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A programming language similar in many respects to ALGOL
60, but incorporating a large number of improvements based
onsix years' experience with that language, is described in de-
tail. Part | consists of an introduction to the new language
and a summary of the changes made to ALGoL 60, together
with a discussion of the motives behind the revisions. Part Il is
a rigorous definition of the proposed language. Part Il de-
scribes a set of proposed standard procedures to be used with

the language, including facilities for input, output.

BART 1.

1. Historical Background

A preliminary version of this report was originally
drafted by the first author on an invitation made by IFIP
Working Group 2.1 at its meeting in May, 1965 at Prince-
ton. It meorporated a number of opinions and suggestions
made at that meeting and in its subcommittees, and it
was distributed to members of the Working Group as
“Proposal for a Report on 2 Successor of ALGOL 60”
(MR75, Mathematical Centre, Amsterdam, August 1965).

However, at the following meeting of the Group at
Grenoble in October, 1965 it was felt that the report did
not represent a sufficient advance on Avcown 60, either in
its manner of language definition or in the content of the
language itself. The draft therefore no longer had the
status of an official Working Document of the Group and
by kind permission of the Chairman it was released for
wider publication.

At that time the authors agreed to collaborate on revis-
ing and supplementing the draft. The main changes were:

(1) verbal improvements and clarifications, many of
which were kindly suggested by recipients of the original
draft;

(2) additional or altered language features, in par-
ticular the replacement of tree structures by records as
proposed by the second author;

(3) changes which appeared desirable in the course
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of designing a simple and efficient implementation of the
language;

(4) addition of introductory and explanatory ma-
terial, and further suggestions for standard procedures, in
particular on input/output;

(5) use of a convenient notational facility to abbrevi-
ate the deseription of syntax, as suggested by van Wijn-
gaarden in “Orthogonal Design and Deseription of =
Formal Language” (MR76, Mathematical Centre, Am-
sterdam, Oct. 1965).

The incorporation of the revisions 1s not intended to
reinstate the report as a candidate for consideration as a
successor to Avgorn 60. However, it is believed that its
publication will serve three purposes:

(1) To present to a wider public a view of the general
direction in which the development of ALgoL is proceeding;

(2) To provide an opportunity for experimental im-
plementation and use of the language, which may be of
value in future discussions of language development;

(3) To deseribe some of the problems encountered
in the attempt to extend the language further.

2. Aims of the Language

The design of the language is intended to reflect the
outlook and intentions of IFIP Working Group 2.1, and
in particular their belief in the value of 2 common pro-
gramming language suitable for use by many people in
many countries. It also recognizes that such a language
should satisfy as far as possible the following criteria:

(1) The language must provide a suitable technique
for the programming of digital computers. It must there-
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fore be closely oriented toward the capabilities of these
machines, and must take mto account their mherent
Imitations. As a result it should be possible to construct a
fast, well-structured and rehable translator, translating
programs into machime code which makes economic use
of the power and capacity of a computer. In addition, the
design of the language should act as an encouragement to
the programmer to conceive the solution of his problems
im terms which will produce effective programs on the
computers he i1s likely to have at his disposal.

(2) The language must serve as a medium of com-
munication between those engaged in problems capable
of algorithmic solution. The notational structure of pro-
grams expressed in the language should correspond closely
with the dynamic structure of the processes they deseribe.
The programmer should be oblhiged to express himself
explicitly clearly and fully, without confusing abbrevia-
tions or implicit presuppositions. The perspicuity of pro-
grams 1s believed to be a property of equal benefit to
their readers and ultimately to their writers.

(3) The language must present a conceptual frame-
work for teaching, reasoning and research in both theo-
retical and practical aspects of the science of computation.
It must therefore be based on ngourous selection and
abstraction of the most fundamental concepts of computa-
tional techniques. Its power and flexibility should derive
from unifying simplicity, rather than from proliferation
of poorly integrated features and facilities. As = conse-
quence, for each purpose there will be exactly one obvi-
ously appropriate facility, so that there 1s minimal scope
for erroneous choice and misappheation of facilities,
whether due to misunderstanding, madvertence or mex-
perience.

(4) The value of a language 1s increased in proportion
to the range of applications in which it may effectively
and conveniently be used. It 1s hoped that the language
will find use throughout the field of algebraic and numerie
applications, and that its use will begin to spread to non-
numeric data processing in areas hitherto the preserve of
special purpose languages, for example, the fields of simu-
lation studies, design automation, information retrieval,
graph theory, symbol manipulation and linguistic research.

To meet any of these four requirements, it 1s necessary
that the language itself be defined with utmost clanty
and rigor. The Report on ALcor 60 has set a high stand-
ard in this respect, and in style and notation its example
has been gratefully followed.

3. Summary of New Features

A large part of the language is, of course, taken directly
from Avrcon 60. However, in some respects the language
has been simplified, and in others extended. The following
paragraphs summarize the major changes to Avcorn 60,
and relate them to the declared aims of the language.

3.1. Dara Typms
The range of primitive data types has been extended
from three in Arcorn 60 to seven, or rather nine, if the
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long variants are included. In compensation, cerfain
aspects of the concept of type have been simplified, Tn par-
ticular, the own concept has been abandoned as insuffi.
ciently useful to justify its position, and as leading to
semantic ambiguities in many circumstances.

3.1.1. Numeric Data Types

The type complex has been introduced into the Jay.
guage to simplify the specification of algorithms involving
complex numbers.

For the types real and complex, a long variant is pro-
vided to deal with calculations or sections of caleulations
in which the normal precision for floating-point number
representation is not sufficient. It is expected that the
significance of the representation will be approximately
doubled.

No provision 1s made for specifying the exact required
significance of floating-point representation in terms of
the number of binary or decimal digits. It is considered
most important that the values of primitive types should
occupy a small integral number of computer words, so
that their processing can be carried out with the maxi-
mum efhciency of the equipment available.

3.1.2. Sequences

The concept of a sequence occupies = posifion inter-
mediate between that of an array and of other simple data
types. Like single-dimensional arrays, they consist of
ordered sequences of elements; however, unlike arrays,
the most frequent operations performed on them are not
the extraction or insertion of single elements, but rather
the processing of whole sequences, or possibly subsequences
of them.

Sequences are represented in the language by two new
types, bits (sequence of binary digits), and string (se-
quence of characters). Operations defined for bit sequences
include the logical operations —, /\ and \/, and those of
shifting left and right.

The most important feature of o bit sequence 1s that
its elements are sufhciently small to oceupy only a frae-
tion of a “computer word,” i.e. a unit of information which
1s in some sense natural to the computer. This means that
space can be saved by “packing,” and efficiency can be
gained by operating on such natural units of information.
In order that use of such natural units can be made by
an implementation, the maximum number of elements in
a sequence must be specified, when a variable of that type
is declared. Operations defined for string sequences include
the catenation operator cat.

3.1.3. Type Determination at Compile Time

The language has been designed in such a way that the
type and length of the result of evaluating every expres-
sion and subexpression can be uniquely determined by a
textual scan of the program, so that no type testing 15
required at run time, except possibly on procedure entry.
3.1.4. Type Conversions

The increase in the number of data types has caused
an even greater number of possibilities for type conversion;
some of these are intended to be inserted automatically by
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the translator, and others have to be specified by the
programmer by use of standard transfer functions pro-
vided for the purpose.

Automatic nsertion of type conversion has been con-
fined to eases where there could be no possible confusion
about which conversion is intended: from integer (o real,
and real to complex, but not vice versa. Automatic
conversions are also performed from shorter to longer
variants of the data types; and in the case of numbers,
from long to short as well.

For all other conversions explicit standard procedures
must be used. This ensures that the complexity and pos-
sible inefficiency of the conversion process is not hidden
from the programmer; furthermore, the existence of addi-
tional parameters of the procedure, or a choice of proce-
dures, will draw his attention to the fact that there is
more than one way of performing the conversion, and he
15 thereby encouraged to select the alternative which
corresponds to his real requuirements, rather than rely on
a built-in “default” conversion, about which he may have
only vague or even mistaken ideas.

3.2. CONTROL OF SEQUENCING

The only changes made to facilities associated with
control of sequencing have been made m the direction of
simplification and clarification, rather than extension.
3.2.1. Switches and the Case Construction

The switch declaration and the switch designator have
been abolished. Their place has been taken by the case
construction, applying to both expressions and state-
ments. This construction permits the selection and execu-
tion (or evaluation) of one from a list of statements (or
expressions) ; the selection is made 1 accordance with the
value of an integer expression.

The case construction extends the facilities of the ALcorn
conditional to circumstances where the choice 15 made
from more than two alternatives. Like the conditional, it
mirrors the dynamic structure of a program more clearly
than go to statements and switches, and 1t eliminates
the need for introducing a large number of labels in the
program.

3.2.2. Labels

The concept of = label has been simplified so that it
merely serves as a link between a goto statement and its
destination; it has been stripped of all features suggesting
that 1t is a manipulable object. In particular, designational
expressions have been abolished, and labels can no longer
be passed as parameters of procedures.

A further simplification is represented by the rule that
1 goto statement cannot lead from outside into a condi-
tional statement or case statement, as well as iterative
statement.

The Arcown 60 integer labels have been eliminated.
3.2.3. Iterative Statements

The purpose of iterative statements is to enable the
programmer to specify iterations in a simple and perspicu-
ous manner, and to protect himself from the unexpected
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effects of some subtle or careless error. They also signalize
to the translator that this is a special case, susceptible of
simple optimization.

It 18 notorious that the AnGor 60 for statement fails to
satisfy any of these requirements, and therefore a drastic
simplification has been made. The use of iterative state-
ments has been confined to the really simple and common
ases, rather than extended to cover more complex re-
quirements, which can be more flexibly and perspicuously
dealt with by explicit program instructions using labels.

The most general and powerful iterative statement,
capable of covering all requirements, 1s that which indi-
cates that a statement 15 to be executed repeatedly while
a given condition remains true. The only alternative type
of iterative statement allows a formal counter to take
successive values in finite arithmetic progression on
each execution of the statement. No expheit assignments
can be made to this counter, which 1s implicitly declared
as local to the iterative statement.

3.3. PROCEDURES AND PARAMETERS

A few minor changes have been made to the procedure
concept of Avgor 60, mainly i the interests of clarifica-
tion and efficiency of implementation.

3.3.1. Value and Result Parameters

As in ArcoL 60, the meaning of parameters 1s explained
in terms of the “copy rule,” which prescribes the literal
replacement of the formal parameter by the actual pa-
rameter. As a counterpart to the “value parameter,”
which 15 a convenient abbreviation for the frequent case
where the formal parameter can be considered as a vari-
able local to the procedure and mitialized to the value of
the actual parameter, “result parameter” has been
mtroduced. Agam, the formal parameter 1s considered as
a local variable, whose value 18 assigned to the correspond-
ing actual parameter (which therefore always must be a
variable) upon termination of the procedure.

The facility of calling an array parameter by value has
been removed. It contributes no additional power to the
language, and it contravenes the general policy that opera-
tions on entire arrays should be specified by means of
expheit iterations, rather than concealed by an impleit
notation.

3.3.2. Statement Parameters

A facility has been provided for writing a statement as
an actual parameter corresponding to a formal specified
as procedure. The statement can be considered as
proper procedure body without parameters. This repre-
sents a considerable notational convenience, since it
enables the procedure to be specified actually in the place
where it is to be used, rather than disjointly in the head
of some embracing block.

The label parameter has been abolished; its funection
may be taken over by placing a goto statement in the
corresponding actual parameter position.

3.3.3. Specifications

The specification of all formal parameters, and the

correct matching of actuals to formals, has been made

3
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obligatory. The purpose of specifications is to inform the
user of the procedure of the correct conditions of its use,
and to ensure that the translator can check that these
conditions have been met.

One of the most important facts about 2 procedure
which operates on array parameters is the dimensionality
of the arrays it will accept as actual parameters. A means
has therefore been provided for indicating this in the
specification of the parameter.

To compensate for the obligatory nature of specifica-
tions, their notation has been simplified by including
them in the formal parameter list, rather than placing
them in a separate specification part, as in ALgor 60.

3.4 DATA STRUCTURES

The concept of an array has been taken from Avrcorn 60
virtually unchanged, with the exception of a shght nota-
tional ssmplification.

To supplement the array concept, the language has
been extended by the addition of a new type of structure
(the record) consisting, like the array, of one or more
elements (or fields). With each record there is associated a
unique value of type reference which is said to refer to
that record. This reference may be assigned as the value
of a suitable field in another record, with which the given
record has some meaningful relationship. In this way,
groups of records may be linked in structural networks of
any desired complexity.

The concept of records has been pioneered in the AED-I
language by D. T. Ross.

3.4.1. Records and Fields

Like the array, a record 1s intended to occupy a given
fixed number of locations in the store of a computer. It
differs from the array in that the types of the fields are
not required to be identical, so that in general each field
of a record may occupy a different amount of storage.
This, of course, makes it unattractive to select an element
from a record by means of a computed ordinal number,
or index; instead, each field position is given  unique
invented name (identifier), which is written in the pro-
gram whenever that field is referred to.

A record may be used to represent inside the computer
some discrete physical or conceptual object to be exam-
ined or manipulated by the program, for example, a person,
a town, a geometric figure, a node of a graph, ete. The
fields of the record then represent properties of that object,
for example, the name of a person, the distance of a town
from some starting point, the length of a line, the time of
joming a queue, etc. Normally, the name of the field
suggests the property represented by that field.

In contrast to arrays, records are not created by decla-
rations; rather, they are created dynamically by state-
ments of the program. Thus their lifetimes do not have
to be nested, and stack methods of storage control must
be supplemented by more sophisticated techniques. It is
mtended that automatic “garbage collection™ will be
applicable {o records, so that records which have become
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inaccessible may be detected, and the space they occupy
released for other purposes.
3.4.2. References

The normal data types (string, real, integer, efc,) are
sufficient to represent the properties of the objects repre-
sented by records; but a new type of data is required to
represent relationships holding between these objeets,
Provided that the relationship is a funetional relationship
(i.e. many-one or one-one), it can be represented by plac-
ing as a field of one record a reference to the other record
to which it is related. I'or example, if a record which repre-
sents a person has a field named father, then this is likely
to be used to contain a reference to the record which repre-
sents that person’s father. A similar treatment is possible
to deal with the relationship between a town and the next
town visited on some journey, between a customer and
the person following him in some queue, between a directed
line and 1its starting point, etc.

References are also used to provide the means by which
the program gains access to records; for this purpose,
variables of type reference should be declared in the head
of the block which uses them. Such variables will at any
given time refer to some subset of the currently existing
records. Iields of records can be referred to directly by
associating the name of the field with the value of the
variable holding a reference to the relevant record. If that
record itself has fields containing references to yet further
records outside the initial subset, then fields of these other
records may be accessed indirectly by further associating
their names with the construction which identified the
reference to the relevant record. By assignment of refer-
ences, records previously accessible only indirectly can be
made directly accessible, and records previously directly
accessible can lose this status, or even become totally
inaccessible, in which case they are considered as deleted.

Thus, for example, if B is a variable of type reference
declared in the head of some enclosing block, and if age
and father are field identifiers and if B contains a reference
to a certain person, then

age (B)

(called a field designator) gives that person’s age;

father(B)

is a reference to that person’s father, and
P y

age (father(B))

gives his father’s age.
3.4.3. Record Classes

Two records may be defined as similar if they have the
same number of fields, and if corresponding fields in the
two records have the same names and the same types.
Similarity in this sense is an equivalence relationship and
may be used to split all records into mutually exclusive
and exhaustive equivalence classes, called record classes.
These classes tend to correspond to the natural classifica-
tion of objects under some generic term, for example:
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person, town or quadrdateral. Each record class must be
introduced in a program by means of a record class declara-
tion, which associates a name with the class and specifies
the names and types of the fields which characterize the
members of the class.

One of the major pitfalls in the use of references is the
mistaken assumption that the value of a reference vari-
able, ~field or —parameter refers to a record of some given
class, whereas on execution of the program it turns out
that the reference value is associated with some record
of quite a different class. If the programmer attempts to
access a field inappropriate to the actual class referred to,
he will get a meaningless result; but if he attempts to
make an assignment to such a field, the consequences
could be disastrous to the whole scheme of storage con-
trol. To avoid this pitfall, it is specified that the program-
mer can associate with the definition of every reference
variable, —field or —parameter the name of the record
class to which any record referred to by it will belong. The
translator is then able to verify that the mistake described
can never occur.

3.4.4. Efficiency of Implementation

Many applications for which record handling will be
found useful are severely limited by the speed and capacity
of the computers available. It has therefore been a major
aim in the design of the record-handling facilities that in
implementation the accessing of records and fields should
be accomplished with the utmost efficiency, and that the
layout of storage be subjected only to  minimum ad-
ministrative overhead.

4. Possibilities for Language Extension

In the design of the language = number of inviting
possibilities for extensions were considered. In many
cases the investigation of these extensions seemed to reveal
inconsistencies, indecisions and difficulties which could
not readily be solved. In other cases it seemed undesirable
to make the extension into a standard feature of the
language, in view of the extra complexity involved.

In this section, suggested extensions are outlined for
the consideration of implementors, users and other
language designers.

4.1. FURTHER STRING OPERATIONS

For some applications it seems desirable to provide
facilities for referring to subsequences of bits and strings.
The position of the subsequence could be indicated by «
notation similar to subseript bounds, viz.

S[i:j] the subsequence of S consisting of the 7th to
jth elements inclusive.

This notation is more compact than the use of a stand-
ard procedure, and it represents the fact that extraction is
more likely to be performed by an open subroutine than a
closed one. However, the notational similarity suggests
that the construction might also appear in the left part of
an assignment, in which case it denotes insertion rather
than extraction, i.e. assignment to a part of the quantity.
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Apart from the undesirability of the same construction
denoting two different operations, this would require
that strings be classified as structured values along with
arrays.

4.2. FurrHER DATA TYPES

Suggestions have been made for facilities to specify the
precision of numbers in  more ‘“flexible” way, e.g. by
indicating the number of required decimal places. This
solution has been rejected because it ignores the funda-
mental distinetion between the number itself and one of
its possible denotations, and as a consequence is utterly
inappropriate for caleculators not using the decimal number
representation. As an alternative, the notion of a precision
hierarchy could be introduced by prefixing declarations
with a sequence of symbols long, where the number of
longs determines the precision class. For reasons of sim-
plicity, and in order that an implementation may closely
reflect the properties of a real machine (single vs. double
precision real arithmetic), allowing for only one long was
considered as appropriate. Whether an implementation
actually distinguishes between real and long real can be
determined by an environment enquiry (cf. Part ITI, 2).
4.3. INiTIAL VALUES AND LocAL CoNSTANTS

It is a minor notational convenience to be able to assign
an initial value to a variable as part of the declaration
which introduces that variable. A more important advan-
tage is that the notation enables the programmer to ex-
press a very important feature of his calculations, namely,
that this is an unique initial assignment made once only
on the first entry to the block; furthermore it completely
rules out the possibility of the elementary but all too
common error of failing to make an assignment before
the use of a vanable.

However, such a facility rests on the notions of “‘com-
pile time” and “run time” action, which, if at all, should
be introduced at a conceptually much more fundamental
level.

In some cases it is known that a variable only ever
takes one value throughout its lifetime, and a means may
be provided to make these cases notationally distinet
from those of initial assignment. This means that the
intention of the programmer can be made explicit for the
benefit of the reader, and the translator is capable of
checking that the assumption of constancy is in fact justi-
fied. Furthermore, the translator can sometimes take
advantage of the declaration of constancy to optimize a
programi.

4.4. ARRAY CONSTRUCTORS

To provide the same technique for the initialization of
arrays as for other variables, some method should be
provided for enumerating the values of an array as a
sequence of expressions. This would require the definition
of a reference denotation for array values, which, if avail-
able, would consequently suggest the introduction of
operations on values of type array. The reasons for not
extending the language in this direction have already
been explained.
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1.5. REcorp CrLass DISCRIMINATION
In general, the rule that the values of a particular refer-
ence variable or field must be confined to a single record
class will be found to present little hardship; however,
there are circumstances in which it is useful to relax this
rule, and to permit the values of a reference variable to
range over more than one record class. A facility is then
desirable {o determine the record class to which a referred
record actually belongs.
Two possibilities for record class discriminations are

outlined as follows.

1. A record union declaration is introduced with the
form
union (record unionidentifier) ((record class identifier list))
The record class identifier accompanying a reference vari-
able declaration could then be replaced by a record union
identifier, indicating that the wvalues of that reference
variable may range over all record classes included in
that union. An integer primary of the form

(record union identifier) ((reference expression))
would then yield the ordinal number of the record class in
that union to which the record referred to by the reference
expression belongs.

2. Record class specifications in reference variable
declarations are onmitted, and a logical primary of the form

(reference primary) is (record class identifier)

could be introduced with the value true, if and only if
the reference primary refers to 2 record of the specified
record class.

While the mtroduction of a new kind of declaration (1)
may seem undesirable, solution (2) reintroduces the dap-
gerous pitfalls deseribed in 3.4.3.

4.6. PROCEDURE PARAMETERS

It has been realized that in most implementations an
actual parameter being an expression constitutes a fune-
tion procedure declaration, and that one being a state-
ment constitutes a proper procedure declaration. These
quasi-procedure declarations, however, are confined fo
being parameterless. Samelson has suggested 2 notation
for funetionals which essentially does nothing more than
remove this restriction: an actual parameter may melude
in its heading formal parameter specifications (ef. ALGOL
Bulletin 20.3.3.). In 2 paper by Wirth and Weber, the
notational distinction between procedure declarations
and actual parameters has been entirely removed [ef,
Comm. ACM 9, 2 (I'eb. 1966), 89 ff.]. This was done along
with the introduction of a new kind of actual parameters
similar in nature to the references introduced here in con-
nection with records.

However, neither ad hoe solutions nor a radical change
from the parameter mechanism and notation of Arcor 60
seemed desirable.

PART II. DEFINITION OF THE LANGUAGE

CONTENTS

1. Terminology, notation, and basic
definitions
1.1 Notation
1.2 Definitions
. Sets of basic symbols and syntac-
tie entaties
2 1 Basic symbols
2.2 Syntactic entities
3. Identifiers
4. Values and types
4.1. Numbers
1.2, Logical values
1.3. Bit sequences
1.4, Strings
4 5. References
. Declarations
5.1. Simple variable declarations
52 Array deelarations
5.3. Procedure declarations
54 Record class declarations
lixpressions
6 1. Varnables
6.2, IF'unction designators
.3, Anthmetic expressions

6.4, Logieal expressions
6.5. Bil expressions
6.6, String expressions
6.7. Reference expressions
+. Statements
7.1. Blocks
7.2. Assignment statements
7.3. Procedure statements
1 Goto statements
A If statements
7.6, Case statements
7.7, Tterative statements
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1. Terminology, Notation and Basie Definitions

The Reference Language is a phrase structure language,
defined by = formal system. This formal system makes
use of the notation and the definitions explained below.
The structure of the language ALcoL 1s determined by the
three quantities:

(1) U, the set of basic constituents of the language,
(2) A, the set of syntactic entities, and
(3) @, the set of syntactic rules, or productions.

1.1 Noration

A syntactic entity is denoted by 1ts name (a sequence
of letters) enclosed in the brackets ( and ) A synfactic
rule has the form

(A 1= 2

where (4) 18 a member of a1, 2 is any possible sequence of
basic constituents and syntactic entities, simply to be
called a “sequence”. The form

BRI BT E R |
is used as an abbreviation for the set of syntactic rules
(A} wi=en
(Ay =g
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1.2 DEFINITIONS

1. A sequence z is said to direetly produce a sequence
y if and only if there exist (possibly empty) sequences u
and w, so that either (?) for some (4) in U, 2 = w(A) w,
y = ww, and (A) : = visarulein ®; or (it) 2 = ww,
y = wvw and v is a “comment” (see below).

2. A sequence x 1s said to produce a sequence y if and
only if there exists an ordered set of sequences s[0], s[1],

-, 8[n], so that = = s[0], s[n] = y, and s[i—1] directly
produces sfz] forallz = 1, -+ | s,

3. A sequence x is said to be an Avcorn program if and
only if its constituents are members of the set U, and «
can be produced from the syntactic entity (program).

The sets U and U are defined through enumeration of
their members in Section 2 of this Report (ef. also 4.4).
The members of the set of syntactic rules are given
throughout the sequel of the Report. To provide explana-
tions for the meaning of Avrcor programs, the letter
sequences denoting syntactic entities have heen chosen
to be English words deseribing approximately the nature
of that syntactic entity or construct. Where words which
have appeared in this manner are used elsewhere in the
text, they refer to the corresponding syntactic definition.
Along with these letter sequences the symhol 3 may oceur.
It is understood that this symbol must be replaced by
any one of a finite set of English words (or word pairs).
Unless otherwise specified in the particular section, all
occurrences of the symbol 3 within one syntactic rule
must be replaced consistently, and the replacing words
are

integer logical
real bit

long real string
complex reference

long complex

It is recognized that typographical entities of lower
order than basic symbols (ef. 2.1), called characters, exist.
Some basic symbols may be identical with characters;
others, so-called word-delimiters, are generally repre-
sented as a sequence of two or more characters. Neither
the set of available characters nor the decomposition of
basic symbols into them is defined here. It is understood
that basic symbols are not the same as characters and
that there may exist characters which are neither basic
symbols nor constituents of them; these characters may,
however, enter the program as constitutents of strings, i.e.
character sequences delimited by so-called string quotes.

The symbol comment followed by any sequence of
characters not containing semicolons, followed by a semi-
colon (;), is called a comment. A comment has no effect
on the meaning of a program, and is ignored during execu-
tion of the program. An identifier immediately following
the basic symbol end 1s also regarded as a comment.

The basic constituents of the language are the basic
symbols (cf. 2.1), strings (cf. 4.4), and comments.

All quantities referred to in a program must be defined.
Their definition is achieved either within the ArLcoL pro-

Volume 9 / Number 6 / June, 1966

gram by so-called declarations and label definitions, or is
thought to be done in a text, possibly written in another
language, in which the Avrcor program is embedded. A
program containing references to quantities defined in the
latter way can only be executed in an environment where
these quantities are known, and this environment is con-
sidered to be a block containing that program.

The execution of a program can be considered as a
sequence of units of action. The sequence of these units of
action is defined as the evaluation of expressions and the
execution of statements as denoted by the program. In
the definition of the language the evaluation or execution
of certain constructions is (1) either not precisely defined,
e.g. real arithmetie, or (2) 1s left undefined, e.g. the order
of evaluation of primaries in expressions, or (3) 1s even
said to be undefined or not valid. This is to be interpreted
in the sense that  program which uses constructions of
the first two categories fully defines a computational proe-
ess only if accompanying information specifies what is
not given in the definition of the language. If in case (2)
this information i1s not supplied, then a unique result
of such a process is defined only if all possible alterna-
tives lead to the same result. No meaning can be attrib-
uted to u program using constructions of the third cate-
gory.

2. Sets of Basic Symbols and Syntactic Entities

2.1. Basic SYMBOLS

albleldlelflglhliljlhkllimlnlolplalr]s|t]
ulv|iwlz|y|z]

A PBIC D TE[F|GH|I|F| E|L[M]N O
1o el sl R el R T [ [ e el 5|

0|1|2|3|4|5]6|7]|8]9]

i|b|true|false|' |null |

integer | real | complex | logical | bits | string | reference |
long | array | procedure | record |

sl 21 C1)][]] ] begin | end | if | then | else | case | of |
s et 96 | A e TRIRALm G oA g [oat = o
o [P B 2

:= | goto | for | step | until | do | while | comment | value |
result

2.2. SyNTACTIC ENTITIES
(with corresponding section numbers)

(actual parameter list) 7.3 (declaration) 5
(actual parameter) 7.3 (digit) 3.1
(array declaration) 5.2 (equality operator) 6.4
(bit factor) 6.5 (expression list) 6.7
{(bit primary) 6.5  (field list) 5.4
{bit secondary) 6.5 (for clause) i
(bit sequence) 4.3 (formal parameter list) f.a
(bit term) 6.5 (formal parameter

(bit) 4.3 segment) 5.3
(block body) 7.1 (formal type) 5.3
(block head) 7.1 {(go to statement) 7.4
{(block) 7.1 (dentifier list) 3.1
(bound pair list) 5.2 (identifier) 3.1
(bound pair) 5.2 (f clause) 6
{case clause) (§ (if statement) 7.5
(case statement) 7.6 (imaginary part) 4.1
{control identifier) 3.1 (increment) Tt
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(mitial value) 7.7  (simple 3 expression) 6.3
(terative statement) 7.7 (simple type) 5.1
(label definition) 7.1 (simple variable
{label 1dentifier) 3.1 declaration) 5|
(letter) 3.1 (statement list) 7.6
(limit) 7.7 (statement) 7
(logical factor) 6.4 (string primary) 6.6
(logical primary) 6.4 (string) 4.4
(logical secondary) 6.4 (subseript) 6.1
(logical term) 6.4 (3 array designator) 6.1
{logical value) 42 (3 array identifier) 3.1
(lower bound) 5.2 (3 assignment statement) 7.2
(null reference) 4.5 (3 expression hst) 6
{procedure declaration) 5.3 (J expression) 6
(procedure heading) 53 (J factor) 6.3
(procedure 1dentifier) 3.1 (3 field designator) 6.1
(procedure statement) 7.3 (3 field identifier) 3.1
(program) 7l (3 function designator) 6.2
(proper procedure body) 5.3 (3 function identifier) 3.1
(proper procedure (3 funection procedure
declaration) 53 body) hia
(real part) 4.1 (3 function procedure
(record class declaration) 5.4 declaration) iy
(record class 1dentifier) 3.1 (U left part) 7.2
(record designator) 6.7 (3 number) 4.1
(relation) 6.4 (3 primary) 6.3
(relational operator) 6.4 (3 secondary) 63
(scale factor) 4.1 (3 term) 6.3
{(sign) 41 (3 variable identifier) Sl
(simple it expression) 6.5 (3 variable) 6.1
(ssmple logical expression) 6.4 (type) 5.3
(simple reference (unscaled real) 4.1
expression) 6.7 (unsigned J number) 4.1
(simple statement) it (upper bound) 5.2
(simple string expression) 6.6  (while clause) qiT
3. Identifiers
3.1. SYNTAX
(identifier) ::= (letter) | (identifier) (letter) | (identifier) (digit)
(3 variable identifier) ::= (identifier)
(3 array 1dentifier) ::= (identifier)
(procedure identifier) ::= (identifier)
(3 function identifier) ::= (identifier)
(record class identifier) ::= (dentifier)
(3 field identifier) ::= (identifier)
(label identifier) ::= (identifier)
{control identifier) ::= (identifier)

(letter) :i=a | b |cldlelflglh|iljlkllim|n|o|p]
glrisitiulviwlz|ylz|
A|B|C|D|E|F|G|H|I|J|K|L|M|N|O|P|Q]
RIS|IT|U|V|W|X|Y|Z

(digit) ::=0|1|2|3|4|5[6]|7|8]9
(identifier list) ::= (identifier) | (identifier list), (identifier)

3.2. SEMANTICS
Variables, arrays, procedures, record classes and record

fields are said to be quantities. Identifiers serve to identify
quantities, or they stand as labels, formal parameters or

control identifiers. Identifiers have no inherent meaning,
and can be chosen freely.

Every identifier used in
This is achieved through

(a) a declaration (ef. Section 5), if the identifier identifies

a quantity. It is then said to denote that quantity

and to be a 3 variable-, 3 array—, procedure-, 3

program must be defined.
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function-, record class-, or 3 field identifier, where
the symbol 3 stands for the appropriate wor
reflecting the type of the declared quantity;

(b) a label definition (cf. 7.1), if the identifier stands as
a label, It 1s then said to be a label identifier;

(¢) its occurrence in a formal parameter list (cf. 5.3), I
15 then said to be a formal parameter;

(d) its occurrence in a for clause following the symbo]
for (cf. 7.7). It is then said to be a control identi.
fier.

The identification of the definition of a given identifier
is determined by the following rules:

Step 1. If the identifier is defined within the smallest
block embracing the given oceurrence of that identifier by
1 declaration of a quantity or by its standing as a label,
then it denotes that quantity or that label. A statement
following a procedure heading or a for clause is considered
to be a block.

Step 2. Otherwise, if that block is a procedure hody
and if the given identifier is identical with a formal pa-
rameter in the associated procedure heading, then it
stands as that formal parameter.

Step 3. Otherwise, if that block is preceded by a for
clause and the identifier is identical to the control identifier
of that for clause, then it stands as that control idenfifier,

Otherwise, these rules are applied considering the smal-
lest block embracing the block which has previously been
considered.

If either step 1 or step 2 could lead to more than one
definition, then the identification is undefined.

The scope of a quantity, a label, a formal parameter, or

a control identifier is the set of statements in which occur-

rences of an identifier may refer by the above rules to the

definition of that quantity, label, formal parameter or
control identifier.

3.3. ExamMPLES

1

Person

elder sibling

15

4. Values and Types

Constants and variables are said to possess a value, The
value of a constant is determined by the denotation of the
constant. In the language, every constant (except refer-
ences) has a reference denotation (ef. 4.1-4.4). The value
of a variable is the one most recently assigned to that
variable. A value is (recursively) defined as either being a
simple value, or a structured value, i.e. an ordered set of
one or more values. Every value is said to be of a certain
type. The following types of simple values are dis:
tinguished:

integer: the value is an integer,

real or long real: the value is a real number,

complex or long complex: the value is

number,
logical: the value i1s a logical value,

bits: the value is a linear sequence of bits,

complex
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string: the value is a linear sequence of characters,

reference: the value is a reference to a record.

The following types of structured values are distin-
guished:

array: the value is an ordered set of values, all of identi-

cal type and subseript bounds,

record: the value is a set of simple values.

A procedure may yield a value, in which case it is said
to be a function procedure, or it may not yield a value, in
which case it 1s called a proper procedure. The value of a
function procedure is defined as the value which results
from the execution of the procedure body (cf. 6.2.2).

Subsequently, the reference denotation of constants is
defined. The reference denotation of any constant consists
of a sequence of characters. This, however, does not imply
that the value of the denoted constant is a sequence of
characters, nor that it has the properties of a sequence of
characters, except, of course, in the case of strings.

4.1. NUMBERS
4.1.1 Syntax

In the first rule below, every occurrence of the symbol 3
must be systematically replaced by one of the following
words (or word pairs):

integer

real

long real
complex

long complex

(3 number) ::= (unsigned 3 number) | (sign)(unsigned 3 number)
{unsigned long complex number) ::=

long (unsigned complex number)
(unsigned complex number) ::= (real part)i{imaginary part)
(real part) ::= (unsigned real number) | (unsigned integer number)
(imaginary part) ::= (real number) | (integer number)
(unsigned long real number) ::= long (unsigned real number) |

long (unsigned integer number)

(unsigned real number) ::= (unscaled real) | (unscaled real)
(scale factor) | (unsigned integer number)(scale factor)
(unscaled real) ::= (unsigned integer number).
{unsigned integer number) | .(unsigned integer number)
(seale factor) ::= iofinteger number)
(unsigned integer number) ::= (digit) |
(unsigned integer number) (digit)
(sign):: = 4+ | —

4.1.2. Semantics

Numbers are interpreted according to the conventional
decimal notation. A scale factor denotes an integral power
of 10 which is multiplied by the unscaled real or integer
number preceding it. Each number has a uniquely defined

type.
4.1.3 Examples

1 R li—1
—0100 1103 —0.33i0.67
3.1416 6.02486104-23 long 0il

+long 2.718281828459045235360287
Note that —0.33i0.67 denotes — (0.33i0.67).
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4.2 LogicarL VarLugs
4.2.1 Syntax

(logical value):: = true | false

4.3. Bir SEQUENCES
4.3.1. Syntax

(bit sequence) ::= h(bit) | (bit sequence)(bit)
(bit) ::= 0|1
4.3.2. Semantics
The number of bits in a bit sequence is said to be the
length of the bit sequence.

4.3.3. Examples

b10011
boo1

4.4. STRINGS
4.4.1. Syntax

(string) ::= '""(sequence of characters)'

4.4.2. Semantics

Strings consist of any sequence of characters enclosed
by but not containing the character", called string quote.
They are considered to be basic constituents of the lan-
guage (cf. Section 1). The number of characters in a string
excluding the quotes is said to be the length of the string.

4.5. REFERENCES
4.5.1. Syntax

(null reference) ::= null

4.5.2. Semantics

The reference value null fails to designate a record: if a
reference expression occurring in a field designator has this
value, then the field designator is undefined.

5. Declarations

Declarations serve to associate identifiers with the
quantities used in the program, to attribute certain per-
manent properties to these quantities (e.g. type, structure),
and to determine their scope. The quantities declared by
declarations are simple variables, arrays, procedures and
record classes.

Upon exit from a block, all quantities declared within
that block lose their value and significance (ef. 7.1.2 and
7.4.2).

Syntax:

{declaration) ::= (simple variable dr*(.'l:trﬂtinn)l

(array declaration) | (procedure declaration) |

(record class declaration)

5.1. SimpLE VARIABLE DECLARATIONS
5.1.1. Syntax

(simple variable declaration) ::= (simple type) {identifier list)
(simple type) ::= integer | real | long real | complex |
long complex | logical | bits ({(unsigned integer number)) |
bits | string | reference ((record class identifier))

5.1.2. Semantics
Fach identifier of the identifier list is associated with a

Communications of the ACM 421



variable which is declared to be of the indicated type. A
variable is called a simple variable, if its value is simple
(ef. Section 4). If a variable is declared to be of a certain
type, then this implies that only values which are assign-
ment compatible with this type (ef. 7.2.2) can be assigned
to it.

It is understood that the value of a variable of type
integer is only equal to the value of the expression most
recently assigned to it, if this value lies within certain

unspecified limits. It is also understood that the value of a

variable of type real is available only with . possible,
unspecified deviation from the value of the expression

most recently assigned to it. If in a declaration the symbol

real is preceded by the symbol long, then this deviation
is expected to be not greater than when the symbol long
1s missing. In the case of a variable of type long complex
this holds separately for the real and imaginary parts of
the complex number.

In the case of a variable of type bits the integer en-
closed in parentheses indicates the actual length of the
sequence which constitutes the value of this variable. If
this specification 1s missing, then the length is assumed
to be equal to the value of the environment enquiry func-
tion bits m word (cf. 111.2).

In the case of a variable of type reference, the record
class identifier enclosed within parentheses indicates the
record class to whose records that reference variable may
refer.

5.1.3. Examples

integer 7, j, 1610, i

real z, y, z

long complex ¢

logical p, g

bits g, k

string 7, s, 1

reference (Person) Jack, Jill

5.2. ARRAY DECLARATIONS
5.2.1. Syntax

(array declaration) ::= (simple type) array (bound pair list)
(identifier list)

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

(bound pair) ::= [(lower bound):{upper bound)]

(lower bound) ::= (integer expression)

{upper bound) ::= (integer expression)

5.2.2. Semantics

Each identifier of the identifier list of an array declara-
tion is associated with a variable which is declared to be
of type array. A varnable of type array is an ordered set
of variables. Their number is determined by the leftmost
element of the bound pair list. If the bound pair list con-
sists of one element only, then their type is the simple
type preceding the symbol array. Otherwise their type is
array, and the number of elements and the type of these
arrays are in turn defined by the given rules when applied
to the remaining hound pair list.
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Every element of an array is identified by an index,
The indices are the integers between and including the
values of the lower bound and the upper bound. Every
expression in the bound pair list is evaluated exactly onee
upon entry to the block in which the declaration oceurs,
In order to be valid, for every bound pair, the value of the
upper bound must not be less than the value of the lower
bound.

5.2.3. Examples
integer array [1:100] H
real array [1:m] [1:n] A,B
string array [j:k+1] street, town, cily

5.3. ProcEDURE DECLARATIONS

5.3.1. Syntax

(procedure declaration) ::= (proper procedure declaration) |
(3 funetion procedure declaration)
(proper procedure declaration) ::= procedure
(procedure heading); (proper procedure body)
(3 function procedure declaration) ::= (simple type) procedure
(procedure heading); (3 function procedure body)
(proper procedure body) ::= (statement)
(3 funetion procedure body) ::= (J expression) |
(block body)(J expression) end
(procedure heading) :.= (identifier) |
(identifier) ({(formal parameter list))
(formal parameter list) ::= (formal parameter segment) |
{formal parameter list); (formal parameter segment)
(formal parameter segment) ::= (formal type) (identifier list)
{formal type) ::= (type) | (simple type) value |
(simple type) result | (simple type) value result |
(simple type) procedure | procedure | reference
(type) ::= (simple type) | (type) array

5.3.2. Semantics

A procedure declaration associates the procedure body
with the identifier immediately following the symbol
procedure. The principal part of the procedure declara-
tion is the procedure body. Other parts of the block in
whose heading the procedure is declared can then cause
this procedure body to be executed or evaluated. A proper
procedure is activated by a procedure statement (ef. 7.3),
a function procedure by a function designator (cf. 6.2).
Associated with the procedure body is a heading, contain-
ing the procedure identifier and possibly a list of formal
parameters.
5.3.2.1. Specifications of formal parameters. All formal
parameters of a formal parameter segment are of the same
indicated type. It must be such that the substitution of
the formal by an actual parameter of this specified type
leads to correct ALGoL expressions and statements (cf.
7.3.2). The word array should be repeated as many times
as appropriate.
5.3.2.2. The effect of the symbols value and result ap-
pearing in a formal type is explained by the following
rewriting rule which is applied to the procedure bady
before the procedure is invoked:

(1) The procedure body is enclosed by the symbols
begin and end if it is not already enclosed by these sym-
bols;
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(2) For every formal parameter whose formal type con-
tains the symbol value or result (or both),

(a) a declaration followed by a semicolon is inserted
in the heading of the procedure body, with a simple type
as indicated m the formal type, and with an identifier
different from any identifier valid ‘at the place of the
declaration.

(b) throughout the procedure body, every occur-
rence of the formal parameter identifier is replaced by the
identifier defined in step 2a;

(e) if the formal type contains the symbol value, an
assignment statement followed by a semicolon is inserted
after the declarations of the procedure body. Its left part
contains the identifier defined in step 2a, and its expression
consists of the formal parameter identifier. The symbol
value is then deleted;

(d) if the formal type contains the symbol result,
an assignment statement preceeded by a semicolon is in-
serted before the symbol end which terminates a proper
procedure body. In the case of a function procedure, an
assignment statement followed by a semicolon is inserted
before the final expression of the function procedure body.
Its left part contains the formal parameter identifier, and
its expression consists of the identifier defined in step 2a.
The symbol result is then deleted.

5.3.3. Examples

procedure Increment; z := z+41

real procedure mazr (real value z, y); if r < y then y else r

procedure Copy (real array array U/, I"; integer value a, b);
for i := 1 step 1 until a do

for j := 1 step 1 until b do U[Z][j] := V[z][j]

real procedure Horner (real array a; integer value n,
real value z);

begin real s; s := 0;
for ¢ := 0 step 1 until n do 5 := & X = + a[i];

end

long real procedure sum (integer k, n; long real r);
begin long real y; vy = 0; k := n;

while k > 1dobeginy :=y +x; ki =k — 1

end; ¥
end

reference (Person) procedure youngest uncle
(reference (Person) R);
begin reference (Person) p, m;
p = youngesl offspring (father(father(R)));
while (p = null) A (=male(p)) VV (p = father(R)) do
p := elder sibling (p);
m := youngest offspring (mother (mother(R)));
while (m = null) A (= male(m)) do m := elder sibling (m);
if p = null then m else
if m = null then p else
if age (p) < age (m) then p else m
end

5.4. REcorp Crass DECLARATIONS
5.4.1. Syntax

(record class declaration) ::= record (record class identifier)
((field list))

(field list) ::= (simple variable declaration) |
(field list); (simple variable declaration)
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5.4.2. Semantics

A record class declaration serves to define the structural
properties of records belonging to the class. The principal
constituent of a record class declaration is a sequence of
simple variable declarations which define the fields and
their types of the records of this class and associate identi-
fiers with the individual fields. A record class identifier
can be used in a record designator to construct a new
record of the given class.

5.4.3. Examples

record Node (reference (Node) left, right)

record Person (string name, integer age; logical male;

reference (Person) father, mother, youngest offspring,
elder sibling)

6. Expressions

IExpressions are rules which specify how new values are
computed from existing ones. These new values are ob-
tained by performing the operations indicated by the
operators on the values of the operands. According to the
type of their value, several types of expressions are dis-
tinguished. Their structure is defined by the following
rules, in which the symbol 3 has to be replaced consistently
as described in Section 1, and where the triplets 3, 31, 3.
have to be either consistently replaced by the words

logical

bit

string

reference
or by any combination of words as indicated by the fol-
lowing table, which yields 3, given 3, and 3J; :

3z

5 integer real complex
1

integer integer real complex
real real real complex
complex complex complex complex

Jo has the quality ‘“long” if either both 3; and 3, have
that quality, or if one has the quality and the other is
“integer’’.

Syntax:
{3 expression) ::= (simple J expression) |
(case clause) ((J expression list))
(3o expression) ::= (if clause)(simple J, expression) else
(J; expression)
(3 expression list) ::= (J expression)
(3g expression list) ::= (3, expression list), (3; expression)
(if clause) ::= if (logical expression) then
(case clause) ::= case (integer expression) of

The operands are either constants, variables or function
designators or other expressions between parentheses. The
evaluation of the latter three may involve smaller units of
action such as the evaluation of other expressions or the
execution of statements. The value of an expression
between parentheses is obtained by evaluating that ex-
pression. If an operator operates on two operands, then
these operands may be evaluated in any order, or even in
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parallel, with the exception of the case mentioned In
6.4.2.2. The construction

(if clanse)(simple J, expression) else (J; expression)

causes the selection and evaluation of an expression on the
basis of the current value of the logical expression con-
tained in the if clause. If this value is true, the simple
expression following the if clause is selected, if the value is
false, the expression following else is selected. The con-
struction

(case clause) ((J expression list))

causes the selection of the expression whose ordinal num-
ber in the expression list is equal to the current value of
the integer expression contained in the case clause. In
order that the case expression is defined, the current value
of this expression must be the ordinal number of some
expression in the expression list.

6.1. VARIABLES
6.1.1. Syntax

(3 variable) ::= (3 variable identifier)|(3 field designator)]
(3 array designator) (subseript)
(3 field designator) ::= (J field identifier) ((reference expression))
(3 array designator) ::= (J array identifier)|
(J array designator){(subscript)
(subscript) ::= [(integer expression)]

6.1.2. Semantics

A subscripted array designator denotes the variable
whose mdex, in the ordered set of variables denoted by
the array designator, is the current value of the expression
in the subscript. This value must lie within the declared
bounds.

The value of a variable may be used in expressions for
forming other values, and may be changed by assignments
to that variable.

A field designator designates a field in the record re-
ferred to by its reference expression. The type of the field
designator is defined by the declaration of that field
identifier in the record class designated by the reference
expression of the field designator (ef. 5.4).

6.1.3. Examples
T
Alz]
M[i+j]z—]
father (Jack)
mother (father (Jill))
6.2. Funcrion DESIGNATORS

6.2.1. Syntax

(3 function designator) ::= (3 funection identifier)]|
(3 funetion identifier) ((actual parameter list))

6.2.2. Semantics
A function designator defines a value which can be ob-
tained by a process performed in the following steps:
Step 1. A copy is taken of the body of the function
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procedure whose procedure identifier is given by the fung.
tion designator and of the actual parameters of the latter.

Steps 2, 3, 4. As specified in 7.3.2,

Step 5. The copy of the function procedure body,
modified as indicated in steps 2-4, is executed. The valye
of the function designator is the value of the expression
which constitutes or 1s part of the modified funection pro-
cedure body. The type of the function designator is the
type preceding procedure preceding the heading of the
corresponding  function procedure declaration.

6.2.3. Examples

maz (z 12, yX2)

sum (7, 100, H[7])

sum (i, m, sum(y, n, Alz][7]))
youngest uncle (Jill)

sum (z, 10, X[1]X Y[7])
Horner (X, 10, 2,7)

6.3. ARITHMETIC EXPRESSIONS

6.3.1. Syntax
In any of the following rules, every occurrence of the
symbol 3 must be systematically replaced by one of the
following words (or word pairs):
integer
real
long real
complex
long complex
The rules governing the replacement of the symbols 3
J; and 3, are given in 6.3.2.
(simple J expression) ::= (J term)| + (3 term)| — (J term)
(simple J, expression) ::= (simple 3, expression) 4+ (J: term)|
(simple J, expression) — (J. term)
(J term) ::= (3 factor)
(3 term) ::= (3, term) X (I, factor)
(3o term) ::= (J; term)/(3. factor)

(integer term) ::= (integer term) div {(integer factor)|

(integer term) rem (integer factor)
(3y factor) ::= (3, secondary)|(3, factor) T (integer secondary)
(Jy secondary) ::= (J primary)|(unsigned 3 number)
(Jp secondary) ::= abs (J, primary)|abs (unsigned 3; number)
(long 3y primary) ::= long (3, primary)
(3 primary) ::= (J variable)|(3 funection designator)]

((J expression))
6.3.2. Semantics

An arithmetic expression 1s
number.

According to its type it is either called an integer-
real-, long real-, complex—, or long complex expression.
6.3.2.1. The operators 4+, —, X and / have the conven-
tional meaning of addition, subtraction, multiplication
and division. In the relevant syntactic rules of 6.3.1 the
symbols 3y, 3; and 3, have to be replaced by any combina-
tion of words according to the following table which indi-
cates J for any combination of given 3; and 3. .

2 rule for computing »

Operators Ta
*| integer real complex
+l- & e
integer integer real complex
real real real complex
complex complex complex  complex
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3 has the quality “long” if both 3, and 3, have the
quality “long”, or it one has the quality “long” and the
other is “integer”.

Operator X
P % o Je integer real complex
integer | integer long real long complex
real long real  long real long complex
complex | long com- long com-  long complex
plex plex

3y or 3, having the quality “long” does not affect the
type of the result.

Operator Aol
) integer real complex
/ (31
integer real real complex
real real real complex
complex complex complex complex

The specifications for the quality “long’ are those given
for -+ and —.
6.3.2.2. The operator — standing as the first symbol of -
simple expression denotes the monadic operation of sign
mversion. The type of the result is the type of the operand.
The operator + standing as the first symbol of a simple
expression denotes the monadic operation of identity.
6.3.2.3. The operator div is mathematically defined as

a divb = sgn(axb) X d(abs a, abs b)
where the function procedures sgn and d are declared as

integer procedure sgn(integer value a);
if a < 0 then —1 else 1;

integer procedure d(integer value a, b);
if a < b then 0 else d(a—b, b) + 1

6.3.2.4, The operator rem (remainder) is mathematically
defined as

aremb =a — (adivb) X

6.3.2.5. The operator T denotes exponentiation of the
first operand to the power of the second operand. In the
relevant syntactic rule of 6.3.1 the symbols 3, and 3; have
to be replaced by any of the following combinations of
words:

Jo i1
real integer
real real
complex complex

3o has the quality “long” if and only if 3; does.

6.3.2.6. The monadic operator abs yields the absolute
value of the operand. In the relevant syntactic rule of 6.3.1
the symbols T and J; have to be replaced by any of the
following combinations of words:

Jo a1
integer mteger
real real
real complex

If 3; has the quality “long”, then so does 3 .
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6.3.2.7. Precedence of operators. The syntax of 6.3.1
implies the following hierarchy of operator precedences:

long
abs

L / div rem

+ e
Sequences of operations of equal precedence shall be exe-
cuted in order from left to right.
6.3.2.8. Precision of arithmetic. If the result of an arith-
metic operation is of type real or complex, then if is the
mathematically understood result of the operation per-
formed on operands which may deviate from the actual
operands. In case of the operands being of a type with the
quality “long”, this deviation, as deseribed in 5.1.2, is
intended to be smaller, and is expected to be not greater
than if that quality 1s missing.

In the relevant syntactic rule of 6.3.1 the symbols 7,

and J; must be replaced by any of the following combina-
tions of words (or word pairs):

Operator 5 [ i
long
long real real
long real integer

long complex complex

6.3.3. Examples

z + ¢/H[j—1]
¢ + Ali] X Bli]
exp (—x/(2Xsigma))/sqrt (2X sigma)

6.4. LogicalL EXPRESSIONS

6.4.1. Syntax
In the following rules for (relation) the symbols I,
and J; must either be identically replaced by any one of
the following words:
bit
string
reference

or by any of the words from:

complex

long complex
real

long real
integer

and the symbols 3; and 3; must be replaced by any of the
last three; real, long real, integer.

(simple logical expression) ::= (logical term)|(relation)
(logical term) ::= (logical factor)|(logical term) \/ (logical factor)
(logical factor) ::= (logical secondary)]

(logical factor) A (logical secondary)
{logical secondary) :.= (logical primary)|—(logical primary)
{logical primary) ::= (logical value)|(logical variable)|

(logical funetion designator)|((logical expression))
(relation) ::=

(simple J, expression)(equality operator)(simple 3, expression)|

(logical term){equality operator){logical term)]
(simple J, expression)(relational operator)(simple 3; expression)
(relational operator) ::= <|<|Z=|>
(equality operator) ::= =|z=
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6.4.2. Semantics
A logical expression is a rule for computing w logical
value.

6.4.2.1. The relational operators have their conventional
meanings, and yield the logical value true if the relation
1s satisfied for the values of the two operands; false, other-
wise. Two references are equal if and only if they are both
null or both refer to the same record. Two strings are
equal if and only if they have the same length and the
same ordered sequence of characters.

A companison of two bit sequences of different lengths
is preceded by insertion of an appropriate number of 0’s
after the symbol b of the shorter operand.
6.4.2.2. The operators — (not), A (and), and V (or),
operating on logical values, are defined by the following
equivalences:

—T if = then false else true
z Ay if z then y else false
z \/ y if z then true else y

6.4.2.3. Precedence of operators. The syntax of 6.4.1 im-
plies the following hierarchy of operator precedences:

s

A
IA

6.4.3. Examples

PV g

(x<y) N\ (y<z)

(1=7) = (m=n)

youngest offspring (Jack) #= null

6.5. Bt EXPRESSIONS
6.5.1. Syntax

(simple bit expression) ::= (bit term)|
(simple bit expression) V/ (bit term)
{(bit term) ::= (bit factor)|(bit term) /\ (bit factor)
(bit factor) ::= (bit secondary)|—(bit secondary)
(bit secondary) ::= (bit primary)|
(bit secondary) T (integer secondary)|
(b1t secondary) | (integer secondary)
(bit primary) ::= (bit sequence}{(bit variable}|
(bit function designator)|((bit expression))

6.5.2. Semantics
A bit expression is a rule for computing a bit sequence.
The operators \/, /A and — produce a result of type
bits, every bit being dependent on the corresponding bit(s)
in the operand(s) as follows:

Y St NN Y

0 0 1 0 0
0 1 1 0 1
1 0 0 0 1
il 1 0 1 1

The operators | and | denote the shifting operation
to the left and to the right respectively by the number of
bit positions indicated by the absolute value of the inte-
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ger secondary. Vacated bit positions to the right or left
respectively are assigned the bit sequence value b0, If in
the case of the /\ and \/ operators the two operands are
not of equal length, then the shorter operand is extended
by insertion of an appropriate number of 0’s after the
symbol b. The length of the result of a bit operator is
equal to the length of the operand(s).

6.5.3. Examples

g /A h \/ bl111000
g A\ - (RVg) L8

6.6. STRING EXPRESSIONS
6.6.1. Syntax

(simple string expression) ::= (string primary)|
(simple string expression) eat (string primary)

(string primary) ::= (string)|(string wvariable)|
(string function designator)|((string expression))

6.6.2. Semantics

A string expression is
(sequence of characters).
6.6.2.1. The operator cat (catenate) yields the string
consisting of the sequence of characters resulting from
evaluation of the first operand, immediately followed by
the sequence of characters resulting from evaluation of
the second operand, mathematically defined as

rule for computing  string

"(sequence-1)'" cat "(sequence-2)"' = "sequence-1)(sequence-2)"

The length of the result is the sum of the lengths of the
operands.

6.6.3. Example

s cat ""u+tu' eat ¢

6.7. REFERENCE EXPRESSIONS
6.7.1. Syntax

(simple reference expression) ::= (null reference)]
(reference variable)|(reference function designator)|
(record designator) |((reference expression))

(record designator) ::= (record class identifier}|
(record class identifier) ((expression list))
(expression list) ::= (3 expression)|

(expression list), (J expression)

6.7.2. Semantics

A reference expression is a rule for computing a reference
to a record. All simple reference expressions in a reference
expression must be of the same record class.

The value of a record designator is the reference to a
newly created record belonging to the designated record
class. If the record designator contains an expression list,
then the values of the expressions are assigned to the fields
of the new record. The entries in the expression list are
taken in the same order as the fields in the record class
declaration, and the types of the fields must be assignment
compatible with the types of the expressions (cf. 7.2.2).

6.7.3. Example

Person (''Carol", 0, false, Jack, Jill, null,
youngest offspring(Jack))
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7. Statements

A statement 1s said to denote a unit of action. By the
execution of a statement is meant the performance of this
unit of action which may consist of smaller units of action
such as the evaluation of expressions or the execution of
other statements.

A statement containing no symbols denotes no action.

Syntax:

{program) ::= (block)

(statement) ::= (simple statement)|(iterative statement)|
(if statement)|(case statement)

(simple statement) ::= (block)[(3 assignment statement)| |
(procedure statement)|(goto statement)

7.1. Brocks
7.1.1. Syntax

(bloek) ::= (block body) (statement) end
(block body) ::= (block head)|(block body)(statement); |
(block body)(label definition)
(block head) ::= begin|(block head)(declaration);
(label definition) :.= (identifier):
7.1.2. Semantics
Every block introduces o new level of nomenclature.
This is realized by execution of the block in the following
steps:
Step 1. If an identifier defined in the block head or in
a label definition of the block body is already defined at
the place from where the block is entered, then every
occurrence of that identifier within the block is systemati-
cally replaced by another identifier, which is defined
neither within the block nor at the place from where the
block 1s entered.
Step 2. If the declarations of the block contain array
bound expressions, then these expressions are evaluated.
Step 3. Execution of the statements contained in the
block body begins with the execution of the first state-
ment following the block head.
After execution of the last statement of the block hody
(unless it is a goto statement) a block exit occurs, and the
statement following the entire block is executed.

7.1.3. Example
begin real u;
e R R TR T B L B
end

u

Il

7.2. ASSIGNMENT STATEMENTS
7.2.1. Syntax

In the following rules the symbols J;, and J3; must be
replaced by words as indicated in Section 1, subject to
the restriction that the type J; is assignment compatible
with the type J; as defined in 7.2.2.

(3o assignment statement) ::= (J; left part)(J, expression)|

(3, left part)(3; assignment statement)
(3 left part) ::= (3 variable) :=

7.2.2. Semantics
The execution of assignment statements causes the
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assignment of the value of the expression to one or several
variables. The assignment is performed after the evalua-
tion of the expression. The types of all left part variables
must be assignment compatible with the type of the ex-
Pression.

A type 3 1s said to be assignment compatible with a

type 3y, if either
(1) the two types are identical (except possibly for
length specifications), or
(2) 3915 real or long real, and 3, is integer, real, or
long real, or
(3) 9515 complex or long complex, and 7, is integer,
real, long real, complex or long complex.

In the case of the type bits, the length specified for 3,
must be not less than the length specified for 3,.

If the length of a bit sequence to be assigned is smaller
than the length specified for 3, , then a suitable number of
0’s are inserted after the symbol b.

In the case of a reference, the reference to be assigned
must refer to a record of the class specified by the record
class identifier associated with the reference variable in
its declaration.

7.2.3. Examples

z := age (Jack) := 28
T =y + abs z
c:=14+zx+c¢c
pi=z#y

7.3. PROCEDURE STATEMENTS
7.3.1. Syntax

(procedure statement) ::= (procedure identifier)]

(procedure identifier) ((actual parameter list))
(actual parameter list) ::= (actual parameter)|

(actual parameter list), (actual parameter)
(actual parameter) ::= (expression)|(statement)]

(3 array designator)|(procedure identifier)|(J function identifier)
7.3.2. Semantics

The execution of a procedure statement is equivalent
to a process performed in the following steps:

Step 1. A copy 1s taken of the body of the proper
procedure whose procedure identifier is given by the proce-
dure statement, and of the actual parameters of the latter,

Step 2. If the procedure body is  block, then a
systematic change of identifiers in its copy is performed
as specified by step 1 of 7.1.2.

Step 3. The copies of the actual parameters are
treated in an undefined order as follows: If the copy is
an expression different from a variable, then it is enclosed
by a pair of parentheses, or if 1t is a statement it is en-
closed by the symbols begin and end.

Step 4. In the copy of the procedure body every
occurrence of an identifier identifying a formal parameter
is replaced by the copy of the corresponding actual pa-
rameter (cf. 7.3.2.1). In order for the process to be defined,
these replacements must lead to correct ALcown expressions
and statements.

Step 5. The copy of the procedure body, modified
as indicated in steps 24, 1s executed.
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7.3.2.1. Actual formal correspondence

The correspondence between the actual parameters
and the formal parameters 1s established as follows: The
actual parameter list of the procedure statement (or of
the function designator) must have the same number of
entries as the formal parameter list of the procedure
declaration heading. The correspondence 1s obtained by
taking the entries of these two lists in the same order.
7.3.22. Formal specifications

If a formal parameter is specified by value, then the
formal type must be assignment compatible with the type
of the actual parameter. If it is specified as result, then
the type of the actual variable must be assignment com-
patible with the formal type. In all other cases, the types
must be identical. If an actual parameter is a statement,
then the specification of its corresponding formal param-
efer must be procedure.

7.3.3. Examples

Inerement
Copy (4, B, m, n)

7.4. GOTO STATEMENTS

7.4.1. Syntax
(goto statement) : = goto (label 1dentifier)

7.4.2. Semantics

An 1dentifier 1s called a label identifier if it stands as a
label.

A goto statement determines that execution of the text
be continued after the label definition of the label identi-
fier. The identification of that label definition is accom-
plished in the following steps:

Step 1. If some label definition within the most re-
cently activated but not yet terminated block contains
the label identifier, then this is the designated label
definition. Otherwise,

Step 2. The execution of that block 1s considered as
termimated and Step 1 1s taken as specified above.

7.5. IF STATEMENTS
7.5.1. Syntax

(if statement) ::= (if clause)(statement)|
(if clause)(simple statement) else (statement)
(if elause) ::= if (logical expression) then

7.5.2. Semantics

The execution of if statements causes certain state-
ments to be executed or skipped depending on the values
of specified logical expressions. An if statement of the form

(f clause)(statement)

15 executed in the following steps:

Step 1. The logical expression in the if clause is
evaluated.

Step 2. If the result of Step 1 is true, then the state-
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ment following the if clause 1s executed. Otherwise step 2
causes no action to be taken at all.
An if statement of the form

(if clause)(simple statement) else (statement)
is executed in the following steps:
Step 1. The logical expression in the if clause is evalu-
ated.
Step 2. If the result of Step 1 1s true, then the simple

statement following the if clause is executed. Otherwise
the statement following else is executed.

7.5.3. Examples

if - =y then goto L

ifz < y then u := z else if y < z then u := y else v ;= z
7.6. CASE STATEMENTS

7.6.1. Syntax

{case statement) ::= (case clause) begin (statement list) end
(statement list) ::= (statement)|(statement list); (statement)
(case clause) ::= case (integer expression, of

7.6.2. Semantics
The execution of = case statement proceeds in the fol-

lowing steps:

Step 1. The expression of the case clause is evaluated.

Step 2. The statement whose ordinal number i the
statement list is equal to the value obtained in Step 1 is
executed. In order that the case statement is defined, the
current value of the expression in the case clause must be
the ordinal number of some statement of the statement
list.

7.6.3. Examples

case 1 of

begin z := 1 + y;

Y= U
z2: =24+

end

case j of

begin H[i] := —H[:],
begin H[i—1] := H1—1] + H[i], 7 := 7 — 1 end,
begin H[i—1] := H[i—1] X H[i]; i :=1 — 1 end;
begin H[H([i—1]] := H[i]; i ‘=17 — 2 end

end

7.7. ITERATIVE STATEMENTS
7.7.1. Syntax

(iterative statement) ::= (for clause)(statement)|
(while clause)(statement)
(for clause) ::= for (control identifier) :=
(initial value) step (increment) until {limit) do
(initial value) ::= (integer expression)
(increment) ::= (inleger expression)
(limit) ::= (integer expression)
(while clause) ::= while (logical expression) do

7.7.2. Semantics

The iterative statement serves to express that a state-
ment be executed repeatedly depending on certain condi-
tions specified by a for clause or a while clause. The state-
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ment following the for clause or the while clause always
acts as a block, whether it has the form of = block or not.
(a) An iterative statement of the form

for (control identifier) := ¢l step ¢2 until ¢3 do (statement)
1s exactly equivalent to the block

begin (statement-0); (statement-1);
.; (statement-n) end

.; (statement-z};

when in the ith statement every occurrence of the control
identifier is replaced by the reference denotation of the
value of the expression el + 7 X €2, enclosed in paren-
theses.

The index n of the last statement is determined by
n < (e3—el)/e2 < n + 1. If n < 0, then it is understood
that the sequence is empty. The expressions el, ¢2, and e3

are evaluated exactly once, namely before execution of
(statement-0).
(b) An iterative statement of the form

while ¢ do (statement)
1s exactly equivalent to

if ¢ then

begin (statement);
while ¢ do (statement)

end

7.7.3. Examples

for v ;= 1step l untiln — 1 do s := s + A[v][v]

for k := m step — 1 until 1 do
if H[k—1] > H[k] then
begin m := H[k—1]); H[k—1] := H[k];

while (7>0) A (city [7]#s8) doj ;=7 — 1

H[k] := m end

PART III. PROPOSED SET OF STANDARD PROCEDURES

The principal language features described in previous
sections should be supplemented by additional facilities
supplied in the form of procedures, which are assumed to
be declared in the environment in which an AvgorL pro-
gram 15 executed. It is recommended that some or all of
the procedures listed in this section be so treated. They
are classified into the followimg groups:

(1) Input/output procedures
(2) Environment enquiries
(3) Functions of analysis

(4) Transfer functions

1. Standard Input/Output Procedures

1.1. INTRODUCTION
This proposal is based on suggestions of Jan V. Garwick
[ALGOL Bull. 19, 39-40].

1.2. DEsigN CRITERIA

1.2.1. The input/output proposal is essentially simple,
and the various facilities provided are relatively inde-
pendent of one another. No attempt is made to provide
discrimination, looping and sequencing facilities within
the input/output proposal, since this merely duplicates
features which are already provided in the general purpose
language which the proposal supplements.

1.2.2. It is plainly recognized that different input/output
media have radically different properties, and no attempt
is made to introduce an artificial similarity into their use,
nor to mislead u programmer by such an apparent simi-
larity.

1.2.3. Advantage is taken of the essential differences
between input and output, in particular of the fact that
mput of numbers does not require the same variety of
format specifications as output.

1.2.4. Facilities are provided such that the specification
of all matters associated with input and output can be
written explicitly in a single sequence of instructions;
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errors due to incorrect mating of a format string and the
sequence of input/output data which it is intended to
control therefore cannot occur.

1.2.5. The number of digits of a number to be output can
be specified by means of an integer expression, which can
readily be calculated by the program itself.

1.2.6. The proposal is not intended to satisfy every re-
quirement, but only to provide facilities adequate for
most circumstances and capable of being used to build
more complex input/output algorithms for more unusval
requirements. Furthermore, there 1s no embargo on the
provision of yet further standard procedures fo perform
additional, more complex functions.

1.3. SUMMARY

Input and output channels of a computer are classified
mto three essentially different categories:

(1) Legible input channels, on which the information
is presented in a form closely mapping its legible tran-
seription. The main representatives of this class are card
readers and paper tape readers.

(2) Legible output channels, m which the form of the
information output either is, or closely maps, its legible
transcription. The main representatives of this class are
line printers, card punches, paper tape punches, and CRT
character displays.

(3) Imput/output channels, in which the information
is stored in a form not suitable for human inspection, and
can be read only by a computer. Input/output channels
are divided mmto two classes, those with random access
(e.g., drums, disks, or bulk core memories) and those
with which access is essentially serial (e.g., magnetic
tapes).

Legible output is achieved in two stages; first an “out-
put line” of characters 1s assembled, and then it is trans-
mitted on a specified channel. Since these operations are
clearly distinet, they are performed by distinet procedures.
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Facilities provided for legible input are the simplest,
since in general no specifications of format are required.

Operations on (nonlegible) input/output channels are
defined only for arrays, which are transferred in their
entirety to and from the input/output medium.

On serial input/output channels, the positioning of the
information is determined by the current position of the
medium. On random access channels, the output instruc-
tion provides the programmer with an integer position
identification, which he may use for specifying reinput of
the same information.

1.4. LEciBLE Ourrur CHANNELS

procedure scaled (string value result line; integer value
position, length; long real value expression);

comment This procedure is used when the order of magnitude
of a number is unknown. The value of expression is converted to
decimal form, and placed in the length character positions of the
string line starting at position posifion. The character position
position is oceupied by a minus sign if the number is negative or
a space otherwise. The next position is occupied by a digit, the
following position by a decimal point. The fourth last character
position is occupied by 10, the next position by a plus or minus
sign, and the remaining two positions by digits.

Examples: 1.234104-01
—1.23410—70
1.234104-00

0.000104-00;

procedure aligned (string value result line; integer value
posttion, length, decimals; long real value expression);

comment This procedure is used when the order of magnitude
of a number is known. The value of expression is converted to
decimal form, and placed in the length character positions of
the string line, starting at position position.

The last decimals character positions of the field are occupied
by digits and preceded by a decimal point, which itself is pre-
ceded by digits. Leading zeros are suppressed, up to but not
including the last position before the point, and a minus sign
(if any) precedes the leftmost digit.

Examples: 1.234

—123 456
—0.123
0.000

If the absolute value of the number is too great for it to be

expressed in this way, the result is undefined;

procedure decimal (string value result line; integer value
position, length, expression);
comment The value of expression is converted to decimal form,
and placed in the length character positions of the string line,
beginning at position position.
Leading zeros are suppressed up to, but not including the last
digit. The first digit is preceded by either aspace or a minussign.

Examples: —12
1234
0
123
If the absolute value of the number is too great for it to be
expressed in this way, the result is undefined;

procedure insert (string value result line;
posilion; string value message);

comment The string message is inserted in the string line, be-
ginning at position position;

integer value
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string procedure subsiring (string value line;
postion, length);
comment The substring consists of the length characters be-

ginning at position position of the string line;

integer value

procedure oulput (integer value channel, n;
line);

comment The first n characters of the string line are output on
the specified legible output channel. If the channel has a natural
unit of information and 1s incapable of accommodating in this
unit (e.g. print line) the number of characters transmitted, the
result is undefined. If it can accommodate more characters, then
the remaining character positions are filled with spaces;

string value

integer procedure lastcol (integer value channel),

comment This is an environment enquiry, and enables the
programmer to find the number of characters in the natural unit
of information on the specified legible channel, if there is such a
unit. This procedure also applies to legible input channels;

1.5. LeciBLE Inrur CHANNELS

procedure inreal (integer value channel; real result z);

comment The next real or integer number (defined in aceord-
ance with II.4.1.1) is read in from the specified channel, and its
value is assigned to the variable z.

In each case, the characters read consist of an initial sequence
of nonnumeric characters, followed by a sequence of numerie
characters, terminated by, but not including, a nonnumeric
character. The decimal digits and the delimiters . 10 + and — are
numerie characters, and all other characters (including space,
tab, and change to a new line) are nonnumeric. If the sequence
of numeric characters does not conform to the definition of a
real or integer number, the consequences are undefined;

procedure ininleger (integer value channel; integer result i);

comment This procedure is identical to inreal, except that the
numeric sequence must conform to the definition of an integer
number, and the result is assigned to the integer variable i;

procedure inpul (integer value channel, n; string result line);

comment n characters are read on the specified legible input
channel and assigned to the string variable line If the channel
has a natural unit of information (e.g., card record) and the
number of characters in that unit is greater than n, then the
remaining characters are ignored, and if it is smaller than n
then the result is undefined;

1.6. SEr1AL InruT/OUuTPUT CHANNELS

procedure oulserial (integer value channel; array information);

comment The channel is a serial input/output channel. The en-
tire array is output to the next available position of the medium
in such a way that it can be read in by inserial. If there is insuffi-
cient room on the medium to write the information, the result
is undefined. This procedure may be used for arrays of any type,
order, or size;

procedure rewind (integer value channel);
comment On a serial channel, the medium is rewound to the
position of the first information output;

procedure inserial (integer value channel; array information);

comment On a serial channel, the next array stored on the me-
dium is input. This array must be of the same type and orde!',
and have identical subscript bounds to the array output in this
position; otherwise the result is undefined. Furthermore, output
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instructions must be separated by a rewind from any input
instruction. An attempt to read information which has not been
written leads to undefined results. The procedure may be used
for arrays of any type, order or size;

1.7. Ranpom Inpur/OurPur CHANNELS

procedure oulrandom (integer value channel;
integer result identification; array information):

comment The entire array is output on the specified random
access channel, and the variable corresponding to the formal
parameter dentification 1s assigned a value which identifies the
position of the information on the channel. If there is insufficient
room on the medium, the result is undefined;

procedure inrandom
array information),;

comment The array which was output with the identification
specified is reinput. The type, order and dimensions of the
array must be the same as that which was output;

(integer value channel, identification;

procedure overwrile (integer value channel,
array information);

comment The array is output to the specified random access
channel, overwriting the information which originally was given
the identification specified by the second parameter. The type,
order and dimensions of the array must be the same as those

which were originally written;

identification;

procedure resetrandom (integer value channel, identification);

comment Allinformation on the channel written at the position
specified by the identification is deleted, and the space which it
occupied becomes free for further use;

1.8. OPERATING PROCEDURES

procedure open inpul (integer result channel;
string value device);

comment The variable channel is assigned the number of the
legible input channel identified by the string parameter;

procedure open oulput (integer result channel;
string value device);

comment The variable channel is assigned the number of the
legible output channel identified by the string parameter;

procedure open serial input (integer result channel;
string value file label);

comment Similar to open input, for a serial input/output chan-
nel;

procedure open sertal oulpul (integer result channel;
string value file label);

comment The variable channel is assigned the number of some
available serial input/output channel, and that channel is made
unavailable. The implementation ensures that if the output
medium is later removed, it has the identification specified by
the string parameter;

procedure open random input (integer result channel;
string value file label);

comment Similar to open input, for a random input/output
channel;

procedure open random outpul (integer result channel;
string value file label);

comment Similar to epen output, for a random input/output
channel;

procedure open serial (integer result channel);

comment The variable channel is assigned the number of some

available serial input/output channel, and that channel is
made nonavailable. This procedure is recommended for claim-

ing “‘seratch’ tapes;
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procedure open random (integer result channel);

comment The variable channel 1s assigned the number of some
available random input/output channel, and that channel is
made unavailable. This procedure is recommended for claiming
“scrateh’ files;

procedure close (integer value channel);
comment The specified channel is made available for reuse;

2. Standard Environment Enquiries

2.1 INTRODUCTION

It is recognized that different implementations of the
language must adopt different techniques for dealing with
certain language features. The programmer may wish to
obtain information on these points, so that he may adapt
his algorithmic methods accordingly, or even indicate that
the algorithm is inappropriate.

The concept of an environment enquiry was originated
by Peter Naur [ALGOL Bull. 18.3.9.1].

2.2 FunctioNs PROVIDED

real procedure epsilon;
comment The smallest possible number such that both
1 + epsilon # 1 and 1 — epsilon # 1;

long real procedure epsilon squared;

integer procedure inlmar;

comment The largest positive integer provided by the imple-
mentation;

real procedure realmaz;

comment The largest positive real number provided by the
implementation;

integer procedure bils in word;
comment The number of elements of a bit sequence which 1s
accommodated in a single word;

integer procedure lowerbound (array A);
comment The value of the lower subscript bound of the array
A, which may be of any type or order;

integer procedure upperbound (array A);
comment The value of the upper subseript bound of the array
A, which may be of any type or order;

integer procedure siring length (string s);
comment The number of characters in the string s;
3. Standard Functions of Analysis

real procedure sin (real value z);

real procedure cos (real value z);

real procedure arctan (real value z);
comment — 7/2 < arctan(z) < =/2;
real procedure In (real value z);
real procedure erp (real value r);
real procedure sqri (real value z);

real procedure arcsin (real value z);

comment — /2 < arcsin(zr) < =/2;

real procedure arccos (veal value x);
comment — /2 < arccos(z) < w/2;
real procedure tan (real value 1);

real procedure pi;

comment 7w with the aceuracy available for real numbers;

(Continued on page 432)
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