -= .. - - - -. - ,1 . a. , ;' , i' ~ • . •. l : :! , ct. 

' i.. 1· 
1 .·1~.: 

0

1··. i i .·.i r ; J·.. t ·.! t I ' l '· ~. ! I I ~ 1 .· ~ .· 1· I • I . I 1 S a r i 
. :1 . . . I;;: ·1·· 

1
1 t ~ .. i ·.. ·. · ··1· . 1 ~.. 1. ·. . . , , • . "") l = s- ' . . , I , . , - ;. £ w • ' , I ' I ' 

:r .. , I I ' ·.·· . ... ·11· ! .. l t f • 'j t f ii 1:t" ' ., '- .. · J l t l •. , '.··.: .. ; • ··1 .· ·.;: t . --.. f f r t -a . .... '::!' - ·. . , • ·• . . • e . J f a. ,. I i! ·-1 ·tffl ., : ;~ f .. ..· ' , . /C I 

.t ·~ .· ' 
•. -.·.:; . 1'"' ,. :·· ::• f . ' . ·~·. ·' ·' 

" ti .. ··. I ·. .··. · ...... 

r . . . . .·· . .. .. • 

.~. ·.·· __ r ... ·.·.·1.· .: ··Ir. ~ l .r I ~ .•. t J i I .. t ·1 : · .. ~. ·1· I I I : ··.·• t I , ' : . j , , t . I 
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inc~~ '""ly for IJ'1@~"= con-*~'J· T~, Jnt~ iJ ~· ·~ ~"~~ 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 ot •·oate111101t f'Uftdion 
. . ~· ,. .; . ·~ . ', :•: ~ fi;:.~·:~' , 

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

The external declarations may precede, follow, or be miKtd With·~. type \tefltl.~~of the 

outermost function definttton .. 

8.3 Inheritance of data, type deftnitlona, end external Ml•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 runcttcJn':.@frt~iUon 
. ' .:· . . f\ .~:; ·-;.,~'.~.:; ~ ' 

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

already defined in an outer context is not petmttted. 

External declarations made in the outermost functtan definition are inherited by an ln~I 
functions. 

8.4 Scope of function definition• 

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

module defining the funttlon. That is, afty · external function may W1· · tf.voked · from anywhere 
. . . ' 

except in the module ~t~t.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 forftn:dollsad'typefift...._,,,.._ .... ., .. ,..,....ea1..ple: 
function F ( <header> ) 

external FF { <header> ) ; 

WP- .r • <l¥fM,""5PK> ,; 

fUnc:tien. G ( <header> ) 

type U • <tYP., .. 9'"'C>; 

'~M(.'CblliflF'>.). 

functian N ( 'Chuder> > 

BODYN 
endfun 

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

.· fUl'lctiori H ( <he ... > ) 

fUlldiOlt p (''!Che-•1" ) 

ID>Vp 
endfun 

JbwH 
endfun 

BOOYF 
uudfun 

F 

G 

M 

N 

H 

p. 

FF· (atemal). p (tntemat) 

W(mel-0 



the body and header of 

F 

G 

M 

N 

H 

p 

·-,- -

-M-

.... , .... ,~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 in Hbraries and the ~·in whkh they are. linked Into a complete 

program is dependent on the Implementation. No recursive in¥~ ainong external or Internal 

functions are permitted. 



module : : • extemaHunction-def 

external-function-def· a t • 

function functton-header 

[ type-extemaMef-part ] 

{ lnternat-functlolHlef } 

expression 

endfun 

tnternal-funttton-.r : 1 • 

functton·funaion-header· 

. [ type-def .. ~ ] 

{ intemaH\mc:tton-def } 

expression 

endfUlt 

-·-

type-external-def-part U• typHXtel'ftal-def { ; ~·} [ ; ] 
type-extemat-der 1, • type t1tt I exttmaMtf 

type-def..,.rt n • typHef { ; typHef' } [ ; J 
type-def I I • type typHll.IM • type tf* 

external-def : : • ed.,.. f'Ullidimt1 header · 

function-had~ :: • functlat-name ( ded { ; cled } ,....,.. lJpe If O { • l1" 1p1c } ) . 

function-name c: • name 

expression 1: • level+-exp l expreuton , leYeH1Xp 

level-I-exp 11 • lffel-2-exp f teftt..l-exp f level-2-exp 

leve ... 2-exp u• levet-3-exp I 1evet-2"Up It~ 

level-3-exp : 1 • leYel-i-exp I _,,, te¥et+exp 

level-<f-exp s: • levet-5-exp f teveH-exp relattenal-ep leYel &-Gp 

level-hxp : : • levet-6-Np I ·tmt-s-up I lnel+ap. 

9"el+exp : : • levet-7..., t ll!Yel-&ftp addtltg1p 1nef-..,.., 
leffl-7-exp 1: • level-I-exp f teveto7-exp ~leYll •:ap 

level-8-exp I I • prtmaf'f f mral'J'1'P primaf'y 
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relational-op : : • < j .<1111 I > I »" l • I;.., .. 
adding-op 1: •+I-. 
multiplying-op 11 • * f t 
unary-op :: • + I-

primary : : • constant I vahle-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 conditional-exp 

f 1et-in-exp 

I tagcase-exp 

I iteration-exp 

f forall-exp 

value-name u • name 

invocation 1: • function-name (expression) 

array-ref : : • primary [expression] 

array-generator : : • C expression : expresskJn {; ~ ;,~ } ] 

I primary [expression : expression { ; ~ : ~ }l 
record-ref : : • primary • field-name 

record-generator : t • record [ field--name : exp~;{ i field~:~.,...... } ] 
f primary rllPl.- IQe.ld+ .... { ~1'~'4: ~.} J .. 

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

field-name 1: •name 

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

oneof-generator : : • make lJp!".'f*,~ .g-~ : apre.u&an· 1 
tag-name 11 • name 

error-test 1: • is undef (expression) I 1• rniu_elt (~) 

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



--·" 

-&?-

j ts pos_over (expression) I iS'ML...,.·(expr.-) 

I la pos;;.unmr-(expresston) f I•<~~ 
I •• over (exprmton)'f is·Ullltlr'.,_ ..... , 

I ••·arffh:, .... ~il1111t~:t1tu:dll••·~ 
prefix-operation i :··, inhlpr(exprmtan) 

retil(~ 

exp· (expression) 

moct·~expmsim). 

Mmt(expN.!lltm}» 

Min· (sprestiaR) 

..,.., _fffl (expmsien) 

..,.,..Jjmh(npressiont· . 

..... ~{eicprmion) 

.,..,~ .. :(exprmton) .... ,;,. ..... (~).· 
-.,:;...addlt<apresstan) 

array;;;., ... ·~apreuiM) 

..,.,.;.r ... ~1. 
f ..-.y .;.remt (expression) 

I •af .Join. (exprmiatr) 

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

constant11• nlfltNe:f , .... 
I tnteger'11Ulilber I reakumber:f ·diitadtr.~ f ~.....
I arr.,_~JPHt*1 
I undef!typHpee] J -..~e1t&~specl 
I pos_overftJP"'specl I net.;;JWeriJPW spec)· 

lpos~underf~f~···· 

I unknownCtype-1pec1 1 uroJJl«icleltn--sped 

type-spec 11 • bask~· 

I compound-type-spec 
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I type-name 

b~stc-type-spec :: • null I boolean I lntepr f rlll·Jct.lll• 
compound-type-spec.::• arrayllypHpd 

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

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

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

conditional-exp : : • if expression then expremon. 

let-in-exp : : • 

{ elself expression then expression } 

else expression 

endif 

let dettdef-part 

in expression 

erdet 

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 

iter"'fttd II• If exprftStmt.\tlleft.....-

{ *8if:ccpresstam...,.dtll.•~b} 

elMUll"!<ead~mlllft 

l't1111111[ ~~J·• lli•f •l 
tag-list: her! md 

J·lt.r·-def-part{ ...... ' 

def-part·::• def{; def: J1[ ;] 
foralHxp :: • 

foall·.~M,_ftt,[ ......... Ji{,·Y ..... ~llflUIJtms.l} 

[ dtddefrpart ] '. 

~ 
f ronlH,odm-t'}· ..... 

f~rt:11 .......... ;....-·l~'b...,,.elp111i1M." 

ftn&op U• ,..,ftt•&l<l .... ,~ .. ;i-+· di · 
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Function Module 

FUNCTION 

Function Header 

Function 
name 

Function 
header 

Type and Function Definitions 

~----,____..__-.c EXTERNAL 
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VAL Syntax Charts 

Type and 
tunC:tidn 
definitions·· 

Type 
name 

Function 
header 

i:unction 
module 

Tvpa-tPeC 

EN OF UN 



FlllcMlpec· List 

T...,.._Lilt 

Type Spec 

Tag 
name 

ARAAV 

RE CORO 

Field · 
name 
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CHARACTER 

•u 

.._.___.._,;'.TYPHP911. 

··Fi91d.._ 
............... lilt 

Null type 
ebbrevi•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 must 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 • 
Multiplying 1 

operator - Expression 

.. 

Adding ..... 
operator -.···· · . 

..... II -----

1 Relational ..... 
aperator 

..... - ..... 
~ -

- & -

~ I 

n 
~ 

Expression ..... , 

Primary --.... 
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Primary 

..... Constant 
~ 

-

- Vetue -- ...,,. 

n 
) Function ( - - - Expression name 

n 

J .... -- -[ -Arrey ref - Primary .... 
Expression -

Field .... -"" -Record ref 
Primary -- name - . 

One of 
1 

) --- -Tag ..... ( 
tell 

IS .. r- - ,. 
E~rettion - Mme 

-

Error -
1 

··--- .... ) Error ( -test 
IS - Exprauion I fl*"9 -

.-- n --... ... ) Prefix .... ( 
Prefix op ..... ~ - Expression nllmll 

n --_. .... ) ( 
Expression -

Grouping op 

_. Array --generator ·-. 
Record ...... 
generator 

Oneof --generator 

.... Conditional _... 
- exp 

Lat-in ..... ·- exp 

--. Tegcase - -- exp 

..... Iteration ... 
exp 

For all -- exp 



';'~:--:-~· 
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Iteration Exp 

---....... ..-( FOR )1---1.,.,.l"*l<Mf.-rt~l---t• ... I lter-end .. 1-....... ( ENDFOR )1--.. --..t•~ 

lter-end 

ITER Value 
name 

n 

Expression 

n 

Expression 
ENOITER 

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

Conditional Exp 
. {conditional iter-end) 

IF 
ExPTenion 

t 
ELSEIF 

Expression 

Tag 
iter-end 

Let 
itar-end 

THEN 

ELSE 

ExpressionK 

iter::end' 

Expr111ion 

1 iter4tld 

~ion ................ ..;..._ __ _ 
iter-end 

----.... 

ENOIF 



• 

Ut-inExp 
CiMitlHndl .. 

--••111.( LET 

T .... 
...... Ind) 

T~ 1---.... 

TAG 

fomll Exp 

FORALL 

EVAL 

- '7!. 

___ ..,..._,,. 

Merge 
operator 

n 

t 

1 

EJCpraaion 



Definition 

Declaration 

Multiple Definition 

Value 
hltl'ne 

Value 
name 
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·" 1---------~.~..,,...;on 1-o-------"""1~ 

" ..;... ____ _.._..._..,.. Declaration...._ ______ .,. 
.. I .... 

Deel-Def Part 

--------------r----:ii;--.... Dech.ration ._ ____ _.a._.-t.,. 

Definition 

Multiple 
definition 
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RECORD 

One of o.n.ator 

. TYPHSJK 

' ,........, 

f ... ..,_loft....,_eor 



·.·..,. --- -
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PLUS 

•,·-'• 

TIMU 

·l.IAx·· ____ _,.·, ·, 

MtN 
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I 

AMAY.JOtN 

ARRAY-FILL 

ARRAV-SETL 



Constant 

-..--. .. ARRAY-EMPTY 

UN DEF 

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 


