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r ,  1 hc: rcyort, g i \w a coinplctc dcfiiiitig tlcsrript,ioii of t,hv 
iit,(wiat,ioti:d algorithtnic: lnngriugr . \ I L ~ O L  60. This is 
L lu~igriago siiit,al)lc for wprwsitig u large class of nu- 
iiwical pro(vsst~s i i i  a f o r m  srifhcient,ly c:oricisc for tlirrc-t, 
uit,oiiiutic: t,raiislat,ioii into thc lntigringc of prograniincd 
Liit,oniati: cwinpiitcrs. 

1 tic iiit,rotlitc:t,iori c+oitt,:Lins mi uc:c*oriiit of t,he preparatory 
rork loatlitig rip to  t,hc final confcrcricc, whcrc thc latigriugr 
!\’as tlolincd. I II ntltlitiorr, t,hc riothis, rcfcrctice Iuiigiingr, 
nirldic-atioii laiigii:~g(: arid hnrtlwuro rcpresentations arr 
:splaiiicd. 

111 tho first chuptcr, a survey of the basic coustituents 
arid fcuturcs of the language is given, and the formal 
notation, by which the syntactic structure is defined, is 
esplaincd. 

The sccnnd chapter lists all the basic symbols, and the 
syntactic units known as identifiers, numbers and strings 
are defined. Further, some im.portant notions such as 
cliiantity and value are defined. 

The third chapter explains the rules for forming ex- 
pressions and the meaning of these expressions. Three 
different types of expressions exist: arithmetic, Boolean 
(logical) and designational. 

The fourth chapter describes the operational units of 
the language, known as statements. The basic statements 
are : assignment statements (evaluation of a formula), 
go to statements (explicit break of the sequence of ex- 
ecution of statements), dummy statements, and pro- 
cedure statements (call for execution of a closed process, 
defined by a procedure declaration). The formation of 
more complex structures, having statement character, is 
explained. These include : conditional statements, for 
statements, compound statements, and blocks. 

In the fifth chapter, the units known as declarations, 
serving for defining permanent properties of the units 
entering into a process described in the language, are 
defined. 

The report ends with two detailed examples of the use 
of the language and an alphabetic index of definitions. 
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REVISED ALGOL 60 

INTRODUCTION 
Background 

After the publication of a preliminary report on the 
algorithmic language ALGOL,~ .~  as prepared a t  a conference 
in Zurich in 1958, much interest in the ALGOL language 
developed. 

As a result of an informal meeting held a t  Mainz in 
Kovember 1958, about fort,y interested persons from 
several European countries held an ALGOL implementa- 
tion conference in Copenhagen in February 1959. A 
"hardware group" was formed for working cooperatively 
right down to t.he level of the paper tape code. This 
conference also led to  the publication by Regnecentralen, 
Copenhagen, of an ALGOL Bu,llctin, edited by Peter 
Kaur, which served as a forum for further discussion. 
During the June 1959 ICII' Conference in Paris several 
meetings, both formal and informal ones, were held. 
These meetings revealed some misuiiderstandings as 
t,o the intent, of the group which was primarily responsible 
for thc formulat,ioii of the laiiguagc, but at the same time 
wade it clcar that t,herc exists a wide appreciation of t,he 
eflort involved. As a rtmli of t h r  discussions it was de- 
cided to  hold a11 int,criiatiotial nrc:c%iiig in January 1960 
for itliproving thc h c o i ,  l:qyagc aitd preparing a final 
rc:pori. -&-\I. a I<uropc!aii h ( ; o t ,  C'oiil'crciicx~ iii Paris in 
November 1951) nhich  was :Li.t.(:iid(d l)y ahout fifty people, 
SC\TII l.;uropcaii rc~prc~sc~i~i . :~ i  iws \wrr selected to attend 
thc. Jaiiuary I !)(iO ( ~ o i i f r r c ~ i ~ c ~ ,  :itid t h y  represent the 
following orgai i k i t  ioi is : hssc ic.i:rt,ioi I Iirai i c;aise de Calcul, 
I{ritisli ( ' o n i p i i ~ ~ ~ t ~  Soc*icty, (~c~sc~Ilsc*li:itt fur  :higcivaiidtfe 
A 1 a t  hrnintik ui i t1 A'l crhaiiik ~ at id N cdrrlaiids 1i.c:ken- 
tiia~*lii~ie Geiioot schsp. 'l'lic~ s v \ ~ i i  rc,pi.c.sc.iit,nt,ivcs held a 
filial prcynrat,ory nioct.iiig :it Naiiiz iii  1 )c~c,eni\)er 1!W. 

hlcnii\vhilc, ill t.hc 1 - i i i t  cd Stnt.c:s, aii.voiir who M-ishrd to 
s u g g ~  clianges or wiwctioiis i o AI,(;OL was rrqucstcd to  
s~ i id  his ronimcnis t,o t,lic Ooi/i i i t  trwicu~ioit,s 1!f the d ('411, 
\vhoro tllcy wcrc puhlishvd. l ' l i c w  c*oiiiniriit,s the11 ~ V Y I I ~ I C ~  

thc hasis of (:oIisi(Icr:Lt ioii lor. di:~iig(~s i i i  thv .II,G~L 1 ~ 1 1 -  

guagc'. Hoth t.iw Sil~tcr:  : i t i d  1:Sl.: orgaiiizatioiis esta1)- 
lishrtl --II,(;OL workiiig groups. :uid l)otli orgaiiizst.ioiis 
nw~'  r.cqm.seni,ed O I I  i hc iIC31 ('oiiiiiiit t,ec 0 1 1  I'rogrniii- 
niirig 1,:iiiguagc~s. '1'11~ A('31 ( ' o i i i i i i i t ~ t ( ~ ~  nirt i i i  Washing- 
toil i i i  S o ~ ~ i i i l ) ~ ~  1959 :it id c~)iisid(wcl a11 (wtiiiii(wi,s 011 

AIA:o~ ,  t l i ~ ~ i  had t)wii ~ ( ~ I I I  t o  t , I l c s  :I('Al ( ' i ,n~r /rrc /c icu . l io~/~ .  
-Ilso, ~ ( 3 1 ~ ~ 1 1  rcpwsc,iit ati\.ch.q wor.(~ sc~lwtcd t o  a.i~i,ciid the 
Jni1u:ii.y 1 N i O  i i r t c m i a t i o t i d  c + o i ~ t ' r r c ~ i ~ c ~ ~ .  'l'h(w svvt~ri 
r.c~prosoiit :tt,iws l t c ~ l t l  :I f i  ii:d pr(qj:ir:ii or>. 11 IWI iiig it i I h s t o i i  
it1 I ~ ~ Y ~ I I I I I ~ T  1!)5!1. 

and the conference adopted this new form as the basis for 
its report. The Conference then proceeded to work for 
agreement on each item of the report. The present report 
represents the union of the Committee's concepts and the 
intersection of its agreements. 
April 1962 Conference [Edited by M. Woodger] 

A meeting of some of the authors of ALGOL 60 was held 
on April 2-3, 1962 in Rome, Italy, through the facilities 
and courtesy of the International Computation Centre. 
The following were present : 

F. L. Bauer M. Paul U'. L. van der Poel 
J .  Green R.  Franciotti (Chairman, IFIP 
C.  Katz I-'. %. Ingerman TC 2.1 Working 
R.  Kogon Group ALGOL) 

Aulhors Advisers Observer 

(representing J. W. 
Backus) 

P. Naur 
K. Samelson G .  Seegmiiller 
J. H. Wegstein 
A .  van Wijngaarden 
M. Woodger P. Landin 

The purpose of the meeting was t,o correct knowii 
errors in, attempt, to eliminate apparent ambiguities in, 
and otherwise clarify the ALGOL 60 R.eport. 13xtensioiis 
to the language were not) considered at thc tncetiiig. 
Various proposals for correctioti and clarificatioti that 
were subniitt,ed by interest.ed parties iii respotis(' 1.0 ih 
Questionnaire in -4LGOL Uub/chi No. 14 w r r  usrd as :I 

guide. 
This report * coiistit,ut,es a supplement to  t,hc At,c;oi, (it) 

Report. which should rrsolvc a nuni1x.r of' ~lifliciilt,i~:s 
t,herein. Sot .  all of thc qwstions raised c.o~ic~niiiig i,h(b 
original report could bc resolved. ltather t h i i  risk 1iast)ily 
drawn conclusions 011 a tiumber of subtle poiiiis, whidi 
might, create new ambiguities, t,hc coinniit,t,ec drcidtd i,o 
rcport only those points which they unanimously fvl t  
could be stated in clear and unambiguous fsshioii. 

Questions concerned with the following areas : m a  lef'l 
for further consideratioii by Working Group 2.1 of' 11:11', 
iii  the expectation that current ivork on ad\mic.cd pro- 

* / I ~ I T o R ' s  SOTIC. Tlic preseni rdi t ion fo1lou.s ilie test  wl i i c l i  
w:ts :ipprcivc~d Iiy i l i e  Ciiuncil o f  11'11'. I\lt.liougli it is not civ:ii. frorii 
t ]if' I n 1  roduct ion, t lie present v c r s i o ~ ~  is t l i e  ~ i r i g i n : ~ ~  wpiirl ( i f  11ir 
.l:mii:iry l!W ronfer~encc~ n i i i d i f i ( ~ d  :iccortling t o  t lie :igrwiii(~nt s 
~cac l i cd  during t Iic. ilpril 1 W  confel-c~~cc~. 1 I I U S  1 Iir W J J I ) ~ I  IIIPII- 

i ionrd 11erv I S  1nccir~~or:ttt?t1 i n  t I N .  presrrrt version. '1'110 uiodific:i 
tions t,i)ucli t 11(, original rcaport i n  1 I J C  folloiving s ~ t  ims: ('1r:tngc.~ 
of i w t :  1 \vii.Ii i ' ~ )o ino te ;  2.1 f o o t n o t r ;  2 . 3 ;  2 .7 ;  3.:1.3: :3.:3.4.?; 4 . 1 . 3  
1.2.3; 4.2.1: 1.:3..1; q.:.?; -1,:,:4.1; - i .7 . :$ .3;  4 . i . 5 . 1 :  4.7 .51;  .t.;.ci ' 

5 ;  5.33;  5 . 3 . 5 :  :i.1.3; .5,-.1; 5 . 1 . 5 .  ( ' l l a r l ~ c ~ e  [ I f  sylI1:lx: ? l .4 .1 ;  4 . 1 . 1 .  ' 
4 2 . 1 ;  1.5.1./ 

R .  E. Utninn 

r .  

1l ' rd i111 in :~ry  r ~ ~ ~ i ~ ~ r t - - l ~ ~ t i ~ r i ~ : ~ t i ~ i ~ i : i l  .41gc~I)r:iic I ~ : i i ~ g i i : ~ g ~ ! .  

I i v l i i i r t  o i i  t l r c :  ;\Igiirit Iiniic I A I I ~ I I : I ~ ~  ALGOI, I,! iIi(, :\(')I 
~ . ' 0 1 ~ L 7 / 1 .  tl('df 1 .  12 (1!kjsi, h. 

(~lJl l l l l l i~~~'(~ 1111 ~ ' I ~ 1 ~ ~ I ' : l l l I l l l i l l ~  ~ ~ ~ l l l ~ l l ~ l ~ ~ ~ ~  :111(] tile ( ; . \ > 1 > 1  ( ' 1 1 1 1 1 -  ' 
i i i i t t i ~ ~  O I I  I'III~:~.:I~IIIIII~I~, i ~ d i i , i ~ ~ l  1 1 ) .  A , J .  I'csrlih : I I I I I  I< S : i l i i i ~ l ~ o i i  1 
.VI/I!I d l r r t l r  . 1 (1!)5!1 I ,  1 I - - ( X I  I 

:' \\'iIli:iiii 'I'iir:iii>ki o f  t l l i .  . \ I I I I~~IC:I I I  gro \ l 1 i  \v:I.* Li l l i~ i l  IIJ :III 

: ~ i i ~ ~ i ~ i ~ ~ i I i i i ~ ~  j i i r i  1irioi 1 1 1  t III, .1:1i i i i : i i~~ I I!iiili ( ' ~ i l i i ~ ~ i ~ i ~ l i i ~ ( ~  



DESCRIPTION OF THE REFERENCE LANGUIZGE 

I Structure of the 1,anguage 

As stated in the introduction, the algorithmic language 
w three different kinds of representations-reference, 
ardware, and publication-and the development de- 
:ribed in the sequel is in terms of the reference repre- 
:ntation. This means that all objects defined within the 
.nguage are represented by a given set of symbols-and 

is only in the choice of symbols that the other two 
:Presentations may differ. Structure and content must 
e the same for all representations. 
The purpose of the algorithmic language i:! to describe 

)mputational processes. The basic concept used for the 
mcription of calculating rules is the well-kiown arith- 
 tic expression containing as constituents numbers, vari- 
b k  and functions. From such expressions are com- 
Ounded, by applying rules of arithmetic composition, 

Wrrs sicli (Iberiaiur,t wuen Ii1sst. h w t .  
sic11 klrir sauen; u n d  wnvon rnnn niclit 
reden knnn. darllber rniisa man scliweiuen. 

L o v w I o  WITTCIENRTEIN. 

self-contained units of the language-explicit formitlac 
-called assignment statements. 

To show the flow of computational processes, cert,niri 
nonarithmetic statements and st,atement clauses are 
added which may describe, e.g., a!ternatives, or iterativc 
repetitions of computing statements. Since it is necessary 
for the function of these statements that one statement 
refer to another, statements may be provided with labels. 
A sequence of statements may be enclosed between the 
statement brackets begin and end to form a compound 
statement. 

Statements are supported by declarations which are not 
themselves computing instructions but inform the trans- 
lator of the existence and certain properties of objects 
appearing in statements, such as the class of numbers 
taken on as values by a variable, the dimension of an 
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array of numbers, or even the set of rules defining a func- 
tion. A sequence of declarations followed by a sequence of 
statements and enclosed between begin and end con- 
stitutes a block. Every declaration appears in a block in 
this way and is valid only for that block. 

A program is a block or compound statement which is 
not contained within another statement and which makes 
no use of other st,atements not contained within it. 

In the sequel the syntax and semantics of the language 
will be given.4 

1.1. FORMALISM FOR SYNTACTIC DESCRIPTION 

The syntax will be described with the aid of metalin- 
guistic fo rm~lae .~  Their interpretation is best explained 
by an  example 

Sequences of characters enclosed in the brackets ( ) repre- 
sent metaliiiguistic variables whose values are sequences 
of symbols. The marks ::= and I (the latter with the 
meaning of or) are metaliriguistic connectives. Any mark 
in a formula, which is not, a variable or a connective, 
denotes itself (or the class of marks which are similar to it). 
Juxtaposition of marks and/or variables in a formula 
signifies juxtaposition of the sequences denoted. Thus the 
formula above gives a rec:ursivc rule for the formation of 
values of‘ thr variablc (ah). It, iiidicates that (ab) may 
haw the valucx ( or [ or t,hat, giveti some legitimate value 
of (ah), aiiothcr may br formad by following it with the 
character ( or by followiiig it. with some value of the vari- 
:hlr (d). If t,hc ~ ~ a l a c ~  of ((1) arc t.ho dccimal digits, sonic 
valuc~s of (al,) aN’: 

i ab )  ::= ( I I I ( ab)  ( I (ab!(d) 

/ ( [ ( 1 ( 3 i (  
(12345( 
( ( (  
186 

1 I I  order t o  f‘acdit,atc. t,lw st,udy, t,htB symbols used for 
distiiigriishitig thc, ~nc~talittguist,ic~ \.ariables (i.e. the sc- 
cluetic~~s of rhnrac.t.cw appwrittg withiti the brackets ( ) 
as ah i i i  t,he above cxamplc) havc I)rcii vhosrii t,o be words 
describing approsimat,c:ly t,hc iiaturc, of the corresponding 
\~arial)lt~. Where words whirh haw appc3arcd i n  this manner 
arc used clswhere in t,hc test they will refor to t,hc corrc- 
spotidittg syiit,ac.tic. tlcfiiiitioii. I I I  addition sonic formulac> 
ha\.(’ lwcii gilwi i i i  inor(’ t.hair O I I V  p1sc.c~. 

cc.lllpty) ::== 
i i .c.  t h c  i i r i l l  slriiip o f  s y i i ~ l ~ ~ l , ~ ~ .  

1 )cfitiit,ioii: 

2. Basic Symbols, Identifiers, Numbers, and 
Strings. Basic Concepts. 
The reference language is built up from the following 

basic symbols: 
(basic symbol ) ::= (letter)/  (digit)]  (logical value)/  (delimiter) 

2.1. LETTERS 

(letter ) 
A IBICIDIEIFIGIHIZIJIKILIMIN(OIPI&IR/S(TIU~ YIZ 

This alphabet may arbitrarily be restricted, or extended 
with any other distinctive character (i.e. character not 
coinciding with any digit, logical value or delimiter). 

Letters do not have individual meaning. They are 
used for forming identifiers and stringsG (cf. sections 2.4. 
Identifiers, 2.6. Strings). 

: : = alb Icldblfidh liljlk I W l n l o b  l s l~ l s l t l u  l ~ i 4 4 d z l  

2.2.1. DIGITS 

(digit) ::= 0111213141516!7!819 

Digits are used for forming numbcrs, idcntifcrs, and 

2.2.2. LOGICAL VALUES 

strings. 

(logical vnluc) ::= tri ielfulsr 

The logical values havc a fixed olwious meaning. 

2.3. ~ ~ I ~ L I M I T l C l t S  

(deliriiiier\ ::= (olipr:it,or)l (scl):ir:itor )~ (lir:i.ckct,)l (tlrclnixl o r )  

(operator) ::= (aritlinictic iilicr:it,or)l (rel:ilion:il iiprr:ilor), 

(arithmetic operator’) ::= +i-lxi/l+lI 
(relational opcr:it.or ) :: = < 1s I = 12 ~ > ~ # 
(logical opernt.or) ::= IV IA 
(seqtiential oper:tl.or) ::= go toliflt I i c m  ~t:lsclforido7 
(sepnrntor ) : := , 1  . / l o l  :I ; I  : = ju jstopliiiitil /wliilrjc~,iiiiiic.nt 
hrncket  ) ::= ( 1 )  11 ~ 1 ~ ‘ ~ ’ ~ ~ w g i r i  l c i i c l  
(declarator) ::= ownIlholeui i  !iiitegc-rjreul Iarrny/swilc:li! 

(specificntor) ::= striiigllel)c:l ivaliic. 

(speci fical.or ) 

(Iogicnl oper:it or ) 1 (scqiicnt.i:iI opcr:tt,or ) 

proced tire 

Delimiters have a fised nicwiiirg whit-h for t>hc most p:ut 
is oh.ious or clsc will I)() giwii at the approprint,(’ pl:wc 
in the sequel. 



2.,t.D. Scnwtitic:s 
Itlrii(,ificrs huvc i i o  iiihvrviit, nicwiirig, hiit, s ~ r \ ~  for t , h c b  

eut~i[ic:atioii of siinplc v:wial)lw, urr:iys, Int)cils, switchw, 
id proccdurcs. Thcy niuy I)(: chosoti frocly (cf. ,  howovor, 
ction 3.2.4. Stsiidard 1Junc:tiotis). 
The smic idctitificr caiiiiot, be used to denote two 
ffererit quaiititics cxccpt when thcsc qiiuiitities haire 
sjoint scopes as defined by the declarations of thc pro- 
tam (cf. section 2.7. Qriantities, Kinds and Scopes, and 
ction 5 .  Declarations). 
2 .5 .  XUMBERS 
2.5.1. Syntax 

insigned integer) ::= (digit)/  {unsigned integer) (digit) 
nteger) :: = (unsigned integer )!+ (unsigned integer ) I  

h i m a 1  fraction) ::= .(unsigned integer) 
jxponent pa r t )  ::= to(integer) 
h i m a 1  number) ::= (unsigned integer)l(decimal fraction) 

ullsigned number) ::= (decimal number)/  (exponent pa r t )  

number) ::= (unsigned number) /+  (unsigned number)[ 

- (unsigned integer} 

(unsigned integer) (decimal fraction) 

(decimal number) (exponent part  ) 

- (unsigned number) 

2.5.2. Examples 

0 -200.084 - .08310-0!2 
177 +07.43108 - 107 

.5384 9.341o-k 10 10-4 .~ 
+0.7300 2- 104 +io+5 

2-53.  Semantics 
Decimal numbers have their conventional meaning. 

‘he exponent part is a scale factor expressed as an integral 
OWer of 10. 

2.8. VALUES :\NI) TY1’I‘:S 

.i value is an ordored set of iiuinbers (spcc*iuI (+as(-: u 
single number), an ordcrcd set of logical valriw (sprvial 
case: a single logical value), or a label. 

Certain of the syntactic units are said to possess valrrcs. 
These values will in general change during the execution 
of the program. The values of expressions and their (*on- 
stituents are defined in section :<. The value of an array 
identifier is the ordered set of values of the corresponding 
array of subscripted variables (cf. section 3.1.4.1). 

The various “types” (integer, real, Boolean) basically 
denote properties of values. The types associated with 
syntactic units refer to the values of these units. 

3. Expressions 

In the language the primary constituents of the pro- 
grams describing algorithmic processes are arithmetic, 
Boolean, and designational expressions. Constituents of 
these expressions, except for certain delimiters, are logical 
values, numbers, variables, function designators, and 
elementary arithmetic, relational, logical, and sequential 
operators. Since the syntactic definition of both variables 
and function designators contains expressions, the defini- 
tion of expressions, and their constituents, is necessarily 
recursive. 
(expression) ::= (arithmetic expre9sion)l {Boolean expression)/ 

(designational expression) 

Communications of the ACM 5 
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3.1. VARIABLES 
3.1..1. Syntax 

(variable identifier ) : : = (identifier ) 
(simple variable) ::= (variable identifier) 
(subscript expression ) : : = (arithmetic expression) 
(subscript list) : := (subscript expression)j (subscript list ), 

(subscript expression ) 
(array identifier) ::= (identifier) 
(subscripted variable) ::= (array identifier)[ (subscript list )] 
(variable) : : = (simple variable ) I  (subscripted variable) 

3.1.2. Examples 

epsilon 
detA 
a17 
&[7,21 
z [s in(nX p i /2 )  ,&[3,n,411 

3.1.3. Semantics 
A variable is a designation given to a single value. This 

value may be used in expressions for forming other values 
and may be changed at will by means of assignment state- 
ments (section 4.2). The type of the value of a particular 
variable is defined in the declaration for the variable 
itself (cf. section 5.1. Type Declarations) or for the corre- 
sponding array identifier (cf. section 5.2. Array Declara- 
tions). 

3.1.4. Subscripts 
3.1.4.1. Subscripted variablos designate values which 

are components of rnultidimetisioiial arrays (cf. section 
5.2.  Array Dcc.laratjiotls). I ~ h l i  arit,hinetic txprc:ssioii of 
the subscript list occupies one subscript position of 
tjhr subscriptfled \wiablc, aild is c:allcd a subscript,. The 
c*ompletc list of subscripts is c~~iclosc~d iii the subscript, 
brackets [ 1. The array c*oitiponcnt refcrred to by a sub- 
scripted ~ariablv is specified hy t,hc actual tlumerical value 
of its subscripts (cf. sectioti :<.:3.  Arithmetic Expressions). 

3.1.4.2. Each suhseript posit,ioti acts like a varia\il(~ of 
type integer and t,hc cvaluatioli of the subscript, is uiider- 
st.ood to be equi\deiit t.o m i  assignment, to this fictitious 
variablr icf. section 4 2 . 4 ) .  Thc valur of the subscript.ed 
variahlc is defii1c.d otily if the valuc of tht. subwript ex- 
pressioii is wit,hiii the sul)sc.ript l.wuiids of' t.hr array (rf. 
scxt,ioii 5 . 2 .  Array Declarat,ions). 

- 

3.2.  1' 1 7 S C T I O S  UEsl (:SA'rOlt s 
3.2.1. Syitas 

(procedure identifier) : := (ideiitifier ) 
(act.ual parameter) ::= (st,rinb.)l(oxpressioii'~~ (:irr:iv i i k n i i f i ( ~ r ~ ~  

(1et.i er string i : : = (letter ) I  (letter siring ) (lei t o r  ) 
(I):tr:inieter delimiter) ::= ,I)(lett,er string) : (  

<iict,u:tl p:tr:iinrter list' ::= (:ictu:~I paraiiic.ttrr ) I  

(switch it1entifier)l (procedure identifier '1 

(:ici u:il p:ir:ii i i(~t(~r list (p:iruinrt,i,r deliniit.rr > 
(:Lctii:il p;ir:iini't er 1 

c:irtiial p i r : t i n ( a t e i .  p r t  ' : := (cii1I)ty (:let i i : t I  I ) : t i x i i i ( ~ t ( * i ~  list ) )  

(fuiwtioii drsign:it,or : := ( I )n i ce t l i i r c .  i ( l v i i t i l i (~ r  
(:let i i i t l  ~ ~ : i r : t i i i v t ~ r  p:rrt ' 

3.2.2. Examples 
sin (a - b )  
J(u+s,n) 
R 
S(s-5)Temperature: (T)Pressure: (P) 
CompiZe(' := ')Stack:(&) 

3.2.3. Semantics 
Function designators define single numerical or logical 

values, which result through the application of given sets 
of rules defined by a procedure declaration (cf. section 5.4. 
Procedure Declarations) to fixed sets of actual param- 
eters. The rules governing specification of actual param- 
eters are given in section 4.7. Procedure Statements. Not. 
every procedure declaration defines the value of a function 
designator. 

3.2.4. Standard functions 
Certain identifiers should be reserved for the standard 

functions of analysis, which will be expressed as procedures. 
It is recommended that this reserved list should contain: 
abs(E)  for the modulus (absolute value) of the value of the 

sign(E) for the sign of the value of E(f1  for E>O, 0 for E=O, 

sqtt(E) for the square root of the value of E 
s in (E)  for the sine of the value of E 
cos(E) for the cosine of the value of E 
archn(E)  for the principal value of the arctangent of tlic value 

h ( E )  for the natural logarithm of the value of E 
ezp (E)  for the exponential function of the value of E (e"). 

These functions arc all understood to operate indifferently 
oti argumeiit,s Imth of typc real and integcr. They 1\41 

all yield values of t,ype real, cxc:ept for sign(1;'l) which will 
have values of t,ype integer. In a particular reprcwiita- 
tion these futict,ions niay be available without, explicit 
declarations (cf. swtion 5 .  Declaratioiis). 

expression E 

-1 for E<O) 

of E 

3.2.5. Transfer f II tictioils 
I t  is u t iderst,ood that# tra I isfer functions l)et,wec I 1 a n y  

pair of quailtitics atid csprcssioiis map he defined. ,4mong 
the standard functions it is recommended that, t,here b e  
one, namely, 

e n t i e r i E ) ,  
which "transfers" an expression of real t,ype to one of 
integer t,ype, and assigiis t,o it, t,hr value which is the 
largest integer not grcat.cr that1 the valuc~ of 1;;. 

3.3. .4RITHMETl C l<XPltESSlOh'S 

3.3.1. Sjrntar; 

I (adding operator ) : : = + ~ - 
(multiplying operator) ::= X ~ / ! +  
(prinisry ) : := (unsigned nunil)er ) I  (variable ) i  

(faci.or) ::= (l)rini:iry ) I  (fact.or)r(primnry) 
(term 
(siirii)l(',arithmetic expression ) : := (term )i 

I (function dt:siRiiator~j((:ii.ithinetic expression )) 

: := (fact.or ) i  (ierm )(niriltil)lying opernt'or ) (factor > 

(adding ol)erat,or \(t,crni ) I  (simple arithmetic expression) 
(adding opcrxi or ) (,teriii ') 

( i f  c lause) : := i f  (Iholeari expression )then 
(aritlinivtic c:xpr(:ssioii ) : :=  (sirnl'lc aritliinc~tir csl)rc~ssii,ii 1 1 ,  

(if clausc: )(simple uritlinietic c.xprc?ssioii )else 
~;trithnictic. c'sprc.:. .%ion ' ! 



the first arithmetic expression following this Boolean 
(the largest arithmetic expression found in this position 
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generally from left to right, with the following additional 
rules : 

3.3.5.1. According to the syntax given in section 3.3.1 
the following rules of precedence hold: 

first: 7 
second: X/+  
third:  +- 

3.3.5.2. The expression between a left parenthesis and 
the matching right parenthesis is evaluated by itself and 
this value is used in subsequent calculations. Consequently 
the desired order of execution of operations within an 
expression can always be arranged by appropriate posi- 
tioning of parentheses. 

3.3.6. Arithmetics of real quantities 
Numbers and variables of type real must be interpreted 

in the sense of numerical analysis, i.e. as entities defined 
inherently with only a finite accuracy. Similarly, the 
possibility of the occurrence of a finite deviation from the 
mathematically defined result in any arithmetic expression 
is explicitly understood. KO exact arithmetic will be 
specified, however, and it is indeed understood that 
different hardware representations may evaluate arith- 
nietic cxpressioi~s differently. Thc control of the possible 
consequeiices of such differences must be carried out by 
the methods of ~iumcrical analysis. This cont,rol must be 
considered a part of thc process to be described, and will 
thercforc be cxprrswd iii t,crms of t,hc laiiguagc itself. 

3.4,. J ~ O O I , K A K  I ~ : X I ~ I ~ I ~ S S I ~ K S  
3.48.1. Svtit,as 

(relatioii~il olier:it vr ) : : = < ~ 6 i = 12 1 > ~ # 
(re1:ition ) :: = (s i i i i~~lc  :irit 1iinrt.i~ rxpr~:ssio~i \ 

(rc1:ition:iI iqi(,r:it o r  ) ( s i i i i ] ) l i~  :irit,hmrt,ic cxprwsiori 
(13oolo:iii  1irini:iry ) :: = (lo~ic:il v:iliio\! (v:iri:il)lc ) I  

(funct ioii t1csign:ll oI ) I  (rc1:ttiori ) I (  (13oole:iii espressioii )) 
(Diiolcnii sccoiid:iry ) : := (13ooleaii prini:iry )Il (Iioolran prininry ) 
(Boolean fact or j :: = (13oolcuii secoiithry ) i  

(I3oolc~:in fact or )A (l3oole:iii srcoiit1:iry ) 
(I%oole:~ii tcrni \ : := (1311~1le:11i f:ici,or )~ (Uoo1e:iii trrni \ 

V ( B ~ W I I  f:tct.or \ 
(iniplicatio~i 
(simplv 13(idc:~n ) : := (impIic:ii,i~in J '  

(simlilr I3oolcan )= tiriiplic:it ioii ) 

(13oolc:iii rspression ) : := (siiiiplc Hoolr:i~i 
(if c1:iiisc~ )(sinipIi, Roolean ) e . l s c .  (Fhio1e:iii rsprcwioii ' 

: := (13oole:iri tcrin \ I  (iiiiplicutio~i ~~(13ooIr: i i i  tcrni ) 

3.42 .  l';saII1pl('s 
I =  - 2  
I . >  1' v : < q  

( I + / )  > 
PA(/ v r#?/ 
q ' l t r / \bA7 cVdVc37 ,f 
i f ' / ; < ]  tlien S > I P  c * l s c * I r ~ c  
i f  i f  i f  (1 I I i c r i  b VISV c i Iic-ri  t/ c.Irc. ,f t Iicn (1 t.Isc* 11 < f i  

- 5  A z - t l  > (IT? 

3 .'I 3 .  Soii i:iii ticas 
..\ IhmI(wi  osp~~c~ssioii is a n i l ( ,  1'01. cmiipiitiiig :I Iogicd 

\~:dti(~. ' 1 ' 1 ~ ~  i)i.iiictiplw of  v\.:Jii;it i o i i  :IIT (>iitiwly :iti;iIogotis 
t o  t host, giiytii for :iritIiiii(,tic vxpiwsioii.s i i i  sv r t i o i i  :+.3.:i. 

3.4 : I .  ' ryp,* 
\':iri:iI~Ivs iiiid I i i i i v t i o t i  d(bsigii:itoix ( s i i t ( w s ( i  :is J h i o l ( ~ 1 1 1  

primaries must be declared Boolean (cf. section 5.1. 
Type Declarations and section 5.4.4. Values of Function 
Designators). 

3.4.5. The operators 
Relations take on the value true whenever the corre- 

sponding relation is satisfied for the expressions involved, 
otherwise false. 

The meaning of the logical operators1 (not), A (and), 
v (or), 2 (implies), and = (equivalent), is given by the 
following function table. 
bl false false true true 
b2 false true false true 
T b l  true true false false 
bl/\b2 false false false true 
blVb2 false true true true 
b l 3 b 2  true true false true 
bl=b2 true false false true 

------------______----- 

3.4.6. Precedence of operators 
The sequence of operations within one exprcssiori is 

generally from left to right, with the following additional 
rules : 

3.4.6.1. According t,o the syntax given in scctiori 3.4.1 
the following rules of precedence hold: 
first: arithmetic expressions nccording t o  section 3.3.5. 
second: 
third: -I 

fourth: A 
fifth: v 
sixth: 3 
scventh: = 

< S = I > f 

3.4.6.2. l'hc 11s~ of' pawiit hcscs will lie i i i t , c~ i )rc~t , cd  i i i  

t h  seiisc giwn iii sc~. t , ioi i  :3.:j.eri.2. 

3.5. ~>ESlC;A'ATlOXAl,  ]<XT'liI~~SSIOXS 

3.5.1. Syntax 

(Inliel \ ::= (identifier (unsigned integer \ 
(switch identifier) ::= (idciitifier) 
(switch designat.or) ::= (snitdi identifier\[ (subscript. cssl)rwsion 
(simplr design:ition:il exprcesi on = (lalwl $ 1  (switcli dvsigri:ilor 

( (dcs igna t iod  expression )) 
(tlc~sigrintional cxpression 

(if  clause) (siinplc desigiiational csprcsainli 
(designntionul espressiori 'j 

:: = (siiiiplc desipnatio1i:tl c~al)rcssioli I 
c:lsc. 

3.5.2. Exanip1t:s 

17 
PD 
C/1oosf!ln - 1 ] 
'/'own[if y < O  theti 3' rlsc. . Y + l ]  
if .4b<c tlieu l i  vlsv qii f  1 ~ 5 0  then 2 clsc 1 1 1  

3.5.3. Scmai itics I 

;I tlesigiiat,ioiial cytvssioii is ii riilo for  o l i t a i i i i i i x  :I I : i I i , 4  

oi 3 st ,at ,c~i iwi i t  (d. sc4o i i  -1. Sta t (w~~i i t  s 1. .\g:iiii flick 
priiiciplti of t,h(a (t\.:dii:it,ioii is c.i~tir.ely :tiialogo\is 1 0  1 11:it of' 
arit,hi)i(%iv c~sprcwioiis ( s w t  i o i i  :3.:$.:3 ). I I I  t l w  gc~iic~:il MSC 

th(i Ih~)l(~ai i  ( ~ s p r ( ~ s s i ~ i w  of t l iv  if c~l:iiisc~-: \\.ill s(-l(,i.t : ~ i  
siinpI(~ tl(~sigti:itioii:LI c b s p i w s i o i i .  If' this i- : I  l:itii~l t 1 ~ ~ :  
t l v s i i ~ ~ t l  i w \ i I t  is :~.It~b:i(Iy f o t i i i d .  ;I s \v i t t , l i  (I(~.-igii:itor i ~ ~ I ( ~ t ~ +  
to  t h y  c.ori.c,sl)oii(liiig .s\virc.li ( i ( s ( * l : i i x t  iciii ii.1. . \ ( b i ' t  i o i i  .-i :I. 

i 
I 
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I (  I( W l i  : 

I , :  I,: . _.  ~wgiri I )  ; I )  ; .. I )  s ; I-; ; ... S ; 
s f . I l l l  

I t  stioiiltl tw kcspt i i i  i i i i i i c l  t h a t  t w * h  of t h ,  statc~iiit~iits S 
iiiav : q : t i i i  I ) ( $  :t c .o i i ip lv tc*  ~ ~ ) i i ~ p o i i i ~ I  . s t : t t ( i i i i ( b t i t  01' 1)loc.k 

I..  1.2. l ~ : s ~ l l l p l o s  

lhsi r  st.:ttcwic%iits: 

n : =  p+q 
go L O  .Vrrplcs 
A!w.\iLrl': ro.vTT.\'ui$: cr .= 7,!)93 

~ ~ o l l q ~ o l l l l c l  st:Ltvlil(~llt  : 

lwgiri .r := 0 ; for I /  := 1 stc.1) 1 unti l  11, (10 
x := Z+Il[!/l ; 

i f  r>q i l l c * n  gel 14, S7'OT' VIP(: if . c > ~ I I - ~  t11c.11 

.Lw: S l :  w := .r+hob ~ ~ I l t l  
CO t t l  AS ; 

I$loc*k : 

0: Iwgiii integer i, k ; real III ; 
f o r  i := 1 step 1 i i i i L i l  t n  ( l o  
F o r  k :=  i + l  s tep  I t r i i l i l  r ) L  c l o  
I w g i r i  III  : =  . -1 [ i ,  k \  ; 

'I[;, kl := .L[k, iI 
:t [ k ,  i /  := I f )  c . r l c l  fo r  i : t t 1 t l  k 

; 

C l l t l  I,lock (3 
I.. 1 .f. S(iiii:mt,ic:s 
ICvcry h1oc:k aiit,oiiiut,ic.nIIy iiit,rotliiws 3 new lcvd of 

~io~n~n~:lat i i re .  This is rdizccl as ~ o l l o \ v s :  A,liiy iclriitfificr 
occrirritig within the block may through a srritn1)lc t1ct:lnra- 
tion (cf. section 5 .  Dcc*Iaratioiis) t)c spaoiticd t,o tx: locd 
to the block i n  clticstiori. This nioaiis (a) that thc ciitity 
represented by this identitier i~iside the block has no 
existence outside it, and (b) that any entity represented 
by this identifier outsidc the block is completely inaeces- 
sible inside the block. 

Identifiers (except those representing labels) occurring 
within a block and not being declared to this block will be 
nonlocal to it, i.e. will represent the same entity inside 
the block and in the level immediately outside it. X label 
separated by a colon from a statement, i.e. labelling that 
statement, behaves as though declared in the head of the 
smallest embracing block, i.e. the smallest block whose 
brackets begin and end enclose that statement. In  this 
context a procedure body must, be considered as if it were 
enclosed by begin and end and treated as a block. 

Since a statement of a block may again itself be a block 
the concepts local and nonlocal to a block must be under- 
stood recursively. Thus an  identifier, which is nonlocal 
to a block A, may or may not be nonlocal to the block B 
in which A is one statement. 

4.2. ASSIGNMENT STATEMENTS 
4.2.1. Syntax 

(left part) ::= (variable) := /(procedure identifier) := 
(left part list ) : : = (left part ) I (left part list ) (left part ) 
(assignment statement ) ::= (left part list) (arithmetic expression ) I  

(left part l ist) (Boolean expression) 
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t i i i i i ( , s  \vit  t i  t t i v  b i i w ( w o i .  o f  t h v  
, ~ t : i t ( ~ i i i c ~ i ~ t  t'olloiviiig t h v  tor ( ~ l : t i t s ~  is c~sc~rritc*tl. 
1.h. I.. ' l ' h x  t'or list ~ l o i i i ~ ~ i i t ~  
I hc. tor list, g i \ w  a i.iiIv tor ot)t:iiiiiiig t h v  v:dii(~s \vhivl i  

arp ( . ( ) I  i s ~ i  t t i  \ ~ l y  :issigi I (%(  I t'c) t hv )I 1 t 1.0 I IP~  I v:t ria t ) I ( > .  This 
s(v~iwiiw ot' \ ~ I I W  is o i ) t : i i i i c v l  t i . o i i i  t i i v  for list c\l(\irwiIts 
hy t:ikiiig t I i ( w  o i i ~  l)y O I I V  i i i  this ortl(~t. i i i  \vtiic:h t h h v  ~ t r c  
\vri t, t,w I .  'I'lu. s u  11 ic I i w  ( )F  \XI I i ~ s  gyi wixt I hv  o w  h of t, tic 
t h r w  spc%c*it.s of t'or Iis t ~ I v i i  LPI  L t s a i i t  l t tic. (:I ) iwspo iu  I i  I ig 
c ~ s o c ~ r i t i o i l  of thc statc~iiic~iit S : t r ~  gi\.ciii by thv follo\viiig 
r i i lcs: 

.k.6. k.1. .lrithtiwtir clsprcwioii. This c>lciiic:iit, giiw rise 
to O I W  \ . u l t i t x ,  i i i ~ i i i ~ l v  tho vdt iv of tho givoii arit,hni(!tic 
cqiwsioi i  :LS ral(.ril:itc~tl itiiiii(~(li:~t,(~ly I x : F o r c b  t,hc corrc- 
spoticliiig cwvritioii of t,hr st,:Lt,oniciit, S. 

,k.h..E.S. Stcp-iiiit,il-c.l(.rii(~iit,. .in elcnictiit of tho form 
;i stcp 13 until CJ, whwc .i, 13, aii(1 C, arc arit,hnic>t,ic CS- 

pressions, givw rise to a11 cwwit,ioti which rnny he de- 
scriIw(1 most, c*oiic:isoly i t i  t,c.rriis of :ultlit,ioiial . ~ I A ; O L  

st,at,(~llicllts as follows: 

s t : t t ( ~ i i i v i i t ,  It' i i o t ,  tht: 

/ .  

v := ;i ; 

sl.:rtcrnent s ; 
v := V+I1 ; 
go t o  1 2 1  ; 

whorc: V is thc  c*oritroll(~tl v:trid)I(~ o f  t,hv for (:Iniise mid 
elenient ezhuusted point,s t,o t,hc cva1ri:itioti according to 
the next, elcmctit in the for list,, o r  if thc st,op-~intil-clenic~it 
is the Inst of thc list, to the wxt ,  statmictit in the program. 

4.6.4.3. While-elcmcnt. Thc cxctcution governed by a 
for list clcmcnt of thc form I3 while F, whorc E is an 
arithmetic and F a Boolcuri ctxprcssion, is most concisely 
described in terms of additional ALGOL statements as 
follows: 
153: V := E ; 

L1: if  (V-C)X s i ~ / r a ( l % ) > O  I lien go I O  i d ( : m c r d  extinusled; 

if -,F then  g o  to element exhausted 
Statement S ; 

; 

go to L3 ; 

where the notation is the same as in 4.6.4.2 above. 
4.6.5. The value of the controlled variable upon exit 
Upon exit out of the statement S (supposed to be com- 

pound) through a go to statement the value of the con- 
trolled variable will be the same as it was immediately 
preceding the execution of the go to statement. 

If the exit is due to exhaustion of the for list, on the 
other hand, the value of the controlled variable is unde- 
fined after the exit. 

4.6.6. Go to leading into a for statement 
The effect of a go to statement, outside a for statement, 

which refers to a label within the for statement, is unde- 
fined. 

4.7. PROCEDURE STATEMENTS 
4.7.1. Syntax 

(actual parameter) ::= (string)/ (expression)( (array identifier)( 

(letter string) ::= (1etter)l (letter string)(letter) 
(switch identifier)/ (procedure identifier) 

T 
Initialize ; test ; statement S ; advance ; successor 

I L------------------------- 3\ 
for list exhausted 

1 this picture the word initialize means: perform the first 
jsignment of the for clause. Advance means: perform the 
ext assignment of the for clause. Test determines if the 
s t  assignment has been done. If so, the execution con- 

Communicat ions of the ACM 11 



REVISED ALGOL 60 

(parameter delimiter) ::= ,I) (letter string):( 
(actual parameter list) : := (actual parameter)\ 

(actual parameter list )(parameter delimiter) 
(actual parameter) 

((actual parameter list)) 

(actual parameter part) 

(actual parameter part ) : := (empty ) I  

(procedure statement) ::= (procedure identifier) 

4.7.2. Examples 
Spur (A)Order: (7)Result to: ( V )  
Transpose ( W,u+l  ) 
Absmaz(A,AT,M, Y y , I , K )  
Innerproducl(A[l,P,u],B[P],lO,P, Y )  

These examples correspond to examples given in section 
5.4.2. 

4.7.3. Semantics 
A procedure statement serves to invoke (call for) the 

execution of a procedure body (cf. section 5.4. Procedure 
Declarations). Where the procedure body is a statement 
written in ALGOL the effect of this execution will be 
equivalent to the effect of performing the following opera- 
tions on the program a t  the time of execution of the pro- 
cedure statement: 

4.7.3.1. Value assignment (call by value) 
All formal parameters quoted in the value part of the 

procedure declaration headit ig are assigned the values 
(cf. sectioii 2.8. Values mid Types) of the corresponding 
actual parameters, thew assigiimeiits being considered as 
being performed explicitly More  eiitcring the procedure 
body. The eflcc:i is as though ail additional block embrac- 
ing the procodurc body IV(W crcbat.(d iit which these assign- 
inelits were riiadc to variables local t,o this fictitious block 
with types as given it i tho c*orr(:spotiditig specifications 
(cf. section 5 .3 .5 ) .  As a ( ~ ~ I I S ( Y ~ L I ( ~ I I ~ C ,  mriables called by 
value arc to be coitsiderctd as tiotilocal to the body of the 
procedure, but local to t h  fictitious block (cf. scction 
5.4.3). 

4.7.3.2. Xanw rcplacwittlt (call hy mine) 
Atiy formal paramtc~r i ~ o t  cluoted in the value list is 

replaced, t,hroughoui the proccdurc body, by the corre- 
spoilding act,ual parameter, aftor caclosing this lat,ter in 
pareiitheses whermw syiitac.tically possible. I'ossible 
cotificts bet,\veeti id(vitJificrs itiscBrtcd through this process 
atid other identifiers already prcwtit withiti the procedure 
I)ody will be a v o i d d  Iiy suital)lc systeinatic ehatlgce of the 
fortnal or local idctitifiers i~l\.ol\.c~l. 

4..'i.3.3. Body replaccii~cvii at id cwviit,ioti 
l:iiially thc procdurc h d y ,  tnodificd as a l ) o \ ~ ,  is 

iitscrted it1 placc of thc procwli~rc statetwlit atid ctsrcutcd. 
If t,hc procedurc is rnllcd frout a plnw outside thc scope 
of ail!' iioiilocal (juatitity of' the ptwodurc h d y  t,hc con- 
flicts I )c , t \vcwi  thc i&wt,ifiws inscrt c d  through t,his proccss 
of body r ~ ~ p l ~ ~ ~ i ~ i ~ ~ i i t  aid t h t x  id(~iitificw \vhosck tl(darations 
at.(' \ .did at the plaw of i hc p t ~ o c ~ ~ l u r o  stat,(wi(Lili or fuiic- 

tioii d(~sigiiaior \\.ill I)(% : i \ . o i t l d  ~ l i t~ ) i~g I i  suital)lc 
c*hatigc~s of t h o  1at t r r  id(~titifi(~t~.~. 

4 2 . 4 , .  ;\c~tual-lorillal c ~ o l ~ t ~ c ~ s ] ~ o i l t l c ~ l l ~ ~ c ~  

1 h(' c ~ o l ~ l ~ c ~ s ~ , o l l c l c ~ t i ~ ~ ~ ~  Iwt \ \ ( Y b l l  I l l ( *  :iVtu:Ll ]Y~l~~Ll~lc~t~~I's of r .  

the procedure statement and the formal parameters of th 
procedure heading is established as follows: The actu: 
parameter list of the procedure statement must have th 
same number of entries as the formal parameter list of th 
procedure declaration heading. The correspondence i 
obtained by taking the entries of these two lists in t h  
same order. 

4.7.5. Restrictions 
For a procedure statement to be defined it is evident1 

necessary that the operations on the procedure body dc 
fined in sections 4.7.3.1 and 4.7.3.2 lead to a correct ALGO 
statement. 

This imposes the restriction on any procedure statemeii 
that the kind and type of each actual parameter be con 
patible with the kind and type of the corresponding form: 
parameter. Some important particular cases of this ger 
era1 rule are the following : 

4.7.5.1. If a string is supplied as an actual parameter i 
a procedure statement or function designator, whoe 
defining procedure body is an ALGOL 60 statement ( 3  

opposed to non-ALGOL code, cf. section 4.7.8), then thi 
string can only be used within the procedure body as a 
actual parameter in further procedure calls. Ultimately : 
can only be used by a procedure body expressed in not- 
ALGOL code. 

4,.7.5.2. A formal parameter which occurs as a loft pal 
variable in an assignmentj st,atement, withiti the proeedut 
body and which is iiot called by value m i 1  o d y  correspoii 
to ati actual paramcter which is a varial)le (spccial casci ( 

esprcssioii) . 
4,.7.5.3. A formal parainetcr which is uscd withill tlie: 

prowdurc body as ati arra.y idciitificr call otily cort'c. 
spotid to  aii actual paramct,cr which is ail array idriit,iiicr. 
of ati array of thc samc ditnetisioiis. 111 addition if I,heb 
fornial parameter is called by value thc local array creatvd 
during the call will havc thc sanw s u h r i p t  I,outids :is$ 
the actual array. 

4,.7.5.4.. A formal parametcr which is called by value 
cannot. in gciicral correspoiid to a switch idciitificr or a 
procedurc identifier or a string, becausct these lat t.cr do i iot ,  

possess values (the exception is thc procedure idcntitiw of, 
a procedure declaratioti which has ati empt~y lortnal 
paramc%er part, ((4. sectioti 5.4.1) atid which dcfiiies the 
Yaluc of a fuiictioit designator (ef. sectioti 5.3.4). This pro. 

4.7.5.5. -411~' formal parameter may ha1.e restrictioiis: 
on t,hc type of t,hc c.orrcspotding ac.t,unl paraniet,cr asr0-I 
cinted \vit,h itj (thcse restrictions may, or may 1101, lie! 

girrw through spccificatioits in thc. proc.cduw hcwlitigi.i 
111 the procedure statcniolit. such rcst,rict,iotis must VII.~ 

detitly br o l~ . t~ rve t i .  
4.7.6. Jhlct,cd. 
4.7.7. l'arat tict c'r dcliInit,crs 
:Ill patmnc~ter t lv l i t i i i t tw are uiidcist ood I o I ) ( ,  ( ~ ( ~ i i i \ . : i ~ ~  

letit. N o  c,orrespoiiclc~i~cc I ~ c t \ v c w i  tho J)aIYdl11oi~~r d(~Ii t i i i t (~i~~~ 
used iti a prw.cqIii~y~ statciiiciit and tliosc. t i s c b t l  it1 t ~ i ( ,  j ) r i  1 

c c d r i i ~ ~  1ic:idiiig is ( ' X j l ( Y ' t ( d  I ) c y ) i i t l  the+ t i i t t ~ i I ~ ~ r  I ) ( > i i i K  t I I C  

t 

c 
I 
i 
L 

ccdure idcntificir is iii itself a cotiiplet,c cspressioii). t 

t 

I 
! 
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i I I ( '  I I I( 1 i I ig x v n  ). I I I t ( y s  I .  ( I( ~ . l : t  IW I \-:t i k t l  , l ~ s  I ii:~y ( ) I  I I y ass1 I I I I(' 

positiw a i i c l  iivg:iti\.v iittc~gi.:tl I d i i v s  itirlit(liiig m t ~ ) .  
Ih i o h t  I tlwlarcvl \.:t t i i l) l(~s iiiay 0 1  I Iy xssiiiiw t tic- \xli i ~ s  

trrlc. ; t i i f 1  l i1lsc. .  
1 I I  aiitliilwtic* ( b x p t v s i o i i s  atiy positioii which w i i  l)c 

owiipivcl  I ) v  :L wal (Io(~liirw1 \-arint)lv tii:i,v hv o c ~ r i i p i c ~ t l  I)? 
:ti I i i i t c b g c k r .  t l ( ~ I : t r c ~ l  \wid ) I ( , .  

Ia'or. thci st~r1i:ttitic.s of  ou 11 ,  s w  thc I'oiirth p:iixgr:tpli of 
src.t,ioii .5 al)ovc~.  

5.2. . \ l t l t A Y  l ~ l ~ ; ~ ~ r , . \ l ~ . \ ' l ~ i o ~ ~  

-5.2. I .  Syllt,as 
t l i ~ w c ~ r  i ) i i i i i i t l )  : :=  (:tritIiiii(Ltic csprc~ssion'~ 
( ~ i i ) i ) c r  Imiii it l) : := (:irit,liiiwtic wi)rcssion) 
ibo i i i i~ l  1):iir) ::= (lowrr I ~ o i i i i ( L \ :  (ii1)pcr I)oiiii(l) 
iboiintl pair l i s t  ) : := (Ooiiii(1 i):iii.\! ( I~oi int l  I x i r  l i s t  ), ( l ~ o i i r i ~ l  p:iir) 
(:irr:ty scygiiont ) : :=  (:irr:iy ~ ~ l ~ ~ i i t i ~ i c ~ r ~ [ ( I ~ o i i n c I  p i i r  l ist , '>] !  

(:irr:ty list) ::= (:irr:ty schgiiic~nt, ) I  (:trr:iy list, \, (:trray scgtiicnt \ 
(:irr:iy il(~cl:ir:itiori) ::= array (:irr:iy 1i.t ) !  (loci1 or owi i  typo) 

(:trr:iy itleriti ficr 1 ,  (a r ray  scsg i i i er i t ,  ) 

array (:trr:i,v l i s t )  

.5.2.2. l~~xanipl(~s 
array ( I ,  h ,  c [ 7 : n , ? : m ] ,  . s [ - ? : 1 0 (  
o w n  integer  arruy . I  [if  c<O L ~ I C ? I I  ? else 1:20l 
reill arrny q [ - 7 : - 1 ]  

5.2.3. Sciiiaiit,ic:s 
. \ I I  array (1wIarati)ii t l ( ~ ~ l t t t ~ o s  ot io  or  soveral iclotit,ific.rs 

t,o rrprrscwt i i i i i l t , i t l i t i ic~i~siot ial  arrtlys of suItsc:ript,rtl 
varial)l(bs atid giws th(1 (Iiiiwiisioiis of tho arrays, the 
bouiids of tho sitbsc:ript,s atid t,hc t,ypc.s of thc variables. 

.5.2.3.1. Sul)script I)oii~ids. Thc sriI)srript, bourids for 
any array are given iti the first, subscript brackct following 
the identifier of this army in thc form of a hound pair list. 
Each itcm of this list givcs the lower and upper bound of a 
subscript in the form of two arithmetic expressions sepa- 
rated by the delimiter : The bound pair list gives the 
bounds of all subscripts taken in order from left to right. 

5.2.3.2. Dimensions. The dimensions are given as the 
number of entries in the bound pair lists. 

5.2.3.3. Types. A11 arrays declared in one declaration 
are of the same quoted type. If no type declarator is 
given the type real is understood. 

5.2.4. Lower upper bound expressions 
5.2.4.1 The expressions will be evaluated in the same 

way as subscript expressions (cf. section 3.1.4.2). 
5.2.4.2. The expressions can only depend on variables 

and procedures which are nonlocal to the block for which 
the array declaration is valid. Consequently in the outer- 
most block of a program only array declarations with 
constant bounds may be declared. 

5.2.4.3. An array is defined only when the values of all 
upper subscript bounds are not smaller than those of the 
corresponding lower bounds. 

5.2.4.4. The expressions will be evaluated once a t  each 
entrance into the block. 

5.2.5. The identity of subscripted variables 
The identity of a subscripted variable is not related to 

the subscript bounds given in the array declaration. How- 

)t:cla r:i 1 i o n s  

j ) (x ( , \ :L l .n t io i i s  s ( ~ v v  t o  il(~liirc~ wrt:Liti  propc1rtit.s of t hv  
ial1titics risc~l i n  t,hc prograni, a id  t,o :issoc:iatc: tht'iii u i t h  
entificrs. .L (Idarat,ioi1 of :HI idviitifvr is valid For oiic 
ock. ()litside this hlock t,hc part,ic:iilar idontifier uiny 1)c 
ed for oth(tr piirposcs (cf. scc:t,ion 4.1 .;<). 
Dynaniic*ally this iiiiplirs tjhc followiiig : at tho t h r  of aii 

.t,ry ilito a h1oc.k (t,hroiigh t,hc begin, siiico the labels 
s;i(je arp 1o(d and t,hcrrforc itiac~ccssil)lc froui outside) 
1 itielltifivrs dr(.I;~r(id for t,hc I)lot*k assutnc t,hc signifi- 
,11pc implirtl hy t,hc iiatrirr of t,hc tlcclarat,ioris gii-rii. 

these idciit,ifirrs had nlrcwly bccn d(~finct1 by othcr 
:clarntioiis orit,sitlc thry arc' for the t inc bcing givcii a 
5 1 ~  signific*atic*c. Idctttificrs whirh arc riot tlcclarcd for the 
ock, on t,hc ot,hw hand, retain thcir old inoaning. 

the tiriir of an (.sit from a t)lock (throiigh end, o r  1 ) ~  
go to stntcmcrit) a11 idctitificrs which arc doclarrtl for 
L? h10c.k lose t,hcir 1o(:al siguilic*ai&!. 
.i !!c~c~larat,iori may tw niarkrtl wit.h thc acldit,iotial 

.clayator own. This has thc following clTect: upon a re- 
itry into t,hc block, the valrtcs of own quatitities will be 
nchanged from their values a t  t,hc last exit, while the 
h e s  of declarcd variables which arc not marked as own 
*e undefined. '\part, froni labels and formal parameters 
' procedure declarations atid with the possible exception 
' those for standard functions (cf. sections 3.2.4 and 
2.51, all identifiers of a program must be declared. S o  
lentifier may be declared more than once in any one 
lock head. 
Syntax. 

leclaration) ::= (type declaration)( (array declaration)/ 
(switch declaration )I (procedure declaration) 

5.1. TYPE DECLARATIONS 

5.1.1. Syntax 
YPe list) ::= (simple variable)\ 

,simple variable) , (type list) 
YPel ::= real 1  in teger  i Boolean 
ocal or own type) ::= (type)iown (type) 
'Ype declaration) ::= (local or own type)(type list) 

5-1.2. Examples 

integer p,q,s  
own Boolean Aery1,n 

I .  

5-1.3. Semantics - 
Type declarations serve to declare certain identifiers to 

!Present simple variables of a given type. Real declared 
ariables may only assume positive or negative values 
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ever, even if an array is declared own the values of the 
corresponding subscripted variables will, at’ any time, be 
defined only for those of these variables which have sub- 
scripts within the most recently calculated subscript 
bounds. 

5.3. SWITCH DECLARATIONS 
5.3.1. Syntax 

(switch list) :: = (designational expression)/ 

(switch declaration) ::= switch (switch identifier):= (switchlist) 
(switch list ), (designational expression) 

5.3.2. Examples 

switch S := Sl,SS,Q[m], if o>--5 then S3 else S4 
switch Q :=pl,w 

5.3.3. Semantics 
A switch declaration defines the set of values of the 

corresponding switch designators. These values are given 
one by one as the values of the designational expressions 
entered in the switch list. With each of these designational 
expressions there is associated a positive integer, 1, 2, ... , 
obtained by counting the items in the list from left to 
right. The value of the switch designator corresponding to 
a given value of the subscript cxpression (cf. section 3.5. 
Desigiiatioiial Expressions) is the value of the designa- 
tional expression in the switch list having this given value 
as its associated integer. 

5.3.4. Ilvaluatioti of cxprrssiotis in the switch list 
Aii cspressioti iii t,hc swit,ch list. will be evaluated every 

timc thc item of t,hc list i t i  u.hic:h t,he expression occurs is 
rcfcrrctd to, using t,hc c:urrcrit. i ducs  of all variables 
i i i \ w l \ ~ c d .  
S 3.5 .  1 nf u(!i  iw of‘ s c q w s  
If a swit.ch dcsigiiator o w i r s  outsidc the scopc of a 

quant,it,y cwt,criiig i1it.o a d(~sigiiat,ioiial c3xpression in the 
s\vit.ch list, aiid aii vvaluatixi of‘ ibis s\vit,ch designator 
select?: this dcxigiiat,ioiid cqrvssioii, tbeii the conflicts 
bot,wcii t>hc ideiitifiers for the cluaiititics ill this expres- 
siot i at id tbe idctitificrs whew ~Ic~*larat,ioiis are valid at, t,hc 
p l a c ~  of the swit,ch d(1sigiiator will I)(> avoided through 
suitahlc syst,ctiiatic. chaiiges of t,ho lat,trr idcntificrs. 

5.4,. I ’ I ~ O C I ~ I T I ~ I :  I ~ I ~ : C I , A ~ ~ A T I ~ S ~  
5 A . l .  Pyiitas 

(foriii:il pra rne te r )  ::= (identifier 1 

(fornr:J ~~:iraii ieter list 1 : := ( fur l i id  I):ir:mct,er ) I  
tfortn:tl 1):trunicf.er list 1 (~~:ir:iiiict~er deliniit.er) 
(fnrni:tI paruniet.er ) 

(forin:il 1J:tr;ini(,ler part \ ::= ( t s 1 1 1 1 ) t  y ) I  ((foriii:il p:trmietw list )) 
(ideiit)ifier list) ::= (ideiitifiw)i (itlentificr list j ,  (identifier) 
(v:tlrie 1i:~rt) ::= vaIw(it1ontifier list ) ; ~ (c1111)ty) 
( s l~x i f i e r )  ::= string1 ( t y l ~ e  )1;irr;cJ 1 ( t y l ~ c  )arra~-lIal~cI iswitclil 

(slwciticution 1~:trt ) ::= (cvnpt,>, ! i s l i i~c i f ic~r!( idt~i i l i f icr  list \ ; I 

(proecdiirc I i(utl in~: ) :: = ( p i w c d I i r ( ~  itl(mtifier ) 

j m w c 4 u r c l  (,type )proe:ediirc~ 

( s~~c~i f ic : i t . i i )~ i  jxiri \ cs~~!cil ic~i~ ) iitleiitilicr list j 

(foriii:il 1xir:inicter pa r t  : (v:iIiic l):lrt \(sl)(~cific:ilion p:trt > 
; 

(r)rIJC!(’tlIlJ”’ IJCId!\ ::= (,St:ltL’lll(!ll1 ) ( ( C O ( l l ’ \  

(~Jl~oc~Yllll~l~ dc b t  :I  :ir:il,ioi~ 1 : : = 
prcwediire (l)roctdui,c 1ie:ciliiig ’ ~ ~ ) r ~ c ~ y l i i r ( ~  Iiotly I 
( I  ~ ‘ j ~ l  \ prcwc~d irrc~  (JJi~occY~url~ 1 i t ~ : i ~ l i i i ~  1 ( ‘ J I Y I C I ~ I I I Y *  I i c i d ~  ;I 

5.4.2. Examples (see also the examples at the end o 
the report) 

procedure Spur (a)Order : (n)Result : (s) ; value n ; 
arraya ; integer n ; real s ; 
begin integer k ; 
s : = o  ; 
fork := 1 step 1 until n do s := s+a[k,k] 
end 

. 

procedure Transpose(a)Order :(a) ; value n ; 
array a ; integer n ; 
begin real w ; integer i, k ; 
for i := 1 step 1 until n do 

for k := l+i step 1 until n do 
begin w := a[i ,k] ; 

a[i,k] := a[k , i ]  ; 
a[k,i! := w 

end 
end Transpose 

integer procedure S l e p  (u) ; real u ; 
Slep := if OSuAu$l then 1 else 0 

procedure Absw(a)s ize :  (n,m)Result:(y)Subscripts :(i,k) ; 
comment The absolute greatest element of the matrix 

of size n by m is transferred to  y, and the subscripts of t h  
element t o  i and k 

array a ; integer n ,  m, i, k ; real y ; 
begin integer p, q ; 
y : = o  ; 
for p := 1 step 1 until n do for q := 1 step 1 until n/ do 
if abs(a[p,q])>y tlicii hegin y := ubs(a[p,q]) ; i := p 

I;  := q 
end end Absniux 

; 

procedure Znnerproduc~(a,l~)Order :(k,p)Itesult:(y) ; val i ic .  Ii 
integer k , p  ; reul y,a,b ; 
Ircgin reul s ; 
s : = o  ; 
for p := 1 step 1 i i t i t i l  Ir do s := s + a X b  
y := s 
end Inricrproduct 

; 

1 4  



Examples of Procedure Declarations: 

~ M P L E  1. 

rocedure euler (fct, sum,  e p s ,  tim) ; value eps,  tim ; 
lteger tim ; real procedure fct ; real sum, eps ; 
Diliment euler computes the sum of fct(i) for i from zero up to 
lfinity by means of a suitabley refined euler transformation. The 
mimation is stopped as soon as tim times in succession the &so- 
ite value of the terms of the transformed series are found to be 
!ss than eps. Hence, one should provide a function fcl with one 
lteger argument, an upper bound eps,  and an integer tim. The 
utput is the sum sum. euler is particularly efficient in the case 
f a slowly convergent or divergent alternating series 
egin integer i, k, R, t ; array m[0:15] ; real mn, m p ,  ds ; 

ezllerm: i := i t 1  ; mn := fct(i) ; 
for k := 0 step 1 until n do 

; 

:= n := t := 0 ; m[O] := fct(0) ; sum := m [ 0 ] / 2  ; 

begin m p  := (mn+m[kl ) /2  ; m[k] := mn ; 
mn := m p  end means ; 

8 This RK-program contains some new ideas which are related 
to ideas of S. GILL, A process for the step-by-step intcgrat,ion of 
differential equations in an automatic computing machine, 
[PTOC. Camb. Phil. Soc. 47 (1951), 961; and E. FROBERG, On the 
solution of ordinary differential equations with digital computing 
machines, [Fysiogruf. Sullsk. Lund, POrhd. 20, 11 (1950), 136-1521. 
It must be clear, however, that with respect to  computing time 
and round-off errors i t  may not be optimal, nos has i t  actually 
been tested on a computer. 
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end k 

end RRlST ; 
end J 

Begin of program: 
iffi then begin H := xE- s  
out := false ; 

; s := 0 end else H := Hs ; 

A A :  if ( z+2 .O lXH-zE>O)~(H>O)  then 
begin US := H ; out := true ; H := (xE-x)/2 

end if ; 
R R l S T  (z,y,2X H,xl,yl) ; 

for k := 1 step 1 until n do 
B B :  RKIST (x,y,H,z2,y2) ; RKlST(x2,y2,H,z3,y3) ; 

if comp(y l [k ] , y3 [k ] , e la )>eps  then go to CC ; 

comment: comp(a,bc,) is a function designator, the value 
of which is the  absolute value of the difference of the  
mantissae of a and b, after the exponents of these quan- 
tities have been made equal t o  the  largest of t he  exponent:; 
of the  originally given parameters a,b,c 

z := 23 ; ifout then go to DD ; 
for k := 1 step 1 until n do y[k] := y3[kl 
if s=5 then begin s := 0 ; H := 2 X H  end if ; 
s := s+l ; goto  A A  ; 

for k := 1 step 1 until n do yl[k] := y2[k] 
go to BB ; 

; 

; 

CC: H := 0 . 5 X H  ; out := false ; 21 := 22 ; 
; 

DD: for k := 1 step 1 until n do yE[k] := y3[kl 
end RK - 

ALPHABETIC INDEX OF DEFINITIONS OF CONCEPTS AND SYNTACTIC UNITS 

All references are given through section numbers. The references are given in three groups: 
def Following the  abbreviation “def”, reference to  the  syntactic definition (if any) is  givcn. 
synt  Following the abbreviation “Synt”, references to  the  occurrences in metdinguistic formulae are given. Refer- 

text Following tlie word “text”,  the  references to definitions given in the  text are given. 
ences already quoted in the  def-group are not repeated. 

The basic symbols represented by signs other than underlined words [in typewritten copy; boldface in printed copy-Ed.] 
have been collected at the beginning. 

The examples have been ignored in compiling the  index. 

+, see: plus 
- , see: minus 
X ,  see: niultiply 
/, + , we: dividc 
1, see: cxl)oncnti:~tion 
<, s,  =, 2 ,  >, #, HCC:  (rclnt,ion:il operator) 
=, 3, V, A, 7 ,  see: (1ogic:tl operator) 
,, see: comma 
., see: decini:il point 
10, see: tell 
:, see: coloii 
;, see: semicolon 
:=, see: colon cqrd 
u, see: sp;tce 
( ) ,  see: parentheses 
[ 1, see: subscript hrackccts 
‘ ’, see: string quotes 

(actual ~ ~ a r a m e t e r  ), dtrf 3.2.1, 4.7.1 
(aci,ual pnrainetcr list ) ,  dcf 3.2.1. 4.7.1 
(actu:iI parainctcr part ). t l r f  3.2.1, 4.7.1 
(adding oper:Ltor ), t lcf  3.3.1 
alphaliet,, i.mt 2.1 
arit.limctic, text 3 .3  .(i 

(arithnic~tic csprcssioil ), tlcf 3.3.1 synt 3, 3.1.1, 3.3.1, 3.4.1, 4.2.1, 
4.6.1, 5.2.1 text 3.9.:3 

(arithrnetic oper:it.or ), dcf ?.:{ ics i  :3.:j.4 
array, synt  2.3, 5.2.1, 5.4.1 
array, i.c,xt 3.1.4.1 

(array (I(diiratiioii ), clef 5.2.1 s>.iit 5 ivst 5 . 2 . 3  
(array idvntifier). tlcf 3.1.1 syni 3.2.1.  4.7.1, 5.2.1 t.cst 2.S 
(array list ). dcf 5.2.1 
(;trr:iy sc:~rncnt ), clef 5.2.1 
( :lhhlgnIrICI11 . .’ s ta le l l le l l l  ), tlcf 4.2.1 synt 4.1.1 tes t  I ,  4.2,:3 

(Boolean expression), def 3.4.1 synt  3, 3.3.1, 4.2.1, 4.5.1, 4.G.l te: 

(Boolean factor),  dcf 3.4.1 
(Boolean primary), dcf 3.4.1 
(Boolean secondary), def 3.4.1 
(Boolean term i, dcf 3 4.1 
(bound pai r ) ,  dcf 5.2.1 
(bound pair list), clef 5 2 . 1  
(bracket \, dof 2.3 

3.4.3 

(code), syni. 5.4.1 tcsL 4.7.8, 5.4.6 
colon :, svnt 2.3, 3.2.1, 4.1.1, 4.5.1, 4.G.1, 4.7.1, 5.2.1 
colon ~clu:tl :=, synt 2.3. 4.2.1, 4.(i.l, 5.3.1 
coinnia, , synt, 2.3, 3.1.1, 3.2.1, 4.6.1, 4 . 7 . 1 ,  5.1.1, 5.2.1, 5.8.1, 6.4. 
coinnieriL, syii, 2.3 
conmciil convention, t m t  2.3 

(conipoiiiid stat,cnieni, ), dcf 4.1 .I synt, 4.5.1 t.ext I 
(compound tail ), def 4.1.1 
(condii.ioii:~I st:ileint:nt ), clef 4.5.1 syni. 4.1.1 test, 4.5.3 

(decirid fr:ictioii), def 2.5.1 
(decim:il number ), dcf 2.5.1 tes t  2.5.3 
deciin:d point . , synt 2.3, 2.5.1 

(decl:trat.ion), dcf 5 synt 4.1 .I  i.csi. 1, 5 (complei,e section) 
(decl:Lrat,or), def 2.3 
(delimiter ), def 2.3 synt  2 
(desigii:itiond csprc*ssion): tlvf 3.5.1 synt 3, 4.3.1 ., 5.3.1 i r s i  3.5 
(digii ), def 2.2.1 syirt, 2. 2.4.1. 2.5.1 
diinensi on, t.est 5.2.4.2 
dividr / f. syrit. 2 . 3 ,  :{.?,.I i c s i  3.3.4.2 
c l o ,  s>mt 2.3, 4.G.l 

~ d i i n i i i ~ > ~  st,:i1(~mciil ), dcf 4.4.1 syni 4.1.1 text 4.4.3 
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(f: ! $ ,  (lei X i . 1  
f:, .e, 5vnt 2.2.2 
f,;-. a p t  2.:j, 4 . l i . l  

( for  cl:lllse), tlcf 4.ti . l  I t s s t  4.ti.3 
, tlt:i - t . l i . l  I I ~ Z I  4.li.h 

(for list (:lerricrit '1, tlt!f -!.li.l l ( ' X t  t.l i.4.1, .4.0.4.2, . 4 . l j , . h , : {  
(formill plr:lnici,cr ), t l o f  5. I . 1  k s t  5:t.:! 
(fornlaI porarrietcr list ', tlvi 5.4.1 

(for st:Lterrierit.), tlcf 4. l i . l  syrit 4.1.1, 4.5.1 test 4.6 Icomplt.tc: 

(f,:llction desigii:ittir'), t l r f  3.2.1 synt, 3.3.1, 3 .  1.1 test, :i.?.3, 5,-k.4 

(formal p:Lr:lnl"t'!r part ', tlef 5.4.1 

section) 

",, to,  syr11, 2 .3 ,  4.3.1 
(go to st:lterneiil, j ,  tlcl -&.:!.I syiit, 4.1.1 test  4,:!.:3 

lentifier), de f  2.4.1 S Y I I ~ .  :!.1.1, :3.2.1, 3.5.1, 5.4.1 text 2.4.3 
lentifier list ), dcf 5.4.1 
f,synt 2 .3 ,  R.3.1, 4.5.1 
f clause), dcf 3.3.1, 4.5.1 synt, :!.4.1, :i..i.l text 3 .3 . :%,  4.5.3.2 
; statement, j ,  t l o f  4.5.1 tcxt 4.5.3.1 
nplication \, tlef 3.4.1 
nteger,syrit 2.3, 5.1.1 t ~ ~ t .  5.1,;% 
:teger I ,  clef 2.5.1 tcxt 2.5.4 

abel, synt 2.3, 5.4.1 
ibe l ) ,  def 3.5.1 syrit, 4.1.1, 45.1, 4.(;.1 t,cst, I ,  4.1.3 
:ft part ), def -1.2.1 
:ft part l ist),  cief 4.2.1 
:tter), def 2.1 synt 2 ,  2.4.1, 3.2.1, 4.7.1 
:tter string), tlcf 3.2.1, 4.7.1 
~ c a l ,  text 4.1.3 
icnl or own typo), tlcf 5.1.1 synt 5.2.1 
Jrica! tJperat,or), tlcf 2.3 3yrit 3.4.1 tcxt 3.4.5 

) I  r:11ue\, tlcf 2.2." syrit 2, 3.4.1 
iwx bound), dcf 5.2.1 text 5.2:k 

iinus -, synt 2.3, 2.5.1, 3.3.1 tcxt 3.3.4.1 
iultiply X,  synt 2.3, 3.3.1 tcxt 3.3.4.1 
iultiplying operator ), dcf 3.3.1 

onlocal, text 4.1.3 
umber), def 2.5.1 text 2.5.3, 2.5.4 

pen string), def 2.6.1 
perator), def 2.3 
wn,  synt 2.3, 5.1.1 text 5, 5.2.5 

ammeter delimiter), def 3.2.1, 4.7.1 synt 5.4.1 text 4.7.7 
arentheses ( ), synt 2.3, 3.2.1, 3.3.1, 3.4.1, 3.5.1, 4.7.1, 5.4.1 

1113 f, synt 2.3, 2.5.1, 3.3.1 text 3.3.4.1 
rimary), def 3.3.1 
srocedure, synt 2.3, 5.4.1 
rocedure body), def 5.4.1 
rocedure declaration), def 5.4.1 synt 5 text 5.4.3 
locedure heading), def 5.4.1 text 5.4.3 
rocedure identifier) def 3.2.1 synt 3.2.1, 4.7.1, 5.4.1 text 4.7.5.4 
rocedure statement), def 4.7.1 synt 4.1.1 text 4.7.3 
:Warn), def 4.1.1 text 1 

string), def 2.6.1 

text 3.3.5.2 

uantity, text 2.7 

(term), dcf 3.3.1 
tcn to, synt 2.3, 2.5.1 
tlicri, synt 2.3, 3.3.1, 4.5.1 
transfer function, text :%.2.5 
true, synt 2.2.2 

(type), tlcf 5.1.1 synt 5.4.1 text 2.Y 
(type dcclaration), clef 5.1.1 synt 5 text 5.1.3 
(type list), def 5.1.1 

(unconditional statement), tlef 4.1 .l, 4.5.1 
(unlabelled basic statement), def 4.1.1 
(unlabelled block), def 4.1 .I 
(unlabelled compound), def 4.1.1 
(unsigned integer), def 2.5.1, 3.5.1 
(unsigned number ), def 2.5.1 synt 3.3.1 
until, synt 2.3, 4.6.1 text 4.6.4.2 

(upper bound), def 5.2.1 text 5.2.4 

value, synt 2.3, 5.4.1 
value, text 2.8, 3.3.3 

(value part), def 5.4.1 text 4.7.3.1 
(variable), def 3.1.1 synt 3.3.1, 3.4.1, 4.2.1, 4.6.1 text 3.1.3 
(variable identifier), def 3.1.1 

while, synt 2.3, 4.6.1 text 4.6.4.3 
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