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INTERNATIONAL STANDARD

ISO

1538-1984 (E)

Programming Languages — ALGOL 60

0 Introduction

In this Intefnational Standard consistent use is made of
ALGOL 60 15 the name of the language, rather than just

ALGOL, ino

completely
language de

der to avoid confusion with ALGOL 68 which is a
ifferent language. It is recommended that the
fined in this International Standard be referred to

as STANDARD ALGOL 60.

Whenever tHe name ALGOL is used in this International Stan-

dard it is to

mean ALGOL 60, not ALGOL 68, unless it is clear

from the corjtext that no specific language is indicated.

1 Scope and field of application

This international Standard defines the algorithmi¢ program-
ming langugge ALGOL 60. lts purpose is to facilitate inter-

change and

promote portability of ALGOL 60\programs be-

tween data processing systems.

ALGOL 60 ig intended for expressing a large class of numerical
processes in a form sufficiently concise for direct automatic
translation into the language of(programmed automatic com-

puters.

This International Standard specifies:

a) the syntax and semantics of ALGOL 60;

b) char

o

d) requirements and rules for.éxecuting
actual data processing system:

2 Reference

ISO/TR 1672,<Hardware representation of AL

programs on an

GOL basic sym-

bols in the ISO 7-bit coded character set for information pro-

cessing intérchange.

3 “Definitions

For the purpose of this International Standard the following

definitions apply:

3.1 valid program: A text written in

the ALGOL 60

language that conforms to the rules for a program defined in

this International Standard.

3.2 non-valid program: A text that does n
was intended to be a program.

bt conform, but

3.3 processor: A compiler, translator or intdrpreter, in com-
bination with a data processing system, that| accepts an in-

tended program, transcribed in a form that can

be processed by

that data processing system, reports whether the intended pro-

gram is valid or not, and if valid executes it,
requested.

if that is being

b rd " . Al OOV QN ol
CICTISULS UT Pruygraitio WITUCTH ITT ALJIUL UU, alid

of implementations of that language, required for confor-
mance to this International Standard.

This International Standard does not specify:

a) results of processes or other issues, that are, explicitly,
left undefined or said to be undefined;

b} ques
subject o
tation;

tions of hardware representation {these may be the
f another International Standard), or of implemen-

c) the way non-valid programs are to be rejected, and how
this will be reported;

3.4
ments that describe

implementation: A processor, accompanied with docu-

a) its purpose, and the environment (hardware and soft-

ware) in which it will work;

b) its intended properties, including

— the particular hardware
language, as chosen;

representation of the

— the actions taken, when results or issues occur that

are undefined in this International S

— conventions for issues said to be
implementation;

tandard;

a question of
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¢) with regard to the implemented language, all dif-
ferences from, restrictions to, or extensions to the language
defined in this International Standard;

d) its logical structure;

e) the way to put it into use.

3.5 conforming implementation: An implementation con-
forming to this International Standard by accepting valid pro-
grams as being valid, by rejecting non-valid programs as being

4.3 Extensions

An implementation that allows for extensions in the im-
plemented language is considered to conform to this Interna-
tional Standard, notwithstanding 4.1, if

a) it would conform when the extensions were omitted;

b} the extensions are clearly described with the implemen-
tation;

c) while accepting programs that are non-valid according

non-valid and by exgeuting-valid-programs-in-accordance with

the given rules.

3.6 implemented language: The version of the language
as defined by the implementation.

3.7 conforming [language version: A version of the
language, defined Hy a conforming implementation that

a) does not contain any rule conflicting with those defined
in this International Standard;

b) does not coptain any rule not provided for in this Inter-

national Standar
tentionally and ¢
otherwise being

d, except such rules as, either said to be in-
explicitly a question of implementation, or
outside the scope of this International

Standard.

3.8 extension: A rule in the implemented language that
a) is not givenl|in this International Standard;

b} does not calise any ambiguity when added to this Inter-
national Standaid (but may serve to remove a restriction);

c) is within thg scope of this International, Standard.

4 Conformange

4.1 Requirements

Conformance to th]s International Standard requires

to the rules given in clause 6 of this International Standard,
it provides means for indicating which part, or.\pdrts, of a
program would have led to its rejection, had'no extension
been allowed.

Valid programs using extensions shall\be described gs “’con-

0"

forming to 1ISO 1538 but for the following indicated parts”.

4.4 Subsets

Conformance to a subsét specified in this International Stan-
dard means conforgiance to the subset rules as if they were the
only rules in thelanguage.

b Tests

Whether an implementation is a conforming implementation or
the' implemented language is a conforming languag¢ version
may be decided by a sequence of test programs. If thgre is any
uncertainty or doubt regarding acceptance of these pgrograms
then the conclusions drawn from the actual behaviofir of the
processor will prevail over those derived from its accompanying
documents.

6 Description of the reference language

The detailed description of the reference language givg¢n herein
reproduces, without modification, the text taken from the
Modified Report (see the foreword), the contents of which are
the following:

1 Structure of the language

1.1 Formalism for syntactic description

a) for a program, that it shall be a valid program;

b) for an implementation, that it shall be a conforming im-
piementation;

c) for the implemented language, that it shall be a con-
forming language version.

4.2 Quantitative restrictions

The requirements specified in 4.1 shall allow for quantitative
restrictions to rules stated or implied as having no such restric-
tion in this International Standard, but only if they are fully
described in the documents with the implementation.

2 Basic symbols, identifiers, numbers, and strings. Basic
concepts

2.1 Letters

2.2 Digits and logical values

2.3 Delimiters

2.4 |dentifiers

2.5 Numbers

2.6 Strings

2.7 Quantities, kinds and scopes

2.8 Values and types
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3 Expressions
3.1
3.2
33
34
35

Variables

Function designators
Arithmetic expressions
Boolean expressions
Designational expressions

4 Statements

ISO 1538-1984 (E)

1. Structure of the language

The algorithmic language has two different kinds of representation—
reference and hardware—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 other repre-
sentations may differ. Structure and content must be the same for all

representations.

Reference language
1. It is the defining language.

uilders.

nforced by the

4.1 Compound statements and blocks 2. The characters are determined by ease of mutual understanding
42 Assign and not h.v any computer limitations, coder's notation, or pure
mathematical notation.
4.3 Go to statements 3. It is the basic reference and guide for compiletr” b
4.4 Dummy [statements 4. It is the guide for all hardware representations.
4.5 Conditiopal statements Hardware representations
4.6 For statgments Ea;h one of these‘:
1.is a condensation of the reference language ¢
4.7 Procedufe statements limited number of characters on standard input

5 Declarations
5.1
5.2
5.3
5.4

Type deglarations
Array declarations
Switch declarations
Procedufe declarations

Appendix 1 —+ Subsets

Appendix 2 & The environmental block
Bibliography

Alphabetic index of definitions of concepts and syntactic'units

2. uses the character set of apatticular computer an
accepted by a translator<for that computer;

quipment;
1 is the language

3. must be accompanied by)a special set of rules for {ransliterating to

or from reference-language.
It should be particularly noted that througho

the reference

language underlining in typescript or manuscript, or|boldface type in

printed copy, is'used to represent certain basic sym

Is (see Sections

2.2.2 and 2.3). These are understood to have no|relation to the

individual<letters of which they are composed.
language*underlining or boldface is used for no otH
Thépurpose of the algorithmic language is to d
tational processes. The basic concept used for th
calculating rules is the well-known arithmetic expre
as constituents numbers, variables, and functio
expressions are compounded, by applying rule
composition, self-contained units of the language—s
—called assignment statements,

To show the flow of computational processes, ce
metic statements and statement clauses are add
describe, e.g. alternatives, or iterative repetitiong
statements. Since it is sometimes necessary for the f

the reference
er purpose.
escribe compu-
b description of
sion containing
hs. From such

of arithmetic
xplicit formulae

Ftain non-arith-
ed which may

of computing
inction of these

statements that one statement refers to another, stafements may be

provided with labels. A sequence of statements 1
between the statement brackets begin and end to fo
statement.

Statements are supported by declarations which arg
computing instructions, but inform the translator
and certain properties of objects appearing in statem|
class of numbers taken on as values by a variable, t
an array of numbers, or even the set of rules definif
sequence of declarations followed by a sequence of

ay be enclosed
m a compound

not themseives
pf the existence
Ents, such as the
ne dimension of
g a function. A
statements and

enclosed between begin and end constitutes a blog

k. Every decla-

ration appears in a block in this way and is valid only for that block.

A program is a block or a compound statement that is contained
only within a fictitious block (always assumed to be present and
called the environmental block), and that makes no use of statements
or declarations not contained within itself, except that it may invoke
such procedure identifiers and function designators as may be
assumed to be declared in the environmental block.

The environmental block contains procedure declarations of
standard functions, input and output operations, and possibly other


https://standardsiso.com/api/?name=0b4a00c956ae524ec5681b728041949b

1SO 1538-1984 (E)

operations to be made available without declaration within the
program,. It also contains the fictitious declaration, and initialisation,
of own variables (see Section 5).

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

Whenever the precision of arithmetic is stated as being in general
not specified, or the outcome of a certain process is left undefined or
said to be undefined, this is to be interpreted in the sense that a
program only fully defines a computational process if the accom-
panying information specifies the precision assumed, the kind of
arithmetic assumed, and the course of action to be taken in all such
cases as may occur during the execution of the computation.

1.1. Formalism for syntactic description
The syntax will be described with the aid of metalinguistic formulae
(Backus, 1959). Their interpretation is best explained by an example:

<ab) 1= (| [|<ab)(|<ab){d)>

The logical values have a fixed obvious meaning.

2.3. Delimiters
{delimiter) ::= {operator)|{separator)|(bracket)|{declarator)|

{specificator)

{operator) ::= {arithmetic operator)|{relational operator)|
{logical operator)|<{sequential operator)>

arithmetic operatory ::= +|—{x |/| |}

(relational operator) := <|<|=|z|>|#

(logical operator) ::= =|s|A V|7

{sequential operator) ::= go tolif|then|else|for|do

{separator) ::= ,|.]10]:|;|: = |step|until|while|comment

(bracket) ::= (D|[11|"]"|begin|end

{declarator) ::= own|Boolean|integer|real|array|switch|procedure

{specificator) ::= string|label|value
Delimiters have a fixed meaning which for the most part is obvious
or else will be given at the appropriate place in the sequel.

Sequences of chdracters enclosed in the brackets (> represent
metalinguistic varipbles whose values are sequences of symbols. The
marks ::= and | {the latter with the meaning of ‘or’) are metalin-
guistic connectives. Any mark in a formula, which is not a variable
or a connective, denotes itself (or the class of marks which are
similar to it). Juxtaposition of marks and/or variables in a formula
signifies juxtaposition of the sequences denoted. Thus the formula
above gives a recursive rule for the formation of values of the vari-
able {ab). It indidates that {ab) may have the value ( or [ or that
given some legitimate value of {ab), another may be formed by
following it with the character ( or by following it with some value
of the variable {d}}. If the values of {d) are the decimal digits, some
values of {ab) are
(a3
(12345(

(«(

[86

In order to facilitdte the study, the symbols used for distinguishing
the metalinguistic yariables (i.e. the sequences of characters appear-
ing within the bratkets (> as ab in the above example) have been
chosen to be words describing approximately the nature of the
corresponding varjable. Where words which have appeared in this
manner are used elsewhere in the text they will refer to the corres-
ponding syntactic definition. In addition some formulae have-been
given in more than one place.

Definition:
{empty) ::=
(i.e. the null string| of symbols).

2. Basic symbols, identifiers, numbers, and strings. Basic concepts
The reference langfiage is built up fromrthe following basic symbols:
(basic symbol) :: 3 (letter)|{digit>|(logical vatue)|{delimiter)

2.1. Letters .

letter) ::= alblc|dle| flelhlilj|k\lIm]njo| plg\r|s|t|ulviw|x|y|z
|A|B|CIDIEIE|GIH|IIJ|K|LIM|N|O|PIQIR|S|TIU|V|W|
X|Y|

This alphabet may arbitrarily be restricted, or extended with any

other distinctive character (i.e. character not coinciding with any

digit, logical value or delimiter).

Letters do not have individual meaning. Thtey are used for forming
identifiers and strings (see Sections 2.4 Identifiers, 2.6 Strings).
Within this report the letters (from an extended alphabet) I, 6, 2
and {2 are sometimes used and are understood as not being available
to the programmer. If an extended alphabet is in use, that does
include any of these letters, then their uses within this report must be
systematically changed to other letters that the extended alphabet
does not include.

2.2, Digits and logical values

2.2.1. Digits

{digit) ::= 0]1|2|3|4|5|6|7|8|9

Digits are used for forming numbers, identifiers, and strings.

2.2.2. Logical values
(logical value) ::= truelfalse

4

Typographical features such as blank space or,cHange to a new line
have no significance in the reference.language. THey may, however,
be used freely for facilitating reading.

For the purpose of including text among the symibols of a program
the following ‘comment’ conventions.hoid:
The sequence
;comment {any sequence of zero 'or ‘more

characters not containing ;; ;
begin comment <{any sequence, of zero

or more characters not containing ;>;
end {any sequence of zero or more basic

symbols not containing end or else or ;) end
By equivalence isthere meant that any of the thregq structures shown
in the left hand‘column may be replaced, in any ocgurrence outside of
strings, by the. symbol shown on the same line |in the right hand
column without any effect on the action of the prdgram. It is further
understood that the comment structure encounte‘;lil first in the text
when‘reading from left to right has precedence |in being replaced
over later structures contained in the sequence.

is equivalent to

begitr’

2.4. Identifiers
2.4.1. Syntax
{identifier) ::= (letter)|{identifier »letter>|<identifier > digit)

2.4.2. Examples

q

Soup

V1la
a34kTMNs
MARILYN

g

2.4.3. Semantics
Identifiers have no inherent meaning, but serve fox the identification
of simple variables, arrays, labels, switches, and |procedures. They
may be chosen freely. Identifiers also act as formpal parameters of
procedures, in which capacity they may represen any of the above
entities, or a string.

The same identifier cannot be used to den¢gte two different
quantities except when these quantities have disjoint scopes as
1on 2.7 Quantities,
kinds and scopes and Section 5 Declarations). This rule applies also
to the formal parameters of procedures, whether representing a
quantity or a string.

2.5. Numbers
2.5.1. Syntax
Cunsigned integer) ::= {digit>|<{unsigned integer>{digit)>
{integer) ::= (unsigned integer>|+ {unsigned integer)>
| —<{unsigned integer>

{decimal fraction) ::= .{unsigned integer)

{exponent part) ::= 1¢{integer>

{decimal number) ::= {unsigned integer>|{decimal fraction)
|Cunsigned integer){decimal fraction)

{unsigned number) ::= {decimal number)|{exponent part)

I{decimal number)>{exponent part)
= {unsigned number)|+ {unsigned number)
| —<unsigned number)

{number) ::
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2.5.2. Examples

0 —200.084 —.08310—02
177 +07.43108 —107
.5384 9.3410+10 10—4
+0.7300 210—4 +10+5

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

2.5.4. Types

ISO 1538-1984 (E)

expressions. Constituents of these expressions, except for certain
delimiters, are logical values, numbers, variables, function desig-
nators, labels, switch designators, and elementary arithmetic,
relational, logical, and sequential operators. Since the syntactic
definition of both variables and function designators contains
expressions, the definition of expressions, and their constituents, is
necessarily recursive.

{expression) :: = {arithmetic expression)|{Boolean expression)

|{designational expression)

3.1. Variables

Integers are of integer type. All other numbers are of real type (see 3.1.1. Syntax
Section 5.1 Type declarations). {variable identifier) ::= (identifier)
{simple variable) ::= {variable identifier)
2.6. Strings {subscript expression) ::= {arithmetic expression>
2.6.1. Syntax {subscript list) ::= (subscript expression)|{subscript list),
{proper string) ::= {any sequence of characters not containing <su!)lscrip‘£ expression)
TULTILITIND

T >[<EmpLy
{open string) ::= {prpper string)
|[{proper string){closed string>{open string)
{closed string) ::= "open string)”
{string) ::= {closed s}ring)|{closed string>{string)

2.6.2. Examples
rsk , - r[[[r /\ =/:1Tt'|ﬂ
O, This—is—a."string""

N "This—is_all”

" _one._string”

2.6.3. Semantics
In order to enable th¢ language to handle sequences of characters
the string quotes " angl ' are introduced.

The characters available within a string are a question of hardware

representation, and flirther rules are not given in the reference
language. However, it|is recommended that visible characters, other

than . and ”/, should

represent themselves, while invisible characters

other than space should not occur within a string. To conform with

ISO/TR 1672, a sp

e may stand for itself, although in this

document the charactér «o is used to represent a space.
To allow invisible, of other exceptional characters to be used, they
are represented within either matching string quotes or a matched

‘r

pair of the '* symbo

. The rules within such an inner strifg,are

unspecified, so if such an escape mechanism is used a comment is
necessary to explain the meaning of the escape sequence.
A string of the form| {closed string){string> behaves as if it were

the string formed by

ieleting the closing string quote-of the closed

string and the opening string quote of the following string (together
with any layout characters between them).

_ings are used as dctual parameters of -procedures (see Sections
ﬁ Function designatprs and 4.7 Procedure/statements).

2.7. Quantities, kinds

ind scopes

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

The scope of a quan

ity is the'set of statements and expressions in

which the declaration|of the identifier associated with that quantity

is valid. For labels se¢ Séction 4.1.3.

array derntifrery——
{subscripted variable) ::= {array identiﬁer}[(subscxlipt list))
{variable) ::= {simple variable)|(subscripted-variabjle>

3.1.2. Examples
epsilon
detA
all
017, 2]
x [sin(n,x\pi/2), Q[3, n, 4]1]

3.1.3. Semantics
A variable is a designation given to a single value. This value may be
used in expressionsfor forming other values and may be changed at
will by means of\assignment statements (see Section|4.2). The type
of the value of @ particular variable is defined in the declaration for
the variable)itself (see Section 5.1 Type declarations) or for the
corresponding array identifier (see Section 5.2 Array declarations).

3:1(4) Subscripts
3.1.4.1. Subscripted variables designate values which are com-
ponents of multidimensional arrays (see Section 5.p Array decla-
rations). Each 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 {n the subscript
brackets []. The array component referred to by a subscripted
variable is specified by the actual numerical value df its subscripts
(see Section 3.3 Arithmetic expressions).

3.1.4.2. Each subscript position acts like a variable |of integer type
and the evaluation of the subscript is understood to Qe equivalent to
an assignment to this fictitious variable (see Section 4{2.4). The value
of the subscripted variable is defined only if the value pf the subscript
expression is within the subscript bounds of the arrpy (see Section
5.2 Array declarations).

3.1.5. Initial values of variables
The value of a variable, not declared own, is undefihed from entry
into the block in which it is declared until an assignrent is made to
it. The value of a variable declared own is zero (if arithmetic) or false

2.8. Values and types

A value is an ordered set of numbers (special case: a single number),
an ordered set of logical values (special case: a single logical value),
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 constituents are defined in
Section 3. The value of an array identifier is the ordered set of values
of the corresponding array of subscripted variables (see Section
3.1.4.1).

The various types (integer, real, Boolean) basically denote pro-
perties 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

(if Boolean) on first entry to the block in which it is declared. On
subsequent entries it has the same value as at the preceding exit from
the block.

3.2. Function designators

3.2.1. Syntax
{procedure identifier) ::= {identifier)
{actual parameter) ::= {string)|{expression)

|[€array identifier>|{switch identifier)

|¢procedure identifier)
(letter string) :: = (letter)|(letter string){letter)
{parameter delimiter) ::= ,|)letter string) :(
{actual parameter list) ::= {actual parameter)

|Cactual parameter list)

{parameter delimiter>{actual parameter)
{actual parameter part) ::= {empty>|({actual parameter list))
{function designator) ::= {(procedure identifier)

{actual parameter part)

5
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3.2.2. Examples

sin(a — b)
J(v + 5, n)
R

S(s — S)Temperature .(T)Pressure:(P)
Compile (":=")Stack :(Q)

3.2.3. Semantics

Function designators define single numerical or logical values which
result through the application of given sets of rules defined by a
procedure declaration (see Section 5.4 Procedure declarations) to
fixed sets of actual parameters. The rules governing specification of
actual parameters are given in Section 4.7 Procedure statements.
Not every procedure declaration defines rules for determining the
value of a function designator.

3.2.4. Standard functions and procedures

In the case of*simple arithmetic expressions this value is obtained by
executing the indicated arithmetic operations on the actual numericai
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 it is the current value
(assigned last in the dynamic sense), and for function designators it
is the value arising from the computing rules defining the procedure
(see Section 5.4.4 Values of function designators) when applied to
the current values of the procedure parameters given in the expres-
sion. Finally, for arithmetic expressions enclosed in parentheses the
value must through a recursive analysis be expressed in terms of the
values of primaries of the other three kinds.

In the more general arithmetic expressions, which include if clauses,
one out of several simple arithmetic expressions is selected on the
basis of the actual values of the Boolean expressions (see Section
3.4 Boolean expressions). This selection is made as follows: The
Boolean expressions of the if clauses are evaluated one by one in

Certain standard functions and procedures are declared in the
environmental blogk with the following procedure identifiers:
abs, iabs, sign, entier, sqrt, sin, cos, arctan, In, exp, inchar, outchar,
length, outstring] outterminator, stop, fault, ininteger, outinteger,
inreal, outreal, maxreal, minreal, maxint and epsilon.
For details of thesg functions and procedures, see the specification
of the environmental block given as Appendix 2.

3.3. Arithmetic expressions

sequenee-fromieft-toright-unti-ene-having-the-value true is found.

The value of the arithmetic expression is then thg value of the first
arithmetic expression following this Boolean (the Jongest arithmetic
expression found in this position is understood). If none of the
Boolean expressions has the value true, then sFhe value of the
arithmetic expression is the value ofthe expression following the
final else.

The order of evaluation of primaries within an
defined. If different orders-of.evaluation would
results, due to the action of side effects of function

expression is not
produce differe—
designators, the. -

3.3.1. Syntax

{adding operator)|::

{primary) ::= {(u
I<fi
{factor) ::= {pri
{term) ::= {factos
{simple arithmetic
{term)|{simple
(if clause) ::= if
{arithmetic express
|<if clause

signed number)|{variable)

nction designator)|({arithmetic expression)
ary)|(factor>4{primary}

> term)>{multiplying operator){factor)
expression) ::= (term)i{adding operator)
rithmetic expression){adding operator){term)
Boolean expression) then

ion) ::= {(simple arithmetic expression)
>(simple arithmetic expression) else

the program is undefined:

In evaluating an arithmetic expression, it is undefstood that all the
primaries within that expression are evaluated, except those within
any arithmetic€xpression that is governed by an| if clause but not
selected by it In the special case where an exi{ is made from a
function designator by means of a go to statement (see Section
5.4.4), the evaluation of the expression is abandongd, when the go to
statement is executed.

3:3.4. Operators and types
Apart from the Boolean expressions of if clauses, fhe constituents of

{arithmetic expression}

3.3.2. Examples
Primaries:
7.394,0—8

sum

wli + 2, 8]
cos(y + z x 3)
(a — 3/y + vulB)

Factors:
omega

sumfcos(y + z x §)
7.39410—8%wli + 1, 8]1(a — 3/p~t vul8)

Terms:
U
omega x sumtcos(py & z.x 3)/7.39410—8

twli + 2, 81(a — 3/y + vul8)

- following rules:

simple arithmetic expressions must be of real or
Section 5.1 Type declarations). The meaning of t}
and the types of the expressions to which they lea

3.3.4.1. The operators +, —, and x have the con
(addition, subtraction, and multiplication). The t
sion will be integer if both of the operands arg
otherwise real.

3.3.4.2. The operations {term)/{factor) and
both denote division. The operations are undefine
the value zero, but are otherwise to be understood §
of the term by the reciprocal of the factor with
rules of precedence (see Section 3.3.5). Thus for ¢

aflb x 7/(p —q) X v/s
means

integer types (see
e basic operators
 are given by the

lentional meaning
pe of the expres-
of integer type,

term) -+ {factorr"
4 if the factor has
is a multiplication
Hue regard to the
xample

ko (s71) .

((((ax 1)) x 7) x ((p — q)7)) x v)

Simple arithmetic expression:
U — Yu + omega x sumtcos(y + z x 3)/7.39410—8
twli + 2, 81M(a — 3/y + vul8)

Arithmetic expressions:

wx u— QS + Ci)t2

ifg>O0then S+ 3 x Q/delse2 x S+ 3 xgq

ifa<Othen U+ Velseifa x b > 17 then U/V
else if K # y then V/U else O

a x sin(omega x t)

0.571012 x a[N x (N — 1)/2,0]

(A x arctan(y) + Z)}(T + Q)

ifgthenn — 1 else n

if a < O then 4/B else if 6 = 0 then B/A4 else z

3.3.3. Semantics
An arithmetic expression is a rule for computing a numerical value.

6

Theoperator/isdefined foratt fourcombimations

of real and integer

types and will yield results of real type in any case. The operator +
is defined only for two operands both of integer type and will yield
a result of integer type. If a and b are of integer type, then the value
of a + b is given by the function:
integer procedure div(a, b); value a, b;
integer a, b;
if b = O then
Sfault(“divi_by__zero”, a)
else
begin integer ¢, r;
q .= 0; r := iabs(a),
for r := r — iabs(b) whiler = O0dog :=q + 1;
div:=ifa<0=5b>0then —gelseq
end div

3.3.4.3. The operation {factor)>?{primary) denotes exponentiation,
where the factor is the base and the primary is the exponent. Thus
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for example
21ntk means (27)*
while
2f(ntm) means 2",
If r is of real type and x of either real or integer type, then the value
of x*r is given by the function:
real procedure expr(x, r); value x, r;
real x,r;
if x > 0.0 then
expr .= exp(r x In(x))
else if x = 0.0 A r > 0.0 then
expr .= 0.0
else
Sault("expr._undefined”, x)
If / and j are both of integer type, then the value of i1 is given by
the function:
integer procedure expi(i, j); value i, j;

1SO 1538-1984 (E)

implementations may evaluate arithmetic expres
The control of the possible consequences of such di

sions differently.
fferences 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 language itself.

3.4. Boolean expressions

34.1. Syntax

(relational operator) ::= <|<|=|=|>|#

(relation) ::= (simple arithmetic expression){relational operator)

{simple arithmetic expression)

{Boolean primary) ::= (logical value)|{variable)
|{function designator)|{relation)
|({Boolean expression))

{Boolean secondary) ::= {(Boolean primary>| 1{Boolean primary)

{Boolean factor) ::= {Boolean secondary)

|[{Boolean factor) A {Boolean secondary)

integer /, j; Beooleanternr———<(Booleanfactor
ifj <0V i=0|nj=0then |[<Boolean term) \/ {(Booléan factor)
Sault("expil_undefined”, |) {implication) ::= {Boolean term)|{implication) 3 (Boolean term)
else {simple Boolean) ::= <{implication)
begin |¢simple Boolean), = {implication)
integer k, resuly; {Boolean expression) ::= {simple Boolean)
result 1= 1; [<if clause>{simple Boolean) else (Boglean expression)
for k := 1 step|! until j do
, result 1= resplt x i; 3.4.2. Examples
v expii= result x= -2
end expi Y>VVvzsyg
If n is of integer type and x of real type, then the value of xtn is a+b>,5Nz-d>q12
given by the functign: P AGQXNE Y

real procedure expnix, n); value x, n;
real x; integer n;
ifn =0 A x = 0.0 then

Sault("expn_lundefined™, x)

else

begin
real result; integer /;
result := 1.0,
for [ := iabs(n)] step — 1 until 1 do

result .= result x x;
expn := if n <| O then 1.0/result else result
end expn

The call of the procgdure fairlt denotes that the action of the\program

is undefined. It is upnderstood that the finite deviations, (see Section

3.3.6) of using the|exponentiation operator may betdifferent from

those of using the procedures expr and expn.

3.3.4.4. Type of a cnditional expression
e type of an aritlimetic expression of the-form
N if B then SAE else AF
does not depend upon the value of B/ Theé expression is of real type
if either SAE or AH is real and is Of.integer type otherwise.

3.3.5. Precedence of operators
The sequence of operationstwithin one expression is generally from
left to right, with the following additional rules:

3.3.5.1. According Lo the syntax given in Section 3.3.1 the following
rules of precedence hold:

first: 1
second: x [+
third: + ~

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

3.3.6. Arithmetics of real quantities

Numbers and variables of real type 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 it is indeed understood that different

g=Ca/'Ab A Teydy e TIf
ifl < 1thens > welse h < ¢
if if if a then b else ¢ then

d else fthen g else h < k

3.4.3. Semantics

A;Boolean expression is a rule for computing a 1
principles of evaluation are entirely analogous td
arithmetic expressions in Section 3.3.3.

3.4.4. Types
Variables and function designators entered as B
must be declared Boolean (see Section 5.1 Type
Section 5.4.4 Values of function designators).

3.4.5. The operators
The relational operators <, <, =, 2, > and #
ventional meaning (less than, less than or equal to,)

bgical value, The
those given for

polean primaries
declarations and

have their con-
equal to, greater

than or equal to, greater than, not equal to). Relalions take on the

value true whenever the corresponding relation is
expressions involved, otherwise false.

The meaning of the logical operators 71 (not),
> (implies), and = (equivalent), is given by the fq
table:

satisfied for the

A\ (and), V (or),
llowing function

bl false false true true
b2 false true false true
1 bt true true false false
bl A b2 false false false true
bl v b2 false " true true true
bl @ b2 true true false true
bl = b2 true false false true

3.4.6. Precedence of operators
The sequence of operations within one expression
left to right, with the following additional rules:

3.4.6.1. According to the syntax given in Section 3
rules of precedence hold:
first:
second:
third : A
fourth: A
v
-

<K =2>#

fifth:
sixth:
seventh:

is generally from

4.1 the following

arithmetic expressions according to Section 3.3.5.
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3.4.6.2. The use o
in Section 3.3.5.2.

(E)

f parentheses will be interpreted in the sense given

3.5. Designational expressions

3.5.1. Syntax

(labely ::= (identifier)
{switch identifier) ::= (identifier)
{switch designator) ::= {switch identifier > [(subscript expression]
{simple designational expression) ::= {label)
|{switch designator)|({designational expression))
{designational expression) ::= {simple designational expression)
[<if clause>(simple designational expression)

3.5.2. Examples

else (designational expression)

L17

P9
rhnncﬂ [n — 1]

{unlabelled compound) ::= begin {compound tail)

{unlabelled block) ::= <{block head); {compound tail)

{compound statement) ::= <{unlabelled compound)
|{label>:{compound statement)

{block) ::= (unlabelled block}>|{label>:{block)>

{program) ::= {block)>|{compound statement)

This syntax may be illustrated as follows: Denoting arbitrary
statements, declarations, and labels, by the letters S, D, and L,
respectively, the basic syntactic units take the forms:

Compound statement:
L:L:...beginS;S;...5;Send
Block:
L:L:...beginD;D;...D;§5;S;...5;Send
It should be kept in mind that each of the statements S may again
be a complete compound statement or block.

3.5.3. Semantics
A designational

Town {if y < O then N else N + 1]
if Ab < ¢ then L17
else g[if w < O then 2 else 7]

expression is a rule for obtaining a label of a

statement (see Se¢ction 4 Statements). Again the principle of the

evaluation is entit
Section 3.3.3). In

ely analogous to that of arithmetic expressions (see
the general case the Boolean expressions of the if

clauses will seleqt a simple designational expression. If this is a

label the desired

result is already found. A switch designator refers

to the corresponding switch declaration (see Section 5.3 Switch

declarations) and
expression select

by the actual numerical value of its subscript
one of the designational expressions listed in the

switch declaratioh by counting these from left to right. Since the

designational ex
designator this ey

3.5.4. The subscri
The evaluation o
subscripted vari
designator is defi
the positive value
the switch list.

4. Statements
The units of ope
They will normal
this sequence of
which define the
statements, which
lengthened by fog
repeated.
In order to makg
statements may b
Since sequences
pound statement
necessarily be r
Section 5, enter

pression thus selected may again be a switch

aluation is obviously a recursive process.

bt expression
[ the subscript expression is analogous to that of

les (see Section 3.1.4.2). The value of a switch
ed only if the subscript expression assumes oné‘of

5 1, 2, 3, ..., n, where n is the number of entri€s in

ration within the language are-called statements.

y be executed consecutively as written. However,
operations may be broken by go to statements,
r successor explicitly, shortened by conditional
may cause certain statements to be skipped, and
statements which_cause certain statements to be

it possible to.define a specific dynamic succession,
e provided with labels.

of statements may be grouped together into com-
k andeblocks the definition of statement must
ecurSive. Also since declarations, described in

syntactic definitio
already defined.

412 Exampies
Basic statements:
a:=p+gq
go to Naples
START:CONTINUE: B, »= 7.993
Compound statement : ’
begin x := 0;
for y := 1 step-, until » do x : = X
if x > g themge-to STOP
else if x > 'w~< 2 then go to S;
Aw : St: W .= x+\bob
end
Block:

+ ADY;

Q' begin'integer i, k; real w;
for i := 1 step 1 until m do
for k := i + 1 step 1 until m d
begin w := A[i, k];
Ali, k) = Alk, 1;

Alk,i]l:=w
end for i and k
end block Q

4.1.3. Semantics
Every block automatically introduces a new levgl of nomenclature.
This is realised as follows: Any identifier occurripg within the block
may through a suitable declaration (see Section|S Declarations) be
specified to be local to the block in question. Thi$ means (@) that the
entity represented by this identifier inside the blogck has no existence
outside it and (b) that any entity represented by tHis identifier outside
the block is completely inaccessible inside the blpck.

Identifiers (except those representing labels) ¢ccurring within -a
block and not being declared to this block will|be non-local te
i.e. will represent the same entity inside the blofk and in the level
immediately outside it. A label separated by a colon from a statement,
i.e. labelling that statement, behaves as though declared in the head
of the smallest embracing block, i.e. the smgllest block whose
brackets begin and end enclose that statement.

A label is said to be implicitly declared in this block head, as
distinct from the explicit declaration of all othgr local identifiers.

fandamentally into the syntactic structure, the In this context a procedure body, or the statemgnt following a for
mmmmmmrmmw by begin and end

4.1. Compound statements and blocks

4.1.1. Syntax
{unlabelled basic
[<gotos

statement) ::= {assignment statement)
tatement > |(dummy statement)

|{procedure statement)

{basic statement)

::= (unlabelled basic statement)

and treated as a block, this block being nested within the fictitious
block of Section 4.7.3.1. in the case of a procedure with parameters
by value. A label that is not within any block of the program (nor
within a procedure body, or the statement following a for clause)
is implicitly declared in the head of the environmental block.

Since a statement of a block may again itself be a block the concepts
local and non-local to a block must be understood recursively. Thus
an identifier which is non-local to a block 4, may or may not be
non-local to the block B in which A4 is one statement.

[{label> : (basic statement)
{unconditional statement) ::= (basic statement)

|{compound statement>|{block) 4.2. Assignment statements
{statement) :: = {unconditional statement>|{conditional statement) 4.2.1. Syntax

[{for statement) {destination) ::= {variable)|{procedure identifier>
{compound tail) ::= {statement)end (left part) ::= (destination) :=

left part list) ::= (left part)|(left part list >{left part)
{assignment statement) ::= {left part list){arithmetic expression)
[<left part list ){Boolean expression)

|(statement > ; {compound tail)
{block head) ::= begin {declaration>
|{block head); {declaration)
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4.2.2. Examples

s:=pl0)l:=n:=n+1+s¢s
n:i=n+1
A:=B/C—v—gxS§
Sv, k + 2] := 3 — arctan(s x zeta)
Vi=0>YANZ

4.2.3. Semantics

Assignment statements serve for assigning the value of an expression
to one or several destinations. Assignment to a procedure identifier
may only occur within the body of a procedure defining the value of
the function designator denoted by that identifier (see Section 5.4.4).
If assignment is made to a subscripted variable, the values of all the
subscripts must lie within the appropriate subscript bounds. Other-
wise the action of the program becomes undefined.

The process will in the general case be understood to take place in
three steps as follows:

1SO 1538-1984 (E)

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
(if clause) ::= if (Boolean expression) then
<unconditional statement) ::= (basic statement)
|<compound statement){{block)
(if statement) ::= {if clause>{unconditional statement)
{conditional statement) ::= {if statement}
|(if statement) else (statement)
|<if clausey{for statement)
[(label} :{conditional statement)

4.5.2. Examples
if x> Othenn:=n+1

4.2.3.1. Any subscript expressions occurring in the destinations are
evaluated in sequencq from left to right.

4.2.3.2. The expressign of the statement is evaluated.

4.2.3.3. The value of the expression is assigned to all the destinations,

with any subscript expressions having values as evaluated in step
42.3.1.

S
4.24. Types

The type associated W
same. If this type is Bg
If the type is real or
the type of the arith
with the destinations,
to be automatically i
the transfer function|

ith all destinations of a left part list must be the
olean, the expression must likewise be Boolean.
integer, the expression must be arithmetic. If
metic expression differs from that associated
an appropriate transfer function is understood
hvoked. For transfer from real to integer type
is understood to yield a result which is the

largest integral quantity not exceeding £ + 0.5 in the mathematical
sense (i.e. without nounding error) where E is the value of the

expression. [t should

be noted that E, being of real type, is defined

with only finite accuracy (see Section 3.3.6). The type associated with
a procedure identifier is given by the declarator which appears as
the first symbol of the corresponding procedure declaration (see
Section 5.4.4).

4.3. Go to statements
4.3.1. Syniax
{go to statement) :: go to {designational expression)

4.3.2. Examples
go to L8
S go to exiflln + 1]
go to Town[if y < O then Nelse’ N + 1]
go to if Ab < ¢ then L17
else g{if w < 0 then 2yelse n]

4.3.3. Semantics
A go to statement inferrupts’the normal sequence of operations, by
defining its successqr cexplicitly by the value of a designational
expression. Thus the|next statement to be executed will be the one

iTv > uthen V. g.= 1 + 7 else go t0 K|
ifs <0y P< Q then
AA: beginifg < vthena := v/s
elsey:=2xa
end
else if v > sthenag := v — ¢
else if v > 5 — 1 then go to.S

4.5.3. Semantics
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
An if statement\is of the form
if B then Su
where Bisa@Boolean expression and Su is an uncondit{onal statement.
In execution, B is evaluated; if the result is true, Su is executed;
if thelresult is false, Su is not executed.
1f<Su contains a label, and a go to statement leadls to the label,
then B is not evaluated, and the computation fontinues with
execution of the labelled statement.

4.5.3.2. Conditional Statement
Three forms of unlabelled conditional statement exipt, namely :
if B then Su
if B then Sfor
if B then Su else S
where S is an unconditional statement, Sfor is a fof statement and
S is a statement. )
The meaning of the first form is given in Section 45.3.1.
The second form is equivalent to
if B thep begin Sfor end
The third form is equivalent to
begin
if B then begin Su: go to I" end;
S;
I end
(For the use of I" see Section 2.1 Letters.) If S is donditional, and
also of this form_a different label must be nsed Instead of I in

having this value as its label.

4.3.4. Restriction

Since labels are inherently. local, no go to statement can lead from
outside into a block. A go to’statement may, however, lead from
outside into a compound statement.

4.3.5. Go to an undefined switch designator
A go to statement is undefined if the designational expression is a
switch designator whose value is undefined.

4.4. Dummy statements
4.4.1. Syntax
{dummy statement) ::= {empty)

4.4.2. Examples
L:
begin statements; John: end

following the same rule.

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 execution of a
conditional statement.

4.6. For statements
4.6.1. Syntax
{for list element) :.= {arithmetic expression)
|<arithmetic expression) step {arithmetic expression
until {arithmetic expression)
|{arithmetic expression) while (Boolean expression)

(for listy ::= {for list element > |<{for list), (for list element)
(for clause) ::= for {variable identifier) := {for list) do
{for statement) ::= {for clause){statement)

[{label>: {for statement)
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4.6.2. Examples
for ¢ := 1 step s until ndo A[q] := Blq]
fork := 1, V1 x 2 while V'l < Ndo
forj:=1I+ G,L,1step 1 until N, C + D do
Alk,j1:= Blk,j]

4.6.3. 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 variable after for). The
controlled variable must be of real or integer type.

4.6.4. The for list elements
If the for list contains more than one element then
for V:= X, Ydo S
where X is a for list element, and Y is a for list (which may consist of
one element or more), is equivalent to

4.7. Procedure statements

4.7.1. Syntax
{actual parameter) ::= {string>|{expression|<array identifier
|(switch identifier )| {procedure identifier)>
(letter string) ::= {letter)|letter string)<letter)
{parameter delimiter ::= |){letter string:(
{actual parameter list, ::= {actual parameter)
|<actual parameter list >{parameter delimiter»{actual parameter)
{actual parameter part) ::= {empty)|({actual parameter list>)
{procedure statement) ::= {procedure identifier)

{actual parameter pa

4.7.2. Examples
Spur(A) Order:(7) Result to: (V)
Transpose(W,v + 1)
Absmax(A, N, M, Yy, I, K)

begin

procedure 2; S;
for V.= Xdo
for V:= Ydol2
end

(For the use of X pee Section 2.1 Letters.)

4.6.4.1. Arithmetic|expression element

If X is an arithme}ic expression then

for V.= Xdo S
is equivalent to
begin

V.=X;S

end

where S is treated |as if it were a block (see Section 4.1.3).

4.6.4.2. Step-until plement

If A, B and C are [arithmetic expressions then

for V' := A step B until Cdo S
is equivalent to
begin (type of B) 6;

V.= A;

0 := B;

I lif (W — C) x sign(@) < O then
begin

S; =8, V:=V+6,
goto

end

lend

where S is treated

In the above, {{
according to the t
Letters.)

as if it were a block (see Section 4.1.3).
ype of B> must be replaced by real or integer
bpe of B. (For the use 6f-8-and I see Section 2.1

4.6.4.3. While element

If E is an arithme

is equivalent to

ic expression\and F a Boolean expression then
for V= JE while Fdo S

begin
I V:=E;

if E then

1ne

4.7.3. Semantics
A procedure statement serves to invoke (call for)
procedure body (see Section 5.4 Procedure declar
procedure body is a statement writter’in ALGO
execution will be equivalent to the'effect of perfor
operations on the program at(the time of executio
statement ;

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

>

Innerproduct(A[ t, P, u], B[P], 10, P, Y')

ection 5.4.2.

he execution of a
tions). Where the
the effect of this
ing the following
h of the procedur~—~

)

of the procedure

heading (see Section 5.4) are assigned the valuds (see Section 2.8

Values and types) of the corresponding actual
assignments\being considered as being performe

parameters, these
i explicitly before

entering the procedure body. The effect is as though an additional

block .embracing the procedure body were creat
assignments were made to variables local to this fi
types as given in the corresponding specitications
Als a consequence, variables called by value are't
non-local to the body of the procedure, but loc
block (see Section 5.4.3).

4.7.3.2. Name replacement (call by name)

Any formal parameter not quoted in the valu
throughout the procedure body, by the correspo
meter, after enclosing this latter in parentheses if

td in which these
ttitious block with
see Section 5.4.5).

be considered as
hl to the fictitious

b list is replaced,
nding actual para-
it is an expresston

but not a variable. Possible conflicts between identifiers inserted

through this process and other identifiers already

present within the

procedure body will be avoided by suitable systemptic changes of the

formal or local identifiers involved.

If the actual and formal parameters are of d
types, then the appropriate type conversion mus
pective of the context of use of the parameter,

4.7.3.3. Body replacement and execution
Finally the procedure body, modified as above, |

fferent arithmetic™
take place, irres-

k inserted in place

of the procedure statement and executed. If the procedure is called

from a place outside the scope of any non-loc
procedure body the conflicts between the identifie

bl quantity of the
s inserted through

begin
S;goto I’
end
end
where both S and the outermost compound statement of the above
expansion are treated as if they were blocks (see Section 4.1.3).
(For the use of I" see Section 2.1 Letters.)

4.6.5. The value of the controlled variable upon exit

Upon exit from the for statement, either through a go to statement,
or by exhaustion of the for list, the controlled variable retains the
last value assigned to it.

4.6.6. Go to leading into a for statement

The statement following a for clause always acts like a block,
whether it has the form of one or not. Consequently the scope of any
label within this statement can never extend beyond the statement,

10

this process of body replacement and the identifiers whose decla-
rations are valid at the place of the procedure statement or function
designator will be avoided through suitable systematic changes of the
latter identifiers.

4.7.4. Actual-formal correspondence

The correspondence between the actual parameters of the procedure
statement and the formal parameters of the procedure heading is
established as follows: The actual parameter list of the procedure
statement must have the same number of entries as the formal para-
meter list of the procedure declaration heading. The correspondence
is obtained by taking the entries of these two lists in the same order.

4.7.5. Restrictions
For a procedure statement to be defined it is evidently necessary that
the operations on the procedure body defined in Scctions 4.7.3.1 and
4.7.3.2 lead to a correct ALGOL statement,

This imposes the restriction on any procedure statement that the
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“_»7.54. A formal

kind and type of each actual parameter be compatible with the kind
and type of the corresponding formal parameter. Some important
particular cases of this general rule, and some additional restrictions,
are the following:

4.7.5.1. If a string is supplied as an actual parameter in a procedure
statement or function designator, whose defining procedure body is
an ALGOL 60 statement (as opposed to non-ALGOL code, see
Section 4.7.8), then this string can only be used within the procedure
as an actual parameter in further procedure calls. Ultimately it can
only be used by a procedure body expressed in non-ALGOL code.

4.7.5.2. A formal parameter which occurs as a destination 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 formal parameter which is used within the procedure body
as an array identifi
which is an array identifier of an array of the same dimensions.
In addition if the fogmal parameter is called by value the local array
created during the dall will have the same subscript bounds as the
actual array.

Similarly the number, kind and type of any parameters of a formal
procedure parameter must be compatible with those of the actual
parameter.

arameter which is called by value cannot in
general correspond {o a switch identifier or a procedure identifier or
a string, because thdse latter do not possess values (the exception is
the procedure identjfier of a procedure declaration which has an
empty formal paranpeter part (see Section 5.4.1) and which defines
the value of a functipn designator (see Section 5.4.4). This procedure
identifier is in itself p complete expression).

ISO 1538-1984 (E)

4.7.8. Procedure body expressed in code

The restrictions imposed on a procedure statement calling a pro-
cedure having its body expressed in non-ALGOL 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.

4.7.9. Standard procedures
Ten standard procedures are defined, which are declared in the
environmental block in an identical manner to the standard functions.
These procedures are: inchar, outchar, outstring, ininteger, inreal,
outinteger, outreal, outterminator, fault and stop. The input/output
procedures identify physical devices or files by means of channel
numbers which appear as the first parameter. The method by which
this identification is achieved is outside the scope of this report.
Each channel is regarded as containing a sequence of characters, the
basic method of accessing or assigning these characters being via the
f r-amd-ourchar:

The procedures inreal and outreal are converses of pach other in the
sense that a channel containing characters from' syccessive calls of
outreal can be re-input by the same number ‘of calls of inreal, but
some accuracy may be lost. The procedares ininteg¢r and outinteger
are also a pair, but no accuracy can be lost. Th¢ procedure out-
terminator is called at the end of each-of the procedures outreal and
outinteger. Its action is machine dependent but| it must ensure
separation between successive output of numeric data.

Possible implementation of\these additional procedures are given in
Appendix 2 as examples to,illustrate the environmental block.

5. Declarations
Declarations serve'to define certain properties of the quantities used
in the program;and to associate them with identifiefs. A declaration
of an identifier-is valid for one block. Outside this|block the parti-

cular identifier may be used for other purposes (see Bection 4.1.3).
4.7.5.5. Restrictions] imposed by specifications of formal para- Dynamically this implies the following: at the timg of an entry into
meters must be obsslrved. The correspondence between actual and a block (through the begin since thq labels inside arq local and there-
formal parameters should be in accordance with the following table. fore-inaccessible from outside) all identifiers declargd for the block
Formal parameter | Mode Actual parameter assume the mgpxﬁcapce implied by the nature of the declarations
integer value arithmetic expression given. If thqse identifiers had ah:eady t?een fleﬁned by qther decla-

name arithmetic expression (see 4.7.5.2) ratlox?s outsnd; they are for the time being given a new significance.
real value arithmetic expression Iden.nﬁers. which are not declared for the block, on| the other hand,
name arithmetic expression (see 4.7:5.2) ~ retain their old meaning.
Boolean value Boolean expression At the time qf an exit frorp a block (through end, or by a go to
hame Boolean expression (sée. 4.7.5.2) statemgnt_) all identifiers which are declared for the|block lose their
label value designational expression local significance. . .
name designational expression A. declaration may be marked with the ad.dmonal declarator own.
integer array value arithmetic array (see 4.7.5.3) This has the fo}lpwmg effect: upon a reentry into 'the block, the values
name integer array.(see 4.7.5.3) of _own quantities will be unchange(:l from thelr v4lues at the last
il array value arithmetic array (see 4.7.5.3) exit, while the values of declared variables which arg not marked as
! name real arfay)(see 4.7.5.3) own are undefined. .
Boolean array value Boolean array (see 4.7.5.3) Apgrt frgm labels, forrpal parameters of procedure declgratxgns,
name Bodlean array (see 4.7.5.3) and 1de;nt1ﬁ;rs declared in the env1ronm§n.ta] blocki each _1de-nt1ﬁer
typeless procedure | name arithmetic procedure, or appearing in a program must be explicitly decldred within the
typeless procedure, or program. . . L
Boolean procedure (see 4.7.5.3) No. identifier may be declare.d either explicitly or implicitly (see
integer procedure | narfe arithmetic procedure (see 4.7.5.3) Section 4.1.3) more than once in any one block heafd.
real procedure name arithmetic procedure (see 4.7.5.3)
Boolean procedure TamEe———Bootean procedure (see 4.7573) SYATaX
switch name switch {declaration) ::= (type declaration)|(array declaration)
string name actual string or string identifier [{switch declaration)|{procedure declaration’

If the actual parameter is. itself a formal parameter the corres-
pondence (as in the above table) must be with the specification of
the immediate actual parameter rather than with the declaration of
the ultimate actual parameter.

4.7.6. Label parameters
A label may be called by value, even though variables of type label
do not exist.

4.7.77. Parameter delimiters

All parameter delimiters are understood to be equivalent. No
correspondence between the parameter delimiters used in a pro-
cedure statement and those used in the procedure heading is expected
beyond their number being the same. Thus the information conveyed
by using the elaborate ones is entirely optional.

5.1. Type declarations

5.1.1. Syntax

{type listy ::= (simple variable>|(simple variable},{type list)
{type) ::= real|integer|Boolean

{local or own) ::= {empty>lown

{type declaration) ::= {local or own)>{type){type list>

5.1.2. Examples

integer p, q, s
own Boolean Acry/, n

5.1.3. Semantics
Type declarations serve to declare certain identifiers to represent
simple variables of a given type. Real declared variables may only

1
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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.

A variable declared own behaves as if it had been declared (and
initialised to zero or false, see Section 3.1.5) in the environmental
block; except that it is accessible only within its own scope. Possible
conflicts between identifiers, resulting from this process, are resolved
by suitable systematic changes of the identifiers involved.

5.2. 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)]

ray segment)|<{array list),{(array segment)
= (type) array|array
::= (local or own)<array declarer){array list>

{array list) ::= <{a
{array declarer) ::
{array declaration

5.2.2. Examples
arrayla, b, ¢(7:n, 2:m], s[—2:10}
own ipteger array A[2:20]
real grray q{—7: if ¢ < O then 2 else 1]

5.2.3. Semantics
An array declaratign declares one or several identifiers to represent
multidimensional arrays of subscripted variables and gives the
dimensions of the afrays, the bounds of the subscripts, and the types
of the variables.

5.2.3.1. Subscript bpunds

The subscript bounlds for any array are given in the first subscript
brackets following the identifier of this array in the form of a bound
pair list. Each item [of this list gives the lower and upper bounds of a
subscript in the folrin of two arithmetic expressions separated by the

delimiter :. The bqund pair list gives the bounds of all subscripts
taken in order from left to right.

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

lists.

5.2.3.3. Types
All arrays declared |in one declaration are ofthe.same quoted type.
If no type declaratqr is given the real typesistunderstood.

5.2.4. Lower upper bound expressions
5.2.4.1. The expressions will be evaluated in the same way as sub-
script expressions (3ee Section 3.1.4:2).

5.2.4.2. The expressions cannotinclude any identifier that is declared,
either explicitly or jmplicitly-'(see Section 4.1.3), in the same block
head as the array in question. The bounds of an array declared as
own may only be of| the syntactic form integer (see Section 2.5.1).

5.3.3. Semantics

A switch declaration defines the set of values of the corresponding
switch designators. These values are given one by one as the values
of the designational expressions entered in the switch list. With each
of these designational expressions there is associated a positive
integer, 1, 2, . . ., obtained by counting the items in the list from left
to right. The value of the switch designator corresponding to a given
value of the subscript expression (see Section 3.5 Designational
expressions) is the value of the designational expression in the switch
list having this given value as its associated integer.

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 variables involved.

5.3.5. Influence of scopes

a swiich designator occurs outside the sCope Q
into a designational expression in the switch dist;*and an evaluation
of this switch designator selects this designiationall expression, then
the conflicts between the identifiers for the'\quantifies in this expres-
sion and the identifiers whose declarations are vajid at the place of
the switch designator will be avoided’through spitable systematic
changes of the latter identifiers.

quantity entering

5.4. Procedure declarations
5.4.1. Syntax
{formal parameter) ::="identifier)
{formal parameter list) ::= {formal parameter}
|{formal parameter list > parameter delimiter )(fprmal parameter)
{formal paraméter part) ::= {empty)|((formal parameter list})
{identifier list\:: = <identifier)|<{identifier list),{identifier)
{value part).: = value {identifier list);|{empty)
{specifier), :: = string|<type) [{array declarer)ilabe
|switch|procedure!< type>procedure
{specification part) ::= {empty>|(specifier>{idenfifier list);
|<¢specification part >{specifier >{identifier list);
¢procedure heading) ::= {procedure identifier)
{formal parameter part); {value part)<{specffication part)
{procedure body) ::= {statement’|{code)
{procedure declaration) ::=
procedure {procedure heading>{procedyre body)
[{type>procedure{ procedure heading>{procedure body)

5.4.2. Examples (see also the examples in Appendix 2)
procedure Spur(a) Order:(n) Result.(s); value n;
array a; integer »n; real s;
begin integer k;
5s:=0; -
for kK := 1 step 1 untit ndo s := s + alk, k]
end

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

5.2.4.3. An array is defined only when the values of all upper
subscript bounds are not smaller than those of the corresponding
lower bounds. If any lower subscript bound is greater than the
corresponding upper bound, the array has no component.

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

5.3. Switch declarations
5.3.1. Syntax
{switch list) ::= {designational expression)
[{switch list),{designational expression)
{switch declaration) ::= switch {switch identifier) := {switch list>

5.3.2. Examples
switch S := S1, 52, Q[m], if v > —5 then S3 else S4
switch Q := pl, w
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begin w = all, k],
ali, k) := alk,i);
alk,i]l:=w

end

end Transpose

integer procedure Step(u); value u; real u;
Step ;= if 0 < u A u <1 then l-else 0

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

value n, m; array a; integer n, m, i, k; real y;
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;
begin integer p, g;

y:=0;i:=k:=1;

for p:= 1 step 1 until » do

for g := 1 step 1 until m do

if abs(a[p, q]) > y then
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begin y := abs(alp, q1);
ir=p;k:=gq
end

end Absmax

procedure Innerproduct(a, b) Order:(k, p) Result:(y); value k;
integer k, p; real y, a, b;
begin real s;
s:=0;
forp :=
y:i=s
end Innerproduct

Istepluntilkdos:=s5+ ax b;

real procedure euler(fct, eps, tim);
value eps, tim;
real procedure fct; real ¢ps; integer tim;
comment euler computes the sum of fct(z) for i from zero up to
infinity by means e
summation is stopled as soon as tim times in succession the absolute
value of the terms ¢f 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. euler is particularly
efficient in the casg of a slowly convergent or divergent alternating
series ;
begin
integer i, k, n, 1;
\_. array m[0:15];
real mn, mp, ds, sum;
=t:=0;
m[O] 1= fct(O); sym := m[0]/2;
fori:=1,i + 1 while r < timdo
begin
= fet(i);
for k := O step|l until » do
begin
mp .= (mn 4 m[k})/2;
mlk] := mn;mn := mp
end means;
if abs(mn) < afs(m[n]) A n < 15 then
begin
ds :=mn/2; h
min] := mn
end accept
else
ds .= mn;
sum .= sum + |ds;
= if abs(ds) K epsthen ¢ + 1 else 0
end;
euler := sum
. -end euler

=n+1;

5.4.3. Semantics
A procedure declaration serves to,define the procedure associated
with a procedure idgntifier. The principal constituent 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
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No identifier may appear more than once in any one formal para-
meter list, nor may a formal parameter list contain the procedure
identifier of the same procedure heading.

5.4.4. Values of function designators
For a procedure declaration to define the value of a function desig-
nator there must, within the procedure body, occur one or more uses
of the procedure identifier as a destination; at least one of these must
be executed, and the type associated with the procedure identifier
must be declared through the appearance of a type declarator as the
very first symbol of the procedure declaration. The last value so
assigned is used to continue the evaluation of the expression in which
the function designator occurs. Any occurrence of the procedure
identifier within the body of the procedure other than as a destin-
ation in an assignment statement denotes activation of the procedure.
If a go to statement within the procedure, or within any other
procedure actlvated by it, leads to an exit from the procedure, other
h : e ements that have

been started but not yet completed and whlch do [not contain the
label to which the go to statement leads, is abandongd. The values of
all variables that still have significance remain-as they were immedi-
ately before execution of the go to statemeént.
If a function designator is used as a,procedure stajement, then the
resulting value is discarded, but suchH )a statement jmay be used, if
desired, for the purpose of invoking side effects.

5.4.5. Specifications
The heading includes a spécification part, giving information about
the kinds and types of.the-formal parameters. In this part no formal
parameter may occur,more than once.

5.4.6. Code as.procedure body
It is understood- that the procedure body may be expressed in non-
ALGOL language. Since it is intended that the usg of this feature
should\be“éntirely a question of implementation, ho further rules
concerning this code language can be given with|n the reference
language.

Appendix 1 Subsets
Two subsets of ALGOL 60 are defined, denoted as Igvel 1 and level 2.
The full language is level 0.

The level 1 subset is defined as level 0 with the following additional
restrictions:

1. The own declarator is not included.

2. Additional restrictions are placed upon actual parameters as
given by the following replacement lines to the|table in Section
4.75.5.

Formal parameter Mode Actual parameter
integer name integer expression (sge 4.7.5.2)
real name real expression (sec 4.7.5.2)

value integer array (see 4.7.5.3)
value real array (see 4.7.5.B)
name typeless procedure (§ee 4.7.5.3)
integer procedure  name integer procedure (sge 4.7.5.3)
real procedure name real procedure (see 4.7.5.3)

3. Only one alphabet of 26 letters is provided, whi¢h is regarded as

integer array
real array
typeless procedure

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 (see
Section 3.2 Function designators and Section 4.7 Procedure state-
ments) be assigned the values of or replaced by actual parameters.
Identifiers in the procedure body which are not formal will be either
local or non-local to the body depending on whether they are
declared within the body or not. Those of them which are non-local
to the body may well be local to the block in the head of which the
procedure declaration appears. The procedure body always acts like
a block, whether it has the form of one or not. Consequently the
scope of any label labelling a statement within the body or the body
itself can never extend beyond the procedure body. In addition, if
the identifier of a formal parameter is declared anew within the
procedure body (including the case of its use as a label as in Section
4.1.3), it is thereby given a local significance and actual parameters
which correspond to it are inaccessible throughout the scope of this
nner local quantity.

being the lower case alphabet O € reierence language.

4. If deleting every symbol after the twelfth in every identifier would
change the action of the program, then the program is undefined.

The level 2 subset consists of restrictions 1-3 of level 1 and in

addition:

5. Procedures may not be called recursively, either directly or
indirectly.

6. If a parameter is called by name, then the corresponding actual
parameter may only be an identifier or a string.

7. The designational expressions occurring in a switch list may only
be labels.

8. The specifiers switch, procedure and {type) procedure are not
included.

9. A left part list may only be a left part.

10. If deleting every symbol after the sixth in every identifier would
change the action of the program, then the program is undefined.

13
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Appendix 2 The environmental block

As an example of the use of ALGOL 60, the structure of the

environmental block is given in detail.

begin
comment This description of the standard functions and procedures
should be taken as definitive only so far as their effects are con-
cerned. An actual implementation should seek to produce these
effects in as efficient a manner as practicable. Furthermore, where
arithmetics of real quantities are concerned, even the effects must be
regarded as defined with only a finite accuracy (see Section 3.3.6).
Thus, for example, there is no guarantee that the value of sqrt(x) is
exactly equal to the value of x10.5, or that the effects of inreal and

commeni exp := exponential function of E;
if E > In(maxreal) then

Sault( "overflow_on_exp’, E)
else

(statement);

comment Terminating procedures;

procedure stop;
comment for the use of §2, see Section 2.1 Letters;
go to 2;

procedure fault(str, r);

outreal will exactly match those given here.
ALGOL coding has been replaced by a metalinguistic variable (see
Section 1.1) in places where the requirement is clear, and there is

no simple way of

comment Simple

specifying the operations needed in ALGOL;

value r; string str; real r;

comment 2 is assumed to denote a standard output channel. For
the use of 2 see Section 2.1 Letters. The following calls of fault

appear:
integer divide by zero,
undefined operation in expr,

TICTIONS ;

real procedure ab3(E);

value E; real £

abs :=if E =

integer procedure

D.0 then E else - E;
iabs(E);

value E£; integex E;

iabs := if E =

integer procedure

value E; real £,

sign = if £ >

O then E else — E;
sign(E);

0.0 then 1

else if E < (.0 then —1 else 0;

integer procedure

value E; real E|;
comment entien

E~-1<en
begin
integer j;
Jji=E;
entier 1=
end entier;

if j 3

entier(E);

1= largest integer not greater than E, i.e.
ier < E;

E thenj — 1 elsej

comment Mathematical functions;

real procedure sg.

value E; real H;

if E < 0.0 the

(t(E);

Sault( r'nega?ive_.‘sqrt", E)

else

sqrt .= E}QL5;

real procedure si

value E; real £;

comment sin :
Cbodyy;

real procedure cd
value E; real £
comment cos

p(E);

= sine of E radians

S(E);

=cosine of E radians;

{body);

undefined operation in expn,
undefined operation in expi,
and in the environmental block:
sqrt of negative argument,
In of negative or zero argument,
overflow on exp function,
invalid parameter for outchar,
invalid character in ininteger(twice),
invalid character in inreal(three times);
begin
outstring(2, "fault.an™ );
outstring(X, str)i
outstring(X, 2" );
outreal (X, ¥,

comment-Additional diagnostics may be output| here;

stop
end (fault;

comiment Inputjoutput procedures;
procedure inchar(channel, str, int);
value channel,
integer channel, int; string str;

comment Set int to value corresponding to the first position in str

of current character on channel. Set int to zero
str. Move channel pointer to next character;
{body;

procedure outchar(channel, str, int);
value channel, int;
integer channel, int; string str;
comment Pass to channel the character in str
the value of int;
if int < 1y int > length(str) then
Sfault( "character —not_ in_string, int)
else
{statement);

integer procedure /ength(str);
string str;
comment length := number of characters iy

if character not in

corresponding to

the open string

enclused by the outermost string quotes, aft¢r performing any

real procedure arctan(E);
value £;real E;

comment arctan := principal value, in radians, of arctangent of E,

ie —ml2 <

<body);

arctan < m[2;

real procedure /n(E);
value E; real E;
comment /n .= natural logarithm of E;
if E < 0.0 then
Sault( "In_not _positive”, E)

else
{statement)

’

real procedure exp(E);
value E;real E;
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necessary concatenation as defined in Section

2.6.3. Characters

forming an inner string (see Section 2.6.3) are counted in an

implementation dependent manner;
{bodyp;

procedure outstring(channel, str);

value channel;

integer channel; string str;

begin

integer m, n;

n .= length(str);

for m := 1 step 1 until n do
outchar(channel, str, m)

end outstring;

procedure -outterminator(channel),
value channel; integer channel,
comment outputs a terminator for use after

a number. To be
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