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INTRODUCTION

Jackground

After the publication of a preliminary report on the
ngorithmic language Avcou,': ! as prepared at o conference
n Ziirich in 1958, much interest in the Avcou language
leveloped.

As a result of an informal meeting held at Mainz in
November 1958, about forty interested persons from
everal European countries held an AvrcorL implementation
onference in Copenhagen in February 1959. A “hardware
oup” was formed for working cooperatively right down
0 t he level of the paper tape code. This conference also
ed to the publication by Regnecentralen, Copenhagen, of
i ALGOL Bulletin, edited by Peter Nnur, which served
s a forum for further discussion. During the June 1959
CIP Conference in Paris several meetings, both formal
wd informal ones, were held. These meetings revealed
ome misunderstandings as to the intent of the group
vhich was primarily responsible for the formulation of the
anguage, but at the same time made it clear that there
xists a wide appreciation of the effort involved. As 3 re-
ult of the discussions it was decided to hold an inter-
1ational meeting in January 1960 for improving the
ALgor language and preparing a final report. At a Euro-
dan Atco. Conference in Paris in November 1959 which
vas attended by about fifty people, seven European
'epresentatives: were selected to attend the January 1960
Conference, and they represent the following organiza-
ions: Association Francaise de Calcul, British Computer
Society, Gesellschaft fur Angewandte Mathematik und
Mechanik, and Nederlands Rekenmachine Genootschap.
The seven representatives held a final preparatory meeting
i Mainz in December 1959.

! Prliminary  report-International  Algebraic Language,
Comm,. Assoc. Comp. Mach. I, No. 12 (1958), 8.

*Report on the Algorithmic Language ALGOL by the ACM
Committee on Programming Languages and the GAMM Com-
Mittee on Programming, edited by A. J. Perlis and K. Samelson,
Ny merische Mathematik Bd. 1, S. 41-60 (1959).

Meanwhile, in the United States, anyone who wished to
suggest changes or correct ions to ALaoL was requested to
send his comments to the ACM (Communicalions where
they were published. These comments then became the
basis of consideration for changes in the ALcon language.
Both the Suark and USE grganizations established
ArcoL working groups, and b ot h organizations were
represented on the ACM Commit tee on Programming
Languages. The ACM Committee met in Washington in
November 193¢ and considered all comments on ALcoL
that had been sent to the ACM (Communications. Also,
seven representatives were Selected to attend the January
1960 international conference. These seven representa-
tives held a final preparatory meeting in Boston in Decem-
ber 1959.

January 1960 Conference

The thirteen 1epresentatives,® 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 recom-
mendations of the preparatory meetings by Peter Naur
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.

As with the preliminary ALcoL 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.

! William Turanski of the American group was killed by an
automobile just prior to the January 1960 Conference.
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3. The characters are determined by ease of mutual
understanding and not by any computer limitations, coders
notation, or pure mathematical notation.

4. It is the basic reference and guide for compiler
builders.

5. It is the guide for all hardware representations.

6. It is the guide for trandliterating from publication
language to any locally appropriate hardware representa-
tions.

7. The main publications of the ALcoL language itself
will use the reference representation.

PusLICATION LANGUAGE

I. The publication language admits variations of the
reference language according to usage of printing and
handwriting (e.g., subscripts, spaces, exponents, Greek
letters).

2. It is used for stating and communicating processes.

3. The characters to be used may be different in differ-
ent countries, but univocal correspondence with reference
representation must be secured.

REPRESENTATIONS

1. Each one of these is a condensation of the reference
language enforced by the limited ndmber of characters op
standard input equipment.

2. Each one of these uses the character set of a particy.
lar computer and is the language accepted by a translator
for that computer.

3. Each one of these must be accompanied by a special
set of rules for trangdliterating from Publication or Refer-
ence language.

HARDWARE

For transliteration between the reference language and
a language suitable for publications, among others, the
following rules are recommended.

Reference Language
Subscript ~ bracket | ]

Publication Language

Lowering of the line between the
brackets and removal of the brackets

Raising of the exponent

Any form of parentheses, brackets,
braces

Raistng of the ten and of the following
integral number, inserting of the
intended multiplication sign

Exponentation 1
Parentheses ( )

Basis of ten y

DESCRIPTION OF THE REFERENCE LANGUAGE

1. Structure of the Language

As stated i the imtroduction, the algorithmie language
hax three different kinds of representations—reference,
Dhardware, and publication—and  the development  de-
seribed in the sequel is in terms of the reference representa-
tion. This means that all objeets defined within the
language are represented by a given set of symbols—and
it = only in the chaoice of svinbols that the other two
representations may differ. Strueture and content must
be the same for all representations.

The purpose of the algorithmie language is to deseribe
computational processes. The basie coneept used for the
deseription of caleulating rules is the well-known arithmetie
expression contalning as constituents numbers, variables,
and functions. From such expressions are compounded,
by applving rules of arithmetic composition, self-con-
tained units of the language--explieit formulae
assignment statements,

called

To show the flow of computational processes, certain
nonarithmetic  statements and  statement
added which may deseribe, e.g., alternatives, or iterative

clauses  are
repetitions of computing statements, Sinee 1118 neeessary
for the function of these statements that one statement

refer 10 another, statements may he provided with labels,
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Waa sich tiberhaupt sugen lhsst, lhsst

sich klar sugen; und wovon man nicht

reden kann, darttber muss man schweigen.
Lupwic WITTGENSTEIN.

Sequences of statements may be combined into compound
statements by insertion of statement brackets.

Statements are supported by declarations which are not
themselves computing instructions, but inform the trans-
lator of the existence and of certain properties of objects
appearing in statements, such as the class of numbers
taken on as values by a variable, the dimension of an
array of numbers, or even the set of rules defining o fune-
tion. Fach declaration isx 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 statement which s not contained \\'ithm.
another compound statement and which makes no use of
other compound statements not contained within it.

In the sequel the syntax and semantics of the langu
will be given?

age

* Whenever the precision of arithmetic is stated as heing n
general not specified, or the outcome of 1 eertain process is said 10
he undefined, this is to he interpreted in the sense that a ])l‘()g"_‘qm
only fully defines u computational process if the :u'('mn]):nl."m_%
information specifies the precision assumed, the kind of ;n'ithm(’f“‘a
assumed, and the course of action to he taken in all such cases 8
may ocenr during the execution of the computation.




-

oL FORMALISM FOR SYNTACTIC D ESCRIPTION

The svntax will be deseribed with the aid of metalinguis-
ric formulae® Their interpretation is best explained by an
example

by ri= 0 ] by o b

Sequences of eharacters enclosed in the brackets () repre-
sent metalinguist ic variables whose values are sequences
of svmbols. The marks © @ = (t he lat ter with t he
meaning of or) are metalinguist e connectives. Any mark
in 2 formula, which not 4 variable o r  a connective,
denotes itself (or the class of marks which are similar to it).
Just aposit ion of marks and Jor vartables i n o a formula
signifies juxtaposition of the sequences denoted. Thus the
formula above gives a recursive rule for the formation of
values of the varigble (ab). It indicates that (ab) may have
the value ([ or [ or that given some legitimate value of
&by, another may be formed by following it with the
characet er (or by following it with some value of the
cariuble (). If the valws of (d) are the decimal tligits,
some values of (ah) are:

and

is

(10374

(12345(

({(

[86

m order to facilitate t he st udy, t he symbols used for
distinguishing the metalinguistic variables (i.e. thr se-
quences of characters appearing within the brackets ()
as ab in t he above example) have been chosen to he words
describing approximately the nature of the corresponding
variable. Where words which have appeared in this manner
are used elsewhere in the text they will refer to the corre-
sponding syntactic definition. In addition some formulae
have been given in more than one place.

Definition :

(empty) : @ =
(ie. the null string of symbols).

2. Basic Symbols, Idcntiﬁers, Numbers, and Strings.

Basic  Concepts.

The reference language is built up from the following
basic symhols

(basic symbol) : := (letter)|(digit)|(logical value)|(delimiter)

2.1. LETTERS

letter) :: = alblc|d|elf|glh/ijj k|llm|n]o[p|q|r]s|t|u|v|w|x|y|z|
A[B|C|DIE|F|CG[H|I|J|K|LIM|N|[O|PIQIR[S|T|U|VIWIX|Y|Z

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

i Cf. J W. Backus, The syntax and semantics of the proposed
international algebraic language of the Ziirich ACM-GAMM
tonference. ICIP Paris, June 1959.

Letters do not have individual meaning, They are used
for formung identifiers and  strings®  (ef. sections 201
[dentifiers, 2.6, Strings).

2.2.1. Diarrs
(ligity tr= 0102184 5367819

Digits are used for forming numbers, identifiers, and

Strings.

2.2.2. Loaiean VALUES

(ogieal value) 1= trueifalse
The logical values have a fixed obvious meaning.
2.3. DELIMITERS

{delimiter) : : = {(operator’{separntor)[{bracket y|{declarator);

(specificator)

(operator) 1= (arithmetic  operator)|(relational operator)!
{logical operator|(sequential operator

(arithmetic operator) ::= 4+~ [X|/|+]}

(relational operator): =< |5 = [z |> e

(logical operatory 11 = =[D|VIA]S
(sequential operator) ;= @0 toliflthenelselforldo

(sepurator) : o = [ fwl: ;i = #|step|until|while/comment

(bracket) @ : = ()]’ begin|end

(deelarator)  ::=  own|Boolean|integer{realarray|switeh]
procedure

(specificator) .1 = string|label|value

Delimiters have a fixed meaning which for t he 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 significance in the reference language.
They may, however, he used freely for facilitating reading.

For the purpose of including text among the symbols of
a program the following “comment” conventions hold :

The sequence of basic symbols:

; comment (nny sequence not containing ;) ;
begin comment (any sequence not containing ;)
end (nny sequence not containing end or ; or ese)

is equivalent with

bhegin
end

By equivalence is here meant that any of the three sym-
bols shown in the right-hand column may, in any occur-
rence outside of strings, be replaced by any sequence of
symbols of the structure shown in the same line of the
left-hand column without any effect on the action of the
program.

24. IDENTIFIERS
24.1. Syntax

(identifier) : : = (letter){(identifier)(letter)|(identifier)(digit)

¢ It should be paticularly noted that throughout the reference
language boldface is used for defining independent basic symbols
(see sections 222 and 23). These are understood to have no rela
tion to the individua letters of which they are composed. Within
the present report boldface will be used for no other purpose.

T do is used in for statements. It has no relation whatsoever to
the do of the preliminary report, which is not included in ALGOL
60.
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242. Examples

q

soup

V17a
a34kTMNs
MARILYN

24.3. 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 3.2.4. Standard Functions).

The same identifier cannot be used to denote two differ-
ent quantities except when these quantities have disjoint
scopes as defined by the declarations of the program (cf.
section 2.7. Quantities, Kinds and Scopes, and section 5.
Declarations).

2.5. NUMBERS
25.1. Syntax

(unsigned integer) : : = (digit)|{unsigned integer)(digit)

(integer) : : = (unsigned integer)|+(unsigned integer)/
-(unsigned integer)

(decimal fraction) : : = (unsigned integer)

(exponent part) : : = o{integer)

(decimal number) : : = (unsignedinteger)|(decimal fraction)|
(unsigned integer){(decimal fraction)

(unsigned number) : : = (decimal number)j(exponent part)]
(decimal number)(exponent part)

(number) : : = (unsigned number)|+(unsigned number)/
— (unsigned number)

252, Examples

0 — 2(X). 08-1 - ”83)0_02
17 +07 43,8 -
L5384 9,344,410 w—4

+0.7300 210—4

+104-5

2.5.3. Semanties

Decimal numbers have their conventional meaning.
The exponent part is a scale factor expressed as an integral
power of 10.

2.5.4. Types

Integers are of type integer. All other numbers are of
tvpe real (ef. section 5.1, Type Declarations).

2.6. STRINGS
2.6.1. Syntlax

{proper string) 11 = (any sequence of basie svmbols not containing
Cor T Kempty)

(open string) 1= {(proper string) {open string V|
(open string){open string’

string) 1= “(open string?

2.6.2. Fxamples
Sk, - A=/0THY
oo This xis ga ¥ string”
2.6.3. Semanties
In order to enable the language to handle arbitrary

sequences of basie svmbols the =tring quotes * and 7 are
mtroduced. The svmbol ® denotes a spaece. It has no

significance outside strings,
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Strings are used as actual parameters of procedures
(cf. sections 3.2. Function Designators and 4.7. Procedure
Statements).

2.7. QUANTITIES, KINDS AND SCOPES

The following kinds of quantities are distinguished:
simple variables, arrays, labels, switches, and procedures.

The scope of a quantity is the set of statements in which
the declaration for the identifier associated with that
quantity is valid, or, for labels, the set of statements
which may have the statement in which the label occurs
as their successor.

2.8. VALUES AND TYPEs

A value is an ordered set of numbers (specia case: a
single number), an ordered set of logical values (special
case : a single logical vaue), or a label.

Certain of the syntactic units are said to possess values.
These values will in general change during the execution
of the program. The values of expressions and their con-
stituents are defined in section 3. 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 programs
describing algorithmic processes are arithmetic, Boolean,
and designational, expressions. Constlituents of these
expressions, except for certain delimiters, are logical
values, numbers, variables, funet ion designators, and
clementary arit hmet ie, relat ional, logical, and sequential,
operators, Since the synt act i¢ definition of both variables
and funet ion designators contains expressions, the defini-
tion of expressions, and 1 heir const ituents, is necessarily
recursive,

{expression) 11 = {arithmetic expressiom(Boolean expression)|
(designational expression)

3.1. VARIABLES
3.1.1. Syntax

{variable identifier) : © = Gdentifier
(imple variable) II = (vartable identifier)
{subseript expression) I 1 = (arithmetic expression)

(subseript list v = (xubscript expression >\(.~'nl)scri])t list’.
(subsecript expression®

rray identifiery D = Gdentifier)

D= (array identifier){(subseript list ]

: = (simple variablei{subseripted variable)

(subseripted variable) !
(variable) :

3. 1.2 xamples
epsilon
det A
ald
Ql7,2]
x[sin X pi/2y, QI3 0,41}
3.1.3. Semantices
A vartable s a designation given to a single value.

Thi‘:




catue may be used mexpressions for forming other values
and may be changed at will by means of assignment state-
ments (seetion £.2). The type of the value of a particular
variable is defined in the declaration for the variable
iself (ef. seetion 3.1, Type Declarations) or for the corre-
sponding array identifier {ef. seetion 520 Array Declara-
tons).

3.1.4. Subscripts

3.1.4.1. Subseripted variables designate values which
are components of multidimensional arrays (c¢f. section
5.2. Array Declarations). ISach arithmetic expression of
the subscript list occupies one subseript position of the
subseripted variable, and is called a subseript. The com-
lete list of subscripts is enclosed in the subseript brackets
[]. The array component referred to by a subseripted
vartable 18 specified by the actual numerical value of its
subscripts (ef. section 3.3. Arithmetic Expressions).

3.1.4.2. Each subscript position acts like a variable of
type integer and the evaluation of the subscript is under-
stood to be equivalent to an assignhment to this fictitious
variable (ef. section 4.2.4). The value of the subseripted
variable is defined only if the value of the subseript ex-
pression is within the subscript bounds of the array (ef.
section 3.2. Array Declarations).

3.2. Funerion DesiaNarons
3.2.1. Syntax

{procedure identifier) | = (dentifier)
act ual purameter) © D= (string)|{expression)|[(array identifier)!
=swit ¢h identifier)(procedure identifier
(Jetter string) @@ = (Jetter)|(letter st ring)(letter)
{(parameter delimiter) ;@ = [Y(letter string) : (
{(actual parameter list) : : = (actual parnmeter)|
(actual parameter list)(parnmeter delimiter)
(actual parameter)
{actunl parameter part) : : = {empty)] ((actuad parameter list %)
(function designator) :: =-(procedure identifier)
(actual parameter part)

3.2 .2. Exanples

sin{a—b)
J(v+s,n)
R

S(s~5)Temperature:(T)Pressure:(P)
Compile(* : =)Stack: (Q)

32.3.  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
3.4. 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 anction
designator.

3.24. 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:

abskn for the modulus tabsolute valuer of the value of the
expression k
sign i) for the sign of the value of E(41 for £>0, 0 for F.=0,

~1 for K<

for the square root of the value of 19

for the sine of the value of ks

for the cosine of the vajue of IS

for the principal value of the arctangent of the value
of It

for the natural logarithm of the value of 14

for the exponentinl function of the value of £ (eF).

sqrt (k)
sin(k)
cos (i)
arctan(k)

In{l)
expild

These funetions are all understood 1o operate indifferently
on arguments both of type real and integer. They will
all vield values of type real, except for sign(I2) which will
have values of type integer. In a particular representation
these functions may be available without expticit declara-
tions (ef. section 5. Declarations).

3.2.5. Transfer functions

It is understood that transter functions between any
pair of quantities and expressions may be defined. Among
the standard functions it is recommended that there be
one, namely

entier(ls),

which “t ransfers” an expression of real type {o one Of
integer type, and assigns to it the valuye which is the
largest integer not great er +han the value of .

3.3 ARITHMETIC FXPRESSIONS

3.3.1. Syntax

{(adding operntor): : = 4+ -

(multiplying operator) : : = X|/|+

(primary) : : = {(unsigned number)|(variable)|
(function designator)|({arithmetic expression))

(factor) : : = (primary){{factor)T(primary)

(term) = = (factor)|{term)(multiplying opreator){factor)

{simple arithmetic expression) : : = (term)|
(ndding operator){term)|(simple arithmetic expression)
(adding operator)(term)

(if clause) - : = if (Boolean expression)then

(arithmetic expression) : : a (simple arithmetic expression)|
(if clause)(simple arithmetic expression)else
(arithmetic  expression)

332 Examples
Primaries:

7.3944,—8

sum

wii+2,8]
cos(y+zX3)
(a—3/y+vul8)

Factors:

omega
sumfeos(y+2zX3)
7.394,0—8Tw(i+2,8]T(a—3/y+vul8)

Terms:

U
omegaXsumTcos(y+zX3)/7.3041,—8Twli+2,8]1
(a—3/y+vu-8)
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Simple arithmetic expression:

U—Yu+omegaXsumTcos(y+2zX3)/7.394,,—8w(i+2,8]
(a—3/y-+vulg)

Arithmetic expressions:

wXu—Q(8+Cu)12

if >0 then 843XQ/A else 2x8+3Xxq

if a<0 then U+V else if aXb>17 then U/V else if
ksy then V/U else ()

aXsin(omegaxt)

0.571012Xa[NX (N=—1)/2, 0]

(AXarctan(y) + 2)1(7 + Q)

if g then n-l else n

if a<0 then A/B else if b=0 then B/A else

3.33. Semantics

An arithmetic expression is a rule for computing a
numerical value. In case of simple arithmetic expressions
this value is obtained by executing the indicated arith-
metic operations on the actual numerical values of the
primaries of the expression, as explained in detail in sec-
tion 3.3.4 below. The actua numerical value of a primary
is obvious in the case of numbers. For variables it is the
current value (assigned last in the dynamic sense), and for
funetion designators it is the value arising from the com-
puting rules defining the procedure (cf. section 5.4.
Procedure Declarations) when applied to the current
values of the procedure parameters given in the expression.
Finally, for arithmetic expressions enclosed in parentheses
the value must through a recursive analysis he expressed
In terms of the values of primuritrs of | he other 1 hrce kinds.

I n the more general arithmetic expressions, which include
if clauses, one out of several simple arit hmetic expressions
is seleeted ond he basis of {he actuul values of t he Boolean
expressions (cf. seet ion 3.4. Boolean Expressions). This
seleet jon is made as follows: The Boolean expressions of
the it clauses are evalual ¢d one by one In sequence from
left 10 right until one having the value true is found.
The value of the arithmetic expression is t hen the value
of “{ he first arit hmet ic expression following this Boolean
(1 he largest arithmet ic expression found in t his posit ion is
underst ood). The const ruet ion :

else (ximple arithmetic expression®
ts equivalent to the construction:
else if true then (simple arithmetic expression)

3.34. Operators and tyvpes

Apart from the Boolean expressions of if clauses, the
constituents of simple arithmetic expressions must be of
types real or integer (ef. seetion 5.1, Type Declarations).
The meaning of the basic operators and the types of the
expressions to whith they lead are given by the following
rules:

3.3.4.1. The operators 4+, — and X have the conven-
tional meaning (addition, subtrietion, and multiplication).
The tvpe of the expression will be integer if both of the
operands are of integer tvpe, otherwise real.

3.3.1.2. The operations (term) - (factor) and (term) +
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(factor) both denote division, 1o be understood as a multi.
plication of the term by the reciprocal of the factor wity
due regard to the rules of precedence (cf. section 3.3.5),
Thus for example

a/bX7/(p—q)Xv/s
means
(((aX (™)) XT)X ((p—q)™)) X V)X (s7H)

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

a= b= sign (a/b)Xentier(abs(a/b))

(cf. sections 3.2.4 and 3.2.5).

3.3.4.3. The operation (factor){{(primary) denotes
exponentiation, where the factor is the base and the pri-
mary is the exponent. Thus, for example,

21nTk means (2m)k
while
21(nTm)  means o™

Writing i for a number of integer type, r for a number of
real type, and a for a number of either integer or real
type, the result is given by the following rules:

afi If1>0, aXaX...Xa (i times), of the same type as a.
If 1=0, if a0, 1, of the same type as a.
if a=0, undefined.
If i<0, if a0, 1/(@aXaX...Xa) (the denominator has
1 factors), of type real.
if 1=0, undefined.
wfr If a>0, exp(rXIn()), of tvpe real.
If a=0,if r>0, 0.0, of type real.
if r=0, undefined.
Il <0, alwayvs undefined.

33 .5. Precedence of operat ors

The sequence of operat ions wit hin one expression is
generally from left 1o right, with the following wdditional
rules:

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

first @
second: X/+
third: + -

3.3.5.2. The cxpression between a left parenthesis and
the matching right parenthesis is evaluated by itself and
this value i1s used in subsequent caleulations. Consequently
the desired order of execution of operations within an
expression can always be arranged by appropriate position-
g of parentheses.

3.3.6. Arithmeties of real quantities

Numbers and variables of type real must he nter
preted in the sense of numerical analysis, e, as entities
defined inherently with only a fintte aceuracy. .\‘imil:u"l,"’
the possibihity of the occurrence of a finite devianod




—

o The mathematieadly detined result in any arithmetie
pxpression s exphieitly understood. No exaet arithmetie
will be specified, however, and it s indeed understood
that different hardware vepresentations may  evaluate
grithmetic expressions differently. The control of the
ossible consequences of such differences must be earred
out by the methods of numerical analysis. This control
must be considered a part of the process to be deseribed,
and will therefore be expressed in terms of the language
jtself.

3.t. BooLEAN [EXPRESSIONS
3.4.1. Syntax

(relational operator) 1 1 =< £ =12, > |+
(relationy © 1 = {arithmetic expression){relational operator)
(arithmetic expression)
{Boolean primary) : : = (ogical value)|(variable)|
(funet ion designator) Krelation)| ((Boolean expression
Boolean secondary) : : = (Boolean primary)]—(Boolean primary)

(Boolean factor) : 1 = (Boolean secondary)|
{Boolean factor) AdBoolean secondary)
(Boolean t erm) © 1 = (Boolean fuctor)|(Boolean term)
V{(Boolean factor)
Gmplieation) : : = (Boolean term|{implication) 2(Boolean term)
simple  Boolean) : @ = (implication)|

(simple  Boolean)=(implication)
(Boolean expression) : : = {simple Boolean)|
(f clause)(simple Boolexn) else (Boolean expression)

3.4.2. Examples
X= 2
Y>V V z<yqg
atb> -5 Az—d> gf2
PAqQ V XFy
g==uAbA = cVdVeD— f
if k<lthen s> welse hge
if if if g then b else c then d else f then gelse 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.
3.4.4. Types
Variables and function designators entered as Boolean
primaries must be declared Boolean (cf. section 5.1.
Type Declarations and sections 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 cayolved,
otherwise false.
The meaning of the logical operators-, (not), A /and),
V (or), o (implies), and = (equivalent), is given Ky the
following function table.

bl false false true

true false

true true false
bl/\b2 false false false
bl\/b'z false true true
bl Db2 true true false true
bi=sh2 true false false true

3.56. Precedence of operators

The =equence of operations within one expression is
generally from left 1o right, with the following additional
rufes:

3.8.6.1. According 1o the syntax given in section 3.4,
the following rules of precedence hold:

first: arithimetice expressions aceording to section 3.3.5.
second: <E=2Z> %

third: -

fourth: A

fifth: \

sixth: )

seventh:

3.4.6.2. The use of parentheses will be interpreted in
the sense given in section 3.3.5.2.

3.5. DESIGNATIONAL IIXPRESSIONS
3.5.1. Syntax

(abel’ 1 = {dentifier)[(unsigned integer)

(switch tdentifier) :: = (identifier)

(switch designator) :: = (switch jdentifier’{(subseript expression)]

(simple dexignational expression) : @ = (IabeD|(switch designator)]
({designational expression))

(designational expression) : © = (simple designational expression)|
(if clause)(simple designational expression) else
(designational expression)

3.5.2. Lixamples
17
pY
Choose[n = |

Townlif y<0 thea N else N+1]
if Ab<¢ then 17 else fif wS0 then else 1]

35.3. Semantics

A designational expression is a rule for obtaining a label
of a statement (cf. section 4. Statements). Again the
principle of the evaluation is entirely analogous to that, of
arithmetic expressions (section 3.3.3). 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 aready found. A switch designator refers
to the corresponding switch declaration (cf. section 5.3,
Switch Declarations) and by the actual numerical value
of its subscript expression selects one of the designational
expressions listed in the switch declaration by counting
these from left to right. Since the designationsl expression
thus selected may again be a switch designator this evalua-
tion is obviously a recursive process.

3.5.4. The subscript expression

The evaluation of the subscript expression is analogous
to that of subscripted variables (cf. section 3.1.4.2). The
value of a switch designator is defined only if the subscript
expression assumes one of the positive values 1, 2, 2, . . .,
n, 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, eg. 00217
denotes the same label as 217.
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4. Statements

The units of operation within the language are called
statements. They will normally be executed consecutively
as written. However, this sequence of operations may be
broken by go to statements, which define their successor
explicitly, and shortened by conditional statements, which
may cause certain statements to be skipped.

In order to make it possible to define a specific dynamic
succession, statements may be provided with labels.

Since sequences of statements may be grouped together
into compound statements and blocks the definition of
statement must necessarily be recursive. Also since
declarations, described in section 5, enter fundamental15
into the syntactic structure, the syntactic definition of
statements must suppose declarations to be aready de-
fined.

4.1. COMPOUND STATEMENTS AND BLoOCKS
411 Syntax

(unlabelled basic statement) : : = (assignment statement)]
(go to statement)|(dummy statement)|(procedure Statement)

(basic statement) : : = {unlabelled basic statement)|(label):
(basic Statement)

(unconditional statement) : . = (basic statement}|(for statement)
(compound statement)|(block)

(statement) = (unconditional statement)|
(conditional statement)

(compound tail) : : = (statement) end |(statement) ;
(compound tail)

(block head) :: = begin(declaration)|(block head)
(declaration)

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

{(unlabelled block) : : = (Mock head! {compound tail)

(compound statement): = {unlabelled compounds|
(lnbel): (compound statement )

{block): . = (uniabelled block){{label): (block)

This syntax may be ijllustrated as follows: Denating
arbitrary statements, declarat ions, and labels, by t he
letters S, D, and 1, respeetively, the basic synt actic units
take the forms:

Compound slalement;

L. L: begin § . 8§, . ..8 ; Send

Blocl:

L:L: ... beginD ; D n L T B
S end

It should be kept in mind that each of the statements S

may again be a complete compound statement or block.
4.1.2. Examples

Basic statements:

= p+q
zo 1o Naples

START: CONTINULE: W := 7.493

Compound statement:

begin x 1= 0 5 fory:!=1stepl unmilndox:=
x+Alv]
if x>q then go 1o STOP else if x>w—2 then
go oS
Aw: St: W: = x+bob end
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Block:

Q: begin integer i, k ; rea w ;
for i : = 1step 1until mdo
for k := i+l step 1 until m do
begin w := A[i, k] ;

Ali, K] = Alk, 1] ;
Alk,il:=wend for i and k
end block Q

4.13. Semantics

Every block automatically introduces a new level of
nomenclature. This is redlized as follows: Any identifier
occurring within the block may through a suitable declara-
tion (cf. section 5. Declarations) be specified to be local
to the block in question. This means (a) that the entity
represented by this identifier inside the block has no
existence outside it, and (b) that any entity represented
by this identifier outside the block is completely inacces-
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. The
exception to this rule is presented by labels, which are
local to the block in which they occur.

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

4.2, ASSIGNMENT STATEMENTS
2.1. Svntax

(left part) ti= (variable) 1=

(eft part list) i1 = {eft part){deflt part list)X(left part)

(nssignment statement) :: = (left part list {arithmetic expression)|
(deft part list{Boolean expression)

422. ]Cxampl('s

U 2= ndl 4=

ni= n+l

A = B/C v—(X8

slv, l\+’] 3—arctan(sXzeta)
= Q>Y/\Z

4.2.3. Semant ics

Assignment st atement s serve for assigning the value of
an expression to one or several varighles, The process wil
in the general case be understood {g take place in three
stepseraoliows:

4.5:3.1. Any subseript expressions oceurring in the ) Jeft
part variables are evaluated in sequence from left to right-

4.2.3.2. The expression of the statement is ev valuated.

4.2.3.3. The value of the expression is assigned 10 all
the left part variables, with any subscript expressions
having values as evaluated i step 4.2.3.1.

4.2.4. Types

All variables of a left part list must be of the Sﬁfne
declared type. H the variables are Boolean, the expression
must likewise he Boolean. 1f the variables are of (¥P¢




real o integer, the expression must be artthmetie, It
the type of the arithmetic expression ditfers from that of
the variables, appropriate transfer functions are unaer-
stood to be automatically invoked. For transfer from
real to integer type, the transfer funetion is understood
o viekd a result equivalent to

entier(lK4+0.5)

where IS is tht: value of 1 he expression.
1.3, GO) TO STaTEM BNTS

4.3.1. Synt ax

(go to statement) 1= go to (designational expression)
1.3.2. Examples

Zo to 8
Zo Lo exit {n41]
go to Town[if v <0 then N else N+1)
go to if Ab<c¢ then 17 else gfif w<0 then 2 else n]
14.3.3. Semantics
.\ go to statement interrupts the normal sequence of
operations, defined by the write-np of statements, by
defining its successor explicitly by | he value of a designa-
tional expression. Thus the next statement to be executed
will be the one having this value as its label.
4.3.4. Restriction
Since labels art! inherently local, no go to statement can
lead from outside into o block.
4.3.5. Go to an undefined switch designator
-\ go to statement is equivalent to o dummy statement
if t he designational expression is a switch designator
whose value is undefined.

4.1. DUMMY STATEMENTS
4.4.1. Syntax

(dummy statement) : : = (empty)
4.4.2. Examples
L:
begin ... ; John: end

4.4.3. Semantics
A dummy statement executes no operation. It may
serve to place a label.

4.5. CONDITIONAL STATEMENTS
4.5.1. Syntax

Fif clause) : : = if (Boolean expression) then

(unconditional statement) : : = (basic statement)|(for statement)|
(compound statement)|(block)

(if statement) : : = (if clause) (unconditional statement)!
(label): (if statement)

(conditional statement) : : = (if statement)|(if Statement) else

‘ (statement)

| " “
4.5.2. Examples v

if x>0 then n:= n+41
if v>uthen V: Q. = n+m else go to R
if 3<0\VP<Q then AA: begin if q<v then a = vy/s
elsey := 2Xa end
else if v>sthen a:= v-q else if v>s-1
» then go to S

£.5.3. Semantices

Conditional statements eause certain statements t 0 be
exeeut ed or skipped depending on { ht: running values of
speetfied Boolean expressions,

4.5.3.1. 1T statement. The unconditional statement Of
an if st gt ement will be executed if the Boolean expression
of theif ¢lause istrue. Otherwise it wil] be skipped and the
operation will he cont inued with the next statement.

+.5.3.2. Conditional statement. According to t he syn-
tax two different forms of conditional statements are
possible. These may he illust rated as follows:
if Bl then Slelse if B2 then S2else 853, S4
and

if Bl then Sl elseif B2 then 82 else if B3 then 83 ; S4
Here B | to B3 arc Boolean expressions, while S1to S3 arc
unconditional statements. 84 is the statement following
tho complete conditional statement,.

The execution of a eonditional statement may he de-
scribed as follows: The Boolean expression of the if clauses
are evaluated one after the other in sequence from left to
right, until one yielding the value true is found. Then the
uncondit ional statement, following this Boolean is exe-
cuted. ['nless this statement defines its successor ex-
plicitly the next statement to be executed will be 84, i.e
the statement following the complete conditional state-
ment. Thus the effect of the delimiter else may be de-
scribed by saying that it defines the successor of the state-
ment it follows to he the statement following the complete
conditional statement,

The construction

else (unconditional statement)
is equivaent to
else if true then (unconditional statement)

If none of the Boolean expressions of the if clauses is
true, the effect of the whole conditional statement will be
equivalent to that of a dummy statement,.

For further explanation the following picture may be
usdful

o t T

Blfalse B false T~

4.5.4. Go to into a conditional statement

The effect of a go to statement leading into a conditional
statement follows directly from the above explanation of
the effect, of else.

4.6. FOR STATEMENTS
4.6.1. Syntax

(for list element) : : = (arithmetic expression)|
(arithmetic expression) step (arithmetic expression) until
(arithmetic expression)|{arithmetic €xpression) while
(Boolean expression)

(for list) : : = (for list element)|(for list), (for list element)

(for clause) :: = for (variable) : = (for list) do
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(for statement) : . = (for clause){statement)|
(label): (for statement)

4.6.2. Examples

for ( := 1 step suntil N do A[q] : = Blq]

for K : = 1, V1X2 while V1<N do
for j = I+G L 1 step 1 until N, C+D do
Afk,j) L$)

46.3. Semantics
A for clause causes the statement S which it precedes to
be repeatedly executed zero or more times. In addition it
performs a sequence of assignments to its controlled
variable. The process may be visualized by means of the
following picture:
! L

Initialize ; test ; statement S ; advance ; successor

kel i o gy e i e e U U i G b e e o . P

for list exhausted

In this picture the word initialize means. perform the first
assignment of the for clause. Advance means: perform the
next assignment of the for clause. Test determines if the
last assignment has been done. If so, the execution con-
tinues with {he successor of the for statement. If not, the
statement following the for clause is executed.

4.6.4. The for list elements

The for list gives a rule for obt aining the values which
arc consecut ively assigned 1 o { he cont rolled variable. This
sequence of values is obtained from {he for list elements
by taking these one by one in the order in which they
are writ ten. The sequence of values generated by each of
the three species of for lisl clements and the corresponding
execut 1n of the statement 8§ are given by the following
rules:

4.6.4.1. Arit hmet ie expression. This clement gives rise
to one vilue, namely the value of the given arit hmetic
expression as caleulat ed immediat ely before | he corre-
sponding execut ion of the statement S.

4.6.4.2, Step-until-clement An clement f or the form
A step B until C, where A, B, and C, are arithmet ic expres-
sions, gives rise fo an exeeut jon Which may he deseribed
most coneisely in terms of addit ional ALcon statements
as follows:

V= A ;
L1:if (V=CO)X sign(13)>0 then go 10 Element exhausted;
Statement 8
= V4B
go to L1
where Vois 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-eclement
15 the last of the list, 1o the next statement in the program.
4.6.4.3. While-element. The exeeution governed by a
for list element of the form I while ¥, where I is an
arithmetic and F a Boolean expression, is most coneisely
deseribed 0 terms of additional Avcon statements as
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follows :

L3:V:=E
if =F then go to Element exhausted
Statement S ;
go to L3 ; o

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.
4.7.1.

PROCEDURE STATEMENTS

Syntax

{actual parameter) : . = (string)|(expression)|{array identifier)|
(switch identifier)|(procedure identifier)
(letter string) : : = (letter)|(letter string)(letter)
(parameter delimiter) :: m [(letter string):(
(actual parameter list) : : = (actual parameter)|
(act ual parameter list)(parameter delimiter)
(nct ual parameter)
(netual parameter part,) :
((nctual parameter |IS'[
{procedure statement) : . = (procedurc identificr)
(net unl parameter part)

= {empty)|

4.7.2. lixamples

Spur (A)Order: (M)Result to: (V)
Transpose (W,v41)
Absmax(A,N,M,Yy,[LK)
Innerproduct (Aft,P,ul,B{P],10,P,Y)

These examples correspond o cxnmples given in section
5.4.2,

4.i.3. Semantics

A procedure statement serves 10 invoke (call for) the
execut jon of” 4 procedure body (cf. sect ion 5.4. Procedure
Declarat ions). Where 1 he procedure body is a st at ement
writ ten in ALGOL the effeet of  his execution will be equiva-
lent to 1 he effeet of’ performing the following operations
on l lieprogram :

4.i.3.1. Value assignment (cdl by value)

All formal parameters quoted in 1 he value part of the
procedure declarat ion heading are assigned the values
(cf. seet ion 28, Values and Types) of the corresponding
act ual rreameters, 1 hese assignment s being considered as
being pnfm med (»\phut lv before entering { he procedure
bady. These formal parameters w i | | subsequent v be
I reat ed a8 local to 1 he procedure body.

4,7.3.2. Name replacement (eall by name)

Any forma purameter 1101 quoted in the value list
replaced, | hroughout | he procedure body, by { he corre:




_pnlullll“’ aelual parameter, albier ehelosing thts datter i
pare antheses wherever syntactically possible. Possible con-
flic'~ between identifiers inserted through this process and

identifiers already present within the procedure

Ot}lt T
pody will be wvoided by suitable xvstematic changes of the
formal or local identifiers involved.

4.7.3.3. Body replacement and exeeution

Finally the procedure body, modified as above, is
mserted in place of the procedure statement and executed.

1.7.4 Actual-formal correspondence

The correspondence between the actual parameters of
the procedure statement and the formal parameters of the
The aetual
parameter list of the procedure statement must have the
same number of entries as the formal parameter list of
the procedure declaration heading. The correspondence is
obtained by taking the entries of these two lists in the

pmvv(lm'v heading is established as follows:

same order.

4.7.5. Restrictions

For a procedure statement to be defined it is evidently
necessary that the operations on the procedure body de-
fined in sections 4.7.3.1 and 4.7.3.2 lead to a correct ALGown
statement.

This poses the restriction o any procedure statement
that the kind and type of euach actual parnmeter he com-
patible with the kind and type of t he corresponding formal
parameter. Some import ant particular cases of this gen-
eral rule are the folowing:

4.7.5.1. St rings ecannot occur as act ual parameters in
procecdure  statements  calling  procedure  declarations
having Avncou 60 statements us their bodies (cf. section
4.78). )

4.7.5.2. A forma parameter which occurs as a left part
variable in an assignment, statement, within the procedure
body and which is not, called by value can only correspond
to an actual parameter which is a variable (special case of
expression].

4.7.5.3. A forma parameter which is used within the
Procedure body as an array identifier can only corre-
spond to an actual parameter which is an array identifier
Jof an array of the ‘same dimensions. In addition if the
fiformal parameter is called by value the local array created
' ;tduring the call will have the same subscript bounds as

H o

§the actual array.

4 4.7.5.4. A formal parameter which is caled by value
‘tannot in general correspond to a switch identifier or a
. Procedure identifier, because these latter do not possess
values (the exception is the procedure identifier «f a pro-
spedure declaration which has an empty forma prrameter
phart (cf. section 5.4.1) and which defines the value of a
flmctlon designator (cf. section 5.4.4). This ‘procedure
fidentifier is in itself a complete expression).

:.4.75.5. Any forma parameter may have restrictions
;on the type of the corresponding actual parameter asso-
“ated with it (these restrictions may, or may not, be
EIVen through specifications in the procedure heading).

In the procedure statement sueh restrictions must evi-
dently be observed.

4.7.6. Nonlocal quantities of the body

A procedure statement written outside the scope of any
non-local quantity of the procedure body 13 undefined.

4.7.7. Parameter delimiters

All parameter delimiters are understood to be equiva-
lent. No correspoudence between the parameter delimiters
used in o procedure statement and those used in the pro-
cedure heading is expected bevond their number being the
same. Thus the information conveyed by using the elabo-
rate ones s entirely optional.

4.7.8. Procedure body expressed in code

The restrictions mmposed on a procedure statement
calling a procedure having tts body expressed in non-
Avrcor code evidently can only be derived from the charace-
teristics of the code used and the intent of the user and
thus fall outside the scope of the reference language.

5. Declarations

Declarat ions serve t 0 define certain propert jes of t he
iden tifiers of the program. :\ declarat ion for anident ifiet
is valid for one block. Outside this bloek t he part iculm
ident ifier may be used for ot her purposes (cf. seetion 4.1.3):

Dynamically this implies t he folowing: at the time of an
entry into a block (through the begin, since the labels
mside are local and t herefore inaceessible from out side)
all identifiers declared for t he block assume the signifi-
cance implied by { he nat ure of t he declarations given.
I f these identifiers had already been defined by other
declarations outside t hey are for t hc time being given a
new significance. [dent i fiers which are not declared for t he
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 statement) all identifiers which arc declared fo
the block lose their significance again.

A declaration may be marked with the additional
declarator own. This has the following effect: upon a
reentry 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. Apart from labels and formal parameters
of procedure declarations and with the possible exception
of those for standard functions (cf. sections 3.2.4 and
3.2.5), al identifiers of a program must be declared. No
identifier may be declared more than once in any one
block head.

Syntax.

(declaration) : : = (type declaration)|(array declaration)\
(switch declaration)|(procedure declaration)

5.1. TyPE DECLARATIONS
5.1.1. Syntax
(type list) : : = (simple variable)
(simple variable), (type list)
(type) :: = real]mteger\Boolean

(local or own type) = (type)jown (type)
(type declaration) : : = (local or own type){type list)
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512. Examples

integer p,q,s
own Boolean Acryl,n

51.3. Semantics

Type declarations serve to declare certain identifiers to
represent simple variables of a given type. Readl declared
variables may only assume positive or negative values
including zero. Integer declared variables may only assume
positive and negative integral values including zero.
Boolean declared variables may only assume the values
true and false. )

In arithmetic expressions any position which can be
occupired by a real declared variable may be occupied by
an integer declared variable.

For the semantics of own, see the fourth paragraph of
section 5 above.

52. ARRAY DECLARATIONS
5.2.1. Syntax

(lower bound) : : = (arithmetic expression)

(upper bound) :: = (arithmetic expression)

(bound pair) : : = (lower bound): (upper bound)

(bound pair list) :: = (bound pair)|(bound pair list),(bound pair)

(array segment) :: = (array identifier)[{bound pair list)]|
(array identifier),{array Ssegment)

(aray list) 1 @ = (array segment)i(arruy list),{array Segment)

(array de&ration) :: = array (array list)|{local or own type)
array (array list)

522. Examples

array @, b, ¢[7:n,2:m], s[—2:10]
own integer array Afif ¢<0 then 2 else 1:20]
real array q{—7:—1]
5.2.3. Semantics
An array declaration declares one or several ident ifiers
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.
5.2.3.1. Subscript bounds. The subscript bounds for
any array are given in the first subscript hracket following
tbe ident ifier of this array in the form of a bound pair list.
Each item of this list gives the lower and upper hound of 1
subscript in the form of two arithmet ic expressions sepa-
rat cd by the delimiter: The hound pair list gives the
bounds of all subscripts taken in order from left to right.
5.2.3.2. Dimensions. Thr dimensions are given as the
number of ent riesin 1 he bound pair lists.
5.2.3.3. Types. All arrays declared in one declarat ion
are of the same quot ed type. If no tvpe declarat or s
given the type real is underst ood.
5.2.4. Lower upper bound expressions
524.1. The expressions will he evaluated in the same
way as subseript expressions {(ef. sect ion 3.1.4.2).
5.2.4.2. The expressions can only depend on variables
and procedures which arc non-local to | he hlock for which
the array declarat jon is vaid. Consequent ly in t he out er-
most hlock of a program only array declarat jons with
constant bounds may be deelared.
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5.2.4.3. An array is defined only when the values of all
upper subscript boufids are not smaller than those of the
corresponding lower bounds. 5

524.4. The expressions will be evaluated once at
each entrance into the block.

5.25. The identity of subscripted variables

The identity of a subscripted variable is not, related to
the subscript bounds given in the array declaration. How.
ever, even if an array is declared own the values of the
corresponding subscripted variables will, a any time,
be defined only for those of these variables which have
subscripts within the most recently calculated subscript
bounds.

53. SwiTcH DECLARATIONS
53.1. Syntax
(switch list) : : = (designational expression)/

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

5.3.2. Examples

switch S : = 81,82,Q[m], if v> -5 then S3 else $4
switch Q = pl,w

5.3.3. Semantics

A switch declaration defines the values corresponding
to a switch identifier. These values are given one by one
as the values of the dcsignational expressions entered in
the switch list. With each of these designational expres-
sions there is associated a positive integer, 1, 2, ., Ob-
tained by counting the items in the list from left to right.
The value of the switch designator corresponding ¢ a
given valye of the subscript expression (cf. seetion 3.5.
Designational Expressions) is the value of the designa-
tional expression in the switch list, having this given value
as its associated integer.

5.34. Evauation of expressions in the switch list

An expression in the gwitch list will be evaluated every
time the it em of the list in which the expression occurs 1§
referred to, using the current valuyes of al variables
involved.

5.3.5. Influence of scopes.

Any reference to the value of a switch designator from
outside the scope of any quantity entering into the desig
nat ional expression for this part jcular value is undefined.

5.4. PROCEDURE DECLARATIONS
5.4.1. Syntax

(formal parameter) ::= (dentifier

(formal yuarameter list) 1= (formal parameter)|
{formal parameter hst){parameter dehmiter)
{formal purameter)

(formal parameter part) ::

(identifier listy o

(value part) ::

= (empty) | ({formal parameter list)
= (dentifieryiidentifier lis0),Gdentifier)
[{empty)

{specifiery 1= slring‘t(l)'])ﬂiurruy1<t‘\'p(‘>arruy}Iuhcl;swilch‘

=value(identifier list)

procedure ' {(tvpe)procedure
{(specification part> 1= (empty)idspecifieryGidentifier listy 1
apecification parO(specifierGdentifier hist

»




},rumwinru heading - 0= procedure wdentifier

formal parameter part: cvalue part «specification part
y’p[‘(v(‘(‘(lllr(‘ bodvy 11= tatement ceodes
rocedure deelaration: 11 =
procedure (procedure heading cprocedure body
itvpes procedure (procedure heading: (procedure hody

5.4.2. Examples (ree also the examples at the end of

the report).
procedure SpurtuOrder:(miResuft:(y 5 valuen

array i integern ; reals
begin integer k

si=0
for k 1= 1 step | until ndo = 1= 3 4+ afk ki
end

procedure Transpose()Order:(n) ; valuen
integern

integer 1, k

array a1
begin real w
for i := 1 step | until n do
for k : = l+4istep L until ndo
begin w ! = ali.k] ;
ali,kl = ajka}
alkd] 1= w
end
end Transpose

integer procedure Step (u) 5 rvealu
Step := if 0SuAusg! then [ else 0

procedure Absmax(a)size:(n,m) Result:(v)Subseripts:
G,k

comment The absolute greatest element of the matrix a,
of size n by m is transferred to v, and the sub-
scripts of this element to i and k

’

array o ; integern,m,i,k ; realy ;
begin integer p, q
yi=0 ;
for p := | step | until n do for q := 1 step 1 until
m do
if abs(alp,q])> vy then begin y:=abs(ulp,ql) ; i:=p ;
- =

end end Abnmas

procedure Innerproduct(a,b)Order:(k,p)Result:(y) ;
value Kk ;

integer kp;real vab,;

begin real y ;

s:=0

for p : = 1step luntil K dos:=g4+aXbh

yi=Ss

end Innerproduct

54.3. Semantics

A procedure declaration serves to define the procedure
associated with a procedure identifier. The principal con-
stituent of a procedure declaration is a statement or a
piece of code, the procedure body, which through the use
of procedure statements and/or function designators may
be activated from other parts of the block in the head of
which the procedure declaration appears. Associated with
the body is a heading, which specifies certain identifiers
occurring within the body to represent formal parameters.
Formal parameters in the procedure body will, whenever
, the procedure is activated (cf. section 3.2. Function

[ R F N T T e T R e e R T I PR P e
be assigned the vidues of or replaced by actual parameters.
Identifiers in the procedure body which are not formal
will be either local or non-loeal to the body depending on
whether they are deelared within the body or not. Those
of them which are nonlocal to the body may well be local
to the bloek in the head of which the procedure deelaration
appears,

5obob. Values of function designators

Tor a procedure declaration to define the value of a
function designator there must, within the procedure body,
occur an assignment of a value to the procedure identifier,
and in addition the type of this value must be declared
through the appearance of a type declarator as the very
first symbol of the procedure declaration.

Any other occurrence of the procedure identifier within
the procedure body denotes activation of the procedure.

5.4.5. Specifications

In the heading a specification part, giving information
about the kinds and types of the formal parameters by
means of an obvious notation, may be included. In this
part no formal parameter may occur more than once and
formal parameters called by name (cf. section 4.7.3.2)
may be omitted altogether.

5.4.6. Code as procedure body

It is understood that the procedure body may be ex-
pressed in non-ALcoL language. Since it is intended that
the use of this feature should be entirely a question of
hardware representation, no further rules concerning
this code language can be given within the reference
language.

Examples of Procedure Declarations:
ExampLE 1.

procedure euler (fct, sum, eps, tim) ; value eps, tim ;
integer tim ; real procedure fct ; real sum, eps ;
comment euler computes the sum of fet(i) for i from zero up lo
infinity by means of a suitably refined euler transformation. The
summation is stopped as soon as tim times in succession the abso-
lute value of the terms of the transformed series are found to be
less than eps. Hence, one should provide a function fct with one
integer argument, an upper bound eps, and an integer tim. The
output is the sum sum. euler is particularly efficient in the case
of a slowly convergent or divergent alternating series

begin integer i, Kk, n,t ; array m{0:15] ; real mn, mp, ds ;

it=n:=t:=0 ; mf0} ;= fct(0) ; sum : = m{0}/2
nextterm: i : = i+l ; mn : = fet() ;
for k: =0 step 1 until n do
begin mp := (mn+m(k])/2 ; mk] :=mn ;
mn :=mpendmeans ;
if (abs(mn)<abs(m{n]))A(n<15) then
begin ds : = mn/2 ; n = n+l ; min] :=
mn end accept
else dg: =mn ;
sum = sum + ds ;
if abs(ds) <eps then t := t+lelse t:=0 ;
if t<tim then goO to nextterm
end euler
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EXAMPLE 2.8 solution at xe. Important: the parameters n, FKT, ,

enter RKIST as nonloca entities
procedure RK(x,y,n,FKT,eps,eta,xE,yE,fi) ; value xy ;

begin
integer yy ; Boolean fi ; vreal x,eps,eta,xE ; array eray w{l:n], a[l:5] ; integer k,j;
YYE ; procedure FKT ; all] 1= al2) : = a[5] := h/2 ; af3):= al4] :1= h ;
comment : RK integrates the system yi'={,(X,y) Y2, ., Vyu) xe = X -
(k = 1,2,. ,n) of differential equations with the method of Runge- for K i= ]’ step 1 until n do yegk] := wik] : = ylk] ;
Kutta with automatic search for appropriate length of integration for j:= 1 step 1 until 4 do
step. Parameters are: The initial values x and ylk] for x and the un- begin
known functions yx (x). The order n of the sysem. The procedure FKT(xe,w,n,z) :
FKT(x,y,n,z) which represents the sysem to be integrated, i.e. * xei=x+alj]
the st of functions fk . The tolerance values eps and eta which for k ;= 1step luntil n do
govern the accuracy of the numerical integration. The end of the begin
integration interval xE. The output parameter yE which repre- wik] : = y[k]+a[j]XZ[k] :

sents the solution a x=xE. The Boolean variable fi, which must yelk] :
dways be given the vaue true for an isolated or first entry into

vefk]l + alj4+1)Xzlkl/3

end k
RK. If however the functions y must be available at severa mesh- end |
poInts Xo, X3, . ., Xn, then the procedure must be called repeat- end RKIST :
edly (with x=x, , XE=xy,, for k=0,1, ..., nl) and then the

Begin of program:
if fi then begin H:= XxE—x ;| §:=0 endelse H!=Hs;

later cals may occur with fi=false which saves computing time.
The input parameters of FKT must be x,y,n, the output parameter

out : = falee ;

z represents the set of dernivatives z[k]=1, (x,y(l], y2], - . - . yInD) AA: if (x+2.01XH—xE>0)=(H>0) then
for x and the actud y's. A procedure comp enters as a non-loca begin Hs = H ; out := true ; H := (xE-x)/2
identifier ; end if ;
begin RKIST (x,y,2XH,x1,v1) ;

array z,y%,y2,y3[1:n] i real x1,x2,x3,H ; Boolean out ; BB: RKIST (xy,H,x2,y2) ; RKIST(x2,y2,H,x3,y3) ;

integer k,j ; own real s,Hs ; for kK 1 =1 step 1 until n do

procedure RKIST(x,y,h,xe,ye): real x,h,xe ; array if comp(v1[k],v3k],eta)>eps then go to CC

y.ye

; ] ) comment : comp(a,b,c) is a function designator, the value
comment : RKIST integrates one single RUNGE-KUTTA of which is the absolute value of the difference of the

with initial values x,v[k] which yields the output mantissae of a and b, after the exponents of these
parameters xe=x+h und ve{k], the latter being the quantities huve been made equa to the largest of the ex-
ponents of the originally given parameters a,b,c

8 This RK-program contains some new ideas which are related X:=x3 if oul then go to DI ;
to ideas of S. GILL, A process for the step-by-step integrat ion of for k. =] step luntil ndo v[k]: = v3[k] ;
different iul equat ions in an aut omatic computing machine, Proc. if x=5then begins: =0 ;111 =2XHend i
Camb. Phil. Soc. Vol. 47 (1951) p. 96; and 1. FROBERG, On the 8 i=os+1 ;o ogo to A4
solutiono ¢ ordinadifferentinl equations wi t h digital com- cc: H 1 = 05XH ; out : = faulse ; xI : = x2 ;
puting machines, Fysiograf. Sdllsk. Lund, Farhd. 20 Ny, 1 1 (1950 for ki =1step luntilndoy!|k]: = v2[k} ;
p. 1X-152. It must be clear, however, that with respect to com- o lo BB
puting {ime and round-off errors it may not be optima, nor has it DD fork 1= 1 step 1 until n do vE[k] : = yv3[k]
actually been tested on 4 computer. end RK

ALPHABETIC INDEX OF DEFINITIONS OF CONCEPTS AND SYNTACTIC UNITS
All references gre given through section numbers. The references are given in three groups:

def Following 1 he abbreviat ion “def”, reference to { hr syntactic definition ar any) ix given.

synt Following the abbreviation “synt 7, references 10 Ihr oceurrences in metalinguistic formulae

are given. References already quoted jn Ihe def-group are not repeated.

lest Following 1 he word “{ext V. the references (o definitions given in thr text yre given.

The basic symbols represented by signs other than underlined words have been collected at the beginning.
Thr examples have been ignored in compiling the index.

+, see: plus e Nee: ten
- . Rxee: minus

X, see: multiply

see: colon

see: semicolon

S ;

[T e dIVId.e . 1=, xee: colon equal

.y see (’X])OHGHU&“OD ¥ see: space

<, . =,2,>,%F, see: (relational operator) ( ') . hos

=, D, V. A. =, see: (ogieal operator) o onee: ]).xrent~ 1eses

b SOC T COMMA [ ], =ee:subseript bracket
see: decimal point ¢, see:string quote
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ol parameter,  def 3220, 4.7 (for list element , defl 4.6.1 text 4.6.4.1, 4.6.4.2, 1 6.4.3

act’
:'a('ln:ll parameter st def 3.2.0,4.7.1 formal parametery, detf 5.4.1 text 3.4.3
getual parameter party, def 3.2.1. 471 (formal parameter list) def 3.4.1
adding operatory, detf 3351 (formal parameter party, def 5.4.1
alphabet. text 2.1 (for statementy, def 46,1 <vnt L L1, 451 text 4.6 (complete sec.
arithnw(iv, text 3.3.6 tion)
\;,rithmmic expression), def 3.3.1 synt 3, 3.1.1, 3.3.1, 3.4.1, 4.2.1, {function designator, def 3.2.0 synt 3.3.1, 341 text 3.2.3, 5.4.4
161, 320 text 3.3.3
mrithmpti(' operator), def 2.3 text 3.3.4 o to, syvnt 2.3, 43,1
array, synt 23521 541 (go to statement), def 43,1 <vnt +.4.1 text 4 3.3
"array, text 3140
array declaration), def 52,1 synt 5 text 5.2.3 (identifiers, def 2.4.1synt 3,01, 32,1, 3.5.1,5.4.1 text 2.4.3
ey identifiery, def 3.0 Lsynt 32,1, 4.7.1, 52,1 text 2.8 (identifier list), def 5.4.1
rray liso, def 5.2.1 if, seat 2033, 451
(array segment), def 5.2.1 (if clauser, def 3.3.1,4.5.1 synt 3.4.1, 3.5.1 text 3.3.3,4.5.3.2
{ssignment statementy, def 4.2.0synt 4. 1.1 text |, 423 (if statement), def 4.5.t toxt 4.5.3.1
(bas_ic statement), def 4.1.1 svnt +.5.1 <:Ti)gl:et-m:?:1t(12m:’>i;lll test 5.1.3
(pasic symboD, def 2 (integer). def 2.5.1 text 2.5.4
begin, synt 2.3, 4.1 .1
%block), def 4.1.1 S}’HY 4.5.1 test |, 4.1.3, 3 lubel, s)'nt -3.3‘ 5.4.1
block heud), tlef +.1..1 (Iabel), def 3.5.1 synt 4.1.1, 45.1,4.6.1test 1 4.1.3
Boolean, synt 2.3, 5.t.1test 5.1.:: (left part),clet 421 ’
AN exprossi 341 sy 3.1, 42.1,45.1, 6.1 text pary = e
(BOnle.m.n expression), def 3.4 Lsvat 3, 3.3.1, 42.1, ) (left part list), def +.2.1
BAs . (letter), def 2.1 synt 2.2.4.1,3.2.1, 4i.1
{Boolean factor), def {41 (letter string), def 3.2.1, 4.7.1
{Boulean primary), def 5.?.[ loeal; test +.1.3
(B(mlezm semn(l:trw: def 341 (|oca| or own C\'[)C), clef 5'1718.\,“"5.2_1
(Booleun term)’ (le_f 341 (logieal operator), def 2.3 xvnt 3.4.1 test 3.4.5
(bound pair), tlcf 5.2.1 (logical value), def 222 cvnt % 3.4.1
Aty 5 al vy , 222 wynt 2, 3.4,
(bound pair list), def 5.2.1 (lower hound), def 5.2.1test 52 4

(bracket), def 2.3

(code), svnt 5.4.1 test +.7.8,5.4.6
colon 1, synt 2.3, 3.2.1, 111, 4.5.1, 4.6.1, 4.7.1,52.1

minus = , synt 2.3 2.5.1, 3.3.1test 3.3.4.1
multiply X | synt 2.3, 33,1 text 3.3.4.1
(multiplving operator), def 3.3.1

colon equal =, synt 2.3, +2.1, 4.6.1, 5.3.1
comms , , synto 3 3.0.0,3.2.0,46.1,47.1,5.1.4,52.1,53.1, nonlocal. test 4. 1.3
5.4.1 al, Sl
comment, synt 2.3 (number), def 2.5.1 test 2.5.3, 2.5.4
comment convention, text 2.3 :
' . open s def 2.6.1
» (compound statement), def 4.1 1 synt 4.5.1 text 1 EO[?GI’S[OI;””(;?’ 93
(compound tail), def 4.1.1 own, gt 23, 511 text 5 525
(conditional statement), def 4.5.1 synt 4.1.1 text 4.5.3
. . (parnmeter delimiter), def 3.2.1, 4.i.l synt 5.4.1 text4.7.7
(decimal fraction), def 2.5.1
(decimal number), def 2.5.1 text 2.5.3 pare;;gezses(),synt 23,321,331,34.1,35.1,47.1,54.1test
decimal point . synt 2.3, 2.5.1 +
(declaration), def 5 synt 4.1.1 text |, 5 (complete section) F()lpursimary’) g:jnéf 23331251 331 ted 3341
’ (declarator), def 2.3 procedure, synt 2.3, 5.4.1

(delimiter), def 2.3 synt 2 rocedure bodv). def 541
(designational expresson), def 351 synt 3,43.1, 531 test 353 Egrocedure decl};)r‘ation), def 5.4.1 synt 5 text 5.4.3

(digit), def 221 synt 2 241, 251 (procedure heading), def 5.4.1 text 5.4.3

dimension, text 5.2.3.2 " (procedure identifier) def 321 syt 321 471, 541 tet 4754
divide +, 83t 331 text 33.42 (procedure statement), def 4.7.1 synt 4.1.1 text 4.i.3

do. synt 2.3, 4.6.1
' program, text 1
(dummy statement), def 4.4.1 synt 4.1.1 text 4.4.3 (proper string), def 2.6.1

dee, synt 23, 331, 341, 351 451 text 4532 ;

(empty), def 11 synt 261 321 4 41 471 541 quantity, text 2.7

end, synt 2.3, 4.1.1 real, synt 2.3, 5.1.1 text 5.1.3
entier, text 3.2.5 (relation), def 3.4.1 text 3.4.5
exponentiation 7, synt 2.3,3.3.1 text 3.3.4.3 (relational operator), def 2.3, 3.4.1
(exponent part), def 2.5.1 text 2.5.3

(expression), def 3 synt 3.2.1, 4.7.1 text 3 (complete section) scope, text 2.7

semicolon ; , synt 2.3, 411, 541
(factor), def 3.3.1 (separator), def 2.3
false, synt 2.2.2 (sequential operator), def 2.3
for, synt 2.3, 4.6.1 (simple arithmetic expression), def 3.3.1 text 3.3.3
(for clause), def 461 text 463 (simple Boolean), def 3.4.1
(for list), def 461 text 464 (simple designational expression), def 3.5.1
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(simple variable), def 3.1.1 synt 5.1.1 text 2.4.3
space ¥ , synt 2.3 text 2.3,2.6.3

(specification part), def 5.4.1 text 5.4.5
(specificator), def 2.3

(specifier), def 54.1

standard function, text 3.2.4, 3.2.5

(statement), def 4.1.1, synt 4.5.1, 4.6.1, 5.4.1 text 4 (complete sec-

tion)
statement bracket, see: begin end
step, synt 2.3, 4.6.1 text 4.6.4.2
string, synt 2.3, 5.4.1
(string), def 2.6.1 synt 3.2.1, 4.7.1 text 2.6.3
string quotes ‘', synt 2,3, 2.6.1, text 2.6.3
subscript, text 3.1.4.1
subscript bound, text 5.2.3.1
subscript bracket [ ], synt 2.3, 3.1.1, 3.5.1, 5.2.1
(subscripted variable), def 3.1.1 text 3.1.4.1
(subscript expression), def 3.1.1 synt 3.5.1
(subscript list), def 3.1.1
successor, text 4
switch, synt 2.3, 5.3.1, 5.4.1
(switch declaration), def 5.3.1 synt 5 text 5.3.3
(switch designator), def 3.5.1 text 3.5.3
(switch identifier), def 3.5.1 synt 3.2.1, 4.7.1, 5.3.1
(switch list), def 5.3.1

(term), def 3.3.1

ten 1, synt 2.3, 2.5.1

then, synt 2.3, 3.3.1, 4.5.1

transfer function, text 3.2.5

true, synt 2.2.2

(type), def 5.1.1 synt 5.4.1 text 2.8

(type declaration), def 5.1.1 synt 5 text 5.1.3
{type list), def 5.1.1

(unconditional statement), def 4.1.1, 4.5.1
(unlabelled basic statement), def 4.1.1
(unlabelled block), def 4.1.1

(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

END OF THE REPORT

[Tore: Reproduction of this Report for any purpose is
explicitly permitted; reference should be made to this
issue of the communications as the source. Orders fo
reprints of this Report may he placed until June 30, 1 900
directly with the printer of Communications.]
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