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DESCRIPTION OF THE REFERENCE T.ANGUAGE.
1. STRUCTURE OF THE LANGUAGE

As stated in the introduction, the algorithmic language has three
different kinds of representations - 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 functions. From such expressions are compounded, by applying
rules of arithmetic composition, selfcontained units of the language -
explicit formulae - called assignment statements,

To show the flow of computetionsl processes, certain nonarithmetie
statements and statement# clauses are added wirich may describe e,g., ////
alternatives, or recursive repetitions of computing statements, Since
it is necessary for the function of these statements that one statement
refers to another, statements may be provided with labels. Sequences cf
statements may be combined into compound statements by insertion ngETEEWf;;t
brackets,

Statements ﬁawhbe supported by declarations which are not themselves
computing rules, but inform the translator of the existence and certain
properties of objects appearing in statements, such as the class of numbers
taken on as values by a variable, the dimen31on of an array of numbers or
even the set of rules defining a functhggjfhe range of validity of = decla—\ o~
(ration is onejstatement (simple or compound). _/ N £
' A list of declarations and the list of statements governed by the iy W
\declarations given in this particular list are together called & block. '

A program is a self-contained compound statement, i.e., & compound
statement not contained within another compound statement and which makes
no use of other compound statements not contained within it,

In the sequel explicit rules - and associated interpretations - will
be glven describing the syntax end semantics of the languege. Whenever the
precision of arithmetic is stated as being in general not specified, or
the outcome of a certain process is sald to be undefined, this is to be
interpreted in the sense that a program only fully defines a computational
process if the accompanying information specifies the precision assumed,
the kind of arithmetic assumed, and the course of action to be teken in
all such cases as may occur during the execution of the computation,

1,1, FORMALISM FOR SYNTACTIC DESCRIPTION.

The syntax will be described with the aid of metalinguistic formulae.
Thelr interpretation is best explained by an example:

<ab> st= (| [ ]| <ab>( | <ab><a>
Sequences of characters enclosed in the bracket < > represent metalinguistic
variables whose values are strings of symbols. The marks ::= and l (the latter
with the meaning of or) are metalinguistic comnectives. Any mark in a
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formula, which is not & variable or a connective denotes itself (or the
class of marks which are similar to it). Juxtaposition of marks and/or
variables ina formula signifies juxtaposition of the strings denoted,

_ Thus the formula above gives & recursive rule for the formation of values
of the variable <ab>, It indicates that <ab> may have the value { or

[ . or that given some legitimate value of <abd, another may be formed by
following it with the character ( or by follcwing it with some value of
the variable <d>. If the values of <d> are the decimal digits, some values

of <abd> are: ; ) b P dals }{
(G o ohor o Joeliiefe
125)_"5( I, o = » . ¥ Adn _(,:. ~ A N
(

In the text explaining the/semantics any objeet which is denoted"by a
designation, A say, which/has been defined syntectically as <A, will be

ddentical with <A>.
| Definltloﬁz‘-“”” oo &

I\ ="y ‘;;‘3,)_'“»; )

B ) /" rat V
(empty> $s= the null string of symbols. g.it&d A

The reference language is built p from the following basig symbols-
Cbasic symbold ::= <letter>|<digitd |Kdelimiter)

2.1, LETTERS, ‘ o
{letterd> 1:= alb!cld]e'f]g'hlilj{kil'm]nlo]plqlrlsltln]v]wlxlylzl

AIBICIDIEIF‘IGIHlIlJleLlMINIOIPIQIRISlTiﬁ!VIWIXIYIZ

This alphabet may arbitrarily be restricted, or extended Yith eny other
distinctive ‘character (i.e. character not coinciding with any digit, logieal
value or delimiter).

Letters do not have individual meaning, They are used for forming
identifiers and strings.

22,0,
Q@igity 1:= ol1|2|3lhj5]6l7}8|9
Digits are used for forming numbers, identifiers, and strings.

2.2.2. LOGICAL VALUES.,
{logical valued ::= true|false
The logical-values have a fixed obvious meaning,

2.3. DELIMITERS. )
<delimiter> ::= <operator>[<5eparator>|<bracket)|<declarator)}‘<§ﬁpﬂcn \ CARBCT

{operator> ::= <arithmetic operator)l(relational operator)}(logical Operatof>’

{sequential 07erator>

(arithmetic operator) ::= +

{relational operatord> ::
{logicel operatord> ::=
{sequential operator> ::
{separatord g:=

It !I
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| <oracket> ::= (| ) | [ | 1] ¢ ]| pesin | end \
\ <declarator> ::= own | Boolean | integer i resl | arrev | switch | nmgeiug
‘Delimiters have a fixed mesning which for the most part is obvious, or
else will be given at the appropriate place in the sequel, -
Typographical features such as blank space or change to & new line have
no significance in the reference language, They imay, however, be used freeiy
lacilitating reading.
For the purpose of including text among the symbols of a program the
following ‘comment' convention holds: The string xgéL«x
N Zeomment <any string not containing 3 > 3 ' N —=

»
is syntactically equivalent to a 3 e———""

——

2,4, IDENTIFIERS,
2.k.1, syntax,
<identifier> :::= <letter>|<identifier><{letter>|<identifier><digitd
2.4.2, Examples., q
Soup
ViTa
a3LkTMNs
‘MARILYN
2.4.3, Semantics.,

Identifiers have no inherent meening, but serve for the identification of
simple variables, arrays, labels, switches, funetions, and procedures, They
may be chosen freely (cf. however section 3,2,4 , SPANDARD FUNCTIONS).

The same identifier cannot be used to denote two different gts except
when these<ocbjeets have disjoint scopes as defined by the deelarations of
the program (cfE\QEStion 2.10, SCOPE and section 5., DECLARATIONS). ; .

T  3 B ooy

s SECH 3\; . s Y =
5. P i

2.5. NUMBERS.
2.5.1, Syntax,
<unsigned integer> :im <digitd|<unsigned integer><digitd
{integer)> ::= <{unsigned integer>]+<unsigned integer)>| =<unsigned intecger>
{decimal fraction) ::= ,<unsigned integer)

{exponent partd ::= p<integerd>
<decimal number> ::= <unsigned integer>|<deeimal fractiond|
{unsigned integerd<{decimal fraction)
<unsigned number> ::= <{decimal number>|<exponent pert>|
{decimal numberd<{exponent part)
<number)> ::= <unsigned number>| +<unsigned numbery| -<unsigned numberd

2 05 o 2 ° Exam.Ples ° O "200 008," - .085”-02
177 +07 nh}‘oe "'107
5384 9.3k 410 ol
+0.7300 2,574 +g#5

2+.5.3, Semantics.
Decimal numbers have their conventional meening. The exponent part is a
scale factor expressed as an integral power of 10,

2‘5 'L"n Types.
Integers are of type integer. All other numbers are of type real (cf,
sectiocn 5.2, TYPE DECLARATIONS),




e @wﬁ el ! .
REGNECENTRALEN I%w;,,, . DASK AJOL 3.2/1 side U

ol Sranie Ty A

2,6, STRINGS. ' (¢ oy ¥ 2

2.6,1. Syntax. i N A

proper string> ::= {any string not centaining Cop 7 >l(empty>
{open string> 3:= <{proper string)l(‘s&ﬁ-n@l(open string)><{open stringd
{stringd is= ‘<open string)'

2.6.2, Examples. ( ; -

/SKV‘— [L[)@‘ & Wk \

' .o This is._a\.string

2.,6.3. Semantics,

In order to enable the language to handle arbitrary strings of symbols
the string quotes ' and ' are introduced. The symbol denotes a space,
It has no significance outside strings.

/‘"\Efb@ fﬁ o -~ ,f o °

[ S

" 2.7. -QUANTITIES, KINDS AND TYPES, .~

/" The following kinds of quentities are distinguishedt ° ~
simple variables, ("} N
expressions, arrays, labels, switches, — and procedures, ( \ "

. When the word type is used it refers to some of the properties of
—guantities, in particular those properties which can be declared in the
language {cf. 5. DECLARATIONS).
(25D)
2.8, NAMES. 1 a
The name of an identifier is that identifier, - ~
The name of a simple variable, expression™, array, — r procedure
is the identifier associated with that sinple variable, expression”, array,
or procedure, respectively.

2.9. VALUES,
Velu€s are numbers, logical values, or lebels. .
’::?y,vm Thé value associated with a—variabte"or)an expression is the value of
“Stnet variable or expression, respectively,
The value associated with an arw is the ordered set of
values of #ts—-eomponents. -\\wmmﬁil§wuﬂ&%¥7),,~4{‘i'QJ“"*Q'?“%ﬁ‘ﬁuéa? Sl -
—he value associated with a .procedure is as defined in section
/PROCEDURE DECLARATIONS. »

2,10, SCOPE,

The scope of a block is the set of statements comprising the block,.

The scope of a property of a quantity is the set of statements in which
that guantity is declared to have that property.
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3 EXPRESSIONS§ jg”’ “w»w”’jf A -l
4 F A
?n the language the primary constigﬁéiﬁs of the p%ograms describing
algorithmic processes are arithmetic, ean, and dedignational, expressions.

Constituents of these expressions, exc pt for certedin delimiters, are logical
values, numbers, variables, elementary arithmetic/operators and-relstionsT
-nd other operators called gynetTSE ~.gince the description of both variables

ons may contain expressions, the definition of expressions, and their
‘tuents, is necessexily wegurgive,

<exp..-ssiond 1i= {arithmetic expression)](Boolean expresswomnl
{designational expressiond

3,1, VARIABLES.

.1.1. Syntax.
(varisble identifier> ::= identifier)>
<{simple variabled> i:= ¢variable identifierd
{subscript expression> ::i= Carithmetic expresslond
<{subscript listd ::= {subscript expression)l(subscript 1istd,{subscript expressiony
array identifierd ii= <identifier>
(subscripted varisbled i:= <arre] identifiery[<subscript 1isty] 4
{rariablzd 3= {simple variable> ¢subscripted variabled

3,1.2, Examples. epsilon
detA
al?
QP. 2]
x| sin(nxpi/2), al3, n, 4]]

Dl e te Semantics,

Vvariables are designaticns for
as in elementary arithmet¥ic, unless otherwise
declarations (cf. se
special type, €.
assume only

= . P
: LR, 4
¥ o

k.
mey 4y €

Ce }&,5
3,1.4, Subseripts. e vavrafle Frig (Y Tl ad
3.1.4,1, Subseripted variesbles designate quantities which are components
of multidimensional arrays (cf. section ARRAY DECLARATIONS). Each arithmetic -
expression of the subscript list occupies one subseript position of the
subscripted varieble, and is called a subseript. The complete list of subscripts
is enclosed in the subscript brackets [ ]. The array component referred to by

a subscripted variable 1s specified by the actusl numerical value of its
subscripts (ef, section ARITHMETIC EXPRESSIONS).

3,1,bk.2. Subseript expressions must be of type integelL, and the value of the
subscripted variable is defined only if the value of the subseript expression

i1s within the subscript bounds of the array (cf. section ARRAY DECLA-
RATIONS) .

Baledl.Zo A subscripted vayiable is of the same type as the array of which

it :s a component (ef, section ARRAY DECLARATIONS).

~ integral, or Boole
two values true an
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3.2, PROCEDURE VALUES.
52l Syntex,
<procedure identifier) ::= {identifier>
{ectual parameter) z:= <expre351on>l<array 1dentifier>l<procedure identifler>‘

<stringd>
{detter stringd ::= {letter)|<{letter stringd><{letterd
{parameter delimiterd se= , | )<letter string> :(

<actual parameter listd> ::= <actual parameter>|
{actual parameter list><{parameter delimiter)<actual parameter)
<actual parameter partd s:= <empty>|(<actual parsmeter 1listd)
coccdnre valued :i= {procedure identifier)><actual parameter part)

5.2.2. Examples,
sin (a - b)
J(v + s, n)
R
gls - 5)Temperature (T)Pressure:(P)
“omplle( := ' )stack:(Q)

3.2,35. Semantics,

Procedure values are single valiucs, vhich result through the spplication
of given sets of rules defined by a procedure declaration (cf. section
PROCEDURE DECLARATIONS) to fixed sets of actual parameters, The rules for
actual parameters are given in section

3,24, Standard functions.
Certain identifiers should be reserved for the standard functions of
. alysis, which in the language will be expressed as procedures. It is recom-
wnded that this reserved list should contain:
abs(E) for the modulus (absolute value) of the value of the cxpression E
sign(E) for the sign of the value of E (+1 for EDO, O for E=0, -1 for E(0)
sqrt(E) for the square root of the value of E

sin(E) for the sine of the value of E

cos(E) for the cosine of the value of E

arctan(E) for the principal value of the arctengent of the value of E
in(E) for the natural logarithm of the value of E

exp(E) fur the exponential function of the value of E (e )

irbsc functions are all understood to operate indifferently on srguments both
of type real and integer, They will all yield function values of type real,
except for sign(E) which will have values of type inteser. In a particular
representation these functions may be available without explicit declarations
(cf. section DECLARATIONS).

34205. Transfer procedures.

It is understood that trangfer procedures between any palr of recognized
cntities may be defined., Among the standard procedures it is recommended that
there be one, namely entier(E), which transfers en expression of real type
t0 one of integer type, and assigns to it the value which is the largest integer
not greater than the value of E,

The converse transformation from integer to real type is understood to be
built into the operations of the language (cf. section 3.2.4. STANDARD FUNCTIONS
scebion b1, ASSIGNMENT STATEMENTS).

v
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3.3« ARITHMED .. EXPREZSTONS.,
3 0 L Sanhe e,
<{adding operator> ::= + [ -
<multiplying operatord> :i= x I / ’ s
<primary> ::= <unsigned number>f(var1able>l<procedure value>| (

(<arithmetic expression>)
(factord> ::= <primary>|<factor)|<primary>
Ctermd = (factor)|<term><multiplying operatord><factor)
Ssdmpre arithmetic crpression) ::= <term>[<adding operator)(term)!
{simpie arithmetic expressiond<adding operator>{termd
{if clause> ::= if <Boolean express1on> then
arithmetic If expression> i= <if claused<{simple arithmetic expression>]
<if clause>(<arithmetic expressiond)

darithmetic expre351on>'\*~a<s;mple arithmetic expression)
g {arithmetic if expressiond
L“M_“N55rithmetic X expréssion>el§e<arithmetic expression>

505.2- Examples. A
Alpha
a x sin (omega x t)
0.57,512 x a[N x (N - 1)/2 0]
(A x arctan(y) + Z)¢(7 o Q)
v If q then n-1 else n
AL a<0 then A/B else if v=0 then B/A

3+3+3s Semantics,

An arithmetic expression is a rule for computing a numerical value. In
case of simple arithmetic expressions thils value is obtained by executing the
indicated arithmetic operations on the actual numerical values of the primaries
of the expression, as explained in detail in section 3.3.4 below, The actual
numerical value of a primary is obvious in the case of numbers. For variables
it is the current value (assigned last in the dynamic sense), and for procedure
values it is the value arising from the computing rules defining the procedure
(cf. section PROCEDURE DECLARATIONS) when applied to the current values
of the procedure parameters given in the expression, Finally, for arithmetic
expressions enclosed in parentheses the value must through a recursive analysis
be expressed in terms of the values of primaries of the other three kinds.

In the more general arithmetic expressions, which include if clauses, one
out of several simple arithmetic expressions is selected on the basgis of the’
actual values of the Boolean expressions (cf. section BOOLEAN EXPRESSIONS).
This selection is made as follows: The Boolean expressions of the if clauses
are evaluated one by one in sequence from left to right until one having the
value true is found. The value of the arithmetic expression is then the value
of the first arithmetic expression following this Boolean, The constructions

else <arithmetic expressiond
is equivalent to the construction:

else if true <arithmetic expressiond, '

If none of the Boolean expressions of the if clauses of an arithmetic expression
is true, the value of the arithmetic expression is undefined.

3.3.4, Operators and types.
Apart from the Boolean expressions of if clauses, the constituents of
simple arithmetic expressions musp/bf types real or integer (cf. section
TYPE DECLARATIONS). The meaning of the basic operators and the types
of the expressions to whlch they lead mey-—be-determined—from the
following rules: A 3‘“* A

v

tré&@ion and m%ltlpllcaxiog) The type‘o the expres§1on§w1ll be ig;gg;;
if bokh of thé gperands’ are integér typa, otherwise ;ggl. \

303 ol 2N The/ qperatlgns <ter§Q/§£ﬂctor> and “<tefmd>a<factor> beth denotedgiv1sion
to be understood =g a multiplication of the term by the reciprocal of the factor
with due regard to the rules of precedence (cf. section 3.3.5).
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%,3,4,1, The operators +, -, and x have the conventional meaning (sddition, sub-
_ traction, and multiplication), The type of the expression will be inteser

, mwii both of the operands are of integer type, otherwise xeal.

- 7 3,3,4,2, The operations <term>/<factor> and <termde<factor> both denote division,
to be understood as a multiplication of the term by the reciproeal of the factor
with due regard to the rules of precedence (cf, section 3,3.5). Thus for
example

afo x 1/(p - a) x v/s

ans <1 =1 w1
((({ax (7)) x7) x ({(p -a)"7)) xv) x (s77)
The operator / is defined for all four combinations of types xgal and integer
and will yield results of rpeal type in any case, The operator ¢ is defined
o only for two operands both of type integer and will yileld a result of type‘;yf
‘ integer defined as follows: /
a +b = sign(a/b) x entier(abs(a/b))
(ef, sections 3.2.4t and 3,2.5).
‘“"«3}?Th.3. The operation <factor5T<primary> denotes exponentiation, where the
factor is the base and the primary is the exponent, Thus for exampde

2 ¢ n T m means (Zn)m
while (o)
(n 1 m) means 2
Writing il and i2 for two numbers of integer type and rl and r2 for two numbers
of real type the result is given by the following rules:-

11142 For 1250, 11 x 11 x . 4 + x 11 (42 times), of type inteser.
For i2=0, 1, of type integex.
For 12<0 if i1s0, undefined,
1r 1140, 1/(i1 x 11 x o o o x 11) (THE denominator
- hag -i2 factors) of type real.
11 2 For 11>0; exp(r2 x 1n(il)), of type real.
For ii=0, if r2>0, 6,0 of type real.
- 1f r2€0, undefined,
For 11<0, always undefined.
xif 42 Wor 4850, rl x ¥l x . o« x ¥l (12 times), of type real.
For i2=0, 1,0, of type real.
For i2<0 it ri-O 0 - undefined
" 1f r140,0, 1,0/(rl x r1 x . . » x r1l) (the denominator
- has ~i2 factors) of type real.
r1 P ¥2  For r1d0, exp(r2 x In(rl)), of type real.
For r1=0l if r2>0, 0.0, of type real.,
if r2<0, undefined,
For ri<0, always undefined.

| 3.3,5, Precedence of operators.
l The sequence of operations within one expression is generally from left
to right, with the following additional rules: '
3.3,5.1. According to the syntax given in section 3. 3,1 the following rules
of precedence hold:
first:
second: x [/ ¢
third: + =
3,5,5.,2, The expression between a left parenthesis and the matching right
parenthesis is evalyated by itself and this value is used in subsequent
calculations, Consequently the desired order of execution of operations within
‘ an expression can always be arranged by appropriate positioning of parentheses.
|
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%,%5.,6, Arithmetics of reasl quantities.

Numbers and variables of type real must be interpreted in the sense of
numerical analysis, i.e. as entities defined inherently with only a finite
accuracy. Similarly, the possibility of the occurrence of a finite deviation
from the mathematically defined result in any arithmetic expression is
explicitly understood. No exact arithmetic will be specified, however,
and 1t is indeed understood that different hardware representations may
evaluate arithmetic expressions differently. The control of the possible
consequences of such differences must be carried out by the methods of
numerical analysis. This control must be considered & part of the process
to be described, and will therefore be expressed in terms of the language
itself, 'y

\("\«} _— “~¢¢W%ﬁw;‘k C‘L );V.»,; ) A ::"“-—fil v
\ J

5., BOOLEAN EXPRESSIONS, _ -
3.4.1, Syntax. AL

“Lrelation)y ::sm <pr;m£ry><relational operator>{primary>
(Boolean primary> ::= <logical value>T<variable> {procedure value>l
{relation> | (<Boolean expression>)
{Boolean secondary> ::= <Boolean primary)} ~,<{Boolean primary>
{Boolean factor> ::= <Boolean secondary)f(Boolean factor>A{Boolean secondary>

<{Boolean term) ::= <Boolean factor)l(Boolean termpv<{Boolean factor> ;. &7
Ciapldcstiondoups <Boolean term)l g #/<{Boolean term> Z?’ﬁ%37
{simple Boolean) {i= KimpitSitiond l {(simple Booledn> = ¢impigstion
ean IT expressiony ::= (if clauser<simple Boolean>|
e __if clause>(<Boolean-expression>)
{Boolean expression) ::= {simple Booleaﬁg??ﬁﬁbie&n&ifggxpression>|
. {Boolean if expression) glse <Boolean expressiond>
3.“’.2. Examples. X =&~V ai..ﬁ,’,’? —Z\i{' A 2_-(;!{! > S ,:a :’;ﬂ V
YWV v zig / L
PAY VX ;
% g = -, 8/ \bA= cvivey—rf— /V%;

e
¥

| s

34,3, Semantics. L

A Boolean expression is a rule for computing a logicel value. The
principles of evaluation are entirely analogous to those given for
arithmetic expressions in section 3.3.3.

36“’"4'. T}’PQS.
Variables and procedure valuesvgntered as Boolean primaries must
be declared Boolean (cf. section 5.7 TYPE DECLARATIONS).

3,4,5, The operators.
4 Relations teke on the value true whenever the corresponding relstion
is satisfied for the expressions involved, otherwise £ &
The meaning of the logical operators -, (not), A (and), v (or),
(implies), and = (equivalent), is given by the following function
table,




REGNECENTRALEN DASK ALGOL, 3,8/1 sidelD

bl false false true true
b2 false true false true
-, bl true false false

bl A b2
bl v b2 false true true true
bl # b2 true rue false Lrue *,f@
bl = b2 true  false false =

34,6, Precedence of operators,
The sequence of operations within one expression is generally from
left to right, with the following additional rules:
3.4.6.,1, According to the syntax given in section 3 L.1 the following rules
of precedence hold: T
first: ¢ < = 5 > + €t antrefic
second: =
third: A
fourth: vV 7 k2
£ifth: o L
sixths =
3.4,6,2, ﬂhe use of - parentheses will be interpreted in the sense given
in section 3.3.5.2.

{

\!
3.5. DESIGNATIONAL EXPRESSIONS.,
3+5.1. Syntax,
(labeld> 1:= <identifier>|<unsigned integer>
{switch identifier)> ::= {identifier)
<switch valued ::= <{switch 1dent1f1er>[<subscr1pt expre331on>]
(sdmpie designational expressiond i:=. <label>l<switch value>

i

1 ddesignational 1f expression) ::= <if claused{simple desiggatlonal expression)l

<if clause>(<designationa¥ expression))

 {designational expressién>A°-~ <simple. deglgaaﬁibnal expression)]

{designational i#f- expression>f
<designatlonal if expression> glse <designational expression)

3,5,2, Examples., 17

P9
Choose[n - 1]

\ fhen N else N+1] e —
(AL A5<c then 17=quin0 fhen 2 Q.L_g n] _lw

—— i e S e }

3e5.3, Semantics,

A designational expression is a rule for obtaining a label of a
statement (cf. section b STATEMENTS) . Again the principle of the
evaluation is entirely analogous to that of arithmetic expressions
(section 3,3,3). In the general case the Boolean expressions of the
if clauses will select a simple designational expression, If this is
a label the desired result is already found. A switch velue refers
to the corresponding switch declaration (cf. section 5. SWITCH
DECLARATIONS) and by the actual numerical value of its subscript
expression selects one of the designational expressions listed in the
switch declaration by counting these from left to right. Since the
designational expression thus selected may again be a switch value this
evaluation is obviously a recursive process.

e I

LT W A T .. I} = " I g T, M, AL o LDC D
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3.5.4. The subscript expression,

A switch value is defined only 1f the subscript expression is of
type integer and assumes positive values 1, 2, 3, .,. , n, where n is
the number of entries in the switch declaration list,

3e5¢5. Unsigned integers as labels,

Unsigned integers used as labels have the property that leading
zeroes do not affect their meaning, e.g. 00217 denotes the same label
as 217.

7
D 3
) L, STATEMENTS.
/

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

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

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

4.1, COMPOUND STATEMENTS AND BLOCKS. .

k,1,1, syntax, .
<unlabelled basic statement)> 4= <assignment statement>]<go to statement)

<dummy gﬁétement>|<procedure statement)
<basic statement> ::= <unlgbelled basic statement)|

<label> : <basic statement)
<unconditional statement) ::= <basic statement>|<for statement |
<compound statement)l(block}
{statement)> ::= <unconditional statement>!<conditional statement)
{compound end> ::= <statement)> end ](statement> s <compound end)
<compound tail> ::= <{compound end>| p i;ff-ﬁ”'”
{compound end><any-string not containing end-or-3 or-glse>

<block head> ::= Qegin(declaration>i<block heady{declarationd> o
{unlabelled compound> ::= begin <compound tail><)
<{unlabelled block> ::= <block headXcompound taild
{compound statement> ::= <unlabellz§ compound>|<label> : <unlabelled compound)
<block> ::= <unlabelled block)!(labpl> : <unlabelled block>

- 7 £ H

e A r;th
h.l.ZYE@s. /)
UnlabXed basic statements: e

8 =D +q ), /
£0 1o Neples N A
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L,1,%, Semantics,

Every block automatically introduces a new level of nomenclature,
This is realized as follows: Any identifier occurring within the block
may through a suitable declaration (cf. section 5. DECLARATIONS) be
specified to be local to the block in question. This means (a) that
the entity represented by this identifier inside the block has no existence
outside it and (b) that any entity represented by this identifier outside
the block is completely inaccessible inside the compound,

Identifiers (except those representing labels) occurring within a
block and not being declared to this block will be global to it, i.e,
will represent the same entity inside the block and in the level immediately
outside it. The exception to this rule is presented by labels, which are
local to the block in which they occur., ’ o~

Since a statement of a block mey again itself be affblock the / M
concepts local and global to a block must be understood recursively,
Thus an identifier, which is global to a block A, may or may not be
global to the block B in which A is one statement.

The string of symbols entered between an gnd and the following end,
; or glse is of no meaning to the program. It may be used to enter arbi-
trary text,

T4

L,2, ASSIGNMENT STATEMENTS.

4.2.1, Syntax.

{left partd> ::= <variabled :=

<left part list> ::= <left partd|<left part listd><left partd

<assignment statement) ::= <{left part listd><arithmetic expression>!
{left part listd><{Boolean expressiond

)-1-.2.2. ExanlpleS- :

s s=p[0] s=n t=n+1+s

n n+1

A :=B/C-v-qgxS8S

s[v, k+2] := 3 « arctan(s x zeta)

Ve=1Q>YlAz P

' (Y6

4,2.3, Semantics. o e ‘

Assignment statements serve for assigning the value of an expression
to one or several variablesY with the undewstznding thatl im & partieulesr-
execution. the-expression-id-evaluated -once and the resulting value then

Lh,2.l, Types.
All variables of a left part list must be of the same declared type.
If the varisbles are Boolean the expression must likewise be Boolean.,

If the variables are of type real or integer the expression must be
arithmetic. If the type of the arithmetic expression differs from thet

W

“tﬁé‘?ﬁ?fébles,‘%ppyopﬁiate transfer procedures are understood to be ' /1A
antomatically invoked. For transfer from real to integer type the §§; f7
transfer procedure is understood to yield a result equivalent to jijf

| entier(E + 0.5)
@here E ig the value of the expression.
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L,3, GO TO STATEMENTS,

4,3,1. Syntax.
<go to statementd> ¢i= go 1O {designational expression>

L“o} 2., Examples,

go to 8
go to exit{n + 1]
2o to Town[if y<0 then N else N+i]

go to if Ab<c then 17 glse q if w<O then 2 glse n]
4,3,3, Semantics, -
A go to statement interrupts the normal sequence of operations, defined
by the write~up of stat nents, by defining its successor explicitly by the
— value of a designationa%&expression. Thus the next statement to be
executed will be the one having this value as its label,

4,3,4, Restriction. :
Since labels are inherently local, no go to statement can lead from
outside into a block. y { L. 4
p-y o e
h‘ ’3 ® 5 'Y Go tO [/undefined L] ff ! //”// ) w
A go to statement is/an empty statement if the value of the desig-

national expression is undefined. ,

oo b
(.g A {(AAAAN Vi

N
~
SN

-t

Z

S
o .
o I,
A o
o,

(fuxs
.

A,
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L,4, DUMMY STATEMENTS.,

4, k,1, Syntax.
{@ummy statement> ::= <{empty>

4,4,2, Examples,
L:
_bﬁgm'-uo;JOhn:,@&

L"Q“’oEo Semntics.
A dummy statement executes no operation. It may serve to place
e label,

4,5, CONDITIONAL STATEMENTS.

k,5,1, Syntax.
(if claused> ::= if <Boolean expression)> then
{unconditional statement)> ::= <basic statement>|<for statement)]
{compound statement> |<block>
if statementd> ::= (1f clause><unconditional statement)
{conditional statementd ::= <if statement) |
df statement)> else <{statementd>

i‘-5-2. EX&mplES. - A“Wé 9
if x>0 then n := n+l ) e WO
if v>u then V: q:=n+m glse~f<€>0igo to R =0
if s<OVP<Q then AA: begin if q<v then a:=v/s(end

else if v>s then as=v-q glse if v>s+l then go to 8

4.5,3, Semantics,
Conditional statements cause certain statements to be executed or
skipped depending on the running values of specified Boolean expressions,

L.5,3,1, If statement.

The unconditional statement of an if statement will be executed if the
Boolean expression of the if clause is true. Otherwise it will be skipped
and, the operation will be continued with the next statement.

4.5,3.2. Effect of glse.

In the general case the unconditional statement of the if statement is
followed by the delimiter else. This defines the successor of the uncone
ditional statement to be the statement following the statement immediately
following else. (It should be noted that this explanation mekes essential
use of the strict syntactic definition of statement, Thus in particular

no statement beginning immediately after an glge may also be terminated
by the delimiter else.)

L,5.k, Go to statement as unconditional,

It follows from the sbove rule that if the unconditional statement
preceding an elge is a go to statement, glse has no effect, It may therefore
be replaced by the usual statement delimiter ;
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4.5.5. Alternative description.

The effect of a conditional statement which includes several if
clauses may be described alternatively as follows:

The Boolean expressions will be evaluated one after the other in
sequence from left to right, until one yielding the value frue is found.
Then the unconditional statement following this Boolean is executed and
the else acts as described above., If no Boolean having the value true
is found, the'statement following the last else in the complete condi-
tional statement will be executed. Thus, unless there occurs a go o
statement leading from one of the unconditional statement to a label
within the conditional statement itself, only one of the unconditional
statements will be executed. ad st
L.,5.6., Go to into a conditional.

The effect of a go to statement leading into a conditional state-
ment follows directly from the above rules.

L,6, FOR STATEMENTS.

4,6.1, Syntax,
{for list element> ::= {arithmetic expression>l
<arithmetic expressiond step <arithmetic expression> until
<arithmetic expression>]
{arithmetic expressiond> whi {(Boolean expression)
{for list> ::= <for list element>i<for list> , <for list element)
(for claused> ::= for <variable)> := <for listd> do
(for statementd ::= <for claused<statementd
{labeld> : <for clause><{statement>

4,6,2, Examples.
for @/t+= 1-step s until n do Ala] := Bla]
for k := 1, V1 x 2 while V1 < N do
for j:=A+B, L 1gstep1untilN C+D do Alk, 3] &= B[k, 3]

4,6,3. Semantiecs.

A for clause causes the statement S which it precedes to be repeatedly
executed zero or more times while both the following conditions remain
trues :

1) The for clause is not exhausted, i.e., further values remain to
be assigned to its controlled variable.

2) No exit out of S has occurred.

In addition to causing S to be repcated, th/ for clause assigns a sequence
of values to its controlled variable as described in section 4,6.4 below.

4,64, The for list elements,

The for list gives a rule for obtaining the values which are con-
secutively assigned to the controlled variable., This sequence of valucs
is obtained from the for list elements by taking these one by one in the
order in which they are written. The sequence of values generated by each
of the three species of for list elements and the corresponding execution
of the statement S are glven by the following rules:
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4,6,4,1, Arithmetic expression, This element gives rise to one value,
namely the value of the given arithmetic expression as calculated imme-
diately before the corresponding execution of the statement S,

4.6.4.2, Step-until-element, An element for the form A gtep B until C,
where A, B, and C, are arithmetic expressions, gives rise to an execution
which mey be described most concisely in terms of additional ALGOL state-
ments as follows:

Vi=

Li:if (V - C)x sign(B) > O then go 1o Element exhausted;

Statement S;

V:= V + Bj

go to Lis
where V is the controlled variable of the for clause and Element exhausted
points to the evaluation according to the next element in the for list,
or if the step-until-element is the last of the list, to the next statement
in the program.

4,6,4,3, While—element, The execution governed by a for list element of
the form E yhile F, where E is an arithmetic and F a Boolean expression,
is most concisely described in terms of additions) ALGOL statements as
follows: i
L3:Vi=E;

if -, F then go to Element exhausted;

Statement S;

go to L3;

where the notation is the same as in L.6.4,2 above.

4,6,5., The value of the controlled variable upon exit.

Upon exit out of the statement S (supposed to be compound) through
a go 1o statement the value of the cantrolled variable will remain the
gsame as it was during the particular execution when the go to statement
was encountered. .

If the exit is due to exhaustion of the for list, on the other hand,
the value of the controlled varisble is undefined after the exit.

L,6.6, Go to leading into a for statement,
The effect of a go to statement, outside a for statement, which refers
to & statemént within the for statement, is undefinmed..

(2 leh

4.7. PROCEDURE STATEMENTS,
Besgkrivelsen findes senere i rapporten,

»
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5, DECLARATIONS,

Declarations serve to define certain properties of the identifiers of

the program. A declaration for an identifier is valid for one block, Out-
i side this block the particular identifier may be used for other purposes,
‘ Dynamically this implies the following: at the time of a dynamical
| entry into a block (through the begin, since the labels inside are local
\ and therefore inaccessible from out51de) all identifiers declared for
| the block assume the significance implied by the nature of the declarations
1 given, If these identifiers had already been defined by other declarations
| outside they are for the time being given a new significance. Identifiers
| which are not declared for the block, on the other hand, retain their old
meaning.,

At the time of an exit from a block (through egnd, or by a go to state-
ment) all identifiers which are declared for the block lose their sig-
nificance again,.

A declaration may be marked with the additional declarator gwn. This
has the following effect: upon a second entry into the block, the values
of own quantities will be unchanged from their values at the last exit,
while the values of declared variables which are not marked as own are
undefined, All identifiers of a program, with the possible exception of
those for standard functions {AND-TRANS and transfer procedures (cf. sections 3.2.4
and 3.2,5) must be declared, No identifier may be declared more than once in
any one block head.

Syntax.

{declaration> ::= <{type declaratlon>|<array declaration>l<sw1tch decla-.
rationd |<procedure declarationﬁgx**'. .

~ 2 vsTERR
5.1, TYPE DECLARATIONS. o~ g Phore

N

5elels Syntax.
(type listd ti= <s1mple var1able>l<51mple variabled, {type listd
Geead typed ii= real Boolgan
{typeS> 1:= <local type)i own <local type>
foype declaration} 1= {types<type listd

0 e 2
5.1.2. ExampleSo \\ sl M Vf‘{ )
integer p, q, s
own Boolean Acryl, n

5 01‘5. Semantics,

Type declarations serve to declare certain simple variables to
represent quantities of a given type. Real declared variables may only
assume positive or negative values including zero, Integer deelared variables
may only assume positive and negative integral values including zero,
Boolean declared variables may only aBume the values true end false,

In arithmetic expressions integex declared varisbles will form s subset
of real declared ones, \




