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Editors’ Note. In the interest of immediate circulation of the results of the ACM-
GAMM committee work on an algebraic programming language, this preliminary
report is presented. The langnage described naturally enough represents a com-
promise — but one based more on differences of taste than off content or fundamental
ideas. Even so, it provides a natural and simple medium for the expression of a large
class of algorithms. This report has not been thoroughly examined for errors and
inconsistencies. It is anticipated that the committee will prepare a more complete
description of the language for later publication. -

For all scientific purposes reproduction of this report is explicitly permitted
without any charge.

Part 1. Introduction

In 1955, as a result of the Darmstadt meeting on electronic computers, the
GAMM (Gesellschaft fiir angewandte Mathemathik und Mechanik), Germany, set
up a committee on programming (Programmierungsausschufl). Later a sub-
committee began to work on formula translation and on the construction of a
translator, and a considerable amount of work was done in this direction.

A conference attended by representatives of the USE, SHARE, and DUO
organizations and the ACM (Association for Computing Machinery) was held in
Los Angeles on May 9 and 10, 1957 for the purpose of examining ways and means
for facilitating exchange of all types of computing information. Among other
things, these conferees felt that a single universal computer language would be

very desirable. Indeed, the successful exchange of programs within various’( @

organizations such as USE and SHARE had proved to be very valuable to
computer installations. They accordingly recommended that the ACM appoint
a committee to study and recommend action toward a universal programming
language.

By October 1957 the GAMM group, aware of the existence of many programm—]
ing langunages, concluded that rather than present still another formula language, i
an effort should be made toward unification. Consequently, on October 19, 1957,.“
a letter was written to Prof. Joun W. CarR III, president of the ACM. The letter
suggested that a joint conference of representatives of the GAMM and ACM be
held in order to fix upon a common formula language in the form of a recommen-
dation.
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An ACM Ad-Hoc committee was then established by Dr. Camm, which re-
presented computer users, computer manufacturers, and umive This
committee held three meetings starting on January 24, 1958 and discussed many
technical details of programming language. The language that ewolved from
these meetings was oriented more towards problem language than towards
computer language and was based on several existing programming systems. On
April 18, 1958 the committee appointed a sub-committee to prepare a report
giving the technical specifications of a proposed language.

A comparison of the ACM committee proposal with a similar proposal prepared
by the GAMM group (presented at the above-mentioned ACM-Ad-Hoc committee
meeting of April 18, 1958) indicated many common features. Indeed, the GAMM
group had planned on its own initiative to use English words wherever needed.
The GAMM proposal represented a great deal of work in its planning and the
proposed language was expected to find wide acceptance. On the other hand
the ACM proposal was based on experience with several successful, working problem
oriented languages.

Both the GAMM and ACM committees felt that because of the similarities
of their proposals there was an excellent opportunity for arriving at a unified
language. They felt that a joint working session would be very profitable and
accordingly arranged for a conference in Switzerland to be attended by four
members from the GAMM group and four members from the ACM committee.
The meeting was held in Zurich, Switzerland, from May 27 to June 2, 1958 and
attended by F.L.BAUER, H. BOTTENBRUCH, H. RuTisHAUSER and K. SAMEL-
soN from the GAMM committee and by J. Backus, C. Karz, A. J. PERLIS, and
J. H. WeGsTEIN for the ACM Committee*.

It was agreed that the contents of the two proposals should form the agenda
of the meeting, and the following objectives were agreed upon:

I. The new language should be as close as possible to standard mathematical
notation and be readable with little further explanation.

II. It should be possible to use it for the description of computing processes
in publications.

III. The new language should be mechanically translatable into machine
programs.

There are certain differences between the language used in publications
and a language directly usable by a computer. Indeed, there are many differ-
ences between the sets of characters usable by various computers. Therefore, it
was decided to focus attention on three different levels of language, namely a
Reference Language, a Publication Language and several Hardware Represen-
tations.

Reference Language

1. Tt is the working language of the committee.
2. It is the defining language.
3. It has only one unique set of characters.

* In addition to the members of the conference, the following people participated
in the preliminary work of these committees: GAMM : P.GRAEFF, P. LiucHLI, M. PAUL,
F. PENZLIN. — ACM: D. ArDEN, J.McCartrY, R.RICH, R. GoopmaN, W. TUR-
NANSKI, S. RosEN, P. DEsILETS, S. Gory, H. Huskey, A. OrDEN, D. C. EVANS.
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4. The characters are determined by ease of mutual understanding and not

by any computer limitations, coders notation, or pure mathematical notation.

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

6. It is the guide for all hardware representations.

7. 1t will not normally be used stating problems.

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

9. The main publications of the common language itself will use the reference
representation.
Publication Language (see Part I11c)

1. The description of this language is in the form of permissible variations of
the reference language (e.g., subscripts, spaces, exponents, Greek letters) according
to usage of printing and handwriting.

2. ITtis used for stating and communicating problems.

3. The characters to be used may be different in different countries but uni-
vocal correspondence with reference representation must be secured.

Hardware Representations

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

2. Each one of these uses the character set of a particular computer and is the
language accepted by a translater for that computer.

3. Each one of these must be accompanied by a special set of rules for trans-
literating from Publication language. '

Acknowledgements. The members of the conference wish to express their apprecia-
tion to the Association for Computing Machinery, the ““Deutsche Forschungsgemein-

schaft”, and to the < Eidgend&ssische Technische Hochschule Ziirich”’, for substantial
help in making this conference and resultant report possible.

Part II. Description of the reference language Kﬁ"!@: WW"{ AR

i

5 %
1. Structure of the language W W”(

As stated in the introduction, the algorithmic language has three different

kinds of representation — reference, hardware, and publication — and the
development described in the sequel is in terms of the reference representation.
This means that all objects defined within the language are represented by a
given set of symbols — and it is only in the choice of symbols that the other two
representations may differ. Structure and content must be the same for all
representations.
— The purpose of the algorithmic language is to describe computational processes.
The basic concept used for the description of calculating rules is the well known
arithmetic expression containing as constituents numbers, variables, and func-
tions. From such expressions are compounded, by applying rules of arithmetic
composition, selfcontained units of the language — explicit formulae — called
arithmetic statements.

To showy the flow of ‘largerj computational processes, certain nonarithmetic
statemen’ff(are added which may describe e.g., alternatives, or recursive repetitions

of computing statements. Su,ce Y '.S thews aeeero %_ ot

ove /{M V%’-’ﬂ—: aunetloar, L. S

-

.

7 -
{‘gﬂ% (_;e' P\,wh"t M (7 V2 ’J‘ o el




iy

, the oxislece @dw

A. J.Perus and K. SAMELSON:

computing rules, but inform the translator offcertain proper‘ab of (Jb ][ECta appearing
in statements, such as the class of numbers taken on as values by a variable, the

__dimension of an array of numbers or even the set of rules definimg a function. N » 0

rams. However, whereas complete and rigid era)l nﬂeb for con-
structmg traﬁslg:cable statements are described in the following, mo such rules
can be given in the"sage of programs. Consequently, the notion of program must
be considered to be 1nformaLt§md intuitive, and the question whether a sequence

of statements may be called §f>'p;c§zim should be decided on the basis of the

- operational meaning of the sequenc

In the sequel explicit rules — and associated 1nterpretat1o:: — will be given
describing the syntax of the language. Any sequence of symbols to which these
rules do not assign a specific interpretation will be considered to be undefined.
Specific translators may give such sequences different interpretations.

2. Basic Symbols

{ié} TTreference language is built up from the basic symbols listed in Part I1Ta.
Th

€se are

1. Letters 2 (the standard alphabet of small and capital letters)
2. Figoyes § (arabic numerals 0, ..., 9)
3. Delimiters d consisting of

a) operé‘t@rs w:

arithmetic operators == X

IA |
v

relational operators = = = =
logical operators A VA=
sequential operators go fo du return  stop
ror zr g if either or zr
b) separators 6: i : =
c) brackets {3: »,() [] il g”?(:': /{d
d) declarators ¢: procedure array g e
switqh W o el

type ) comment W_

Of these symbols, letters do not have"}i‘rﬁividual meaning. Figures and deli-
miters have a fixed meaning which for the most part is obvious, or else will be
given at the appropriate place in the sequel.

Strings of letters and figures enclosed by delimiters represent new entities.
However, only two types of such strings are admissible: ’

il ings consisting of figures § only represent the
(including 0)with the conventional meaning.

2. Strings beginming with a letter 4 followed by arbitrary letters 4 and/or
figures § jore called Memzﬁe’rs SN

VThey have no inherent meaning, but serve for identifying purposes only.

——

;b.ositive ) integers G
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2~
3. Expressions //2’

Arithmetic and logical processes (in the most general sense) which the algorith- |
mic language is primarily intended to describe, are given by arithmetic and logical
expressions, respectively. Constituents of these expressions, except for certain
delimiters, are numbers, variables, elementary arithmetic operators and relations,
and other operators called functions. Since the description of both variables
and functions may contain expressions, the definition of expressions, and their
constituents, is necessarily recursive.

The following are the units from Which expressions are constwte.d.\

N¢

;J

i) @osmve) Numbers N. Form: N ~G .Gy -G
where eac is an integer as defined above
G.Gisa cnnal number of conventional form. The scale factor 4, 4 G is

the power of ten give en by L G. The following constituents of a number may be
omitted in any occurrence:

!
e

U2

Xad

The fractional part . 00 - of integer decimal numbers; 4
the integer I in front of a sc ctor; ‘ e
the 4 sign in the secale factor; ",‘
the scale factor ;4 = 0. l l’b
Examples: 4711
137.06
2.9997,610
10— 12
2.2.,%. 310—12
ii) Simple Variables I’ are designations for arbitrary scalar quantities ez,
numbers as in elementary arithmetic mwn ' ¥ C - $8 aresn J,{,W »{}
Form: =~ 3 V Pt “

where I is an identifier as defined above.

Examples:

%ubscripted Variables V designate quantities which are components of
multidimensional a,rfays
Form: aﬁ \:g“uigii\"d / Ve~1I [l]
~where I ~ B, E;7:+ | E is a list of arithmetic expressions as defined
expression E/occupies one subscript position of the subscripted variable, and is
called a subscript. The complete list of subscripts is enclosed in the subscript
(. brackets []. _
5‘3 ‘C" The array component referred to by a subscripted variable is specified by the
actual numerical value of its subscripts (cf. arithmetic expressions). e
ripts, however, are intrinsically integer valued, and whenever the value // ‘
of a subscript & ion is not integral, it is replaced by the nearest integer (in | l (-S
the sense of proper roun

)
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Variables (both simple and subscripted ones) designate arbitrary real numbers

| unless otherwise specified. However, certain declarations (cf. #ype declarations)

' may specify them to be of a special type, e.g., integral, or Boolean. Boolean (or
| logical) varlables may assume only the two values ““‘true’” and “false”.

e

ﬁrg 3@ Functxons F represent single numbers (function values), which result

through the application of given sets of rulesyto fixed sets 9 parameters i
: F~T(P, ,P)

______NW Goco

q,;

: where I is an identifier, and P, P P-is-the. Qrdered list of actual parameters
specrfymg the parameter values for wh1ch the function is to be eval J A
syntactlc definition of parameters is given in the sections on fusnction declarations

(and procedure declumtzonﬁ If the function is defined ?a function declaration, the

kparameters employed in any use of the function are €xpressio Gom.patrble with

e type of variables contained in the correspondmg arameter positions in the
function declaration headi %ctwn declaya dmissible parameters
for functions defined by ?Mﬂeclﬂmtwm re the same as a ible input
parameters of procedures as listed in the sectmnYon procedure statements.
Identrflers designating functions, just as in the case of variables, may be
Hosen according to taste. However, certain identifiers should be reserved for
the standard functions of analysis. This reserved list should contain:

abs (E) for the modulus (absolute value) of the value of the expression E
sign (E)  for the sign of the value of E
entier (B) for the largest integer not greater than the value of E
sqré (E)  for the square root of the value of E
sin (E) for the sine of the value of E
%ﬁ_ﬁi%“% oglif 2 c%nbrilgg ’Eﬂhe tlcal no; ’etwn ‘_H ? :':i,‘y_ o Lo
Arithmetic expressions E are deﬁned as follous. “ },L', Ar e { 7

E~N
~V
~F sy bty

If E, and E, are expressions, the first(of which are neither “ -4 nor “— 7,

then the following are express gs:
1. \EJ\\’ =5 E1
3. = 1\4{E2
4. =2 E]_ o
5. ~E; X E,
6. ~E,E, \\'\
7 ~ El 1‘ Ez \L \\\
8. ~ (Ey) A

!r:»The operators +, —, X, appearing in 1 through 6 have the conventional meaning;
m’ The parentheses % J, used in 7 denote exponentation, where the leading ex-
pressmn is the base and the expression enclosed in parentheses is the exponent.
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