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This is a definition of the syntax of the ®*®* language. It comsists

of modifications and extensions of the Revised Report on the Algorithmic
Language ALGOL 60 which is printed in the Compumications of the ACM, Janu- -

ary 1963. The paragraph oumbering of that report is used in this paper.
The corrections and additions are made partially in Backus normal form,
and partially in English, and the choice has been made on the basis of

N convenience. For exasmple, the use of the weak separator <§pace is
described readily in & few sentences, whereas the modification to incorpo-
rate this into the syntax as described in Backus normal form would have
been extensive.

This paper is not intended as a definitive description of the *#% lan-
guage. It is intended as a definition of a well formed program. Thus any
*4% program must belong to this generative grammar, but many instances of
text belonging to this generative grammar will be semantically meaniungless.

It is hoped that this grammar is free of syntactic ambiguity. If you
find that this is not so, please call it to my attemtion. Correction sheets
will be maintaineé for this paper.

The only intended omission is the syntactic definition of the <@om1t
rulé} , which will be given later. Input/output and other system procedures

do not require syntactic extensions to the language.
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Certain new constructions have brief semantic discussions, however,
no effort has been made to systematicsally update the smnticaipatagraphs
of the Algol 60 report. More complete semantics of the language will be

supplied in later memos.

2.2.1 add |
{octal digit) 1= 0|L)2[3[6|5]6]7

2.3.1 Reserved Words

own, global, local, multiple

procedure

true, false

value, loc, functional, formal

array, matrix, individual

all, are

begin, end

Boolean, logical, real, integer, symbol

comment , meta

for, step, until, while, in, do

if, then, else

8o, to

switch, label

nil, lambda, cond, quote, return
Reserved words are not distinguished by being written in bold face or

other unusual type. This list does not include system proceduras.
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2.3.2 8pecial Characters
>2 -4

ANV~ =

+ =X * [EN\2

-

-»>$

A

'on oy

¢ )Y 11 {1}

s

2.3.3 The Space

{ spaced ::= | Gpace)

2.3.4 The Question Mark and Meta

The special character ? hu thmmticme as the reserved
word gomment. The reserved word mhupdwhﬂu extensions to the
grammar within a program. - - | |

2.4.1 add
- An identifier that i{s a Mmiuym be used as a label,
variable, procedure i.mufm, or s ﬁmi ;"ffj’ff !

2.5.1 replace the entire pansuph
{unsigned decimal) ::= digit) me dniul) (du:é)
(staple decimal) 1:= (mtw m)f«v{mmﬁ dectul)l (msigned

deciul)
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~ (decimal integer) ::= (simple decimal) | (simple decimal)y 1| (oimple decimal)
I <uncign¢d dec1m1> .
(unaigned octal) sgm <octal digit) Q ‘(octal digit) Q (unsigned decimal))
<octa1 digié {unsigned octal)
<octa1 1ntegor> sem < unsigned octal),, +<unsigned octal> l - émigned octa1>
g <1nteger> ggm <octal 1ntegez> ‘ (ecinal intcger)
{unsigned rul> 11m ( unsigned decimal) . ,.(unstgned deciml)‘ <unsigned
dcciul) <unuigned daciul}
<31mple real> :-<unsigned ml) I + <mi.gucd rui}l (unsigned rea1>
{exponent part) tgm !lE {decimal intcgu)
w <ru1> s3= Cotmple real) ,(simple ru1>. <ei:p¢mnt part) Ksimple decimal)
<exponent part)

2.5.2 replace the entire paragraph with

Correct Examples

0 -200.084 ~-.083E-02
177 +07 .43E8 -117
.5384 - 9.34E+10 1.B-4
+0.7300 2.B-4 +1X5 -

43Q 6Q9 7713

98 2.4E0 . OE4

3e6 4B4217 48-3

Incorrect Examples )
B4 | 39Q 3141516
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2.5.3 replace with

E and I indicate exponentiation to the base 10.

Q indicates exponentiation to the base 8.

No octal integer countains an 8 or 9 to the left of the Q.

The exponent is always a decimal integer.

The exponent of an integer is always uaaighed.

A real number always contains a decimal point, or the letter E.

A real number always contains at least one digit not part of the exponent.
2.6 through 2.8 delete and replace with

2.6 Strings ‘

A string is any sequence of characters. Any character in the avail-
able hardware may be used including even those uaéd as special signals such
as carriage return. |

A quoted string is a string with two quote marks (") immediately pre-
ceding and following it. Any occurrence of the quote mark within a string
must be replaced by ?" when the string i{s quoted. Similarly, the question
mark must be replaced with 7?7 when the string is quoted. Characters that
can appear in output o;iy may be represented by.tha‘qucction mark followed

by some character which is the name of that character.

2.6.1 Examples
unquoted quoted
abe "abe"
Xy .{z xy ,(z"
3.ty "3 Py

??“ll " "g????llr" ?”“
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Strings are a basic constituent of symbolic expressions. Unlike
identifiers, they do not have property lists, and are not uniquely repre-
sented. Each copy of the string carries its own character representation.

When a string appears within a program, it is always quoted. When

strings are read in from data using formatted imput, quoting is not needed.

2.7 Symbolic Bxpressions

Catosly ::= {1dentifier) | Quoted string) |Qlogical value)|
(1ntegex> ,( rea1> karray)
(spacex) 3= | fhacer, ', [s {spacer)
(s-1ist) ::= <s-expressipp> | <S-express:lon> opacer) /\Seltat>
<s-cxpru_cionj\ 33 (\nton) l( <s-expresaion) (apacer) . (spacer}
<§-expreesion> ) I ((3413::))!( )
<quoted S-expresaio&) gem ! <s-expreasion> l(quoted ntring>
A single mark at the beginning of an S-expression is sufficient to
quote it since an S-expression is jutlf--li.m:t.t:i.ng by its own parenthescs.
In the case of an S-expression which is a single string, it is red@dmt

to use both the single and the double quote, although not prohibited.

2.7.1 Examples

unqdotad quoted
a ‘a
"all L "‘" or II.'I

{3. 4.0 7 true)
{2 A "§")
4 . 3)

(4.3,6.2)

'¢3. 4.0 7 true)
'(2 A "s”)
6 . 3)

'¢4.3,6.2)
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S-expressions must be quoted when they occur within a program. They
do not need to be quoted when read as data, even when the input is unfor-
matted. However, strings that occur within non-atomic S-expressions always
require fhe string quote.

2.8 The Array

It is possible to express constant arrays within a program.

Example:
( Z :) is written as [[3,2],[4,-7]]

Each sublevel of an array is represented as a list with square brackets
as delimiters and commas as separators. There are as many sublevels as
there are dimensions to the array. The innermost level corresponds to
the first dimension in the array subscripting. Each list must be of the
proper length for its dimension.

The elements of an array may be any type of unquoted symbolic expres-
sion, except arrays (which must be quoted using the single quote mark).
Included as possible array elements are numbers, logical value, and quoted
strings.

This notation is provided for the sake of completeness. Constant
arrays will usually be read from data using formatted input.

All arrays writtem using this notation have lower subscript bounds of

2.9 Data

{ datum) ::= integer) ,(real) l(logical value) ‘(array) \(quotcd

S-expression)
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2.10 The Space

2.10.1 The {apace) must never be used within an icentifier, within a
reserved word, or within a number. Xf it i{s used within a quoted string

it will be taken literally.

2.10.2 It is permissible to use the (lpace) " at any place within a pro-
gram.except thogse gpecified in 2.10.1 without changing the meaning of the pro-
gram. | |

2.10.3 The (space) must be used vhenever its omission would result in

the concatenation of any two items each of which is a number, an identifier,
or a reserved word. The (space) is not required if any special character

comes between the two items.

2.10.4 Examples
Correct:
loops 1f a=3 then go to loop else go to end;
Incorrect: |
lo op: ifa =3then goto loop elsegotoe nd;
Correct:

loop :if a= 3 then go

to loop . else go to end
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3. Expressions

3.1 change <subscript expression} Cys <expression>

3.2 vreplace with

Procedure Designators

<proceduxe identlfier> s3= <identifier>

{identifier 1ist) 3= {identifierD | {identifierd , (identifier list)

{formal parameter 1ist) s:= ; I(idencifier 1ist);

(declaration list) ::= emptyy |(declaration) ; | {seclaration ;
{declaration list)

{procedure body) ::= statement’ I( expression>

<procedure designat:or> 3o <procedure identifier>l A (’fomal parameter

11st) {declaration list) {procedure body)

3.3 Expressions

(infix operator) ::= *!*}XI*?,”*.'-'\ ,'”( !fl>,?!:‘*’/‘{v)7’,5

(prefix operator)y :i= -|~

{argument list) ::= expression) )(expression> s {argument 1ist)

{simple expression) ::= (datum) , {variable) | ¢eimple expression)
{Infix operator) (simple expression) | /prefix operator)
{simple expression) | <procedure designator) ( farsument list) ) |
(procedure designator) { f,!l((e;npwssws«))

{expression) ::= (simple expression) | if {expression) then ¢siuple

expressi.on> else (express{on>

Every procedure including those designated by infixes and prefixes
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must have a type for its arguments and for its value. Appropviate transfer
functions may automatically be invoked in certain cases. it is expected
that an expression following the reserved word if will be Boolean valued,
but this is not part of the syntax of =ik,

When the grouping of an expression using prefix and infix operators
is not specified by the use of parentheses, all operators will have their
scope determined by a precedence table, with thoge of lowest precedence
having the widest scope. New operators may be added to the tables when
in the meta mode. The precedence level of an infix operator must be spe-

cified. The initial precedence table is:

= €22 =+
) t -

Y, X % / + \
A 0

The symbol * i{s for matrix multiplication, and the symbel is for

integer remainder.

3.5 change
{label’) ::= (identifier)
The rest of 3.5 is as in the revised Algol report, but note that

a designational expression is no longer an expression.
The integer label has been deleted. The switch is retained as the

only way of computing the location of a jump at run time.

4.1.1 add

The braces {, andj} are equivalent to the reserved words begip and

end respectively.
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4 2.1 change
<§eft part;> sem <:var1ab1e:> ‘ <ﬁpvocedutt 1dcntifiet§>

If a procedure designator is assigned to a procedure identifier, the
result of this is to change the definition of the proéeduro.

Assignment of a value to a procedure identifier within that procedure
is never used to return a value for the procedure. The proper way to do
this is with return as in the LISP procsdure.

An assignment statement may be considered as an expression having the
value assigned to the variable of the left half of the expression. The
left arrow has a precedence level that is very high on the left and very
low on the right. '

Example:

ae-3+bed

i{s equivalent to

aée(3+ (b))

4. 6.1 replace entire paragraph with

The for statement is being enlarged, and the extent of this enlargement
has not been decided at present. It will contain the Algol 60 for statement,
and may have the following additional properties: |

1. The inclusion of reset im addition to gtep. This reassigns the vari-
able instead of adding to {t,.

2. A notation for permeating a symbolic expression or travelling the
length of a list with the comtrol variable set to each subexpression in
turn.

3. Several control variables being simultaneously updated.

4. The ability to indicate whether testing occurs at the beginning or

or the end of the loop.
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4.7.1 replace entire paragraph with
<procedure statement) ;3= <ptocedure designator> ){procedure

designacor>( ) ’Qrocedure designa:or){ <argument list>)

5. treplace entire paragraph with
{declarstion) ::= {variable declaration) l {ewiteh declaration)'

<defau1t declaration) '(procednre declaration>

5.1 AVariab.le Declaration
(transmiuion mode> ;3= value ’ loc ‘ formal l functional
<type> = real l integer \Booleanl logical |symbol
(atorage mode) :z3% local ' global Iown
<s£ze> ;3= array | matrix | individual
<speciﬁ.er$ ss@ {transmission mode ) ‘<typc> '(storage mode)l (eize>\
<funct 1on)‘¢>rocedure) Kspecifier>- <apecif:lcr>
{Lover bound) ::= Zexpression>
Cupper boum?) 3= (exp*tsaioxb
<bound> r2= (upper bound) l(lom- bound) : @pcr bound>
Chound 11st) :3= Cbound) | Lbound) , (bound 11st)
{item) :3= {1dentifier)) {identifier) & Lexpression) \(1denuf1er>
[ Chound 11st) |
{variable declaration) ::= C(specifier)) (item) \er’iable declaration™
R <:I.tem>
These declarations specify the type of a variable, whether it is an
array or matrix, its dimensions if applicable, its storage mode, its mode

of transmission if it is a parameter, and whether or not it is multiple

if it is a parameter. Any of this information can be grouped within one
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specifier, but most of it is usually redundant and can be omitted. The
assignment within a declaration is an initialization of the vaiue. 1If

not given, initial values will be false,0,0.0, or nil depending on the type.

5.2 Switch Declarations

See 5.3 of the revised Algol report.

5.3 Default declarations
{default declaraiion:> :3= all {specifier) are Cepecifier >

A default Aeclaration govers the properties of variables when full
information is not given. It asserts that apything having all of the
properties of the left half will ﬁave all of the propertie; of the right
balf unless otherwise specified.

If no default declarations are présent then:

1. All procedures of unspecified type are symbol.

2. _AII variables of unspecified'type are the type of their procedure.

3. Ali variables are individual unless otherwise specified.

4. All individual parameters'are transmitted by value unless otherwise
specified.

| 5. All matrix and array variables are transmitted by location unless

otherwise specified.

6. All variables are local unless otherwise specified.

5.4 Procedure Declarations
{procedure type) :3= <typey I Lempty™ )(type)@ttix) kﬁype) (atray}‘
<matt1:bkarra§b

procedure declaration ::= proceudre type procedure procedure
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(proccdurc declaration) ::= é:oeotuu typ-) Q:o«duu)
<procodurc typs) procedure (pto«duu idutithr)/proccduu duigu:o? ‘
(procedure typd) procedure (procedure ﬁ‘auﬁ.or> :

<£om1 parameter 1ist) (declaration 1“:) <mt~nt>\
(procodm tm) procedure

‘procedure tdantifier)
(tormal parameter list) = (duhmm ih@ (mm.im»
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