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. INTRODUCTION
\
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After the publicationi'2 of a preliminary report on the algorithmic
language ALGOL, as prepared at a conference in Zurich in 1958, much interest
in the ALGOL language developed. -

As a result of an informal meeting held at Mainz in November 1958,
about forty interested persons from several EBuropean countries held an
ALGOL~implementation conference in Copenhagen in February 1959. Aiﬂﬁhrdware
group! jwas formed for working cooperatively right down to the level of
the paper tape ccde. This conference also led to the publication by Regne-
centralen, Copenhagen, of an ALGOL Bulletin, edited by Peter Naur, which
served as a forum for further discussion. During the June 1959 ICIP Con-
ference in Paris several meetings, both formal and informal ones, were
held. These meetings revealed some misunderstandings as to the intent
of the group which was primarily responsible for the formulation
of the language, but st the same time made it clear that there exlsts
a wide appreciation of the effort involved. As a result of the discussions
it was decided to hold an international meeting in January 1960 for improving
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1. Preliminary report - International Algebraic Languege, COMM.ASSOC.
Comp,Mach, 1, No. 12 (1958), 8.

2, Report on the Algorithmic Language ALGOL by the ACM Committee on
Programming Languages and the GAMM Committee on Programming, edited by
A. J. Perlis and K. Samelson, Numerische Mathematik Bd. i, 8. 41 - 60
(1959).
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! the ALGOL language. At a European ALGOLiG@ﬁ%erence in Parig in November
1959 which was attended by about fordst people, seven European representatives
were selected to attend the January 1960 Conference, and -they represent the
following orgenisationst Association Francaise de Calcul, British Computer
Society, Gesellschaft fur Angewandte Mathematik und Mechanik, and
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The seven represehtatives held a final pfeparatory meeting at Mainz in
Dedember 1959, _ :

Meatwhile; 1n the United States, aryone who wished to suggest changes
or corrections to ALGOL was requested t0 send his comments to the ACM
Communications where they were publishedi These comments thern betame the
basis of consideration for changes in the ALGOL language: Both tHe SHARE
and USE organisations established ALGOL working groups and both organi-
satlons were represented on the ACM Committee on Programming Langusages.
The ACM Committee met in Washington in November 1959 and considered all
comments on ALGOL that had been sent to the ACM Communications, Also,
seven representatives were selected to attend the January 1960 international
conference. These seven representatives held a final preparatory meeting
in Boston in December 1959,

Januayy 1960 Conference

The thirteen representativesl,-aaming from Denmark, England, France,
Germany, Holland, Switzerland, and the United States, conferred in Paris
from January 11 to 16, 1960,

Prior to this meeting a completely new draft report was worked out
from the preliminary report and the recommendations of the preparatory
meetings by Peter Naur and the conference adopted this new form as the basis
for its report. The Conference then proceded 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.,

As with the preliminary ALGOL report, three different levels of
language are recognized, namely a Reference Language, a Publication
Language and several Hardware Representations.,

Reference Language.

1, It is the working language of the committee.
2. It is the defining language.
~Ze-It. has only one unique.set.of.characters:- :
.2 (ThIS I8 In conflict-with.section 2.le.I-would-dike £o-remove it BNN)
/. The characters are determined by kase of mutual understanding and not Tons, &
by any computer limitations, coders notation, or pure mathematical G“?&a.&0¢ﬁ
notation. L O

1. William Turanski of the American group was killed by an automobile Just
prior to the January 1960 Conference.
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. It is the basic reference and guide for compiler builders.

. It is the guide for all hardware representations.

. It is the guide for transliterating from publication language to any
locally appropriate hardware representations.

The mein publications of the ALGOL language itself will use the
reference representation.

‘| 3 %
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1., The-deseription-of-this language is-in-the form of-permissible varia- e
tions of the reference languag ey, subscripts, s , :
Greek letters) according to usage printing and handwriting." .

2. It is used for stating and communicating probplems.. CeA™LD N2

%, The characters to be used may be different in different countries, but
univocal correspondence with reference representation must be secured,

Publication Language. _ 2. '/ .
cakivn | % :

Hardware Representations,.

1, Fach one of these is a condensation of the reference language enforced
by the limited number of characters on standard input eguipment,

o, Each one of these uses the character set of a particular computer and
is the language accepted by a translator for that computer,

%, Each one of these must be accompanied by & special set of rules for
transliterating from Publication or Reference language.

For transliteration between the reference language and a language
suitable for publicetions, among others, the following rules are recom-
mended . :

Reference lansuage
Subscript bracket [ ] Aowering of the line between the, ¥
brackets. QA MAMG - A7) 4 /.
; el
Exponentation ¢ Raising of the exponent
Parentheses ( ) Any form of parentheses, brackets
braces.
Basis of ten e Raising of the ten and of the fol-

lowing integral number, inserting
of the intended multiplication sign.
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DESCRIPTION OF THE REFERENCE LANGUAGE. >
1, STRUCTURE OF THE LANGUAGE. /6

As stated in the introduction, the algorithmic language has three
different kinds of representations - reference, hardware, and publication
- and the development described in the sequel is in terms of the reference
representation. This means that all objects defined within the language
are represented by a given set of symbols ~ and it is only in the choice
of symbols that the other two representations may differ. Structure and
content must be the same for all representations.

The purpose of the algorithmic language is to describe computational
processes. The basie concept used for the description of calculating rules
is the well known arithmetic expression containing as constituents numbers,
variables, and functions. From such gxpressions are compounded, by applying /[ .7
rules of arithmetic composition, selffontained units of the language - AN,
explicit formulae - called assignment statements.

To show the flow of computational processes, certain nonarithmetic
statements and s ggement glauses are added which may describe e.g.,
alternatives, Ealiveive repetitions of computing statements, Since
it is necessary for the function of these statements that one statement
refers to another, statements may be provided with labels. Sequences of
statements may be combined 1nto comp@und statements by insertion of
statementprackets.

Statements| are supported by declaratlons which are not themselves
computing rules, but inform the translator 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 ap array of numbers or
even the set of rules def  aing a function, A 4. declaration is attached
to and valid for one compound statement. A compound statement which in-
cludes declarations is called a block.

A program is a self-contained compound statement, i.e. a compound
ut\ﬁot contained within another compound statement and which make
f other compound statements not contained within it,

| Sﬁajdaﬁzfi He ﬁiﬁbu{evz, CL**GQ ’J4AAACx‘" ks e, — kf_,,k;
o{} &{*a l(aﬁﬁgﬁﬁzaﬁL uu%%iﬁ e iT\UJ%A

o > T~ @ 7 4™ S
NG 74.1. FORMALISM FOR SYNTACTIC DESCRIPTION. Lorreie
;! The syntax will be described with the aid of metalinguistic formula@. N
/ Their interpretation is best explained by an example: Ty

- se= (| [ ] <ab>( | <ab><a>

1 equences of characters enclosed in the bracket < > represent metalinguistic
varisbles whose values are s%rfﬁg; of symbols, The marks ::= and ] (tne
latter with the meaning of or) are metalinguistic connectives, Any merk in a
formula, which is not a variagle or a connective, denotes itself (or the
class of marks which are similar to it). Juxtaposition of marks and/or
variables 1n a formula s1gnif es Jjuxtaposition of the s;aiﬁéé denoted,
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Thus the formula sbove gives a recursive rule for the formation of values
of the variable <ab>. It indicates that <ab)> may have the value ( or

[ or that given some legitimate value of <abd, another may be formed by
following it with the character ( or by following it with some valuc of
the variable <d>. If the values of <d> are the decimal digits, some values
of <ab> are:

E(((1(57(
12345(

e

omecnira

iifgvggzm;éxt explaining the semantics any object which is denoted by a
designation, A say, which has been defined syntactically as <A>, will be
identical with <A>.

Tn order to facilitate the study some formulae heve been given in
more than one place.

Definition:
<empty> ::= JtAe null string of«symbol§>

(\’e

o. BASIC SYMBOLS, IDENTIFIERS, NUMBERS, AND STRINGS.
BASIC CONCEPTS,

_ The reference language is built up from the following basic symbols:
<{basic symbold> ::= <letter>I(digit)l(logical value)&(delimiter>

2.1, LETTERS. /
etterd ::= a]b[cidle]flglh]iljlklllmlnlolp]q[rls[@iglvlwlxlylzl

uls[c[p|zlelclx|zls ||z pulxlole[alR|s [TV IWixTx z

This alphabet may arbitrarily be restricted, or extended with any other

distinctive character (i.e. chayacter not coinciding with any digit, logical

value or delimiter). oy b ST [
gﬁ;ﬁivi

Letters do not hay, gual meaning. They rming I, P

o ° . ¥ 24 sl ~ b o~ 2 § A4 § o b e
identifiers and stringsd &f: 3cceb™2 L. TdamaT . « Nadagd ¥4

—— 2 BTER pL YT P s,u.»w g j { /

2,2.1, DIGITS, LA
aigit> ::= O[1|2]314|5|6]7]8]9 | e

Digits are used for forming numbers, identifiers, and strings: ]
2.2.2, LOGICAL VALUES.

{logical value) ::= trug?fg;sg
The logical values have a fixed obvious meaning.

2.3, DELIMITERS,
<dellmiter> ti= <operator>|<separator>|<bracket>l(declarator)l(specificator)

<operator> ::= <arithmetic operator>|<relational operator> |<logical operator>|
{sequential operator> 4
<arithmetic operatord> ::= T =i ] |

{relational operator> ::= <Ml'$ l = I

{logical operator)> ::i= = 1 Y l A

e

:w;"; {

WA QA

; w i . a’ g i
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{sequential operator> ::= go to|if|th ]glsg gg;l J
{separator)> ::= l ' !\: QT until l Egglg A
<bracket) ::= ( | ) ] [ [ 1n o
<declarator> ::= own | Boole i TL:ixgx | switch | procedure
{specificator)> ::= siring label F g ginamsnntn

Delimiters have a fixed meaning which forthe most part is obvious, or
else will be given at the appropriate place in the sequel,

Typographical features such as blank space or change to-a new line have
no signiflcance in the reference language. They may, however, be used freely
wkfor faci tlng reading.

\ CPordthne purpcse of Inelud ng text among the symbols of a program>hhe*
f@lIOW1ng ‘comment'' convention holdi The -string
3 comment <any string not contalning P et

i$ syntae%&ea&&y equlvalent to a ; -

Odad —haads Yo £ aroas PO e
.u’.“IDENTIFIERs. i o
2,k,1. Syntex. i
{identifier) ::= <letter>I(identifier)(letter)|<identifier>(digit>
2.4,2, Examples. a
Soup
ViTa
a34kTMNs
MARTLYN

2.4.3, Semantics.
Identifiers have no inherent meaning, but serve for the identification of
simple variables, arrays, labels, switches, and procedures, They may be chosen

freely (cf. however section 3.2. s, STANDARD FUNCTIONS). NN
The same identifier cannot be used to denote two different objests except
when these have disjoint scopes as defined by the declarations of

the program (cf.\ section 2,14#, SCOPE and section 5, DECLARATIONS) .

2.5. NUMBERS.
2.5.1. Syntax,
{unsigned integer> ::= <d1git>|<unsigned 1nteger><di 14> :
{integer> ::= <unsigned 1nteger>l+<unsigned integerd>| -<unsigned integer>
<{decimal fraction)> ::= .<unsigned integerd>
{exponent partd> ::= ,{integer>
<{decimal number> ::= <unsigned 1nteger>]<de01mal fraction)l
<unsigned integer><{decimal fraction>
<unsigned numberd> ::= <decimal number)l(exponent part)l
<decimal number)><{exponent part>
<number) ::= <{unsigned number)l +{unsigned numberd| -<unsigned numberd

2.5.2. Examples. 0 -200,084 -.083,,-02
g 177 +07.143,8 -0/

538k 9. 3u,0+1o o

+0.7300 25 +igtS

1 do is used in for statements. It has no relation whatsoever to the do of
j the prellmlnary report, which is not included in ALGOL 60.
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2.5.3. Semantics,
scale factor expressed as an integral power of 10,

Decimal numbers have their conventional meaning, The exponent part is a
11 other numbers are of type real (cf,

2,5,.4, Types.
Integers are of type integer. A
section 5.1. TYPE DECLARATIONS).
M"'fwﬂdl
2,6. STRINGS. ot
2.6.1, Syntax. ‘ 4 A 2
{proper string> ::= {any sgring of basic symbols not containing | or/\§>|
emptyy -
{open str1ng>,::— {proper string>"<open strlng9 l(open stringd{open string>
{string> ::= *<open strlng}
2,6.2, Examples. % \
Ui, L A=/ 2
e Th15;15¢a* strlng\ P
2.6.,3, Semantics.,

In order to enable the language to handle arbitrary strings of basic <£i;w ]
symbols the string quotes and are introduced. The symbol denotes a ,/‘
space. It has no 51gn1flcance outside trings }

a g (J:{, O ook | (oA ”M{g . )
et dupryioteracol Y7, Der ")
: e

3??

S‘wgﬁ;&
“Einds of qﬁantitles are distinguisied! simple varisbles,
switches, and procedures,
bies of

to-some-of-the-
’ﬁhﬁ’ﬁ%&déclaféd“in “the

L ’,r ous, errays, lasbels,

’ ﬂhgn the wordf%zgewigdggggwlxm:gianaw
“ﬁn“partrcui&rWMNﬁﬂ?}ﬁf@@?ﬁfés%wﬁiéﬁ
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3 /2? Values ad W{“f

an ordered set of logical values (spe%}al case: a single logical value .
5L - dSfthe- an array 1dentifier is the ordered set

values of the Coaresponding array of subscripted variables (cf, section

ifiers are, in genersl,K incom-

iated with them. The exception

ifiers a switch idg@
d have. ﬁo values _8880C
declaxatiﬂn with an empty formal
is a comr

rocedyre ider
lete expressions
is a procedure "identifier of progedur:
parameter part (cfy seetlon ot PROCEHURE E?C
plete expression, { ) J\%“\i‘ et atirne 5%

e
“'J'""‘(x“b/«g#m

{"

I!QNS) whm |

w 4_ i;,u &

2.8, VALUESS }j

A value is an ordered set of numbers (special case: & single number),
) ;




2.9. RULES.AND NAMES. .

A Tule ig/h syfithcic unit which defines a valul There exist two

species of #lles in the langufges. expressions and aqray identifiers,
Any#ule is understood to have &-mame, This name is the very syntactic

constrattion defining the rule. . |

fiemes are in the same way given to the incomplete expressions (proce-

and switch identifiers).
R s Ko Eas £ 3L

2.,36.1 SCOPE. o P 1 L
«.The scope-of-a~block 1s the set of statements comprising the blocks
The scope of a , /quantity is the set of statements in which

/thet quantity isde : b gl o A e

a1 Nevuwwpl

3, EXPRESSIONS.

In the language the primeny constituents of the programs describing

algorithmic processes are arithmetic, Boolean, and designational, expressions.

Constituents of these expressions, except for certain delimiters, are logical
values, numbers, varisbles, felementary arithmetic, relational, logical, and
sequential, operators —operators.called-procedures, Since the syntac-
tic definition of both variables and procedures d ; inSexpressions,
the definition of expressions, and thelr constituents, is necessarily recur-
sive. diyﬁiﬁﬁ.{,éi Ainreniat-en
\ \ AHyrase

{expression> ::= <arithmetic expreasion) | <Boolean expressiond |

<designational expression)

%,1. VARIABLES.
3.,1.1, Syntax.
(variable identifier) ::= <{identifier)
{simple variable> ::= <variable identifier)
{subscript expression) ::= <arithmetic expressiony

i
i

{subscript list> ::= <{subscript expression)l(subscript 1list),{subscript expression>

{array identifier)> ::= <{identifiler>
{subscripted varisble> ::= {array identifier>[<subseript list>]

~ <varisble> :i= <{simple variable>|<subscripted variable>

3.1.2, Examples. epsilon
detA

Y :

%éq{712] : = ; LA o

U x[sin(nxpi/2), @[3, n, 4]] [T«

oy iy ' A

V;*f

>

.

The type of qubmbity-dencted=by a particular variable is defined in the decla-
ration for the varisble itself (cf. section 5.1. TYPE DECLARATIONS} or for
the corresponling array identifier (cf. section 5.2. ARRAY DECLARATIONS).

“H
< fi

Jan {1\],,_9_ AL AAAL s
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Y7,

egare designations~for single numerical or logical guantitiess L



3,1.4. Subscripts.

%.1,L,1, Subscripted varisbles designete quantities which are components

of multidimensional arrays (cf. section 5.2. ARRAY DECLARATIONS), Bach arithmetic
expression of the subscript list occupies one subscript position of the
subscripted variable, and is called a subscript. The complete list of subscripts
is enclosed in the subscript brackets [ ). The array component referred to by

a subscripted variable is specified by the actual numerical value of its
subscripts (cf. section 3.3. ARITHMETIC EXPRESSIONS). :
%,1.4,2, Subscript expressions must be of type lnteger —end the value of the 7
subscripted variable is defined only if the value of the subseript expression; /.
is within the subscript bounds of the array (cf. section 5.2. ARRAY DECLA-
RATIONS).
;ig;ﬁigiaJ&Jﬂ&ﬁMﬂ@@%@éﬁV&fﬁablé*iswcfﬁfﬁé“ééméziyﬁe”as“fﬁé"arfEY”bf“Which
4t is a componewb-{efv-section 5.27 RRRI-EYDECIARMS) % :

E——
A ;{.{,{,f.‘n -l
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3.2 01- Synt (]
{procedure identifierd ::= <identifier>
<actual parameter> ::= <string>]<expression>]<array identifier) |
(switch identifier) [<{procedure identifierd
{letter stringd ::= <letter>|<{letter string><{letter)
{perameter delimiter> ::= , | )<letter string> +(
<actual parameter listd ::= <actual parameter> i
<actual parameter listd><parameter delimiterd<actual parameterd
<actual parameter partd> ::= <empty>](<actual parameter 1istd)
<{pre ZIUE> 1= {procedure identifierd<actual parameter partd
o Coen s o 4 3G R AT
Fe2.2, Examples.
sin (a - b)
J(v + 8, n)
R
s(s - 5)Temperature: (T )Pressure:(P)
Compile(’'s= 1 )stack:(Q)

PR g 273 AT )

AN
Ml‘/i

3,2,5, Semantics, Fum &b QTG T T :

‘ ] §ingle numerical or logical values, which result /1
through the application of given sets of rules defined by a procedure decla-
ration (cf. section 5.4. PROCEDURE DECLARATIONS) to fixed sets of actual para-
meters, The sukes for actual parameters are given in section L,7. PROCEDURE
STATEMENTS. 7~~~ I8 OPe N ot ;

5 Lo ¢ ,
3-2 J"'- Standard functi é. YA A AL gl o i ¥ LA G :'1’ L SN
Certain identifiers should be reserved for the standard functions of

analysis, which dmthe-languege will be expressed as procedures, It is recom-
mended that this reserved list should contain:
abs(E) for the modulus (absolute value) of the value of the expression E
sien(E) for the sign of the value of E (+1 for E>O, O for B=0, -1 for E<O)
sart(E) for the square root of the value of E

AL ¢ F
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sin(E) for the sine of the value of E

cos(E) for the cosine of the value of E

arctan(E) for the principal value of the arctangent of the value of E
in(E) for the natursl logarithm of the value of E -

exp(E) for the exponential function of the value of E (e),




-1 0

These functions are all understood to operate indifferently on arguments both
of type real and integer. They will all yield function values of type regl,
except for sign(E) which will have values of type lunteger. In a particular
»presentation these functions may be availeble without explicit declarations
(cf. section 5. DECLARATIONS). , , X g

e ) 5 A & oy 5 \ ARt AN & ':;:?:,r

eﬁ%é%iesyﬁéy be defined. Among the standard.apeeeéures it is recommended that
there be one, namely L fn A
entier(E), 7\ TLMA

vhich "transfers! jan expression of real type to one of integer type, and
assigns to it the value which is the largest integer not greater than the

value of E, i
Buitbinto-bhe-operatIoAs T the tansuage (cf. section %,2.4, STANDARD FUNCTIONS
end section 4,2, ASSIGNMENT STATEMENTS).

3,3, ARITHMETIC EXPRESSIONS.
3.3.1. Syntax.
{adding operator> i:= + I -
<multiplying operatord> ii= x ] /] +
{primary> ::= <unsigned number>‘<variable>l<
(<arithmetic expregsion>)
{factor> ::= <primary>l<factor> <primary>
{term) ::= <factor>l<term><multiplying operatord>{factor>
¢simple arithmetic expression) ::= <term>]<adding operator)(term)l
{simple arithmetic expressiond<adding operator><term>
&if clause> 1= if <Boolean expression)> then
<bmi$hmaﬁigﬂgg5§gﬂmﬁ3ﬁ6§%»44=*€%fﬁc&auSéSXEimpIe arithme%ie~expressian>k
Lif-elevseyl<arithmetie-expressiond)
<arithmetic expression> ::= <simple arithmetic expression)l.
Mé&?i%hme%%eﬁffféfﬁf@ééi@hﬁim :
—<ari$hme%ie—%@—gﬁzfiéifénkggggﬁarithmetic expression)
(Lq- (LQR.W,}(,%AE' Mo a.d.(}»\ow S>>
B A
BT —
o) a x sin (omega x t)
O Be5Tl2 x aEN % (8 - 1}/2, O]
¢ﬁ¢fj (A x arctan(y) +fZXT(Y’+ Q)
- g TS T A
if a<0 then A/B else 1f b=0 then B/A glse z

:fsmﬁ en' Pa oy

l W

AALEL”

o
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3,3.3. Semantics.

An arithmetic expression is a rule for computing & numerical value. In
case of simple arithmetic expressions this value is obtained by executing the
indicated arithmetic operations on the actual numerical values of the primaries
of the expression, as explained in detail in section 3.3,4 below. The actual
numerical value of a primary is obvious in the case of numbers. For variables

1+ is the current value (assigned last in the dynamic sense), and for P re
: it is the value arising from the computing rules defining the progedure
(cfls section 5.4, PROCEDURE DECLARATIONS) when applied to the current ues
, ' R
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Tt is uhderstood that tranefer-procedures between any pair of —reeegmimed i [Liur
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of the procedure parameters given in the expréssion, Finally, for arithmetic
expressiods enclosed in pareuntheses the valuefmush through 2 recursive analysis
be expressed in terms of the values of primarigs of the other three kinds.,

In the more general arithmetic expressiaons, which include 1f clauses, one
out of several simple arithmetic eXPTdSSIOnS is selected on the basis of the
cotral values of the Poolean expressions (cofs secticn 3.4, BOOLEAN EXPRESSIONS).
Thig selection is made as follows The Boclea“ expressions of the 1f clauses
are evaluated one by one in seguence ax : dghs untll one having the
value true is found.. The value of the aritametic expression i1s then the value
of the ' first arithmetic expression following this Boolear, The constructl ne N

elsge &&Mmpw@‘ Sl T oweresstoId —— ” /P —— . .fi%"mg

is equivalent to the construction: { \ T ‘

elze if true 4 Fhen {giuple L*l*“““tlﬁ expnession)i e 15 U iV ¥
~I@~ﬁeﬁe%@£~&h®~§®®i@aﬁ-expT6381C&S~Of’tha if elauses-of-em-erithmetic expression

is. true..the value.of-the-arithmetic expression is undefined.,

3,3,4, Operators and types.

~ Apart from the Boolean expressions of if clauses, the constituents of
simple arithmetic expressions must be of types real or integer (cf. section
5,1, TYPE DECLARANTIONS). The meaning of the basic operators and the types
of the expressions to wiilclh theyv lead are given by the following rules:

3,3,4,1, The operators +, —, and x have the couveitional meaning (addition, sub-
traction, and multlpllcatlon) The type of the expression will be integer
if both of the operands are of integer type, otherwise real.

3.3.4,2, The operations <term>/<factor> and <{term>s:<factor> both denc .z division,
to be understood as a multiplication of the term by the reciprocal oi the factor
with due regard to the rules of precedence (ef. section 3.3.5). Thus for
example

a/b x T/(p - a) x v/s
(e = (52w ) s (o m )Y % V) % {871}

The operator / is defined for all four combinations of types real a2 d integer
and will yield results of real type in any case. The operator ¢ 1s dlefined
only for two operands both of type integer and will yield a result of type
integer defined. as follows:

a +b = sign{a/b) x entier(abs(za/v))
(ef. sections 3.2.4 and 3.2.5).

means

3.3.4.3, The operation <factor§T<pr1m ary> denotes exponentiation where the
factor is the base and the primary is the exponent. Thus for example

2 T n T m means (2™
while m
2Nn T m) means o ()
Writing 1i “End te-for tuwo numbers of integer type end ri-&ﬁé vef for 0 number$
of real ype the result is given by the follow1ng ‘rules:
1 Por 1230, il w3l x.. s . x 31 (12 times), of tyoe integer. = }
f For 3'.2=Ot 1, of type integer. {
For 12<0, if 11=0, undefined. | Y
1f 1140, 1/(i1 x i1 x + . « x 11) (the denominator

has -i2 factors) of type real. /
{

i
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i1 ? r2  For 1150, exp(r2 x ln(ll)) of type real.
For 11=0, if r2>0, 0.0 of type real.
if r2<0, undefined,
e For 110, always undefined.
112 For 1250 rlxrl x . . o x vl (i2 times), of type real.
For i2=0, 1.0, of type real.
Por d2<0, if rl—D 0, undefined
if r140.0, 1.0/(r1 x vl x + + « x r1) (the denominator
e S has -i2 factors) of type real.
/ ri T r2  For r1>0, exp(r2 x 1n(rl)), of type real.
For ri=0, if r2>0, 0.0, of type real.
if r2<0, undefined,
Por rid0, always undefined.

%.3:5. Precedence of operators,

The sequence of operations within one expression is generally from left
to right, with the following additional rules:
3,%.5,1. According to the syntax given in section 3,3.1 the following rules
of precedence hold:

first: %

second:  x / 2

thirds + -
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 positioning of parentheses.

%,%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. No exact arithmetic will be specified, however,
and 1t is indeed understood that different hardware representations may
evaluate arithmetic expressions differently. The control of the possible
consequences of such differences must be carried out by the methods of
numerical analysis. This control must be considered a part of the process
to be described, and will therefore be expressed in terms of the languege
itself.

3.4, BOOLEAN EXPRESSIONS. E{ﬁ{”fi~r’-

<relational operatory 1= < | < | =]2]> ! $

{relation) ::= <arithmetic expression><relational op rator><arithmet1c expressiond>

{Boolean primary> ::= <{logical value>l(var1able>l<préeedunsmv&&ﬁe>l
<relation) |(<Boolean expresslon>)

{Boolean secondary> ::= <(Boolean primaryd>| ~,<Boolean primary>

{Boolean factor) ::= <Boolean secondary> <Boolean factor>A{Boolean secondary>

<{Boolean term> t:= <Boolean factor)l(Boolean term>v<Boolean factor>

{implication> ::= <Boolean term>l<1mp11catlon> - {Boolean term>

<31mple Boolean> $e= <imp11catlon>}<simple BooIean> {implicationd>




; Bouozc E‘oxalnpleS. X = =2

L

{Boolean expression> :i= <{simple Boolean>léBe@&eaﬁ“fﬁﬂwqﬂﬁﬂsiﬁﬁ?r
5 <Boolean if—expregsdtor else <{Boolean expression}
£ W?{ R VN ?«: Soelion M{L‘éw =

g 5J:§éA ;)cv&vég§¥
1 ern s>W ele

if if if a then b else ¢ then & else T then & else h<k

3.4.3,. Semantics. ?

A Boolean expression is a rule for computing a logical value. The
principles of evaluation are entirely analogous to those given for
arithmetic expressions in section 3.3.3. ,

, £
3., Types. TPy SO an et

Varisbles and -precedure wvatues-entered as Boolean primaries must

be declared Boolean (cf. section 5.1. TYPE DECLARATIONS) .

3.,4,5. The operators.

Relations take on the value true whenever the corresponding relation
is satisfied for the expressions involved, otherwise false.

The meaning of the logical operators -, (not), A (and), v (or),
9 (implies), and = (equivalent), is given by the following function

gbléy—
) e
—

bl false false true  Lrue . I
b2 false true false true

R
BRSNS

3 4,6, Precedence of operators.
The sequence of operations within one expression is generally from
left to right, with the following additional rules:

%,4,6.1, According to the syntax given in section 3,k.,1 the following rules

of precedence hold:
Firsts arithmetic expressions according to gection 3.5.5,
second: < £ = 2 >

third: 1
fourths TALA
fifths — v
gixths 1% )
seventh: =

3 .4,6,2, The use of parentheses will be interpreted in the sense given
in section 3.3.5.2.

b o SRR
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5.55 DESIGNATIONAL EXPRESSIONS,
5b5u1§ Syntax. ;s »
<labeld> &i= <identifierd|<unsigned integer>
(switeh identifierd ti= <{identifier) { v
Cswitoh veiwes ::= <switch identifierd[<subscript expressiof>]
{simple designational expression) ::= {labeld |<switch ﬁal&e?l & dear g etz xh ¢4?<?>
S ! S8 X1 U 3 2 v U S3-00 S Gas S sfcuEe)e

& $E=S —1

{designational expression> i:= {simple designational_expression>]
Qdesignational,zf’gxp¥§§§E5ﬂ> else <designational expression

<t{ Qone>ounpie ) g i
3.5.2, Examples. 17
P9

Choose[n - 1]
Town[if y<O then N else N+1]
| - if Ab<{c then 17 else q[if w<O then 2 glse n]

5.5.5.'Semantics. 3 4

A designational expression is a rule for obtaining a label of & ,wi;.w-?ixs,f?fw5%

statement (cf. section I, STATEMENTS). Again the principle of the 7
evaluation is entirely analogous to that of arithmetic expressions§
(section 3,%,3), In the general case the Boolean expressions of the
| if clauses will select a simple designational expression, If this is
| a label the desired result is already found, A switch!gaiﬁﬁ refers
| to the corresponding switch declaration (cf, sectlion 5.3. SWITCH
| DECLARATIONS) and by the actual numerical value of its subscript
expression selects one of the designational expressions listed in the
| switeh declaration by counting these from left to right. Since the
| designational expression thus selected may agein be a switch
evaluation is o?viously:§ recursive process.
| V- e 2 UV i
| ' 3.5.4, The subséript expressien, :
) ; : is defified only if the subscript expression is of
type integer and assumes/positive velues 1, 2, 3, «es , B, where n is
the number of entries in the switch list,

3,5.5, Unsigned integers as labels., -

Unsigned integers used as labels have the property that leading
zeroes do not affect their meaning, e.g. 00217 denotes the same label
as 217,
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L, STATEMENTS.

The units of operation within the language are called statements. They
will normally be executed consescutively as written. However, this sequence
of operations may be broken by go to statements, which define their successor

explicitly, an Ng condltwonal statements, whlch may cause certal ’statements
to be skipped. \shev4a A

In order to make It “GS§1ble to definea specific dynamic succe531on
statements may be providod with iabels.

Since sequences of statements may be grouped together into c0mpound
statements and blocks the definition of statement must necessarily be recursive.
Also since declarations, described in' section 5, enter fundamentally into the
syntactic structure, the syntactic definition of statements must suppose
dec¢larations to be already defined.

L.1, COMPOUND STATEMENTS AND BLOCKS.

| . k,1,1, Syntax.
| <unlabelled basic statement) ::= <assignment statement>l<go to statement)]
<dummy statement>]<procedure statement>

| + <basic statement)> ::= <unlabelled basic statement)t
| {label) : <unlebelled basic statement)

<unconditional statement)> ::= <basic statement>}<for statement)t

<compound statement> |<block>
{statement> ::= <{unconditional statement>]<conditional statement>

~<compound: = <{statement)> end ](statement> <compound.§§g D
Ceompound—tatl >+ 1=Keomsound-end>| :
<eompound-end><amy string not-containing gnd or-y-or-glse>

<block head> ::= beginddeclaration)|<block head> ; <declarat10n>

<unlabelled compound> ::= begin <compound tail)

{unlabelled block> ::= <block head> 3 <compound tail)

{compound statementd> ::= <unlabelled compound>]<label> : <ml&b@lleé~ eompound)
<block> 3= <unlabelled block>l<1abe1> : (umbebeidted block>

s O lfot~ ehtrnene-

b,1,2/ Examples. of
Unlablled basic statements: ' /f

8 ==p +q

go to Naples
Compound statement:

begin x~=O fo yi= 1 step 1 until n do x:= x + Aly]
S en gg to STOP %;gé Af x>w-2 then go to

Aw: SEt W = x ob

Block*

Qﬁgin,;gisggz L.k 3 regl v

0 we
e

IQ

for i:= 1 gtep 1 until m gg
for k:= 1+1 step 1 until m do
begin we= Ali k]

A[l k = Afk i] s

Alk,i] := w end for 1 and k

end block Q

T

Ay




4,1.3, Semantics,

This is realized as follows: Aﬂyhldentlfi
may through a suitable decleration (cf. ection DECLARATIONS) be
specified to be local to-fthe block in duestion. This means (a) that
the entity representedfhy this identdfier inside the block has no existenee
outside it and (b) that any entity/representéd by this identifier outside p
the block is completely inaccessi 'l
Identifiers (except those fepresentjfig labels) occurrlng within a
block and no¥ being declared ¥o this bléck will be .globed to it, i.e,
will repre nt the same entify inside sthe block and in the level immediately
outside . The exceptlon,fb this rulfe is presented by labels, which are
local t the block in wd;ch they ocgur.
, nce a statement Of a block May again itself be a block the
concepts local and glahal to a block must be understood recursively,
Thug an identifier, which is to a block A, may or may not be
~g&ébaﬁxto the block B in whlch A is one statement.uwwmw,“
string of . -ertered bEtWeeH BN end and the following &
_or-elkseis- of- n@:meanlng Ao-the program. It may be used tewenteraaghi“”wj

{ %rary text.

4,2, ASSIGNMENT STATEMENTS .

1
e A&

4,2.1. Syntax,

{left part> ::= <variable> =

{left part list)> ::= <{left part>l<left part 1list><{left partd>

<assignment statementy ::= <left part listd><arithmetic expression>l
i {left part list><Boolesn expressiond

4,2.2

» Examples,

s :=p[0] t=n=n+1+s
ne=n+1l

A:=B/C-v-qx38

s[v, k+2] := 3 - arctan(s x zeta)
Vi= Q>YAZ

k,2,3, Semantics,

Assignment statements serve for assigning the value of an expression
to one or several variables. The process will in the general case be under-
stood to take place in three steps as follows:
4.2,3,1, Any subscript expressions occurring in the left part variables are
evaluated in sequence from left to right.
h,2.3.2, The expression of the statement is evaluated.
L,2.3.3, The value of the expression ic =ssigned to all the left part varig-
bles, with any subscript empressions having values as evaluated in step 4 «243.1.

L.2.4, Types.
All variables of a left part list must be of the same declared type.

If the variables are Boolean the expression must likewise be Boolean.

If the variables are of type real or integer the expression must be

arithmetic, If the type of the arithmetic expression differs from that

of the variables, appropriate transfer understood to be

automatically 1nvoked. For transfer from resl to integer type the

transfer procedure is understood to yield a result equivalent to
entier(E + 0.5)

where E is the value of the expression.
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L,3, GO TO STATEMENTS.

h.3,1, Syntax.
<go to statement)> ::= go to <designational expression)

4.%,2, Examples.,
go to 8
g0 to exit{n + 1]
20 to Town[if y<O then 155 +1]
20 t0 if Ab<c then 17 g q[if w<O then 2 glse n]

4,3,3, Semantics.

A go to statement interrupts the normal sequence of operations, defined
by the write-up of statements, by defining its successor explicitly by the
value of a designational expression. Thus the next statement to be executed
will be the one having this value as its label.

4,%,4, Restriction.
Since labels avc 1hherently local no go to statement can lead from
outside into a block, f , o faond

4,3.5, Go to an undefinedfg s
A go to statement is equivalent to a dummy staxement
the designational expression iSfundefined, Suwn -2 : .
(This also gives a meaming to a go to & label whlch does not exist. Do -
;ge really e t this ~ PN) ~

it ;%‘“?““'-! o mﬂ‘ e W—M—»MW

b, h DUMMX STATEMENTS.

htu‘olo Syntax,
{dummy statementd> ::= {empty>

74-.’4.2. Examples.
L
begin « + & . 3 John: gnd

4L.L.3, Semantics.
A dummy statement executes no operation., It may serve to place
a label,

L,5, CONDITIONAL STATEMENTS.

L.5.1. Syntax.

{if clause> ::= if <{Boolean expression)> then

<unconditional statementd> ::= <basic statement)|<for statement)[
<compound statement>l<block>

Y

Af statementd ::= <If claused<unconditional statementd>
<{conditional statement) ::= {if statement>]
if statement> else {statementd
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4,5,2. Examples.
if x>0 then n s=n+l g1
if vd>u then V: g:=n+migo LQ R
if s<OVPLQ then AA: begin if q<v then a:=v/s glse y:=2xa end
else if v>s then ai=v-q glse _i v>s+l then go to S

4,5.3, Semantics. Z
Conditional statements cause certain statements to be executed or
skipped depending on the running values of specified Boolean expressions.

4,5.3,1, If statement.
The unconditional statement of an if statement will be executed if the

Boolean expression of the if clause is true, Otherwise it will be skipped

and the operation will be continued with the next statement.

4,5.3.2., Bffect of glse. 5
In the general case the unconditional statement of the if statement is
followed by the delimiter glse. This defines the successor of the uncon-

. ditional stetement to be the statement following the statement immediately
" following eglse. (It should be noted that this explanation makes essential

use of the strict syntactic definition of statement. Thus-in.parvicular
no_statement. beginning immediately after an else may-also be terminated
by-the-dekimiter-glse.)

L.5.4, Go to statement as U ‘Jnditional
It follows from thes€bove rule that if the ggi%nditlonal statement
preceding an else is

be replaced by the Mbual statement delimite

L,5,5. Alternative description,

The effect of a conditional statement which includes several if
clauses may be described alternatively as follows:

The Boolean expressions will be evaluated one after the other in
sequence from left to right, until one yielding the value trug is found,
Then the unconditional statement following this Boolean is executed and
the else acts as described above., If no Boolean having the value true
is found, the unconditional statement following the last else in the
complete conditional statement (if such a construction is included) will
be executed. Thus, unless there occurs a go to statement leading from
one of the unconditional statements to a label within the conditional
statement itself, at most one of the unconditional statements will be
executed. , e

4,5.8, Go to into a conditionall "
The effect of a go to statement leading into a conditional state-

#20 to statement, gi;g no effect, It may therefore

——

ment follows directly from the above -Pul€s,, o n«f 1760 /’f‘ " i v/ <
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4,6, FOR STATEMENTS.

4.6.1, Syntax.
(for list element) ::= <arithmetic expression |

arithmetic expression> step <arithmetic expressiond until

<arithmetic expressiond

Carithmetic expression> while <Boolean expressiond
¢for list) ::= <for list elementd|<for 1istd> , <(for list element)
(For claused> ::= for <variable) := <for list> do
for statementd ::= <(for claused><{statement)

. (labely : <for tlams

we>< statement)

Ll-.6.2. Examples.
for q := 1 step s watil n do Alq] := Bla]
for k := 1, V1 x 2 while V1 < N do
for § t= A+B, L, 1 step 1 untdl N, C+D do Alk,3] = B8[k,J3]

4,6,3, Semantics.,
A for clause causes the statement S which it precedes to be repeatedly
executed zero or more timesgwhéagglmﬁﬁrﬁﬁﬁswfoiicwingrﬁbnd&%iensmyemaia»“\ w 135
ryET> - WA
&Ll:xhewieyneianx%rixrwmﬁrwn&mnnﬁma%r%&weTfu£ar%her»vaiueswr@mﬁinwﬁe \
be assigned to its controiled-variable. \
~2.) No-exit-out-of S has-oeeurredv -
In addition to causing S to be repeated, the for clause assigns a sequence
of velues to its controlled variable as described in sec tion 4.6.4 below.

4,64, The for list elements,

The for list gives a rule for obtaining the values which are con-
secutively assigned to the controlled variable. This sequence of values
is obtained from the for list elements by teking these one by one in the
order in which they are written. The sequence of values generated by each
of the three species of for list elements and the corresponding execution
of the statement S are given by the following rules: :

b.6.4.1. Arithmetic expression. This element gives rise to one value,
namely the value of the given arithmetic expression as calculated imme-
diately before the corresponding execution of the statement 8.

L,6,4,2, Step-until-element, An element for the form A step B until C,
where A, B, and C, are arithmetic expressions, gives rise to an execution
which may be described most concisely in terms of additional ALGOL state-
ments as follows: o = N0 /L,
arir— \ ]

Vi=A; pop VR 3(4
11:if (V7-'C)x sign(B) > O then |go to Element exhausteds N
Statement Sy i
V=V + Bs
go to Ll '
where V is the controlled variable of the for clause and Element exhausted
points to the evaluation according to the next element in the for list,
or if the step-until-element is the last of the list, to the next statement
in the program.
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4,6,4,%, While-element. The execution governed by a for list element of
the form B while F, where E is an arithmetic and F a Boolean expression,
is most concisely described in terms of additional ALGOL statements as 7
follows: » PRS- - A
L3:Ve=Ey "

if F59F then go to Element exhausted;

Statement Sj

£0_to L33
where the notation is the same as in 4,6.4.2 above, gé
4,6.5. The value of /the controlled variable upon exit, /f

Upon exit out;%f the statement S (supposed to be compoundlfthrough

PRNESOUIISIL L
’ i
A BT

B go to statement the value of the controlled variable will remedn the
same as 1t was the perticutar execution w 1 the go to statement.
~wat-eRcountered &g

If the exit is due to exhaustion of the for 1 st, on the other hand,
the value of the controlled variable is undefined after the exit,

k.,6,6, Go to leading into a for statement. p
The effect of a go to statement, outside a for statement, which refers
to a label within the for statement, is efined,

P

P

4,7. PROCEDURE STATEMENTS.

L,7.1, Syntex.
{actual parameterd> ::= <string>|<expression>]<array identifier>[
(switch identifierd |<{procedure identifier>
letter stringd ::= {letter)|<{letter stringd<{letter)
(parameter delimiter> ::= , |)<letter string>:
{actual parameter list) ::= <actual parameter)
<actual parameter listd><parameter delimiter><actual parameter)
<actual parsmeter part> :i1= <empty> | (<actual parsmeter listd)
<{procedure statement) ::= <{procedure identifier><actual parsmeter part)

h‘o? '2. Examples.
spur (A)Order:(7)Result to:(V)
Transpose (W, v+1)
Absmax (A, N, M, Yy, I, K) -
Innerproduct(Alt,P,u], B[P], 10, P, Y)
These examples correspond to examples given in section 5.4.2.

%
4.,7.3. Semantics. A
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 %he‘taﬁguage the effect of this
execution will be equivalent to the effect of performing the following

operations on the programs -~ AN G
by 73415 Value~¥ep&&eemeﬁ€ﬁkcall by value).
All formal 4demtifiers quoted in the value part of the procedure

declaration heading are assigned the values (cf. section 2.8, VALUES)
of the corresponding actual parameters, these assigmments being con-
sidered as being perﬁbrmed explicitly through-suitable-gtatements added
at-the beginning-of the procedure body. These formal parameters will (
subsequently be treated as local to the procedure body. ' f/'

§ N
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4,7.%3.2, Name replagement (call by neme )«
Any formal .4 i “not quoted in the value list is undegetee&*

to-be-gupptied-in.the form o © Br- NSy
These formalidentiTIEFS 8T replaced, throughout the procedure body,
by , the~nam@sref™the corresponding actual parameterip after enclosing
thé¢sd latter in parentheses wherever syntactically possible. Possible
conflicts between identifiers inserted through this process and other
identifiers already present within the procedure body will be avoided
by suitable syz&ematlggghanges of the formal or local identifiers in-
volved. g, AT (3 an | roarada,
L T35 Bod?freplacement and execution,

Finallyjthe procedure body, modified as above, is insewrbed in
' place of the procedure statement and executed. /
4.7.4. Actual-formal correspondence. i

The correspondence between the” actu@k”igram ters of the procedure
statement and the formal idemdifi&rs of;{he}pr@ce ure heading is
established as follows: The actual p%;émeter }1st £ the procedure
statement must have the same number Of eqﬁrlg% as the formal parameter
llst of the procedure declaratlon eadl ‘ Tﬁe cor

:’ f 7 ﬁm{ﬂ o
L,7.5., Restrictions, / fffz}éi :
For a procedure statemght to be/ defided it is evidently neces-
sary that the operations op the proce ur§'body defined in sections
4,7.3.1 and 4.7.3.2 lead £o a cor ect statement
This poses the resgriction anyiérocedure statement that
the kind and type of eg@h actual paraméter be compatible with the kind
and type of the corresbondlng ormal ﬁarameter. Some important parti-
cular cases of this general rile are fthe following:
4,7.5.1. Strings c.gnot occu¥ as acgﬂal parameters in procedure state-
ments calling procgdure dec arations having ALGOL 60 statements as
their bodies (cf., ssection k.7, 8).
b,7.5.2. A formad/s which occurs as a left part variable
in an assignment statement withij the procedure body and
¢called by value /can only corrgg?ond to an actual parameteriw

e variable (special case of expression),

be745e B.Tﬁftbrmai identifier yhich is used within the proc
] . £

If the formﬁl identifier ig called by value the local array preated
auring thejcall will{in adf have the same subscript bou@ds as

the actual array. ffvétflr A
4,7.5.4. 4 formal 4

tftmr whg?h is called by value cannot in gene-
ral correspond to a sw1tch identifier or a procedure identlfi T,
because these latter do not va;ues aﬂsocaa:edpu4$h-%hem—2ef
Sectiom 28T YALUES L f0e 2x e2fuf-
’ i : Any procedure bodﬁfwill

beTe545

be wriﬁ%en on the assumption that the types of all formal ddentifiers
are knéwn (they may, or may not, be given through specifications in
the pf'cedure heading). Any actual parameter inserted in the procedure

st e'wnt must be compatlble with the type of the corresponding formsl
N «




»Lf the formal 1dent1f1er ak

-
£ A
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é?ﬁ“ﬁ?@*replaced throughout the procedure body,
Bl m@gmefthe corresponding actual parameterir after enclosing
th%sd latter in parentheses wherever syntactically possible. Possible
conflicts between identifiers inserted through this process and other
identifiers already present within the procedure body will be avoided
by suitable syiiiﬁetlﬁwohapges of the,formal or local identifiers in-

‘,;\;g ~Kirs

volved. | s
heFada b Bod?freplacement and execution,

Finallyjthe procedure body, modified as above, is inserbted in
Place of the procedure statement and executed. }

»

4,7.4, Actual-formal c:orr'espondence.,ff.«ff”"'E 7 l

The correspondence between theiactugkfgﬁram ters of the procedure
statement and the formal ideatifi&rs ofx%he ‘procefure heading is
established as follows: The actual paremeter llst £ the procedure
statement must have the same number Of eanl.
list of the procedure declaratlon;headl « The cor
tained by taking the entries oigﬁﬁese wo lists in the same order,
L,7.5. Restrictions, / ;ffflg \

For a procedure statemeht te b eflﬁéd it is evidently neces-
sary that the operations op the proce urg body defined in sections
L,7.3.1 and 4,7.3.2 lead £o a coryect|sthtement i

This poses the restriction any procedure statement that
the kind and type of eaZi actua paramﬁter be compatible with the kind
and type of the correapondlng ormal parameter. Some important parti-
cular cases of this general r¥le are /the following:
4,7.5.1. Strings cagnot occuy as actlial parameters in procedure state-
ments calling procgdure declarations having ALGOL 60 statements as
their bodies (cf./ section K.7. Bl / :
b,7.5.2, A formad/i which occurs as a left part variable
in an assignment statement with;ﬁ>the procedure body and W
called by value can only corrxﬁpond to an actual parameteriw

r

e variable (spe01al case of expression), 7

boTu5a54 ~identifier which 12 nead within the axcamea vy 5k

as an array identifier can ogfly cor If the formal parameter is an : (g, b

which is an array identifiey Oilag array identifier and called for by “—
g calle

ha  value, the dimemnsion of the actual

Eh$ gctuaifirrayi { hyéiv parameter must be identical to that
. orma T W
ral correspond t0 a switch identifi of the formal parameter and the local

because these latter ?p not s Ve,

Turin 1 . ri
Yre 2k coffen array created during the call will have
¢ ]

®

hiT5e 5. the same.....actual array.
be wrig%en on the assumption that the Types of all formal identifiers |
are C (they may, or may not, be given through specifications in

st e' nt must be compat;ble with the type of the corresponding formal
A ! AN
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4,7.6., Glebsl identifiers of the body.

A procedure statement written outside the scopﬁ/gﬁ/any g&d@ﬁf% Wg L/

identifier of the procedure body is undefined.

k,7,7. Parameter delimiters, J
All parameter delimiters are understood to be equivalent. No
correspondence between the parameter delimiters used in a procedure
statement and those used in the procedure heading is expected beyond
their number being the same, Thus the information conveyed by using
_the elsborate ones is entirely gptlonal. Vs
A%y TP
4,7.8. Procedure body expressed in code
The restrictions impgsed on a procdedure statement calling a
procedure having its bodylexpressed in/code evidently can only be
derived from the characteristics of the code used and the intent of
the user and thus fall outside the scope of the reference language.

Yaayaz Faplief Y e
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5. DECLARATIONS, ‘X

Declarations serve to define certain properties of the identifiers of
the program. A declaration for an identifier is valid for one blocK. Out-
gside this block the particular identifier may be used for other purposes.

Dynamically this implies the following: at the time of a,dyn
entry into a block (through the begin, since the labels inside are local
and therefore inaccessible from out51de) all identifiers declared for
the block assume the significance implied by the nature of the declarations
given, If these identifiers had already been defined by other declarations
outside they are for the time being given a new significance, Identifiers
which are not declared for the block, on the other hand, retain their old
meaning.

At the time of an exit from a block (through end, or by a go to state-
ment) all identifiers which are declared for the block lose their sig-
nificance again, fihpes

A declaration may be marked with t@e additional declarator gwn. This
has the following effect: upon a gecord'entry into the block, the values
of own quantities will be unchanged from their values at the last exit,
while the values of declared variables which are not marked as own are
undefined. All identifiers of a program, with|the possible exception of
those for standard functions and transfer pr@cedures (cf. sections %.2.U4
and 3,2.5) must be declared. No identifier-may be declared more than once in
any one block head.

Syntax. '

{declaration)> ::= <type declaration>|<array declaration>{<switch decla~

ration> |<procedure declarstion> | . 2 o (
' S ﬁ\dtkﬁinAkagx1p\wf?
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4,7.6. Positional relation of procedure statement to theyw”

A corrssponding procedvre body.- ’“?

identit . ?%”'Mw*‘” "
For each non-local identifier of the .

1‘07-7;\1 body of a procddre P, there must be a

correspt bloeck in whose heading it is declared. 12

stateme: All procedure statements involving P e

their m : &

the elal mast be positionally within all of these

: blocks,
1.7.8, Procsdes

The restrlctions 1mpq%ed on a progedure statement calling a
procedure having its bodyiexpressed inf/ccde evidently can only be
derived from the characteristics of the code used and the intent of
the user and thus fall outside the scope of the reference language.

{ antz AT
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5. DECLARATIONS. KX

Declarations serve to define certain properties of the identifiers of
the program. A declaration for an identifier is valid for one block. Out-
gide this block the particular identifier may be used for other purposes.

Dynamically this implies the following: at the time of aig
entry into a block (through the begin, since the labels inside are local
and therefore inaccessible from outside) all identifiers declared for
the block assume the significance implied by the nature of the declarations
given, If these identifiers had already been defined by other declarations
outside they are for the time being given a new significance, Identifiers
which are not declared for the block, on the other hand, retain their old
meaning.

At the time of an exit from a block (through end, or by & go to state-
ment) all identifiers which are declared for the block lose their sig-
nificance again,. Perer

A declaration may be marked with tée additional declarator gwn. This
has the following effect: upon a.ggcoa&\entry into the block, the values
of own quantities will be unchanged from their values at the last exit,
while the values of declared variables which are not marked as own are
undefined. All identifiers of a program, w1thsthe possible exception of
those for standard functions and transfer prgcedures (cf. sections 3.2.4
end %,2.5) must be declared., No identifier-may be declared more than once in
any one block head, ;

Syntax.

{declarationd> ::= <type declaratian>l<array declarat;on>{<sw1tch decla~

ration)l(procedure declardtiond>
MM%%‘?
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5.1. TYPE DECLARATIONS,

. 5e.1l.1, Syntax,

{type listd> ::= <{simple variable)l(simple variable), <type list>
<typed t:= real|integer|Bo

<local or own type> ::= <{type>| own <tyoved

<{type declarationd t:= <{local or own type><{type list)

5¢1.,2. Examples,
integer p, q, 8 - e
own Boolean Acryl, n  j_rmrTitot

| 5.1.3., Semantics, i Sl -
| Type declarations serve to declare certain simplre—veiriabldes to

o
=

represent quameities of a glven type. Real declared variables may only
assume positive or negative values including zero. Integer declared variables
may only assume positive and negative integral vadues including zero.

Boolean declared variables may only assume the vaiusiggxgg and false.

- Ir-arithmetie-expressions.integer-dectared variableés will form-a-subset..,

' of real.declared ones. , . g § g
s -~ fi ‘, £ { : ? - 7 ' , i.4 i v
£ g D7 2 A4 % 42 At A -l Ut 532 QP o # P g £ ia A AL Ewgn 1 F
i It PAMDBAL Y] 71 Ol Cer  fle P, Yorospeid

i
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5.2, ARRAY DECLARATIONS. ~ *

5.2 ol Syntax-
Qower bound) ::= <arithmetic expressiond
<upper bound) ::= <arithmetic expression>
<bound paird> 1= <{lower bound)> : <upper bound>
<bound pair listd> ::= <bound pair)l(bound pair list> , <bound paird
(array segment> ti= <array identifier>[<bound pair 1ist>]

{array identifier) , <array segment>
{array list)> ::= <array segment>!<array list)> , <array segmentd>
array declaration) ::= arxray <array list>| -

{local or own type> array <array list>

5e2.2. Examples., -
axray a, b, c[7:n|2:m]n 8 ["2:10]
own inteser A[4f <O then 2 elge 1 : 20]
real array q(-7 : -1]

5 02 .3 . Semantics °

An array declaration declares one or several identifiers to represent
multidimensional arrays of subscripted variables and gives the dimensions
of the arrays, the bounds of the subscripts and the types of the varisbles.

5+243.,1. Subscript bounds.

The subscript bounds for any array are given in the first subscript
bracket following the identifier of this array in the form of & bound pair
list, Each item of this list gives the lower and upper bound of a subscript
in the form of two arithmetic expressions separated 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, y:

P

TRty ™
P £ X p

V.
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5.1. TYPE DECLARATIONS,

8Ll 1, Syntax,

{type listd> ::= <{simple variable)l(simple variable>, {type list)
<typed 1:= reallinteger|Bo

{local or own typed> ::= <{type>| own <tyved

{type declarationd ti:= <local or own type><type list>

5.1.2, Examples.

Inteper p, q, 8 -
own Boolean Acryl, n

5.1 030 Semantics. . 4 i PP
Type declarations serve to declare certain simpre—veiriables to
represent quembities of a given type. Real declared variables may only
assume positive or negative values including zero. Integer declared variables
may only assume positive and negative integral yed@es including zero.
Boolean declared variablee mav onlv assume tHE WEIUES Erue and false.
e bpr-arithnetie-expres: arithmetic exprésSEORBOANY position
of real.declored ones. , :

» 4"‘
— ffa . = 4 which can be occupied by a real de-—
dof Fink  POAAGAAL N :

45
A=)

clared variable may be occuppied by ¢
5.2+ ARRAY DECLARATIC g

an imteger declared variable.

5.2b10 Syntax.,
<lower bound> ::= <arithmetic expression)
<upper bound)> ::= <{arithmetic expression) e ae———
<bound paird> 3= {lower bound) : <upper bound)>
<bound pair listd> ::= <bound pair>|<bound pair 1list> , <bound pair>
(arrey segmentd> si= <array identifier>[<bound pair listd>]|

{array identifier) , <array segment>
{array listd ::= <array segment>|<array listd , <array segment>
{array declaration) ::= array <array list>l

<{local or own type> array <array list>

5-2 2, Examples, -
axray a, b, c[7:nl2:m]l 8 [“2:10]
own integer A[4f c<O then 2 else 1 : 20]
real array q(-7 : -1]

5:.2.3, Semantics,

An array declaration declares one or several identifiers to represent
multidimensional arrays of subscripted variables and gives the dimensions
of the arrays, the bounds of the subscripts and the types of the variables,

5 .2 03 . 1 ® Subscript bounds °

The subscript bounds for any array are given in the first subscript
bracket following the identifier of thils array in the form of a bound pair
1ist, Each item of this list gives the lower and upper bound of a subscript
in the form of two arithmetic expressions separated by the delimiter :
The bound pair list gives the bounds of all subscripts teken in order from
left to right.

5e2+3¢2. Dimensions.
The dimensions are given as the number of entries in the bound pair
lists. : -

&
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5.2.%.3/ Types.,

All arrays declared in one declaration are of the same qguoted type.
1f ne e declarator is given the type real is understood.

i

5.2.b4. [Lower upper bound expressions.
5.,2.4.1, The expressions must be of integer type (cf, section 3,3,4),
5,2.4,2, The expressions can only depend on variables and procedures which

are +o the block for which the array declaration is valid, Conse-

quently in the outermost block of a prggrambggly array declarations with

‘ ‘constant bounds may be declared Jo valaes GE™

5.2.4.5, An array is defined only whenvall upper subscript bounds are not
smaller thqﬁLEhe corresponding lower bounds.,

5.2.4.4, The expressions will be evaluated once at each entrance into the

block, { ﬁ~ :

5.3, SWITCH DECLARATIONS.

BBele Syntax,
<switch 1list> ::= <designational expression’ |

¢switch listd , <designational expression)
(switch declarationd ::= gswitch <switch identifier>:=<(switch list)

5 15 02 . Exalnples ®

gwiteh S := 51, 82, Q[m], if v>-5 then 83 else 84, 1o 1 .
switch Q :=pl, w . o He valrrts & TV i

5.3.3. Semantics. \ Rpr
A switch declaration~defines§$he values %ﬁ?responding to a switch
identi§;eng These values are given)|ene-by-ene 'in the switch list, With
o N S g e B o7 O H O al
csstonsiflthe<gwitehrtkist- there is assoclated a

each /degdgnathonsd— 1 wizee
positive integer, 1, 2, ..., obtained by counting the items in the list

28 o 4 ¥ >
i

from left to right. The switch value corresponding to a given value of

the subscript expression (cf. section 3.5. DESIGNATIONAL EXPRESSIONS)
is theldesignational expression in the switch list having this given
valuey s;its a§sqciated integer,

g ?@v&,y\;‘w\ﬂt ﬂa‘“‘\% ::‘{r»i?
5,3,4, Evaluation of expressions in the switch list,

An expression in the switch list will be evaluated every time
the item of the list in which the expression occurs is referred to,

using the current values of all varisbles, ..}
; Y, 7.,

5.3.5¢ Influence of scopes. —_

; Any reference to a switech value from outside the scope of any
quantity entering into the designational expression for thils particuler
value is undefined.

p——




5.4 . PROCEDURE DECLﬁRATIONS.

VAR é
5 .h‘. 1 ® SyntaX' ‘\ f“’q i’ A f;iffsf.":‘ f»’»‘,,:""?ﬁ’ ‘%‘m
(formel ddentdPIe?> ::= ddentifierd |~ o ikzﬁiukﬁéﬁﬁﬁ‘
<formal parameter listd> ::= <formal tdemtifter>| | et

{formal parameter list)><{parameter delimiterd<{formal -ddentifier)
{formal parameter partd ::= <empty>|(<formal parameter list))

{identifier listd> ::= <identifier>l<identifier listd> , <identifier) e
<value part) ::= value <identifier list) j |<empty> ?v -

{specifier> ::= strin l(type>larraz{<type> arrey | lebel | switeh |
procedure | <type> procedu - ‘ %qzltaf
{specification part)> ::= <empty>l 4 P e
<{specifier)><identifier listd> l / ' _ ﬂxpfén Qamsi
{specifierp><{identifier list) <specification partd ¢ L
{procedure heading> ::= {procedure identifier><{formal paremeter part); L -
<value part><specification part> _ A =
<{procedure body> ::= {statement) |{code) Yryees 1 Lad
{procedure declaration) ::= U {
procedure <procedure heading><procedure body>|
<typed> procedure <procedure headingd><{procedure body>

5.4.2. Examples.

procedure Spur(a)Order:(n)Result:(s) 3 value n ;
array a j; integer n j real s ;

_.Qs;_mg@.lsk;

= 0 3
_g; k := 1 gtep 1 until n do s := s + alk k]
end

procedure Transpose(a)Order:(n) ; yalue n ;
arrpy o § integer n
begin real w ; Integer i, k ;
for 1 := 1 step 1 until n do
for k := 1+i step 1 until n do
begin w = al[i k] ;
al1 k] := a[k,1] ;
a k,i =W

end
end Transpose

integer procedure Step(u) 3 real u
Step s= if O<uwAugl then 1 else O

procedure Absmax(a)size:(n,m)Result:(y)Subscripts:(i k) ;

comment The absolute greatest element of the matrix a, of size n by m
is transferred to y, and the subscripts of this element to i and k
array a ; integer n, m, i, k ; real y;

begin integer p, 4 3

y =03

for p := 1 step 1&r_1._~tilnggi9;q==1mimb_;mig

if abs(a[p,q]) > v then begin y:=abs(a[p,q]); i:=p; k:=q end end Absmax
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procedure Tnnerproduct(s,b)ordert(k ,p)Result:(y) ; velue kg ' 1 o7
begin real 8 ; , V'
s =0 3
for p := 1 step 1 until Xk do.s =8 +2a x b 3 )
y = 8 i";f &.X ) . ‘
end Innerproduct 4 agllPN) 0k N
5elte3, Semantfés. / 7

A procedure declaration serves to define the procedure agso-
ciated with & procedure identifier. Th principal eonstituent of a n
procedure de¢laration is a statement or a plece of code, the /Proceduramemms | i
body, which may be activated\from other parts of the progrenf. Asso-
ciated with the body is a hea'i:}ing, whilch specifies certain identifiers

War ™

occurring within the body to be-formal, Formal idemtifiers in the
procedure body will, whenever the procedure 1is activated (cf., section
%42, PROC VALUES and section 4.7. PROCEDURE STATEMENTS) be YN P

Tdentifiers fn the procedure body which are not formal will be either
local or 0 the body depending on whether they are declared . Ar#
within the body or not. Those of them which are -gob&l to the body {
msy well be local to the block in the head of which the procedure

| Y

agsigned the'é values of or replaced by -bhé=namee~ef actual parameters. PR

declaration appears. 5*‘ - A O Lo
5.4 4, Procedure -velues. - A GRAAALAT T L,
For a procedure declaration to define -a procedure vadwe-there A
must, within the procedur body, occur an assignment of -&"value to
the procedure identifieyf The type of “he-procednee value is given
by the type declarator inserted as the first symbol in the -heading.
- !%WT%%M wrator-real-io-undergtood - a0 B,
i 7L S R oA CA x&..-‘tt""‘?ﬁ";

Al 67
5.'«‘,‘5’. Specifications. _
In the heading a specification pagit‘ giving information about

the kinds and types of the formal identifiers, may be included. This A
is considered to be an optional feature which may be,omitteds , . _ /7 4. a

B u £. < i %r. 2 QC§ & 5’ w’{"‘é“ kA -
(I would be strongly in favour of making the specifibation part a 1.5
regular, and not just an optional, festure. PN) '

é.h;G. Code as procedure body. 2 TR
It is understood that the procedure body may be expressed in e @; I
. non-ALGOL language. Since it is intended that the use of this feature |

should be entirely a question of hardware representation, no further % D
rules concerning this code language can be given within the reference % Dyiderat J;
language. e Cithart ] 2 .
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