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PREFACE

SIMULA is a general purpose programming language. Its
defining documents are "The Revised Report on ALGOL 60"
[1] and "SIMULA 67 Common Base Language" [2].

This manual, and the companion volume "Programmer's Guide"
[3], serve as guides to the implementation on the IBM 360
series, with the "Programmer's Guide" taking care of the

implementation dependent parts.

This manual, then, is a guide to the language itself. it
has been written in three parts, the first consisting of
fully described examples, the second giving the syntax and
semantics of SIMULA, and the last consisting of sections
(with further examples) on the standard system classes and

text handling.

References

[1] "The Revised Report on the Algorithmic Language
Algol 60", CACM, Vol. 6., No. 1, 1963,

[2] "SIMULA Common Base Language", NCC Publ. S.22, 1971

[3] "Programmer's Guide - SIMULA for 360", NCC Publ. S.23,
1971.
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PART 2 THE SYNTAX AND SEMANTICS OF SIMULA

1 METHOD OF SYNTAX SPECIFICATION

When a SIMULA construction and all its variants can not be
economically described in words, its exact range will be
shown using a system of notation which is standard through-

out Part 2.

The notation is not in itself a part of SIMULA, nor restricted
solely to SIMULA. It may be used to describe the syntax (or

allowable constructions) of any programming language, and pro-
vides a compact, visually clear and precise explanation of the
general patterns that the language permits. It is important

to realise that it does not describe the meaning of these con-
structions (their semantics), only their structure. In other

words, it indicates:

- the order in which language elements may or must be

combined with each other,
- the punctuation that is required, and

- the full range of options.

No such convenient shorthand is yet available for the semantics,
so that the interpretation of a legal construction has to be

described in words.

We begin by noting that various patterns of basic symbols con-
tinually recur in SIMULA. Instead of repeating the listing of
the basic symbols each time, they are first grouped together

as a named syntactic variable, and from then on we need use only
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that name. The idea extends itself that further syntactic vari-
ables may now be defined in terms of those already defined and

possibly basic symbols.

The SIMULA basic symbols are represented by special characters,

such as

by combinations of special characters, such as

and by key words in capital letters, such as

PROCEDURE CLASS REAL BEGIN

When we define a syntactic variable, its name will usually be

written in lower case letters for distinction:

e.g block statement digit

A certain ambiguity can arise when the name of a syntactic vari-

able consists of two words, such as

prefixed block
To ensure that these are interpreted as one syntactic unit and
not for example, an occurrence of a syntactic variable named

"prefixed" followed by a syntactic variable named "block", a

hyphen is inserted between the words, as:

prefixed-tlock
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In certain cases, when a basic 'symbol is an integral part of
a syntactic variable, it is clearer to use upper-case letters.
Again, we avoid possible ambiguities by following the upper-

case letters by a hyphen:
e.g. FOR-statement GOTO-statement

We now give two examples to show the uniqueness of interpre-

tations using this technique:

1) IF BOOLEAN-expression THEN
denotes an occurrence of the basic symbol "IF" followed
by a "BOOLEAN-expression" followed by an occurrence of
the basic symbol "THEN".

2) REF(CLASS-identifier)
denotes an occurrence of the basic symbol "REF" followed
by an occurrence of the left parenthesis "(" followed by
a "CLASS-identifier" followed by an occurrence of the right
parenthesis ")". The separation between "REF" and "("
occurs because if a basic symbol is a key word it may onlyi

be composed of capital letters.

Bearing these in mind, the following rules explain the use of

the notation as applied to SIMULA.
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1. A syntactic variable is a general class of elements in

SIMULA. The name of the syntactic variable must consist
of:

a. lower-case letters
lower-case letters separated by hyphens

lower-case letters followed by a digit

e.g. identifier
compound-statement
identifierl

simple-object~-expression

b. a combination of upper-case letters and lower-case
letters. There must be one portion of all upper-case
letters and at least one portion of all lower-case

letters separated, one from another, by hyphens:

e.g. PROCEDURE-statement

All such units used in this section are defined either formally

using this notation or else in words.
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2. A basic symbol denotes an occurrence of the characters

represented. A basic symbol is either a key word or

else one or more specilial characters

e.g. BEGIN END
+ =/=

N.B. When a basic symbol consists of more than one

character no intervening spaces may appear.

Thus, for example,

BEG IN =/ =

are both faulty representations.
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The term syntactic unit, which is used in subsequent rules,

is defined by

a. a single syntactic variable or basic symbol, or

b. any collection of syntactic variables, basic symbols,
syntax-language symbols (the symbols [, 1, {, }, byee.
whose uses are defined in subsequent rules) surrounded
by braces or brackets.

Examples:

digit|letter

[digit ]
letter

digit

{digit}...
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Braces { } are used as group markers.

Example: the definition of an object-relation is

cbject-relation

simple-object-expression {%g} CLASS-identifier

The vertical stacking of syntactic units indicates the

range of available choices of which exactly one must be
taken. The example shows that in an "object-relation",

a "gimple-object-expression”" must be followed by the literal
occurrence of either "IN" or "IS" (but not both) and then
by a "CLASS-identifier".
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The vertical stroke | indicates alternatives.

Example: the definition of a digit is
digit

olr|2|3|u|s5|6]|7]8]9

This has precisely the same interpretation as

iy

st

(@]

o~

O

but saves considerable space. Both the methods, rule 4

({ }) and rule 5 (]) are used in this manual to display
alternatives. We will usually stick to the use of braces
as this notation is clearer, and use | only when the former

notation takes up too much space.
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Square brackets [ ] denote options. Anything enclosed

in square brackets may appear once or not at all.
Examples: the definition of a CLASS-declaration is

CLASS-declaration

[CLASS-identifier] main-part

This denotes a syntactic unit "main-part" optionally pre-

ceded by a "CLASS-identifier".

If alternatives are also optional, we use vertical stacking

within the square brackets, and omit the braces.

Thus the much simplified version of an activation-state-

ment

would allow the following alternatives:

ACTIVATE X

ACTIVATE X BETORE Y
ACTIVATE X AT time
ACTIVATE X AT time PRIOR
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Three dots ... denote the occurrence of the immediately

Preceding grouping one or more times in succession.
Examples:
The definition of digits is:
digits
digit ...
denoting the occurrence of at least one digit such as
1
03835
1970

The definition of a compound-statement is:

compound-statement

BEGIN [statement 3;]... [statement] END
examples of which are
BEGIN END
BEGIN statement END
BEGIN statement;
statement;

statement;
END
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2 BASIC SYMBOLS AND SYNTACTIC VARIABLES

A program written in SIMULA may contain only

basic symbols
identifiers

constants

Apart from CHARACTER-constants, TEXT-constants and comments
where extra latitude is allowed, a program must contain only

characters belonging to the language character set. These

are either alphanumeric characters, special symbols or key

words. LExamples of special symbols are

which have obvious interpretations. In addition, SIMULA needs
many other special symbols and, instead of using peculiar com-
binations of special characters for their representation, SIMULA
uses key words (always written in upper-case letters), such as
BEGIN, CLASS. These key words are reserved within the language

and may be used only as key words.
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2.1 LANGUAGE CHARACTER SET

The SIMULA basic symbol set is built up from a character set of

alphabetic~characters
decimal-digits

special-characters

There are 26 alphabetic-characters - the capital (upper-case)

letters A through Z.

There are 10 decimal-digits - the digits 0 through 9.

An alphanumeric—chafacter is either an alphabetic character or
a decimal digit.

The 21 special-characters may have an independent meaning within

the language (such as + or -) or may be used in combinations
(such as := or =/=). Their names and the graphics by which

they are represented are:

name graphic

blank or space

plus

minus

asterisk or multiply’
divide

equals

greater than

less than

not

comma

dot or period
exponent &
colon

semicolon 3
dollar $
left parenthesis (
right parenthesis )
character quote !
text quote

hash B
underscore

-uJ/\VlI\*l+E
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2.2 BASIC SYMBOLS

Any program written in SIMULA may contain only alphanumeric
characters and the 19 .special characters, éxcept within

CHARACTER~ or TEXT~constants and comments (see DATA CHARACTER

SET section 2.3). Certain combinations of these allowable charac-

ters have special significance and are called basic symbols.

They fall into two classes:

delimeters

key-words

delimiters

The delimiters used by the language are divided into 6
types:

a) arithmetic—operatofs
b) logical-operators

c) brackets

d) reference-comparators
e) relational-operators

f) separators
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b)

The arithmetic-operators are:

+

*

/
%

//

denoting
denoting
denoting
denoting
denoting

denoting

addition or unary plus
subtraction or unary minus
multiplication

division

"raised to the power of"

integer division

Note that // may not appear in columns 1-2 (or else

that card would be interpreted as a control card).

logical -operators

The five logical —operators denoting NOT, OR, AND,

EQV and IMP (the last two representing equivalence

and implication respectively) are represented by

In the case of NOT there is the alter-

key words.

native representation '4'.
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d)

e)

The bracketé are:

which are used in expressions, and for enclosing

parameter lists and array bounds

! encloses character constants

"

reference-comparators

encloses text constants

The reference-comparators are:

relational-operators

= denoting reference equal to

/= denoting reference not equal to

The relational -operators have dual representations

as key words and symbol combinations

= (or
a= (or
> (or
>= (or
< (or
<= (or

EQ)
NE)
GT)
GE)
LT)
LE)

denoting
denoting
denoting
denoting
denoting

denoting

equal to
not equal to
greater than
greater than
less than

less than or

or equal to

equal to
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f) separators
name graphic use
comma ) separating elements in lists
dot denoting decimal point in
REAL numbers;
remote accessing
colon 5 follows labels;
follows VIRTUAL;
separates array bounds in
array declarations
becomes 1= in value assignments
denotes ‘- in reference assignments
semicolon 5 separates declarations and
statementss
separates various parts of
procedure and class headings
dollar $ may be used instead of a
semicolon
blank u used as a separator
hash # precedes a hexadecimal con-
stant
underscore used in identifiers

(e.g. RATE OF PAY)
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A key=-word is an identifier which is a part of the language

and its

use is reserved for that purpose. Key-words may

be classified as follows:

a)
b)
c)
d)
e)

a)

statement-brackets
declarators
specificators
operators

key-word-constants

statement-brackets

The statement-brackets are:

BEGIN
END

which are used to demark the limits of blocks and

compound statements.
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b) declarators

The declarators are:

BOOLEAN
CHARACTER
INTEGER

SHORT INTEGER
REAL

LLONG REAL
TEXT

REF (CLASS-identifier)
CLASS
PROCEDURE
SWITCH

ARRAY

which are used in declarations and specification
lists. The key words SHORT and INTEGER, LONG and

REAL must be separated by at least one space, as

SHORT {ws. ..} INTEGER
LONG {w...} REAL

c) specificators

The specificators are:

LABEL
NAME
VALUE
VIRTUAL

which are used in specification parts to procedures
(LABEL, NAME, VALUE) or to classes (VALUE, VIRTUAL).
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The operators are divided into 3 classes:

logical-operators

relational-operators

sequential-operators

The logical-operators are:

AND

OR

NOT (or =)
EQV

IMP

denoting
denoting
denoting
denoting

denoting

the logical and

the logical inclusi
logical negation
logical equivalence

logical implication

The relational-operators are:

=)
=)

EQ (or
NE
GT
GE
LT

LE

(or =

N~

(or >

I
~

(or

ANV

A

(or

1
~r

(or

denoting
denoting
denoting
denoting
denoting

denoting

equal to

not equal to
greater than
greater than or equ
less than

less than or equal

The sequential-operators are:

GOTO

used in GOTO-statements.
written GO {u..

between GO and TO,

GOTO may also b

are also reserved words),

ve or

al to

to

e

.} TO (with any number of blanks
which means that GO and TO
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FOR

STEP

UNTIL

WHILE

DO

used in WHILE- and FOR-statements (DO also

appears in connection-statements),

IF

THEN

ELSE |

used in conditional-statements and conditional-

expressions,

INSPECT

WHEN

DO

CTHERWISE

used in connection-statements. (DO also appears
in WHILE- and FOR-statements),

ACTIVATE
REACTIVATE
DELAY
AFTER
BEFORE

AT

PRIOR

used in activation-statements,

INNER
used in CLASS-bodies to alter the order of
execution of statements from their textual

order,
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NEW

is used in generating objects,

THIS ,

THIS CLASS-identifier

represents a reference to the nearest textually
enclosing object of a class equal to or inner
to that of the CLASS-identifier,

QUA

defines the scope of a reference expression,

IS
IN

used to test class membership,

COMMENT

used to insert descriptive text among the

~basic symbols of a program.

The key-word-constants are:

TRUE
FALSE

represent logical values,

NONE

represents the "no object reference",

NOTEXT
represents either the empty text value or

no text object.
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2.3 DATA CHARACTER SET

Although the language character set is a fixed set defined for
the language, the data character set has not been limited.
Data may be represented by characters from the language set

plus any other EBCDIC characters.

Collating sequence

The 256 members of the data character set have associated with
them a unique INTEGER value in the range 0-255. This sequence
is known as the collating sequence. It is thus possible to make
comparisons of CHARACTERs meaningful by comparing the associated

numerical values, such as

AT < 'B!
INCHAR = 'u'

Parts of the collating sequence are given in Appendix A.
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2.4 THE USE OF BLANKS

Identifiers, arithmetic constants, composite operators (e.g. =/=),
key words (e.g. BEGIN) may not contain blanks. Blanks are per-
mitted as CHARACTER-constants and in TEXT-constants.

Identifiers, constants and key words may not be immediately
adjacent. They must be separated by an afithmetic operator,
parenthesis ( "(" or ")" ), reference comparator, negation ( ),
non-key-word relatiqﬁal operator (<,<=,=, =,>,>=,==,=/=), comma,
dot, colon, becomesvsymbol (:=), denotes symbol (:-), semicolon,

or blank. Moreover additional intervening blanks are always

permitted.

Examples:
X +Y is equivalent to X+Y
A (I ) is equivalent to A(I)

A =X :=Y is equivalent to A:=X:=Y
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2.5 COMMENT CONVENTIONS
Comments are used for documentation (the insertion of a textual
description of part of the program) and do not participate in

the execution of a program. The following conventions hold:

Sequence of basic symbols

is equivalent to

any sequence from

the data character . $
set not including 5
a semicolon or dollar

delimiter COMMENT delimiter

any sequence from the data
END 4 character set not including END
END | ELSE | WHEN | OTHERWISE|; | $ | ‘

Examples:

a) BEGIN COMMENT*##THE NEXT BLOCK IS USED FOR PAY-ROLL
CALCULATIONS### ;

BEGIN e o o o
END OF PAY-ROLL BLOCK;

e s o

END

Where the strings "COMMENT .... ;" and "OF PAY-ROLL BLOCK"

are treated as comments.
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b)

c)

IF X > 0 THEN BEGIN .....
END OF TRUE PART
ELSE BEGIN .....

END OF ELSE PART;

Where the strings "OF TRUE PART" and "OF ELSE PART"

are treated as comments.

X := X COMMENT##THAT WAS X ;%#2 COMMENT##SQUARED;;
is equivalent, as regards program execution, to

X 1= X#%2;
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2.6 CODING SIMULA PROGRAMS

A SIMULA source program can be written on a standard FORTRAN
coding form (IBM Form No. X28-7327).  The program may be written
in free format from column 1 through 72. Columns 73 through 80
are not significant to the SIMULA compiler and, therefore, may

be used for card identification, sequencing or any other purpose.
Except with TEXT-constants, column 72 of a card is not considered
to immediately precede column 1 of its successor so no basic
symbol, identifier nor constant (except a TEXT-constant) may

overlap from one card to the next.

Care should be taken not to punch "//" or "/#" in columns 1-2
of a SIMULA source card as these will be taken to be JOB CONTROL

cards.
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3 IDENTIFIERS

An identifier is a string of alphanumeric or underscore charac-

ters, not contained in a comment or constant, preceded and

followed by a delimiter - the initial letter must always be

alphabetic.

identifier

letter[letter|digit]...[_{letter|digit}...l...

Examples:

valid identifiers
X

SIMULA 67

Al5

MORGAN_PLUS 4

invalid identifiers
END

SYM,,BOL

3C

APPLE__

reserved for use as a keyword
contains a blank

does not begin with a letter
underscore cannot appear as the

last character
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" Length of identifiers

Identifiers in a SIMULA program may be composed of any number
~of alphanumeric or underscore characters, but only the first
twelve are significant. Thus if two identifiers contain the

same first twelve characters they are considered equivalent.

e.g. BIORTHOGONAL and
BIORTHOGONALISATION

will both be treated as occurrences of the identifier
BIORTHOGONAL

Identifiers and key words

It is not possible to use a key word as an identifier. Every
occurrence would be treated as an occurrence of that key word

and i1ts use as an identifier would result in errors.

Basic binding rules

Variables, arrays, switches, procedures and classes are said
to be quantities. Identifiers serve to identify quantities,
or they stand as labels or formal parameters. Identifiers have
no inherent meaning anq may be chosen freely (except that they

may not clash with key words).
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Every identifier used in a program must be declared. This is

achieved by:

a) a declaration (section 5), if the identifier defines a
quantity. It is then said to be a J-variable, J-ARRAY-,
PROCEDURE-, J-PROCEDURE-, CLASS-identifier where J stands
for the type of the declared quantity.

b) 1its occurrence as a label (section 5.6) if the identifier
stands as a label. It is then said to be a LABEL-identifier.

c) 1its occurrence in the formal-parameter-list (section 5.4,
5.5) of a PROCEDURE- or CLASS-declaration. It is then said

to be a formal-parameter.

The identification of the definition of a given identifier is
determined by binding rules. The basic binding rules given
below are later extended in the cases of remote accessing
(section 6.1), VIRTUAL quantities (section 5.5), and connection

(section 7.2).

1. if the identifier is defined within the smallest block
(section 7.1) textually enclosing the given occurrence by
its occurrence as a quantity or a label, then it denotes

that quantity or label.

The statement following a procedure heading or a class
heading is always considered to be a block, which makes the

binding to formal parameters a special case.

2. Otherwise if the block is a procedure or a class body and
the given identifier is identical with a formal parameter
in the associated procedure or class heading, then it stands

for that formal parameter.
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Otherwise, these rules are applied by considering the smallest
block textually enclosing the block which has been previously

considered,

If these steps lead to more than one definition or to no defi-

nition, then the identification is illegal.

Example:

line 1 BEGIN PROCEDURE Aj
2 X 1= X + 1;
3 REAL X;
4 BEGIN REAL X;
5 X 1= 23
6 LAB: Aj;
7 END;
8 END

The block spanning lines 4-7 is textually enclosed in the block
spanning lines 1-B. The procedure declaration of lines 1-2 is

treated as though it were

PROCEDURE A;

BEGIN <dummy-declaration>;
X := X + 1;

END;

Thus the occurrence of X at line 5 is bound to the declarations
of line 4, whereas in the invocation of the procedure at line 6
the binding rule for the occurrence of X in the procedure body

is to the variable declared at line 3.

The scope of a quantity, label or formal parameter is the set of

statements in which occurrences of an identifier may refer to

its definition by the above rules.
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4 TYPES AND CONSTANTS

Constants and variables possess values and types. Both the
value and type of a constant are determined by the way it is
written. The value of a variable is the one most recently
assigned to it, or its initial value if no assignment has yet
been made, and its«fype is determined by its declaration.

4.1 TYPES

Type 1s subdivided into two classes by:

type
value-type
reference-type }
where value-type and reference-type are defined by:

value-type

N\

[ SHORT]INTEGER
[ LONGIREAL
BOOLEAN
CHARACTER

reference-type

{ REF(CLASS-identifier }
TEXT
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4.2 CONSTANTS

A constant is a fixed, unvarying quantity that denotes itself,
i.e. it can not alter during the course of a program. Each
constant has a uniquely defined type. The discussion of con-

stants follows the order:

arithmetic-constants
BOOLEAN-constants
CHARACTER-constants
object-reference-constant
TEXT-constant
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arithmetic-constants

arithmetic-constants may be written as decimal-constants

(base 10) or hexadecimal-constants (base 16). Note that

a) the use of arithmetic-constants is optimised by the

system

b) any '+' or '-' sign preceding an arithmetic-constant

is treated separately.
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decimal-constants

decimal-constants are interpreted according to conventional
notation with '&' representing the exponent sign. If a decimal
constant contains either a decimal point, or an exponent sign,
or both, it is interpreted as a (LONG) REAL number, if it con-
tains neither a decimal point nor an exponent sign, it is taken

to represent a (SHORT) INTEGER number.

decimal-digit

{ol1]2|3|uls|e]7]8]9}

decimal-digits

{decimal-digit}...
representing a run of at least one decimal digit.
Examples: 000

1
315730
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(SHORT)INTEGER-constant

decimal-digits

The range of values is the set of whole numbers from 0 through

231—1 (= 2147483467). If the magnitude lies in the range O

through 215—1 (= 32767), the constant is treated as a SHORT

INTEGER constant, i1f the magnitude lies in the range 215 through

231—1, it is treated as an INTEGER constant. If the magnitude
is equal to or exceeds 232, the number is interpreted as a REAL
constant.
Examples:

0 SHORT INTEGER

91 SHORT INTEGER

814728 INTEGER
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(LONG)REAL-constants
r ™

sdecimal-digits
decimal-digitscdecimal-digits exponent

decimal-digits

«decimal-digits

decimal-digitsedecimal-digits

exponent
P J
.
where exponent takes the form
exponent
+ . . .
&[;l decimal-digits
i.e. the symbol '&', optionally followed by a '+' or '-' sign,

followed by a SHORT INTEGER-constant. The exponent represents

a scale factor expressed as an integral power of 10.

The range of values of (LONG)REAL-constants is 0 through 1075

(approximately). Any such constant has an equivalent represen-

tation of the form
A& +B

where 0.1 <= A <1, and B is adjusted accordingly. If in this
form, A requires from 1 through 7 decimal-digits, then the
constant is a REAL-constant. If it requires 8 or more decimal-
digits, then the coﬁstant is a LONG REAL-constant and has a
maximum precision of 16 decimal-digits (any remaining digits

are discarded).
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Examples

N
valid 0.0
999.999
57.6&+21 REAL

e
3&1
&-1

2

314.1592653}

21.22745688+03 LONG REAL
invalid 3. no digit after the decimal—pdint
3,149.2 embedded comma
33.48& no scale factor

23.4&87 out of range
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hexadecimal-constant

#{decimal~-digit|A|B|C|D|E|F}...[R]

The hexadecimal digits A through F represent the numbers 10
through 15 respectively. A hexadecimal-constant terminated
by the letter 'R' is interpreted as a REAL number if there

are 8 or less preceding hexadecimal digits.

e.g. #56789R
#BBTFFITER

If there are 9-16 hexadecimal digits, it is treated as a

LONG REAL constant
e.g. #O000OO0000O0FFFFTFELR
A hexadecimal-constant not containing the letter 'R' is

treated as a SHORT INTEGER constant if 1t contains U4 or less

hexadecimal digits

e.g. #0
4FFFF

or as an INTEGER constant if it contains 5 through 8 hexa-

decimal digits,
e.g. #00FFFFFF

Hexadecimal-constants are taken to be right justified and define

a bit pattern.
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BOOLEAN~-constants

These are the key words FALSE and TRUE whose interpretation

is obvious.

CHARACTER-constants are represented by

'{any one member of the data character set}'

Examples:

valid CHARACTER~constants:
'Xl
|&l
'I.l'

tee the character quote itself

invalid CHARACTER-constants:

vyt two data character set members

TA' blanks are significant in character
constants

X no embedding character quotes

'y no terminating character quote.

object-reference-constant

There is only one object-reference-constant, namely
NONE

Any object reference variable may take the value NONE.
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TEXT-constants have the form

"{any sequence of members of the data charactef}"

set excluding a text quote (")

The length of a TEXT-constant is the number of members of the
data character set it contains. The length may be a whole
number in the range 0 through 215—20. Blanks are significant

in TEXT-constants.
Examples:

valid TEXT-constants:
"THISTEXTCONSTANTHASNOBLANKS"
"THISWONEWHAS"

nn

invalid TEXT-constants: -
MONEL"uTOOuUMANY™ contains a text quote

"NEVERWENDING contains no terminating text
quote

Text quotes may be introduced into text objects by:
1) inputting a text value containing a text gquote.
2) wusing the procedure "putchar". The following code
inserts a text quote into the 1lu4th position of a

text object referenced by the TEXT variable T:

T.setpos(1l4);
T.putchar('"');
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5. DECLARATIONS

Declarations introduce a measure of security into the language
by associating identifiers with variables, arrays, sw1tches,

procedures and classes used in the programs.

A declaration determines the type and structure of a quantity.
Declarations must appear in a block head, and upon exit from
that block (unless it is the outermost block of a class body),

they lose their significance.

declaration

type~declaration
ARRAY-declaration
SWITCH-declaration - »F

A

PROCEDURE-declaration
| CLASS-declaration

EXTERNAL-declaration
- v

Common to each of the succeeding sections, which discuss these

declarations, is the definition of an identifier-list.
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identifier-list

identifier [, identifier]...

in which the identifiers must all be different.

Examples:
valid AXOLOTL
A, B, MARY, B 14
invalid A B no separating comma
A, END, Q END is a key word and is
not allowed as an identifier.
B1,B2, Bl the same identifier appears
twice

BIORTHOGONAL, BIORTHOGONALISATION
the identifiers are not
distinct (only the first
twelve characters are

significant).
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5.1 TYPE DECLARATIONS
Type declarations associate each identifier in the associated
identifier list with a variable of a given type. This restricts

the range of values that may be assigned to that variable.

type-declaration

r'
[LONGIREAL

[ SHORT]INTEGER
CHARACTER

BOOLEAN
REF(CLASS-identifier)
SEXT y

A

> identifier-list

Examgles:

valid: value-type REAL R1, R2
LONG REAL P1
INTEGER I, J, K
SHORT INTEGER SHL
CHARACTER A, B, C, D
BOOLEAN Bl, B2, B3

reference-type REF(POINT) P, Q
TEXT MY_STRING, YOUR_STRING

~invalid: SHORT REAL ONE no such type
REF LINE 1, LINE 2 no such type - the qualification

is omitted.
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INTEGER and SHORT INTEGER variables may only assume whole

numbers.
REAL and LONG REAL variables mayvonly assume numbers.

N.B. An arithmetic expression of any arithmetic type (SHORT
INTEGER, INTEGER, REAL, LONG REAL) may be assignéd to an arith-
metic variable. If the types do not correspond, the expression
1s first converted to the type of the variéble and then trans-
ferred, subject to its being in range. If it is not in range,

then a run time error will result.
BOOLEAN variables may only assume the values TRUE and FALSE.

CHARACTER variables may only assume values from the data

character set.

TEXT variables may only assume strings of characters from the

data character set or NOTEXT.

REF variables may only assume the value NONE or references to

objects belonging to their qualifying class or its subclasses.
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Each variable declared in a type declaration has an initial

value (given in the table below).

Thereafter the value of a

variable is the one last assigned to it, or if neo assignment

has yet been made, the initial value.

Type

INTEGER

SHORT INTEGER

REAL

LONG REAL

BOOLEAN

CHARACTER

REF(CLASS-
identifier)

TEXT

Initial vaiue

FALSE

CHAR(O)

NONE

NOTEXT

Assignable range

Whole number in the range

—231 through 231-1.

Whole number in the range

_otd through 215—1.

Number in the range »
i(0+1075 approx.) to 7

decimal places.

Number in the range
:I:(0+1075 approx.) to 16

decimal places.
TRUE, FALSE.

CHAR(0), CHAR(1), ...
CHAR(255).

NONE or any object of the
qualifying class or included

in the qualifying class.

NOTEXT or any string of
characters from the data
character set of length 0

~ through (215—20) characters.
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5.2 ARRAY DECLARATIONS

An array is a structure of many components (subscripted vari-
ables) all of the same type. Each component has the same.iden—
tifier (the array identifier), and they are distinguished one
from another by subscripts. Arrays invite the user to group

like data under cne identifier.

Arrays are declared with a certain shape. They can have 1
through 8 dimensions (which is the number of subscripts neces-
sary to specify a certain component), and each dimension has a

fixed range specified by giving an upper and lower bound.

Pictorial representations of one, two and three dimensional

arrays are now given.
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One dimensional array

INTEGER ARRAY NUMBER (4:9);

NUMBER(4)
NUMBER(5)
NUMBER(6)
NUMBER(7)
NUMBER(8)
NUMBER(9)

Dimensions 1:

i
9
Declares 6 subscripted variables each of type INTEGER and

Lower subscript bound

1l

Upper subscript bound

initialised to O.

Find the sum of the components of the array NUMBER.
SUM := 0,

FOR I := 4 STEP 1 UNTIL 9 DO
SUM := SUM + NUMBER(I);
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Two dimensional array

REF(POINT) ARRAY A(0:3, 2:4);

ACO, 2) ACO, 3) ACO, 1)
A1, 2) ACl, 3) ACl, W)
AC2, 2) AC2, 3) AC2, 4)
A3, 2) A3, 3) A3, 4)

Dimensions 2:

Lower subscript bound 1
Upper subscript bound 1

Lower subscript bound 2

11
= N w O

Upper subscript bound 2

Declares 12 subscripted variables each of type REF(POINT)
and each initialised to NONE.

Example:

Scan the array and count how many subscripted variables are

currently referencing NONE.

COUNT := 0;
FOR I := 0 STEP 1 UNTIL 3 DO
FOR J := 2 STEP 1 UNTIL 4 DO

IF ACI, J) == NONE
THEN COUNT := COUNT + 1;
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Three dimensional array

BOOLEAN ARRAY B(0:2,

0:3, -1:0);

/B(0,0,0) /3(0,1,0) /B(o,z,o) A(o,s,o‘)

ANNN

B(0,0,-1) B(0,1,-1) B(0,2,-1) B(0,3,-1)
B(l,og-l) B(l,]-)—l) B(l,z,_l) B(l,3,'—l)
B(2,0,-1) B(2,1,-1) B(2,2,-1) B(2,3,-1)

(Each component

Dimensions 3:

Lower subscript bound
Upper subscript bound
Lower subscript bound
Upper subscript bound
Lower subscript bound

Upper subscript bound

w ow NN P

is represented by a cube).

@w O N O

Scan through the array and set the values of each subscripted
variable to TRUE.

FOR I :=

FOR

0 STEP 1 UNTIL 2 DO
J := 0 STEP 1 UNTIL 3 DO
FOR K := -1 STEP 1 UNTIL 0 DO

B(I,J,K)

:= TRUE;
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ARRAY-declaration

[type]l ARRAY ARRAY-segment [,ARRAY-segment]...

ARRAY-segment

identifier-list (lower-bound:upper-bound

[,lower—bound:upper—bound]...)

Examples:
ARRAY-segment A(C1:10)

B,C(1:15, O:N*%2)
ARRAY-declaration ARRAY ALFA (0:N)

REF(LINE) ARRAY L,M(0:P.X)
TEXT ARRAY R,S(1:5), T(1l:4,ININT:IF X=0
THEN 10 ELSE 100)

Each identifier in an array declaration is associated with an
array of a given type (if no type is given, the type is taken to
be REAL). To enable arrays of the same type, but with different
shapes (number of dimensions and subscript ranges) to be declared
in the same place, an array declaration contains one or more
ARRAY-segments which are identifier-lists followed by their common
shape. The number of dimensions is the number of upper-bound
lower-bound pairs and the range of each subscript is specified

directly by the upper-bound/lower-bound pairs taken in order.

Note that although the lower- and upper-bounds may be arith-
metic expressions their value is the rounded integer as evalu-
ated on entry to the block; To be valid, the value of each
lower bound must be less than or equal to the value of its asso-
ciated upper bound. Neither bound may refer to a quantity de-
clared in the same block head. The value of each subscripted

variable is initialised according to the type of the array.
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5.3 SWITCH DECLARATIONS

A switch is declared with a list of designational-expressions
which are accessed by an index. The length of the 1list, N,
gives the number of switch elements. The value of each element
is the current value of the designational-expression (a label

to a statement, or another switch value).

SWITCH-declaration

SWITCH SWITCH-identifier := designational-expression

[ ,designational-expressionl]...

Examples:

SWITCH SW := L1, L2, T(N), M1l
SWITCH T := M1, IF N<0 THEN L1 ELSE L3, Ml

A SWITCH declaration contains a list of designational ex-
pressions each of which is given a positive index (starting
from 1) by counting the items in the 1list from left to right.
The value of the switch-designator (see section 6.6) corres-
ponding to a given index is the current value of the desig-
national expression having the index in the corresponding list.
(An expression in a switch list is re-evaluated every time it

is referred to).
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5.4 PROCEDURE DECLARATION

A procedure declaration defines an action cluster and gives

it & formal name. The action cluster is *the body of the
PROCEDJRE. To increase the generality of the concept, there
are facilities for transmitting parameters and returning a
function value at run time. -Thus a procedure is able to inter-
act with its calling environment by bindings established by

the calling mechanism.
By means of the procedure concept, special instances of dec-
lared action clusters become meaningful units witnin the SIMULA

program.

PROCEDURE-declaration

{proper-procedure—declaration}

function-declaration

proper-procedure-cdeclaration
PROCEDURE PROCEDURE-heading PRCCEDURE-body

furniction-declaration

type’PROCEDURE PROCEDURE-heading PROCEDURE-body

PROCENDURE-heading

5
R -7 1 Fier
PROCEDURE-identifier formal-parameter-part mode-part spec-part
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formal-parameter-part

(identifier-1ist);

mode—Eart

{YALUE identifier-list;)
NAME identifier-list;f...

spec—-part

4 = . )
s

type
[type] ARRAY

JJ TROCEDURE \  identifier-list; b ...

type PROCEDURE
LABEL

SWITCH
S J J

.

PROCEDURE-body

statement
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ExamEles:

proper-procedure-declaration

PROCEDURE SWAP(A,B); NAME A, B;

REAL A, B;
BEGIN REAL X;
X 1= Ay
A := By B := X3

END ###SWAP##%%

PROCEDURE OUTCOLUMN(A,N); REAL ARRAY A; INTEGER N;
BEGIN INTEGER J3; '

FOR J := 1 STEP 1 UNTIL N DO
BEGIN OUTFIX (A(J), 5, 12);
OUTIMAGE;
END;

END ###QUTCOLUMN#* s
PROCEDURE TREETRAVERSE(N); REF(NODE)N;

INSPECT N DO
BEGIN TREETRAVERSE(LEFTBRANCH);

DUMP;
TREETRAVERSE(RIGHTBRANCH)
END ###RECURSIVE TRAVERSE###
A proper-procedure is used as a statement in its own right.
INIMAGE

OUTTEXT ("PROPER-PROCEDURE")

IF B THEN SWAP(TEMP1l,TEMP2)
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function-declaration

REF(POINT) PROCEDURE ADD(Q); REF(POINT)Q;
IF Q =/= NONE THEN ADD := NEW POINT(X+Q.X,Y+Q.Y)

REAL PROCEDURE NORM(A,N); REAL ARRAY A; INTEGER Nj
BEGIN REAL T; INTEGER I;
FOR I := 1 STEP 1 UNTIL N DO
T := T + A(I)*%2;
NORM := SQRT(T)
END ###NORM##*#*

INTEGIER PROCEDURE FACTORIAL(N); INTEGER N; .
IF N < 0 THEN ERROR ELSE
IF N < 2 THEN FACTORIAL := 1
| ELSE FACTORIAL := N#FACTORIAL(N-1)

A function returns a value of the type indicated in its dec-
laration, and may be used wherever a value of that type is-

legal. (It may also be used as a statement in which case the

function value is ignored);
P :- R.ADD(S)
X := NORM(MATRIX, 10)

IF NORM (MATRIX, 10) & &-6 THEN
OUTTEXT ("ELEMENTSWALLMZERO")
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A PROCEDURE-declaration defines a procedure associated with a
PROCEDURE~identifier. The chief component of a PROCEDURE dec-
laration is the PROCEDURE-body which may be activated through

a PROCEDURE~statement or a function-designator.

If the procedure has formal-parameters, then their identifiers
are listed in the formal-parameter part. No formal-parameter
identifier may appear more than once, and specifications of all
formal-parameters must be supplied. Whenever the procedure is
activated by a PROCEDURE-statement or function-designator, the
formal-parameters are either assigned the values of the actual-
parameters (call by value, call by reference) or else replaced

by the actual-parameters (call by name).

Identifiers in the PROCEDURE-body which are not formal-para-
meters are local if declared within that body, otherwise they
are non-local. A PROCEDURE-body acts like a block regardless

of its format. Consequently, the scope of any label to a state-
ment within the body or to the body itself can never be ex-
tended beyond the PROCEDURE-body. In addition, if the identi-
fier of a formal-parameter is redeclared within the PROCEDURE-
body (or used as a label), it is given local significance and

the corresponding actual-parameter becomes inaccessible.

When a PROCEDURE-declaration is given a type, it designates a
function. The type of this function is the type of the PRO-
CEDURE and for any activation its value is the last value
assigned to an occurrence of the PROCEDURE-identifier within
the PROCEDURE—body. If no such assignment is made, then the
result of the function-designator takes a default value which

is identical to the initial value of a declared variable of that

type.
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Within the PROCEDURE-~body of a function-procedure, an assign-
ment may De made to an occurrence of the PROCEDURE-identifier.
Every other occurrence of a PROCEDURE~identifier denotes another

activation of the procedure (recursion).
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PARAMETER TRANSMISSION

N.B. There are three possible modes for parameter transmission

call by value
call by reference

call by name

All three are allowable for parameters to procedures, but only
call by value and call by reference are valid for parameters

to classes. Since call by value and call by reference are common
to procedure and class declarations, these sections apply to

class declarations as well.

If no mode is specified in the mode part, then the parameter
is transmitted by the appropriate default mode which is call
by value for value type parameters, and call by reference for

other kinds of parameters.

The available transmission modes for legal parameters to pro-

cedures are shown in the following table:
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PROCEDURE PARAMETERS

Parameter Transmission
by value by reference by name

value-type D X 0
object-reference X D 0
TEXT Q D 0
value-type ARRAY 0 D 0
reference-type ARRAY X D 0
PROCEDURE X D 0
type PROCEDURE X D 0
LABEL X D 0
SWITCH X D 0

D : default mode
0 : optional
X : illegal
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Call by value

A formal-parameter called by value designates a local copy of

the value obtained by evaluating the actual parameter. The
evaluation takes place at the time of procedure entry. Through-
out the lifespan of the procedure or class body, the formal-para-
meter acts like a local variable (or value type array) and its
contents may be accessed and changed by local assignments. In
the case of an object, the contents may be accessed and changed

from without by remote accessing.

Value specification is redundant for a parameter of value type.
There is no call by value option for object references, refe-
rence-type ARRAYS, PROCEDURES, type-PROCEDURES, LABELS and
SWITCHES.

Examgle:

Given the program:

BEGIN PROCEDURE CALL BY VALUE(X,Y,T1,T2,B);
VALUE T1, T2, B;
REAL X, Y; TEXT T1, T2; BOOLEAN ARRAY B;
BEGIN vvvuwnnn “etesveenae... END;

BOOLEAN ARRAY TRUTH(0:3);

TEXT S;

REAL NUM;

NUM := 3.5; S := COPY("+++");
TRUTH(2) := TRUE;

CALL_BY VALUE(4,NUM,S,"0.K",TRUTH);

END

then a snapshot on procedure entry shows the initialised

values for the formal-parameters.
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BLOCK K—

PROCEDURE CALL_BY VALUE

BOOLEAN ARRAY TRUTH
TEXT S ~N
REAL NUM 3.5

ooooo

>CALL_BY VALUE

current
statement

REAL X'l 4.0
REAL Y 3.5
TEXT Tl —
TEXT T2 . >
BOOLEAN ARRAY B e—f—3

>| FALSE
FALSE
TRUE
FALSE

o A A O+
&> g 3> 3] e
CCe R+
(2R RNV B
i I3t +
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Call by reference

A formal-parameter called by reference designates a local copy

of the reference obtained by evaluating the corresponding actual-
parameter. The evaluation takes place at the time of the pro-
cedure entry or object generation. Throughout the lifespan of
+the PROCEDURE- or CLASS-body, the formal-parameter acts like a
local quantity. |

If the formal-parameter is a reference-type variable, its con-
tents may be changed by assignments within the body (or exter-

nally by remote accessing in the case of objects).

An ARRAY, PROCEDURE, LABEL or SWITCH parameter called by refe-
rence remains fixed and references the same entity throughout
its scope. Of course, the contents of an ARRAY called by refe-

rence may well be changed through assignments to its components.

For an object-reference type parameter (which may be a variable,
PROCEDURE or an ARRAY), the qualification of the matching actual-
parameter may coincide with, or be inner to, the qualification

of the formal-parameter.

STIMSET BEGIN INTEGER PROCEDURE NULLREF(L,N); REF(LINK) ARRAY Lj

INTEGER N;
BEGIN INTEGER J, COUNT;
FOR J := 1 STEP 1 UNTIL N DO
IF L(J) == NONE THEN COUNT := COUNT + 13
NULLREF := COUNT,;
END;
INTEGER Cj;

REF(LINK) ARRAY Q(1:50);

C := NULLREF(Q,50);
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On the ‘procedure call, a snapshot is

SIMSET

PROCEDURE NULLREF
INTEGER C

REF(LINK) ARRAY Qe

C := NULLREF(Q,50)

oooooooooo

current

—

INTEGER NULLREF
INTEGER N
REF(LINK) ARRAY L

0
50

—

statement

NONE
NONE

e e

.—-"’?
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Call by name

Call by name is an optional transmission mode available for
parameters to procedures, but not to classes. It represents
a textual replacement in that the formal-parameter may be con-
sidered replaced throughout the PROCEDURE-body by the corres-

ponding actual-parameter.

Whereas call by value and call by reference operate on vari-
ables local to the PROCEDURE-body itself, call by name operates
on non-local quantities and can alter global quantities. It is
therefore especially useful for the controlled alteration of
several variables external to the PROCEDURE-body.

The following rules apply:

1) the type of a name parameter is that prescribed by the

corresponding formal specification.

2) if the type of the actual-parameter does not coincide with
that of the formal specification, then an evaluation of the
expression is followed by an assignment of the value or
reference obtained to a fictitious variable of the latter
type. This assignment is subject to the rules of section
7.2. The value or reference obtained by the evaluation

is the contents of the fictitious variable.

Section 7.2 defines the meaning of an assighment to a variable
which is a formal-parameter called by name, or is a subscripted
variable whose array identifier is a formal-parameter called by
name, if the type of the actual parameter does not coincide with

that of the formal specification.
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Assignment to a PROCEDURE-identifier which is a formal para-

meter is illegal, regardless of its transmission mode.

Notice that each dynamic occurrence of a formal-parameter called
by name, regardless of its kind, may invoke the execution of a
non-trivial expression, e.g. if its actual-parameter is a remote-

identifier.

BEGIN PROCEDURE SWAP(A,B); NAME A, B; REAL A, B;

BEGIN REAL X;

X = Aj;

A := B; B := X;
END ###% SWAP#*#%# ;
REAL P, Q;
P = 4,05 Q = 5,73
SWAP(P,Q);

END
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A snapshot at the procedure call is:

| k—
PROCEDURE SWAP
REAL P u.,0
REAL Q 5.7 /
SWAP(P,Q)
REAL A \{i:::
REAL B
REAL X
REAL Y Program Sequence Control
PSC—  ceeeenennn (PSC) references the current

statement

No local copies are made. Every occurrence of A or B in the
PROCEDURE=-body means a re-evaluation of the actual-parameter.
Notice that the actual-parameters are evaluated in the context

of the procedure call.
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5.5 CLASS DECLARATIONS

CLASS declarations define concepts. CLASS instances are called
objects and many objects. of a given class may exist simultaneous-
ly to be examined and manipulated by the program. Objects are
generalisations of blocks and procedures, as the environment of
either a block instance or a procedure instance can only observe

the result of its actions.

CLASS-declaration

[CLASS-identifier]main-part

main-part

CLASS CLASS—identifier{: [virtual-part]CLASS-body

5
parameter—par%}

parameter-part

(identifier-1ist); [VALUE identifier-1list;l... CLASS-spec-part

CLASS-spec-part
(¢ 2 B
[ LONGIREAL

[ SHORTJINTEGER
CHARACTER
<<iBOOLEAN > identifier—list;> “e
REF(CLASS-identifier)
TEXT

Jtype]ARRAY
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virtual-part

r - _ T N
[LONG] REAL
[SHORT] INTEGER
CHARACTER
BOOLEAN
VIRTUAL: REF(CLASS-identifier) ddentifier-list;|{ ...
{<{ TEXT > >
[type]l ARRAY
PROCEDURE

type PROCEDURE
LABEL

\SWITCH J

r—

CLASS=-body
statement
{split-body

split-body

BEGIN [declaration;] ... [statement;] ... INNER
[; statement] ... END
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The available transmission modes for legal parameters to

classes are shown in the following table:
CLASS PARAMETERS
Parameter Transmission
call by value call by reference
value-type
reference-type

TEXT
value-type ARRAY

x O O x U
O g g g x

reference-type ARRAY

default mode
0 : optional
illegal

The transmission modes '"call by value" and "call by reference"

are explained in section 5.4,

The discussion of CLASS-declarations begins by considering two

selected examples of increasing scope.
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Example 1: Empty prefix and virtual part

The declaration of a class A can have the form:

CLASS A(FP,); SP,;
BEGIN D, FP,
actlonsA; DA
END actionsA
CLASS A declaration A object
A: CLASS~-identifier
FPy: list of the formal parameters of A
SPy: list of specifications of each of the formal
parameters of A
DA: declarations of the CLASS-body of A

actionsA: actions of the CLASS-body of A
The CLASS-body of A is a block (one form of statement).

The quantities passed as parameters or declared in the outer-
most block of the class body are called the attributes of
class A and are attributes of every object of the class.
Attributes specified as formal-parameters may only be simple
variables or arrays. Declared attributes may be simple vari-

ables, arrays, proper-procedures, function-procedures and classes.
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The expression
NEW A(C...)

creates an object of the class A (the order and number of the
actual-parameters must correspond with the order and number of
the formal-parameters) and commences execution of its actions.
The execution continues until the final END of the class body

is encountered, when the execution is terminated. However this
may be interrupted in three ways - by a GOTO-statement (which
leads out of the object), or by calls on the system procedures
"detach", "resume" or "call". A GOTO exit will leave the object
in the terminated state., "Detach" suspends the actions of the
class body and names it an independent component of the pro-

gram. Its actions may be continued later by a call on "resume",.
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Example 2: Non-empty prefix and empty virtual part

A CLASS-declaration may contain a prefix which is the identifier
of another class declared either in the same block, or in the
prefix to the same block. The prefixed class is a subclass of

the prefix.

e.g.
A CLASS B(FPB); SPg3 FP,
BEGIN Dp; D,

actionsB; actionsA
END _FPB
Py
actionsB
CLASS B declaration B object

A B-object is a compound object which has all the attributes
and actions of the prefix A and the main-part of class B.

A B-object is generated by

AP)

NEW B(APA, B

with a list of actual-parameters corresponding in number and
order to those of an A-object and those of the main-part of B.
On generation, the actions of the A-part are executed first
and then those of the B-part. The actions of the A-part have
access to the attributes of A only, the actions of the B-part
to those of B and of A.
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CLASS HIERARCHIES

In general, a hierarchy of classes may be introduced.

e.g.
declarations

CLASS Cl.veu..;

Cl CLASS C2......3%

Cl CLASS C3......;

C2 CLASS ClH,vaveaus

C2 CLASS C5..... .

hierarchy objects

Cl C2 C3 Chy C5
Cl Cl Cl Cl C1l Cl
C2 C3 C2 C3 C2 C2

Ch 63 Cy C5
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The prefix sequence of a class is the sequence of classes in

its prefix chain

e.g. 1in the above figure, the prefix sequence of

Cl is empty

C2 is C1

C5 is C1 C2
If the prefix sequence of a class CN is Cl’ CQ’ ..... . CN—l’
then a CN object may be depicted by:

Cl
classes outer to CK

subclasses of CKi CK class equal to CK
or classes = dfee... }
1nclgded in CK‘ CN classes inner to CK

An object of a prefixed class is a compound object which is
the union of the formal-parameters, declarations and actions
of the classes in its prefix sequence together with the struc-

ture defined in its own main-part.

The mechanism of concatenation may be extended to the case of

prefixed-blocks, e.g.

SIMULATION BEGIN

END

The execution of a prefixed block begins by executing the

actions of the initial operations of the class and then those
of the block body. The attributes of the class are accessible
inside the block body and this block is thus given a built-in

environment in which to operate.
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INNER

The order of the execution of actions in an object may be

altered from their textual order by use of INNER.

Consider

CLASS A ...;

BEGIN ....; S1; INNER; S2 END;
A CLASS B ...;
BEGIN ..... ; S3 END

In an A object INNER acts as a dummy statement, and the

actions executed are
S1l; S2

In a B object, INNER forces execution of S3 before those of

52, thus

Sly S35 S2
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VIRTUAL QUANTITIES

The virtual mechanism is a method of extending the rules of
accessibility, whilst still retaining security. The virtual

mechanism is useful in two circumstances.
1) to redefine attributes
2) +to give accessibility to attributes declared at inner

levels

1) attribute redefinition

Usually when a class hierarchy is constructed, an attri-
bute has a fixed meaning no matter how many prefix levels

are added to the class containing its declaration.

Sometimes, however, we may wish to redefine the attribute

throughout its scope.
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Example: Consider the description of a CLASS ROW for

manipulating vectors.

CLASS ROW(A,N); REAL ARRAY A; INTEGER N;

BEGIN REAL PROCEDURE NORM;
BEGIN REAL T; INTEGER I;
FOR I := 1 STEP 1 UNTIL N DO

T := T + ACI)*A(I);
NORM := SQRT(T);
END ###NORMu##%;
PROCEDURE NORMALISE;
BEGIN REAL T; INTEGER I;
T := NORM;
IF T = 0 THEN

BEGIN T := 1/T;
FOR I := 1 STEP 1 UNTIL N DO

ACI) := A(I)=*T;
END;
END ###NORMALISE###
’ IF N < 1 THEN ERROR;
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A new ROW object has four attributes:

i)
2)
3)

4)

a REAL ARRAY A running from 1 through N
a specified upper-bound N

a REAL PROCEDURE NORM which computes the square root
of the sum of the square of its components. (NORM
gives the "magnitude" of the ARRAY A).

a PROCEDURE NORMALISE which divides through each array
element by the current value of NORM.

If the user wishes to use a different NORM then the class

has to be rewritten.

However by altering the class outline to

CLASS ROW(A,N); REAL ARRAY A; INTEGER Nj
VIRTUAL : REAL PROCEDURE NORMj;
BEGIN REAL PROCEDURE NORM...;
PROCEDURE NORMALISE...;
IF N < 1 THEN ERROR;
END ###ROW#*#%*

it becomes possible to alter the definition of NORM in a

subclass of ROW, and yet have the new meaning available at

the ROW level where it is needed in any call on NORMALISE

e.g.

ROW CLASS ROWL;
BEGIN REAL PROCEDURE NORM;
BEGIN REAL S,T; INTEGER I;
FOR J := 1 STEP 1 UNTIL N DO
BEGIN T := ABS(A(I));
IF T > S THEN S := T;
END;
NORM := S;
END ##% NORM##%
END ###%ROW1l##%
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2)

ROW OBJECT ROW1 OBJECT
REAL ARRAY A | REAL ARRAY A
INTEGER N INTEGER N
VIRTUAL : NORM VIRTUAL : NORM
REAL PROCEDURE NORM{— PROCEDURE NORMALISE
PROCEDURE NORMALTSE REAL PROCEDURE NORME

In a ROW1l object, the NORM attribute declared at the ROW
level is deleted and is never available. Through the
VIRTUAL mechanism, the only valid NORM attribute is that
declared at the ROWl level.

Inner accessibility

This is illustrated by an example.

In processing a linked structure which contains objects of
various classes, (say A, B) the links are provided by their
common part CLASS NODE.

CLASS NODE; BEGIN REF(NODE)NEXT; END;
NODE CLASS A ....;
NODE CLASS B ....;
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If the structure is linked by following REF(NODE) NEXT
references, then, in the normal way, the information in

the structure would be dumped by

X := FIRST;

WHILE X =/= NONE DO

BEGIN IF X IS A THEN X QUA A.DUMP
ELSE X QUA B.DUMP;

X .NEXT;

>
|

END;

which is tedious to write. By writing the classes by

CLASS NODE; VIRTUAL : PROCEDURE DUMP;
BEGIN REF(NODE) NEXT;

END ###NODE###%

NODE CLASS Aj;

BEGIN PROCEDURE DUMP ...;
END;

NODE CLASS B;
BEGIN PROCEDURE DUMP ...;
END;

we can write instead

X = FIRST;
WHILE X =/= NONE DO
BEGIN X.DUMP;

X := X.NEXT;
END;
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A virtual quantity is either unmatched or else matched

with an attribute (with the same identifier) declared at

the same or an inner prefix level. The matching attribute
must be of the same type and the same kind (variable, array,
procedure, label or switch) as that specified in the virtual
part, except in the case of object-reference-function-
procedures. The type REF(C) may be matched with the type
REF(C) or type REF(D), where D is a subclass of C. A VIRTUAL
proper-PROCEDURE may be matched with any type of procedure.
In both these cases, the type of the match is the type of

the matching declaration.

A virtual quantity of a given object can have at most one
matching attribute. If matching declarations are given at
more than one prefix level, then the one at the innermost
prefix level is taken. The match is valid at all prefix
levels of the object equal or inner to that of the speci-

fication.
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5.6 EXTERNAL DECLARATIONS

External declarations will be a part of future system develop-

ment.
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6. EXPRESSIONS
Expressions are rules for computing values. Expressions may
occur on the right hand sides of assignment statements and as

actual parameters.

expression

(
arithmetic~expression b
cendition

CHARACTER-expression

< designational-expression

~

object-expression
TEXT-expression
TEXT-value

~ J

IF-clause
IF¥ condition THEN

The constituents of expressions drefoperators and oﬁerands.

The operands are constants, variables or function désignators.
No two operands may occur side by side - they must be separated
by at least one operator. A discussion of variables and func-

tion designators precedes the discussion of expressions.
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6.1 VARIABLES

The value of a variable may be used in expressions for forming
values and may be changed by assignments to that variable.
The value of a variable is the value of the last assignment to

it, or its initial value if no assignment has yet been made.
variable

simple-variable

subscripted-variable

remote-variable

simple-variable

identifier

subscripted-variable

identifier
remote-variable (subscript-1list)

subscript-list

arithmetic-expression [, arithmetic-expression]...

remote-variable

} identifier

(simple-text-expression .
simple-object-expression
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Examples:
simple-variable: EPS

AlS

Al6_C
subscripted-variable: SON(2)

ELEMENT(I,J)

THIS SQUARE.LONG_SIDE(2)
remote-variable: ANNA.FATHER

APOSTLE(6) .LEADER

C.P.X

LINE(2).SIDE(3)

A variable is a designation for a single value.

simple-variable

The type of the value of a particular simple variable is.

given in the declaration for that variable.

remote~variable

An attribute of an object is identified by the following infor-

mation:

1) a reference to the object
2) a class which includes that of the object
3) an attribute identifier defined in that class or any

class belonging to its prefix sequence.
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Let X be a simple object expression qualified by class C,

and A an attribute identifier.

The X.A is valid if X =/= NONE and class C has at least one
attribute identified by A. If there is only one attribute with

identifier A contained in class C or in its prefix chain, then

it is designated by X.A.
attribute with identifier A, then X.A designates the attribute

with identifier A at the innermost prefix level.

N.B.

If class C contains more than one

The main part of any class declaration can contain at

most one attribute with that identifier.

Examgle:

.Ch

C2

C3

X1

REF(C1)X1l; REF(C2)X2; REF(C3)X3; REF(CH)XU

CLASS
BEGIN

CLASS
BEGIN

CLASS
BEGIN

CLASS
BEGIN

= X2

Cl(A); REAL Aj;

C2;

TEXT Aj;

C3;

Ch

ceeeees. END;

.. END;

BOOLEAN Aj;

= X3

Xy

esesee. END;

.ee.... END;

1= NEW C4(6.0);
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X1
X3

X1
X3

X1
X3

X1
X3

remote-variable

.A, X2 QUA Cl
QUA Cl.A, Xu

QUA C2.A, X2
QUA C2.A, X4

QUA C3.A, X2

.A, X4 QUA C3.

QUA CH.A, X2
QUA C4.A, X3

type
LA,
QUA C1.A REAL
A
QUA C2.A TEXT
QUA C3.A,
A TEXT
QUA CL.A,
QUA Ch.A, Xu.A BOOLEAN

It is not possible to access either label or switch identifiers

re

motely.

If class C or a class in its prefix chain contains a class

attribute, then accessing of any attribute in class C is only

possible through a connection statement.

Exagzle:

s N

CLASS Cl;
Cl CLASS C2;

BEGIN REAL D; END;

BEGIN CLASS F.....;
BOOLEAN Q;

END;
REF(C2)X;

Then X.F, X.Q,

are all illegal attempts at remote accessing.

X.D
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But it is legal to write

INSPECT X DO
BEGIN ...F...
eeoQun
«..D..
END

or, for the REAL attribute of Cl, X QUA C1.D.

A simple-text-expression is itself a compound structure in
the sense that it has attributes accessible through the dot
notation. TEXT-value assignments may be made through the
use of the system-defined procedure SUB, STRIP and MAIN to
sub-fields (T.SUB, T.STRIP) and super~-fields (T.MAIN) of the.
text object referenced by T.

e.g. T.SUB(1,24) := "CHANGEUINUFIRSTuQMuCHARS"
T.MAIN.STRIP := NOTEXT

Subscripted variables

A subscripted variable is an array component. The type of a
subscripted variable is the type of the array. Each arith-
metic expression in the subscript list is called a subscript
and the complete list of subscripts is enclosed in parentheses
( ). Each subscript acts as a variable of type INTEGER and the
evaluation of the subscript is understood to be equivalent to

an assignment to this fictitious variable.

No attempt is made to ensure that each subscript lies within

the corresponding subscript bounds in an array of two or more
dimensions. Such arrays are transformed into one dimensional
table and the subscripts computed to give access to the approp-
riate entry. Provided this rule gives an entry within the bounds

. of the table, then the subscripts will be accepted. Otherwise,

a runtime error will result.
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6.2 TFUNCTION DESIGNATORS
A function designator denotes the value obtained by evaluating
the associated procedure body when supplied with the associated

actual parameter list (if any).

function~-designator

<{identifier

remote—identifie%} actual-parameter-1list

actual-parameter-list

(actual-parameter[, actual-parameter]...)

actual-parameter

rexpression

ARRAY-identifier
J SWITCH-identifier S
PROCEDURE~identifier
| LABEL-identifier

v

Exa@RlSE:

ININT
INTEXT(20)
SIN(A+B)

H.FIRST
CURRENT.NEXTEV. SUC
POINT(5) .MODULUS
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Function-designators denote single arithmetic, BOOLEAN, TEXT or
CHARACTER values or object- or TEXT-references. These values
are obtained by applying a set of rules defined by the procedure
declaration to a set of actual parameters. The actual parameter
list must correspond in number and order to the formal parameter

list in the corresponding procedure declaration.

Certain identifiers, expressed as procedures, are pre-defined

in the SIMULA system. A list is given as Appendix B. Calls

to standard procedures conform to the syntax of calls to de-
clared procedures and are equivalent to normal procedure calls.
The identifier of a system defined procedure is not reserved,
and may be declared to have another meaning at any level. (This
is not recommended practice as it will obviously make the pro-
gram more difficult to read and understand). The identifier
then assumes the new meaning throughout the scope of the block

in which it was declared.
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6.3 ARITHMETIC EXPRESSIONS

An arithmetic expression is a rule for computing a number.

arithmetic~expression

simple-arithmetic~expression
IF-clause simple-arithmetic-expression

ELSE arithmetic-expression

simple-arithmetic—expression

[+] arithmetic-primary [arithmetic-operator arithmetic-

primary]

arithmetic-primary

4 ~

arithmetic-constant
arithmetic-variable

arithmetic~function-designator

\(arithmetic—expression)

arithmetic—-operator

{+ | = |« | =e | /| //}
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Examples:

arithmetic-primary

15.7

H#u

X

SIN(23#P1/180)

(IF X>0 THEN X ELSE -X)

arithmetic-expression

X##2 4+ Y#%2
X + A(J)#%2

EXP(2 + (IF B THEN 3 ELSE 4))

IF X > 0 THEN 1 ELSE IF X < 0 THEN -1 ELSE 0
-3#(-5)

Examples of incorrect arithmetic expressions:

(A + B) C) left parenthesis missing
-3#-5 two operators together

(A + B) & - 0.5 exponent is not a primary

X + (IF Y < 0 THEN 2) ELSE alternative is missing
X + IF Y < 0 THEN 2 ELSE 3 the IF expression must be

enclosed in parentheses

The value of a simple-arithmetic-expression is the value ob-
tained by executing the arithmetic operations on the actual
numneric values of the primaries of the expression. The actual

numeric value of a primary is obvious in the case of numbers.
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For variables, it is the current value (assigned last in the
dynamic sense); and for function-designators it is the value
arising from the computing rules defining the function-pro-
cedure when applied to the current values of the procedure para-
meters in the expression. 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, a simple-arithmetic-expression is selected on the basis
of the actual values of the BOOLEAN conditions. )

If the form of the arithmetic expression is

IF condition THEN simple-arithmetic-expression

ELSE arithmetic-expression

the selection of the appropriate value is made according to

the rules:
1. The condition in the IF-clause is evaluated.

2. If the result of 1 is TRUE, then the value of the ex-
pression is the value of the simple arithmetic expression
following the IF-clause. Otherwise it is the value of the

arithmetic expression following the ELSE,
e.g. IF X < 0 THEN 4 ELSE 17

if X < 0 then the value is 4
if X 0 or X > 0 then the value is 17.
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Arithmetic operators and types

Apart from the CONDITIONS of IF-clauses, the constituents of
arithmetic expressions are of types SHORT INTEGER, INTEGER,
REAL or LONG REAL.

The following hierarchy may be associated with these types.

type number type shortened notation
1 SHORT INTEGER ST
2 INTEGER
3 REAL R
4 LONG REAL LR

The types are ranked according to their associated type number.
Thus LONG REAL is higher than INTEGER, INTEGER is lower than

REAL.

The meanings of the basic operators are:

*3%®

/7

addition
subtraction
multiplication
exponentiation
division

integer division
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The types of arithmetic expressions are given by the following

rules:

1) The operators + and - may be used as unary operators

+ operand

- operand

The type of the resulting expression is the type of the

operand.

2) The type of the arithmetic expression

operandl {+|-} operand2

is the higher of the types of operandl and operand?2. This

is displayed in the table:

type of operandl

SI I

SI SI I
I

R R

LR LR LR

3) / denotes division, and

operandl / operand?

R

=

LR

type of operand?

LR

LR
LR
LR
LR

always results in an arithmetic expression of type REAL

or LONG REAL. If either of operandl or operand? are of

type LONG REAL then so is the resulting expression, other-

wise it is of type REAL.
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This is displayed in the table:
operandl / operand?
type of operandl type of operand?
ST I R LR
ST o R R R LR
R R R LR
R R R LR
LR LR ‘ LR LR LR

A run time error will always result if the value of

operand2. is zero.

4) // denotes integer division. The operator is defined
only between two operands of type INTEGER and gives the
INTEGER result

A // B = SIGN (A#B) # ENTIER (ABS(A/B))
If, in
operandl // operand?

the types of operandl and operand? are not INTEGER, then
they are rounded to type INTEGER and then the operation,

as defined above, is carried out.

Examgles:

10 // 5 = 2
9 .// 5 = 1.
-9 // 5 = -1

9 //-5 = -1
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5)

6)

The operation
operandlssoperand?

denotes exponentiation, where operandl is the base and

operand? the exponent.

e.g. 2%%3 means 8 (=2#2%2)

(3)*
Q%% ( 3%%y) means 2
QuHIHEL means (23)*"

The type is real unless one of operandl or operand? is of
type LONG REAL when it is LONG REAL.

When the type of an arithmetic expression can not be deter-
mined at compile-time, it is considered to be the highest

possible type in the hierarchy of the alternatives.

If in

IF X > 0 THEN P.R ELSE S

the result of an expression is of one arithmetic type and
the expression is assigned to a variable of another drith-

metic type, the result is transformed to the appropriate

type.
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Arithmetic operator precedence

The evaluation of an arithmetic-expression can be considered
as taking place in & number of scans through the expression,

each scan going from left to right:

1) The values of the constants, variables and function

designators are evaluated.

2) Any subexpression between a left parenthesis and its
matching right parenthesis is evaluated (according to
rules 2, 3, 4, 5) and is used as a primary in subsequent

calculations.
3) All exponentiations are evaluated.

4) All multiplications, divisions and integer divisions are

evaluated.

5) All additions and subtractions are evaluated.

The operator precedences may be summarised by

*3%

£ ow NN

Arithmetics of REAL and LONG REAL quantities

Quantities of type REAL and LONG REAL are defined to a finite
accuracy. Thus any operation performed on such quantities 1is
subject to a possible deviation. The control of the possible

consequences should be carried out by a numerical analyst.
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6.4 CONDITIONS

Conditions (or BOOLEAN-expressions) return the values TRUE or
FALSE. Their prime use is in conditional expressions and con-

ditional statements.

condition

BOOLEAN=-primary [BOOLEAN-operator BOOLEAN—primary]..i}
IF-clause BOOLEAN-primary ELSE condition

BOOLEAN-primary

7

BOOLEAN-variable
BOOLEAN=-function-designator
TRUE

(] ﬁ TALSE (

relation

\(condition)

BOOLEAN-operator

{/\ND |OR |EQV ]IMP}

relatlion

e 7 S

TN

-~
I 1
A v )

A
\4

simple-value-expression ; simple~-value-expression

A
[N

\.

simple-reference-expression

—~/

gt

simple-reference-expression { ,

. . T
simple-reference-expression {T

= W

} CLASS-identifier J

-
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Note the equivalent modes of writing:

- ' or NOT
= EQ
-= NE

< LT
<= LE

> GT

>= GE

Examgles:

TRUE

SON AND HOLY_ GHOST
X = 0O0R (Y >C)
= (X IN HEAD)

T == NOTEXT

FATHER =/= NONE

C = 'A'
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BOOLEAN OPERATORS

The meanings of the logical operators

NOT not
- AND and
OR or
IMP implication
EQV equivalent

are given in the table:

P T T F F

Q T F T F
-P F F T T IF P
P AND Q T F F F IF P
P OR Q T T T F IF P
P IMP Q T F T T IF P
P EQV Q T F F- T IF P

THEN FALSE ELSE TRUE
THEN Q ELSE FALSE
THEN TRUE ELSE Q
THEN Q ELSE TRUE
THEN Q ELSE Q
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Precedence of operators

The sequence of operations within one condition is from left

to right with the following additional rules:

first:

second:
third:
fourth:
fifth:

sixth:

gseventh:

arithmetic expressions (+, =, #%, %, /, //)
according to section 6.3

relations (<, <=, =, ==, >, >=, ==, =/=, IS, IN)

9

AND

OR

IMP

EQV

The use of parentheses is interpreted as in section 6.3.
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Relations

1

2)

IS, IN

The operators IS and IN test the class membership of a

referenced object:

X Is C is TRUE only if X is a reference to an object
belonging to the class C, otherwise the value is
FALSE

X IN C is TRUE only if X is a reference to an object

belonging to either the class C or to a sub-
class of C, otherwise the value is FALSE.

Both X IN C and X IS C are FALSE if X == NONE.

Reference comparators (==, =/=)

These operators compare either two simple text references
or two simple object expressions. Two object (text)
references X and Y are identical if they refer to the same
object (text value instance) or if both are NONE (NOTEXT).
In these cases, the relation X == Y is TRUE. Otherwise it
is FALSE.

The relation X =/= Y has the value of -i(X==Y).
If X and Y are two text references, then X =/= Y and

X = Y may both be TRUE if X and Y refer to physically dis-

tinct character sequences which are equal.
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3) Value comparators (=, =, >, >=, <, <=)

The relations take the value TRUE if the corresponding relation
is satisfied for the actual values of the expressions involved,

otherwise FALSE.

Examgles:
5 = 3 is - FALSE
W'o= ! is FALSE

X < 0 is FALSE if the current value
: of X is positive or zero,
otherwise 1t i1s TRUE

If the values of two arithmetic expressions are compared and
they are of different types, then the value lower down in the
hierarchy is converted to the type of the higher before com-

parison is made.

Character values may be compared with respect to the collating

sequence. A relation

X REL Y

where X and Y are character values, and REL is a relational

oPefator has the same truth value as

RANK(X) REL RANK(Y)

Bxamgle:
Tyt <ttt is TRUE ' RANK('+') = 78
RANK('=') =126
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Two text values are equal if they are both empty or if they

are both instances of the same character sequence. Otherwise
they are unequal. A text value T ranks lower than a text
value U if they are unequal in length and one of the following

conditions is fulfilled (otherwise it ranks higher):

1) T is empty

2) U is equal to T followed by one or more characters

3) If the first i-1 characters of T and U are the same,
and the ith character of T ranks lower than the ith

character of U.

ﬁxamgles:
NOTEXT = nn TRUE
1"t O" < 1" 9" TRUE
"ABCDE"="ABCDEF" FALSE
412" == =12 TRUE

"ABC" = "ABC." FALSE
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6.5 CHARACTER EXPRESSIONS

CHARACTER-expression

simple-character-expression
IF-clause simple-charactér-expression

ELSE character-expression

simple-character-expression

~ A

CHARACTER-constant
CHARACTER-variable
CHARACTER-function-designator
{(CHARACTER-expression)

. v

CHARACTER-constant

'{any character from the data character set}'

ﬁxamgle:
1ttt
lA'
IF X < 0 THEN 'w' ELSE 'Y!

The set of internal characters is ordered according to the
collating sequence (Appendix A). The collating sequénce de-
fines a one-one mapping between interndl characters and in-

tegers expressed by the function procedures:

INTEGER PROCEDURE RANK (C); CHARACTER Cj

whose value i1s in the range 0 through 255 and

CHARACTER PROCEDURE CHAR (N); INTEGER Nj
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The parameter value must be in the range 0 through 255 other-

wise a run time error results.

Two character subsets are defined by the standard procedures
BOOLEAN PROCEDURE DIGIT (C); CHARACTER C;

which is TRUE only if C is a digit, and
BOOLEAN PROCEDURE LETTERk(C); CHARACTER Cs

which i1s TRUE only if C is an upper case letter.

Example:

The following program scans an input file on SYSIN until "end
of file" is met and records the number of occurrences of the
digits 0 - 9.

BEGIN INTEGER ARRAY INCIDENCES (RANK('0'") : RANK('9'));
CHARACTER C; INTEGER R;
INSPECT SYSIN DO
WHILE = ENDFILE DO
BEGIN C := INCHAR;
IF DIGIT (C) THEN
BEGIN R := RANK(C);
INCIDENCES(R) := INCIDENCES(R) + 1;

END;

END;

END
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6.6 DESIGNATIONAL EXPRESSIONS

A designational expression is a rule for obtaining the label

of a statement.

designational-expression

simple-designational-expression
IF-clause simple-designational-expression

ELSE designational-expression

simple-designational-expression

LABEL-identifier
SWITCH-~identifier (subscript)

(designational-expression)

Examples:

valid LAB -
CHOOSE (I)
SELECT (IF X < 0 THEN 2 ELSE 3)
IF B < 0 THEN LAB 1 ELSE SLAB(1)

invalid X.LAB ' remote SWITCH- or LABEL-

identifiers are not allowed
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The principle of evaluation is analogous to that of arithmetic—
expressions. In the general case, the conditions in the TIF-
clauses will select a simple-designational-expression. . -

If this is & label the desired result s found. A switch desig-~
nator, on the other hand, refers to the corresponding switch
declaration and by use of the actual numerical value of its sub-
script (an arithmetic-expression) selects one of the designational-
expressions listed in the switch declaration by counting frocm

left to right. Since this value itsalf may be a switch desig-

nator, the definition is recursive.-

The evaluation of the subscript is analogous to that of sub-

scripted variables.
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6.7 OBJECT EXPRESSIONS
An object-expression is a rule for computing a reference to
an object or NONE. The type of the expression is REF (quali-

fication).

object-expression

simple-object-expression
IF-clause simple-object-expression

ELSE object-expression

simple-object-expression

f ~

NONE

variable

function~-designator

N

< NEW CLASS-identifier[actual-parameter-part]
THIS CLASS-identifier
simple-object-expression QUA CLASS-identifier

(object~-expression)

o/

.
ExamEles:

X

X.Y

SIDE (3)

THIS HEAD.SUC

NEW INFILE("CARDS")

THIS LINK QUA SUB_CLASS.ATTRIB

IF SUC IN LINK THEN SUC ELSE NONE

IF X =/= NONE
THEN (IF X.F =/= NONE THEN X.F.F ELSE NONE)
ELSE NONE
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Qualification

The qualification of an object-expression is defined by the

following rules:

1) The expression NONE is qualified by a fictitious class

which is inner to all declared classes.

2) A variable, array or function designator is qualified as
stated in the declaration (or specification, see below)

of the variable or array or procedure in question.

3) An object-generator, local-object or qualified-object is
qualified by the class of the identifier following the
symbol NEW, THIS or QUA respectively.

4) A conditional object-expression is qualified by the class
at the innermost prefix level which includes the qualifi-
cation of both alternatives. If there is no such class, the

expression is illegal.

In
IF¥ B THEN NONE ELSE S
the qualification is that of S (by rule 1).

5) A formal parameter of object-reference type is qualified
according to its specification regardless of the qualifi-

cation of the corresponding actual parameter.

6) The qualification of a function-designator whose pro-
cedure identifier is that of a virtual quantity, depends
on the access level. The qualification is that of the
matching declaration, if any, occurring at the highest
prefix level equal to or less than the access level, or

if none, that of the virtual specification.
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Object generators (NEW A....)

An object—generator invokes the generation and execution of

an object belonging to the identified class. The object is

a new instance of the corresponding (concatenated) class body.
The evaluation of an objeét generator consists of the following

actions.

1) .The object is generated and the actual parameters of the
object generator are evaluated. The parameter values
and/or references are transmitted. (For parameter trans-

mission modes, see section 5.4).

2) Control enters the body of the object through its initial
BEGIN whereby it becomes operating in the "attached" state.

The evaluation of the object generator is completed:

Case a: Whenever the basic procedure "detach" is executed
"on behalf of" the generated object (see PART 3, section 1),

or
Case b: wupon exit through the final end of the object.
The value of an object-generator‘is the object generated as the

result of its evaluation. The state of the object after the

evaluation is either "detached" (case a) or "terminated" (case b).
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Local objects

A local-object "THIS C" is a meaningful expression within

1) the class.body.of C or that of ény subclass of C,
or ‘ ,

2) a connection block whose qualification is C or a subclass
of C. , . , .

The value of a local-object in a given context is the object

which is, or is connected by, the smallest fextuélly enclosing
block instance, in whiéh the‘local object is a meaningful ex-
pression. If there is no such block, the local object is illegal.
For an instance of a PROCEDURE- or CLASS-body, "textually enclosing"

means containing its declaration.
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Instantaneous qualification

Let X represent any simple reference expression, and let C and

D be class identifiers such that D is the qualification of X.

The qualified object "X QUA C" is then a legal object expression,
provided that C includes D or is a subclass of D. Otherwise,
i.e. if C and D belong to disjoint prefix sequences, the quali-

fied object is illegal.

The evaluation of X QUA C at run time gives an error if the
value of X is NONE, or an object belonging to a class not in-
cluded in C. Otherwise the value of X QUA C is that of X.

(Note the qualification of X is D, whilst that of X QUA C is C).
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6.8 TEXT EXPRESSIONS AND TEXT VALUES
A TEXT-expression is a rule for computing a reference to a
TEXT object. A TEXT-value is a rule for computing the value

of a text (i.e. string of characters).

TEXT-expression

simple-text-expression
IF-clause simple-text-expression ELSE TEXT—expression}h

simple-text-expression

r~

NOTEXT
TEXT-variable

TEXT-function-designator

—~

A

k(TEXT—expre551on) J

TEXT—value

simple-text—-expressiorn
TEXT-constant
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Examgles:

valid

TEXT-expression NOTEXT
IF T.LENGTH < 5 THEN NOTEXT ELSE BLANKS(80)

(RUNE.T)
T.SUB(1,12)

" TEXT~value "ANOTHERUCONSTANTY
NOTEXT

invalid

—————

IF T.LENGTh < 5 THEN "MAXJFOUR"
ELSE "FIVE"

TEXT-constants may not be constituents of

conditional expressions.
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7. BLOCKS AND STATEMENTS

A program is structured into blocks. A block consists of .a
block head which defines properties of the block, and a com-
pound tail which defines the actions of the bloék. A block
may be prefixed which means that the block is built into a

predefined environment.

There is no way for a block environment to interact with an
inner block (i.e. examine its current state). The environment
can only observe the result of its actions. A block may only
be entered through its initial BEGIN and attempts to do so by
GOTO statements are thus illegal. | .
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7.1 BLOCKS AND COMPOUND STATEMENTS

Erogram

{block
compound-statement

block

prefixed—blocs}
main-block

prefixed-block

main-block }

CLASS-identifier [aCtual_Parameter—llst]{compound—statement

main-block

BEGIN {declaration;}...[statement;]... [statementlEND

compound-statement

BEGIN [statement;]...[statement]END

A block automatically introduces a new level of nomenclature.
Any identifier may be declared or appear as a label in the
block and is then said to be local to it. An entity repre-
sented inside a block has no exXistence outside it and any en-
tity represented by this identifier outside the block cannot
be directly accessed by use of it (see the explanation of the

binding rule in section 3).
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When a block is prefixed, the identifiers declared in the
corresponding CLASS are made available. Nevertheless, an
identifier in the CLASS may be redefined in the main-block or

compound—statemenf.

The execution of a block is as follows:

step 1: 1if the block is prefixed then the actual parameters
if any are evaluated.

2: if the declarations of the block contain array bounds
then these are evaluated. (They may make reference
to parameters of the prefix).

3: Execution of the statements body begins with the first
statement of the prefix, if any, otherwise with the
first statement of the main block. After execution
of the block body (unless it is a GOTO statement)

a block exit occurs and the statement textually

following the entire block is executed.

A CLASS identifier possibly followed by an actual parameter

list can prefix a main-block or compound-statement. This re-
sults in concatehating the object of the stated class with

that main-block or compound-statement, which means that the capa-
bilities of the stated class and its including classes are avail-

able within that main-block or compound statement.

When an instance of a prefixed block is generated, the formal
parameters of the class are initialised as indicated by the
actual parameters of the block prefix. A virtual quantity is
identified by the quantity defined by a matching declaration in
the block head of the main-block or compound-statement, or by
the matching definition at the innermost prefix level of the
prefix sequence. The operation rule of the concatenated object

is defined by principles similar to those given in section 5.5.
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A prefixed-block plays a particular role in the quasi-parallel

sequencing of SIMULA: it defines a quasi-parallel system, a
system whose components have interactions independent from the

program outside the prefixed block, see PART 3.

The following restrictions must be observed when prefixing
blocks:

An object in which reference is made to the object itself

through use of THIS is an illegal block prefix.

The CLASS-identifier of a prefix must refer to a class local
to the smallest block enclosing the prefixed block. If that
CLASS-identifier is that of a system class, it refers to a

fictitious declaration of that system class occurring in the

block head of the smallest enclosing block.

A compound-statement is a means of grouping several statements

together to act as one unit, as in

FOR I := 1 STEP 1 UNTIL 10 DO
BEGIN SUM := SUM + A(I);
SUMSQ := SUMSQ + A(I)*A(I);
END

where the controlled-statement is a compound-statement,

or of legalising a statement structure

IF X > 0 THEN BEGIN IF Y > 0 THEN QUADRANT := 1;
END

The structure is illegal without the BEGIN - END pair.
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7.2 STATEMENTS
A statement is a unit of action in a program. Sequences of
statements may be grouped together to form compound statements

or blocks.

Special notice must be taken of conditional statements which
effectively prevent a certain ambiguity from arising. For con-

sider
IF conditionl THEN ITF condition? THEN S2 ELSE S3

which has two interpretations

1) IF conditionl THEN |IT condition? THEN S2 ELSE S3

2) IF conditionl THEN |IF condition2 THEN S2 |ELSE S3

This ambiguity is resolved by not allowing a conditional state-
ment to follow the THEN symbol. Now the two meanings are re-

solved by writing

1) IF conditionl THEN
BEGIN IF condition2?2 THEN S2 ELSE S3 END

2) IF conditionl THEN BEGIN IF condition2 THEN S2 ' END
ELSE S3
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The same sort of ambiguity can arise with a WHILE-statement,

a FOR-statement, or a connection statement following a THEN.

IF conditionl THEN
WHILE J < 10 DO
IF condition?2 THEN S1 ELSE S2

IF condition3 THEN
INSPECT X DO
IF¥ conditionid THEN S3 ELSE S84

Here the syntax forces the ELSE-branch to belong to the nearest

THEN, but means that whereas we can write

WHILE-statement
IF condition THEN FOR-statement

connection-statement R
we can not write

WHILE~statement
IF condition THEN FOR~-statement ELSE S

connection statement

In this case, BEGIN - END are necessary round the WHILE-

or connection-statement.

, TOR-,
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statement .

J’open
closed

LIF—Statement
open

FOR-statement
[label:]... < WHILE-statement

connection-statement
closed

(block A
compound-statement
activation-statement
PROCEDURE~statement g
[label:]...ﬁ dummy-statement
GOTO~-statement

assignment-statement

kobject—generator
label

LABEL-identifier
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ASSIGNMENTS

Assignment-statements assign the value of an expression to

one or several variables or procedure identifiers. Assignment
to a procedure identifier may occur only within the body of
the function procedure defining the value of that function.

The process of assignment takes place in three steps:

1) any subscript expressions in the left variables are evalu-

ated in sequence from left to right
2) the expression is evaluated

3) the value of the expression is assigned to the left part
variables from right to left (see example below under Types).

assignment-statement

value-assignment
reference-assignment

value-assignment

variable :=
PROCEDURE-identifier := ... value-expression

TEXT-function-designator :=

Examples:
X := 3.45 .
C := D(I) := '+!
P.X := R.X + S.X
T := "MESSAGE" |
T.SUB(1,5) := S := "12345"

Y := IF X > 0 THEN X ELSE =X
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TEXT-value-assignment

Consider the TEXT-value=-assignment

" let the length of R be Lr and the length of T be Lt. The

assignment is legal if Lr >= Lt, otherwise a run time error

results.
Lr = Lt the text value of T is copiéd into R
Lr > Lt The text value of T is copied into R left justified

and the remaining Lr-Lt positions are filled with
blanks

Assignments to overlapping texts are unpredictable.
e.g. with

T.SUB(10,10) := T.SUB(15,10)
or T.SUB(15,10) := T.SUB(10,10)

The value assignment
T := NOTEXT

sets the value of T to blanks.
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nges

The type of the expression and all the left part variables
or PROCEDURE-identifiers must be identical except in the case

of arithmetic assignments. In this case, the assignment

vV 1= V2 1T L. vn := expression 1is

equivalent to

vn = expression
vn-1l := vn
vl 1= v?2

So that if X is REAL and I INTEGER,

X := I := 3.57

1"
4=
o

and

I := X := 3.57

is equivalent to

Moo
n
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GOTO-STATEMENTS

A GOTO statement interrupts the normal sequence of operations.
The value of a designational expression indicates the value of

the label of the next statement to be executed.

GOTO-statement

GOTO designational-expression

Examples:

GOTO L

GOTO S(4)

GOTO S(IF N=0 THEN 2 ELSE 6)
GOTO IF N=0 THEN L1 ELSE L2

A GOTO statement may not lead into

connection statement

block which is not already active
FOR-statement

WHILE-statement

pop oo

A GOTO statement leaving an attached object leaves the object

in the terminated state.

When the value of a designational expression is a switch with
an undefined value (the index is out of range), the GOTO state-

ment is equivalent to the dummy statement
e.g. ‘
;G0TO S(-1); is equivalent to

b b



Section: 2.7.2

System/360 STMULA Page: 8
' Level: 0
USERS GUIDE Date: 5/4-1971

Originator: GB

Examgle:

The program below prints out the first three verses of
"The Twelve Days of Christmas". The program logic is built
around a SWITCH,.

BEGIN SWITCH CASE := LINEl, LINE2, LINE3;
INTEGER VERSE;
TEXT ARRAY T(1:3);

T(1) := COPY("FIRST");
T(2) :- COPY("SECONDM);
T(3) :- COPY("THIRD");

IF_WE_USE_FOR _HERE_THE LABELS_ BECOME_INVISIBLE:
VERSE := VERSE + 1;

OUTTEXT( "ONLTHEL" ) ; OUTTEXT(T(VERSE));
OUTTEXT ("uDAYL,OFLCHRISTMAS" ) 3 OUTIMAGE;
OUTTEXT("MYuTRUELLOVEUSENTLWTOWME" ) ; OUTIMAGE;
GOTO CASE(VERSE);

LINE3: OUTTEXT("THREELFRENCHLHENSY) ;
OUTTEXT("TWOLTURTLELDOVES ,uAND") ;
OUTTEXT("ALPARTRIDGE Wl NwAUWPEARUTREE" ) 5
EJECT(LINE + 2);

IF VERSE < 3 THEN
GOTO IF WE USE FOR HERE THE LABELS BECOME INVISIBLE;
END
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OUTPUT:

ON THE FIRST DAY OF CHRISTMAS
MY TRUE LOVE SENT TO ME
A PARTRIDGE IN A PEAR TREE

ON THE SECOND DAY OF CHRISTMAS
MY TRUE LOVE SENT TO ME

TWO TURTLE DOVES, AND

A PARTRIDGE IN A PEAR TREE

ON THE THIRD DAY OF CHRISTMAS
MY TRUE LOVE SENT TO ME

THREE FRENCH HENS

TWO TURTLE DOVES, AND

A PARTRIDGE IN A PEAR TREE
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DUMMY STATEMENTS

A dummy-statement executes no actions. Its main use is to

place a label before an END

dummy statement

ExamEles:

IF X > 0 THEN ELSE X :=. =-X3

BEGIN cere e LAB : END;
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WHILE STATEMENTS

The WHILE-statement 1s used when a statement is to be executed

while a condition is TRUE.

WHILE-statement

Examples:

WHILE condition DO statement

WHILE = LASTITEM DO
BEGIN X := ININT;
COUNT := COUNT + 1;
SUM := SUM + X;
END;

WHILE X =/= NONE DO

BEGIN IF X IN POINT THEN NOP
IF X IN LINE THEN NOL
ERROR("FALSEGENTRY");

X = X.SUC;
END;

NOP + 1 ELSE
NOL + 1 ELSE
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ACTIVATION STATEMENTS

Activation statements are only valid inside a SIMULATION
block. They are fully described in part 3, section 3.
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FOR STATEMENTS

FOR-statements are control statements which cause controlled-

statements to be executed zero or more times.
There are three basic types of FOR statement element.

1) the controlled-statement is executed for a list of values

(usually irregular).

FOR I := 2, 13, 17 DO controlled-statement

2) the controlled-statement is executed a known number of

times

FOR I := 1 STEP 1 UNTIL 10 DO
X(I) := IsI -

3) +the controlled-statement is executed until a condition'

is met

FOR X :- X.SUC WHILE X =/= NONE DO
X QUA LINK,OUT

To increase the generality of the concept, these elements

themselves are allowed to form a list

FOR I := 1, 2, 4 STEP 1 UNTIL 10, I#I WHILE I < 200 DO

" controlled statement
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FOR-statement

[1abel:l... FOR controlled-variable for-right-part DO

controlled statement

for-right-part

{:: value-element [,value-~elementl] }

:- object-element [ ,object-elementl

value~-element

r -

value-expression

arithmetic-expression STEP arithmetic—expressionL
UNTIL arithmetic-expression

value-expression WHILE condition
~ w/

object-element

{object—expression
object-expression WHILE condition

Each execution of the controlled statement is preceded by
an assignment to the controlled-variable. Assignments may
change the value of this controlled variable during execution

of the controlled-statement.
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for list elements

The for list elements are considered in the order in which

they are written. When one for list element is exhausted, con-
trol proceeds to the next, until the last for list element in
the 1list has been exhausted. Execution then continues after

the controlled statement.

The effect of each type of for list element is defined below

using the following notation:

controlled variable
value expression
object expression
arithmetic expression

Boolean expression

mw w > O < 0O

controlled statement

The effect of the occurrence of expressions in for list ele-
ments may be established by textual replacement in the defi-

nitions.
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os Bs o are different identifiers which are not used elsewhere
in the program. ¢ identifies a non-local simple variable of

the same type as A2.

next for 1list element

2. Al step A2 until A3
HE Al;
i = A2;
o : if o *(C-Ag) > 0 then goto B;
S;
g = A2;
C :=C + o3
goto aj;

B : next for list element

3. V while B

a : C =V,
if = B then goto B;
S
goto o3

B : next for list element
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C :- 0;
S
next for list element

0 while B

C = 0;

if <4 B then goto B;
33

gdto o5

next for list element
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The controlled variable

The controlled-variable is a simple~variable which is not a
formal-parameter called by name, a PROCEDURE-identifier, a

remote-identifier nor a TEXT-identifier.

To be valid, all for 1list elements in a for statement must

be semantically and syntactically valid.

In particular each implied assignment is subject to the rules
of section 7.2.1.3.

The value of the controlled variable upon exit

Upon exit from the for statement, the controlled variable will
have the value given to it by the last (explicit or implicit)

assignment operation.

Labels ‘local to the controlled statement

The controlled statement always acts as if it were a block.
Hence, labels on or defined within the controlled statement

may not be accessed from without the controlled statement.
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PROCEDURE STATEMENTS
A procedure-statement calls for the execution of the PROCEDURE-
body. Before execution, the formal-parameters of the procedure

are replaced by the actual-parameters.

PROCEDURE-statement

[simple-object-expression.] PROCEDURE~identifier [(expression

[, expressionl...)]l

Examples:

INTO(H)
OUTTEXT (" #*%(®x')
SYSIN.INIMAGE

The procedure statement must have the same number of actual
parameters in the same order as the formal-parameters of the

procedure heading.

Restrictions

1) An actual-parameter corresponding to a formal-parameter
called by NAME which is assigned to within the PROCEDURE-

body must be a variable.

2) If the formal-parameter is an ARRAY (PROCEDURE), then the
number of dimensions (actual-parameters) used within the
PROCEDURE~-body must correspond to the number of dimensions
(actual-parameters) of the actual ARRAY (PROCEDURE).
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CONDITIONAL STATEMENTS
Conditional statements cause certain statements to be executed
or skipped depending on the current values of certain conditions.

They provide an important structural framework in the language.

IF-statement

f
r WHILE-statement 3

FOR~statement

IF-clause connection-statement

N~

o
[label:]... Lclosed

IF-clause closed
L ELSE statement =

ExamEles:

L: IF X > 0 THEN X := -X;

IFT X = 0 AND Y = 0 THEN
L: BEGIN OUTTEXT("ORIGIN");
OUT IMAGE ;

END;

X = T3
WHILE X =/= NONE DO
BEGIN IF X QUA PERSON.MALE THEN MAN := MAN + 1
ELSE WOMAN := WOMAN + 13
X := X.SUC;
END;
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The statement sequence
IF condition THEN S1; S2
is equivalent‘to

(evaluate condition) S1; S2 if the condition is TRUE

(evaluate condition) S2 if the condition is FALSE.
The statement sequence

IF condition THEN S1 ELSE S2; T
is equivalent to

(evaluate condition) S1; T if the condition is TRUE, and

(evaluate condition) S2; T if the condition is FALSE.

A GOTO statement may lead directly into a conditional statement

e.g

IF B THEN BEGIN OQUTTEXT("TRUE");

L: OUTIMAGE;
END
ELSE BEGIN OUTTEXT("FALSE");
GOTO L;

END
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CONNECTION STATEMENTS

Connection-statements are a form of remote accessing which
are mainly used as a user convenience if there are to be many

accesses to a particular object.

e.g.
we may replace
SYSBIN.INIMAGE;
X := SYSBIN.INREAL;
Y := SYSBIN.INREAL;
C := SYSBIN.INCHAR;
by

INSPECT SYSBIN DO
BEGIN INIMAGE;

X := INREAL;
Y := INREAL;
C := INCHAR;

END
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Connection statement

statement
INSPECT object-reference DO { [WHEN CLASS-identifier DO statement]...
[OTHERWISE statement]

ExamEles:

INSPECT SYSOUT DO
BEGIN OUTTEXT("TITLE");
OUTIMAGE;

EJECT(LINE+10);
END;

INSPECT X WHEN A DO OUTTEXT("X IN AM")
WHEN B DO OUTTEXT(X IN B")
OTHERWISE OUTTEXT("ERROR");

INSPECT X DO
INSPECT Y DO P := Q
OTHERWISE OUTTEXT("Y==NONE");

To avoid ambiguity, an OTHERWISE refers back to the nearest
INSPECT.

The remote accessing of objects of classes may be accomplished

by the dot notation or by connection. In most cases the methods
are interchangeable if the object contains a class attribute at
a certain level, then attributes at that level and levels inner

to it can only be accessed by connection.

TN
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To

1)
2)
3)

The

1)

access an attribute of an object we have to know:

a reference to the object
the qualification of the reference
the attribute identifier.

two variations are now explained:

a) INSPECT X DO S1 OTHERWISE 52
b) INSPECT X DO S1

If X =/= NONE then the statement Sl is executed. During
execution of this statement the reference variable of X is
evaluated once and stored. Access is now gained to the
denoted object at the qualification level of X. All attri-
butes of the qualifying class are now available by the

occurrence of their identifiers.
If X == NONE, then the statement S1 is skipped and the
statement S2 is executed in case a), and the whole connection

statement is skipped in case b).

In an otherwise branch, no connection holds.

e.g.
CLASS Aj
BEGIN REAL X; ..... END;
A CLASS B |
.~ BEGIN BOOLEAN Y; .. END;
REF(A)Q; REF(B)Z;
INSPECT Q DO INSPECT Q QUA B DO
BEGIN X := 2; BEGIN X := 23
THIS B.Y := FALSE; Y := FALSE;
Z :- NONE; Z :- NONE;

END END
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INSPECT X WHEN A DO S1
WHEN B DO S2

OTHERWISE T

This discriminates on class membership at run time. The
when clauses are considered in turn. If X is an object
belonging to a class equal to or inner to the one identified
in the clause then the associated statement is executed and
the rest of the connection-statement is skipped. The
OTHERWISE-clause (if present) is only executed of X == NONE
or all preceding WHEN clauses are skipped.
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OBJECT GENERATORS

Object-generators were discussed in section 6.5. They may
also stand as statements in their own right, in which case
their reference value is not assigned on exit. This does not
mean that they cannot be referenced as the following example

shows:

LINK CLASS B(H); REF(HEAD)H;

BEGIN PTR :- THIS Bj;
INTO(H) ;

END

After execution of the statement

NEW B(HD);

then the generated object is referenced by PTR and HD.LAST
(if H =/= NONE).
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PART 3 PROGRAM STRUCTURE AND SYSTEM FEATURES

1 PROGRAM STRUCTURE

Without the CLASS concept, the run time structure of a
SIMULA program is essentially that of a stack of blocks
with the last created block "active". Given the program

skeleton

BEGIN REAL X;

Ll: Sl
BEGIN BOOLEAN Bj;
523
BEGIN TEXT X;
L3: S35
END;
L2: Sl
END;
553
END

(where the S's denote statement sequences) then the structures

at run time are

1. during execution of S1 or S5

REAL X PSC denotes the
PS5C —3y L1: S1 current statement
<INNER BLOCK>
S5

Only one variable REAL X exists.
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2., during execution of S2 (or Su)

-

REAL X
Ll: S1
—> <INNER BLOCK>
S5

» y -

BOOLEAN B
PSC —> S2
<INNER BLOCK>
L2: Su

Two variables REAL X and BOOLEAN B exist.

3. during execution of S3

' REAL X

L1: S1

<INNER BLOCK>
S5

STACK OF

— ——l  "ATTACHED"

BOOLEAN B BLOCKS
2 o

<INNER BLOCK>

L2: Sk '

TEXT X
PSC —>|L3: S3
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Three variables exist REAL X, BOOLEAN B, TEXT X but

only two are accessible by actions in the active bloék,
for the REAL X of the outermost block has become ih-
accessible due to an identifier clash with TEXT X of the

innermost block.

Note that besides exiting from a block via its final END,
it is also possible to exit via a GOTO-statement. If the

statement sequence S3 includes the statement
GOTO L2

then on execution of that statement, the innermost block

is deleted (the variable TEXT X will no longer exist).

If the statement sequence S3 includes the statement
GOTO L1

then both the inner blocks will be deleted when that
statement is executed and both BOOLEAN B and TEXT X

will no longer exist.
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The CLASS concept initially gives the opportunity for data

structures to exist in parallel. The program

BEGIN CLASS Aj.ieverceenn 3
REF(A)U,V;
U :- NEW A;
BEGIN CLASS Bjeeeeeennns 5
REF(B)X;
REF(A)W;
V := W := NEW A,
X := NEW Bj;
L: cee e .o

END ###INNER BLOCK### g

END ###PROGRAM¥##

has the representation below at the label L.

L

OB: outer block OB &
l h
CLASS A P
REF(A) U * |
REF(A) V - &
<INNER BLOCK>Y

N
IB: inner block IB &
CLASS B ’/////////
V4

*

REF(A) W &—
REF(B) X &
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When the inner block is deleted, the second A object is still
available as it is referenced by V. On the other hand, the B
object must be deleted as its declaration and therefore all

its references do not exist.

At this level, the actions of each object are executed until
exhaustion and then the objéct is left as an attribute structure
in the terminated state. But there is a broad class of problems
which cannot be modelled by this mechanism, e.g. when the actions
are executed in phases corresponding to the actual concept repre-
sented being active or passive. For example, a customer in a

shop goes through the stages of queuing (passive) and buying
(active), players in a game of cards play, and then are passive
until their turn comes again. We could picture a customer object,
C, by:

C
enter shop
} active
enter queue 1
passive
served
} active
enter queue 2
passive
served
active
enter gqueue 3
leave shop
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When C is passive its actions may be made active again By a

call RESUME(C). The actions of C are resumed from where they

were left off last. To mark off'this:program point objects

can be made into program componenté supplied with a LOCAL SEQUENCE
CONTROL (LSC) which marks the éurrent stage of execution of their

actions.

A very simple example is that of two players playing a game.

Their actions may be loosely described by

Lt play;

RESUME (opponent) ;

GOTO L
When the first player is generated, we do not wish to execute
these actions as the opponent is not yet generated. So we
have to return control to the main block and return a reference
to this player, and then create the second player. A second
system PROCEDURE DETACH serves this purpose. On meeting
DETACH, the object becomes a system component with an LSC
referencing the next statement, control is returned to its

object generator and with it a reference to the object.
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The outline

BEGIN

of a simple program for a two man game is:

CLASS PLAYER;

END

BEGIN REF(PLAYER) OPPONENT;

DETACH ;

L: play;.
’ RESUME( OPPONENT) ;

GOTO L
END; |
REF(PLAYER)P1,P2;
Pl :- NEW PLAYER;
P2 :- NEW PLAYER;

P1.0PPONENT :~ P2; P2.0PPONENT :- P1;
RESUME(P1) ;



System/360

USERS GUIDE

SIMULA

Section: 3.1

Page: 8
Level: 0
Date: 5/4-1971

Originator: GB

A snapshot at the point where RESUME(Pl) has just been

executed is:

MB |

PLAYER CLASS

s T8 20 5 80 0 e

RESUME(P1)

P1 REF(PLAYER) &
P2 REF(PLAYER)

\

LsC e
e MB
OPPONENT REF(PLAYER)e
DETACH LsC
LSC, PSCy . play
RESUME (OPPONENT)
GOTO L

\

MB

OPPONENT REF(PLAYER)—]
DETACH

play

RESUME (OPPONENT)
GOTO L

The PSC coincides with the LSC of the currently active com-

ponent.



Section: 3.1

System/360 S I M U L A Page: 9
Level: 0
USERS GUIDE Date: 5/4-1971

Originator: GB

After Pl has played, P2 is resumed and the new snapshot is:

MB |
LsC RESUME (P1)
| MB | MB
L: play LSC,PSC ™ L: play
Lsc RESUME (OPPONENT ) RESUME( OPPONENT)
GOTO L . GOTO L
Note that there are three components here with LSC's: the two

players and the program block. The current state of the two

objects is "detached" - when they are program components with
LSC's. When their actions are exhausted, they lose their LSC's
and become "terminated". Control returns to the main program

block and continues from its LSC. Only a "detached" object may

be resumed.

One question remains: how to transfer control back to the
(unreferenced) main program block without terminating an object.
This is achieved by a further call on DETACH.
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In addition to sequencing PROCEDURES, "DETACH" and "RESUME",
there is the PROCEDURE CALL which has one reference parameter

which must be a reference to a detached object.

The execution of CALL(Y) from within a block X, will "attach"

‘the detached object Y to X and continue execution of the actions

of Y.

The detailed description of program sequencing given in the
"67 Common Base Language" is not repeated here. Further en-

quiries are directed to that document §9.
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2 THE SYSTEM CLASS SIMSET

List processing concepts and list manipulating procedures are
declared in the system classes within the CLASS SIMSET. SIMSET
can be used as a block prefix or as a prefix to another CLASS

at one and only one block level in a program.

In SIMSET are provided the concepts for manipulating two-way
lists called "sets". Besides the set members which carry infor-
mation and are prefixed by LINK, a set also has a HEAD which
has attributes giving global information about the set (e.g.

how many members it has).

A set is organised on the basis of references SUC and PRED
which are common to LINK and HEAD. '

H sUC SET HEAD
PREDs

S SUC - SUC ¢ 3 SUC SET MEMBERS

PREFIXED BY
PRED K PRED e PRED LINK

To protect the user from certain kinds of error, SUC and PRED
are made REF(LINK) PROCEDURES and so may not be assigned to.

The part common to both HEAD and LINK is declared separately
in CLASS LINKAGE which is then used as a prefix to HEAD and LINK.
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A skeleton of the CLASS SIMSET is thus

CLASS SIMSET;

BEGIN CLASS LINKAGE.....:eeees:}
LINKAGE CLASS LINK....... s
LINKAGE CLASS HEAD.......;

END ###SIMSET#%%

This hierarchy may be pictorially represented by:

PREV
suC
PRED
LINKAGE
\
FIRST OUT
LAST INTO
EMPTY PRECEDE-
CARDINAL FOLLOW
|CLEAR
HEAD LINK

in which the procedures local to each of the classes are denoted

by their identifiers.

An outline of the individual classes is now given containing
the procedure-headings and a prose description of their actions.
Throughout the prose descriptions which are illustrated by repre-

sentative calls, we assume that the declarations

REF (HEAD)HD;
REF(LINK)LK;
REF(LINKAGE)LG;

are valid.
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CLASS LINKAGE

CLASS LINKAGE;

BEGIN REF(LINK) PROCEDURE SUCj;..... 5
REF(LINK) PROCEDURE PREDj;....;
REF(LINKAGE) PROCEDURE PREV;.;

END ##%0F LINKAGE#®#*#

REF(LINK) PROCEDURE SUC;..... 5

LX.SUuC returns a reference to the succeeding
set member if LK is in a set, and LK
is not the last member of the set, other-

wise it returns NONE.

HD.SUC returns a reference to the first set

member if the set is not empty, otherwise

NONE.
REF(LINK) PROCEDURE PRED;....;
LK.PRED returns a reference to the preceding set

member if LK is in a set and LK is not the

first member of the set, otherwise NONE.

HD.PRED returns a reference to the last set

member if the set is not empty, otherwise

NONE.
REF(LINKAGE) PROCEDURE PREV;....;
LK.PREV returns NONE if LK is not in a set, a

reference to the set head if LK is first
member of a set, otherwise it returns a

reference to LK's predecessor.
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HD. PREV . returns a reference to HD if HD is empty,

Note:

otherwise a reference to the last member

of the set with head HD.

by following PREV it is possible to give a reference

to the head of a set in which a LINK object is a member,
as shown in the following procedure (not local to LINKAGE,
LINK or HEAD).

REF(HEAD) PROCEDURE THESETHEADOF(LK); REF(LINK)LK;
BEGIN REF(LINKAGE)X;
IF LK =/= NONE THEN
BEGIN X :- LK.PREV;
WHILE X IN LINK DO
X :- X.PREV;
THESETHEADOF :- X;
END;
END ###THESETHEADOF###
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CLASS HEAD

LINKAGE CLASS HEAD;

BEGIN PROCEDURE CLEAR;..... ceeasnaas

REF(LINK) PROCEDURE FIRST;...

REF(LINK) PROCEDURE LAST;...¢...

BOOLEAN PROCEDURE EMPTY;.....
INTEGER PROCEDURE CARDINALj;.
END ###0F HEAD#%##

REF(LINK) PROCEDURE FIRST;.....;

HD.FIRST is equivalent to HD.SUC

REF(LINK) PROCEDURE LAST;..... ;

HD.LAST is equivalent to HD.PRED

BOOLEAN PROCEDURE EMPTY;.....3

HD.EMPTY returns TRUE if HD references a set

with no members, FALSE if HD references

a set with one or more members.

[

INTEGER PROCEDURE CARDINAL;..v o

HD.CARDINAL returns how many members the set HD con-

tains (0 if HD is empty)

PROCEDURE CLEAR;......3

HD.CLEAR removes all members from the set, making

it empty.
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CLASS LINK

LINKAGE CLASS LINK;

BEGIN PROCEDURE OUT;.......... 5
PROCEDURE INTO(H); REF(HEAD)H;.......... 5
PROCEDURE PRECEDE(X); REF(LINKAGE)X;....;
PROCEDURE FOLLOW(X); REF(LINKAGE)X;..... 3

END ###QF LINK###*

PROCEDURE OUT;..... 5

LK.OUT removes LK from a set and re-establishes
the SUC, PRED connections between its
previously neighbouring members. If LK
was not a set member, no action 1is taken.

PROCEDURE INTO(H)j; REF(HEAD)H;...... H

LK.INTO(HD) LK.OUT is called first. If HD == NONE

no action is taken. If HD =/= NONE, LK
goes into the set HD as the new last

member.

PROCEDURE PRECEDE(X); REF(LINKAGE)X;...... 5

LK.PRECEDE(LG) LK.OUT is called first. If LG == NONE or
is not in a set then no action is taken,
otherwise LK goes into the same set as LG
as the new LG.PRED (LG may reference either
a HEAD or a LINK object).

PROCEDURE FOLLOW(X); REF(LINKAGE)Xj;...... 5
LK.FOLLOW(LG) as PRECEDE except that LK becomes the new
LG.SuC
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The use of reference variables and the fact that an object
of any CLASS inner to CLASS LINK may be inserted in a set

give the following desirable features:

1) ordered sets can be manipulated by efficient standard pro-

cedures

2) Dboth the successor and predecessor of a LINK object are

immediately accessible
3) the set members can be objects of different classes.

Note that a LINK object can only be in one set at a time.
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Example on the use of SIMSET

The example is concerned with the dealing of a hand of cards,
13 cards each in rotation, to a table of four players. It shows
how the concepts HEAD and LINK of SIMSET may be used as a plat-

form upon which to build more general concepts.

The patterns to be described are

CLASS CARD
CLASS DECK
CLASS HAND

Initially the CARD objects are created and inserted into a DECK
in the order of their generation (which is non-random). Skeletons

of these two CLASSES are

LINK CLASS CARD(COLOUR,RANK); INTEGER COLOUR, RANKj;

BEGIN vvvueevnnennnenns e e ... END;
HEAD CLASS DECK;
BEGIN ..... END;

Immediately prior to the dealing, the situation may be repre-

sented by
CARDDECK & da HEAD
/ DECK
CARD LINK LINK [ -1 LINK
OBJECTS COLOUR 1} |COLOUR 2 COLOUR U4

RANK 1 RANK 1 RANK 13
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A deal consists of removing the 52 cards in random order from
CARDDECK and inserting them into the HANDS in rotation.

It is convenient to describe each HAND by

CLASS HAND;
BEGIN REF(HEAD) SUIT(1:4);
generate four heads representing the four

possible suits;
END ##*[JAND#**¥%

After generation and the dealing of the CARDS, a HAND object

can be visualised by:

e = HINIEIN 4 CLUBS
suzt(ob ] 10 3 DIAMONDS

SUIT(3)->{:|[:] 2 HEARTS
surreH) ] 4 SPADES

Now the CARDS may be ranked in order of their attribute RANK

and in the appropriate SUIT. The actions of the program are:

generate the deck;
deal the hands;
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generate the deck;

These actions may be made local to CLASS DECK, which now has
the outline

HEAD CLASS DECK;
BEGIN INTEGER I,J;
FTOR J := 1 through 13 DO
FOR I := 1 through 4 DO
NEW CARD(I,J).INTO(THIS HEAD)
END #*##DECK##%*

On generation of a DECK object, the representation of the

CARDS is automatically generated.

deal the hands;

This part consists of randomly selecting the Nth card and
placing it in the appropriate SUIT of the current PLAYER. Let
J denote the index of the current PLAYER (J = 1,2,3 or 4), then

the actions are:

J = 03
FOR I := 52 STEP -1 UNTIL 1 DO
BEGIN C :- the randomly selected card;
IFJ =4 THEN J := 1 ELSE J := J + 1;

COMMENT ###SELECT INDEX OF CURRENT PLAYER###
place C in PLAYER(J)
END;

There remains the tasks of writing the selection procedure, and
the procedure to place the CARD C in the current HAND. These are

done by PROCEDURE SELECT local to CLASS DECK and PROCEDURE PLACE
local to CLASS HAND.
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The final program is:

SIMSET
BEGIN HEAD CLASS DECK;
BEGIN REF(CARD) PROCEDURE SELECT(N); INTEGER N;
BEGIN REF(CARD)X; INTEGER I;
X - FIRST QUA CARD;
FOR I := 2 STEP 1 UNTIL N DO
X = X.SUC;
SELECT :- Xy
END ###SELECT#%%
INTEGER I,J;
FOR I := 1 STEP 1 UNTIL 13 DO
FOR J := 1 STEP 1 UNTIL 4 DO
NEW CARD(J,I).INTO(THIS HEAD);
END ###DECK##x%

LINK CLASS CARD(COLOUR,RANK); INTEGER COLOUR, RANK;;
COMMENT ###COLOUR = 1 REPRESENTS CLUBS
2 REPRESENTS DIAMONDS
3 REPRESENTS HEARTS
4 REPRESENTS SPADES
RANK = 1 REPRESENTS ACE
2-10 OBVIOUS
11 JACK
12 QUEEN
13  KINGw##
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CLASS HAND;
BEGIN PROCEDURE PLACE(C); REF(CARD)C;
BEGIN REF(HEAD)S; REF(CARD)X;
S :- SUIT(C.COLOUR);
IF -} S.EMPTY THEN
BEGIN X :- S.FIRST QUA CARD;
WHILE X =/= NONE DO
BEGIN IF X.RANK > C.RANK THEN
BEGIN C.PRECEDE(X);
GOTO Lj
END;
END;
END;
COMMENT ###WE ENTER HERE IF S IS EMPTY OR
IF C.RANK IS THE HIGHEST MET
SO FAR##%
C.INTO(S);
L: END ###PLACE##% ;

REF(HEAD) ARRAY SUIT(l:4);

SUIT(1) :- NEW HEAD;
SUIT(2) :- NEW HEAD;
SUIT(3) :- NEW HEAD;
SUIT(4) :- NEW HEAD;

END ###*HAND### ;
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REF(CARD)C;
REF(DECK ) CARDDECK;;
INTEGER I,J,U;
REF (HAND) ARRAY PLAYER(1:4);
U := ININT; COMMENT ###INPUT THE RANDOM STREAM BASE### ;
CARDDECK :- NEW DECK; |
COMMENT ##%GENERATES THE WHOLE PACK OF 52 CARDS IN
NON-RANDOM ORDER### ;
FOR I := 1 STEP 1 UNTIL 4 DO
PLAYER(I) :- NEW HAND;
FOR I := 52 STEP -1 UNTIL 1 DO
BEGIN C :- CARDDECK.SELECT(RANDINT(1,I,U));
IF J = 4 THEN J := 1 ELSE J := J + 1;
PLAYER(J) .PLACE(C);
END;
END ###PROGRAM#*##
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3 THE SYSTEM CLASS SIMULATION

The CLASS SIMULATION is prefixed by SIMSET and provides, in

addition to SIMSET's set concepts, the notions of a time axis

and processes (entities which interact over a period of time).

The time axis consists of a set of event notices which have

two attributes, a reference to the PROCESS they represent and

the time of its next scheduled event.

The event notlices are

ranked according to the values of the time variable (EVTIME).

We can picture the time axis with four scheduled events by:

EVENT
NOTICES

PROCESS
OBJECTS

TIME = 5.0

EVITIME 5.0/ |EVTIME 10.¢| |EVTIME 11.0| |EVTIME 11.0
PROC » PROC » PROC ’ PROC r
— I

—N l
C;L: DETACH ;

éml

g"l

GOTO Lj
CURRENT MAIN

The first PROCESS represented in the time axis is always refe-

renced by CURRENT and the system time is the value of its scheduled

next event (here 5.0).

may take an active and passive part in a simulation.

An object of any class prefixed by PROCESS

The organ-

isation is so framed that the PSC lies within CURRENT and its
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actions are executed. When the active phase is over, that PROCESS
may be rescheduléd for a later active phase (for example, by
REACTIVATE or HOLD) or removed from the timing tree (by PASSIVATE
or WAIT). It is apparent that RESUME is too primitive for this
purpose as 1t involves rescheduling or removing EVENT NOTICES as

well as switching the PSC from one PROCESS object to another.

However RESUME and DETACH do form the basis for the scheduling
procedures. To prevent the user from destroying system security,
event notices may not be explicitly referenced by the user - he
must use the system procedures for scheduling or rescheduling.

In addition, it is strongly recommended that explicit use of
"DETACH", "RESUME" and "ATTACH" be avoided within a SIMULATION
block.

There is one special PROCESS object which plays a key role in

any SIMULATION - one referenced by MAIN. Whenever MAIN becomes
CURRENT, it causes the actions of the SIMULATION block itself to
be continued. The corrésponding event notice can then be re-
scheduled (typically by a call on HOLD) and then the action swit-
ches from the SIMULATION block to the new CURRENT. Thus the
SIMULATION block is itself treated as a program component during
the SIMULATION.
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The class outline 1is

SIMSET CLASS SIMULATION;

BEGIN LINK CLASS PROCESS.....;
REF(PROCESS) PROCEDURE CURRENT;.....;
REAL PROCEDURE TIME;.....;

COMMENT ###SCHEDULING PROCEDURES### |
PROCEDURE HOLD;....... 5
PROCEDURE PASSIVATE;..;

PROCEDURE WAIT;....... 5
PROCEDURE CANCEL;..... 3
PROCEDURE ACTIVATE;...:
PROCEDURE ACCUMj;...... HE

REF("the main program")MAIN;
COMMENT #*#HERE FOLLOW ACTIONS WHICH SET UP THE
TIME AXIS AT TIME ZERO###
END ###STMULATIONs##%
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We now give a prose discussion of the attributes of CLASS
SIMULATION:

CLASS PROCESS

LINK CLASS PROCESS;

BEGIN BOOLEAN PROCEDURE IDLE;....ven...;
BOOLEAN PROCEDURE TERMINATED;....;
REAL PROCEDURE EVTIME;..uvvvun.n.;
REF(PROCESS) PROCEDURE NEXTEV;...;
DETACH;
INNER;
PASSIVATE;

END ###PROCESS##*#

An object of a class inner to CLASS PROCESS is a PROCESS

object. A PROCESS object has the properties of CLASS LINK and
can be manipulated by sequencing statements. Sequencing state-
ments are used to insert or delete a PROCESS object from the
time axis. The state of a PROCESS object after generation is
"detached" and its LSC is positioned to the first statement of
the user defined operations rule. When the actions of the user
defined subclass are exhausted, the unfinished actions of the
'PROCESS level are continued (following the INNER). These remove
the object from the time axis (PASSIVATE) and its state becomes

"terminated".
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If a PROCESS object is not represented in the time axis, then it
is terminated or passive (its actions are not yet exhausted) and
the BOOLEAN PROCEDURE IDLE returns TRUE. All PROCESS objects re-
presented in the time axis are said to be suspended except for
the first (CURRENT) which is said to be active.

A call on EVTIME for a suspended or active PROCESS object returns
the scheduled time of its next event. If the object is passive

or terminated, then a call on EVTIME results in a run time error.

PRQCESS result of nrocadurs call
obiect
state IDLE TERMINATED EVTIME
active FALSE FALSE time of current event
suspended |FALSE FALSE time of next event
‘| passive TRUE FALSE run time error
terminated |TRUE TRUE run time error

REF(PROCESS) PROCEDURE CURRENT;..:04.3
returns a reference to the currently
active PROCESS object. There is one
special PROCESS object in the system
referenced by MAIN. Every time MAIN
becomes CURRENT it causes the actions
of the SIMULATION block to be resumed.

REAL PROCEDURE TIMEj.....3
always returns the current value of the

system time.
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PROCEDURE HOLD(T); REAL T;...... 5

PROCEDURE PASSIVATE;

HOLD(N) reschedules CURRENT so that its
next active phase will occur at TIME + N.
If the value of the actual parameter N is
negative, the call is equivalent to HOLD(Q).
After the rescheduling, the actions of
CURRENT are resumed.

Notice that HOLD(T) can be called from the
user defined SIMULATION block in which case
MAIN will be rescheduled - i.e. the actions
of the program block are suspended for N

time units.

removes CURRENT from the time axis and
resumes the actions of the new CURRENT.
A run time error will occur if the time

axis 1s now empty.

PROCEDURE WAIT(S); REF(HEAD)S;...... 5

PROCEDURE WAIT(S); REF(HEAD)S;
BEGIN CURRENT.INTO(S);

PASSIVATE

END ##xWAIT®%%

WAIT includes the currently active PROCESS
object (this could be MAIN) into a refe-
renced set, and then calls PASSIVATE.
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PROCEDURE CANCEL(X); REF(PROCESS)X;......3
CANCEL(P) where P is a reference to a
PROCESS object will delete the corresponding
event notice if any. If P is currently
active or suspended, it thus becomes passive.
If P is a reference to a passive or ter-
minated PROCESS object or NONE, CANCEL(P)
has no effect. Thus CANCEL(CURRENT) is
equivalent to PASSIVATE.

PROCEDURE ACTIVATE

For user convenience, calls on the procedure ACTIVATE are

written in terms of the corresponding activation-statements.

activation-statement

ACTIVATE {AT|DELAY time}PRIOR
PROCESS-expressionl

{BEFORE |AFTER}PROCESS-

expression?

REACTIVATE

Let X be the value of PROCESS-expressionl. If the activator
ACTIVATE is used, then the activation-statement will have no
effect (other than evaluating X) unless X is passive. If the
activator REACTIVATE is used, then X may be active, suspended,
or passive (in which latter case, the activation-statement acts

as an ACTIVATE statement).

The type of scheduling is determined by the scheduling clause.
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Direct activation

ACTIVATE X }
REACTIVATE X

X becomes the new CURRENT and the system time is unchanged.

The formerly active PROCESS object from where the call was made

becomes suspended.

Timing clause

{ ACTIVATE AT
X T [PRIOR]
REACTIVATE DELAY

The timing clause AT specifies the system time of the scheduled

active phase. The clause
DELAY T
is equivalent to

AT current-system-time + T

The corresponding EVENT NOTICE is inserted according to the
specified time, normally after any EVENT NOTICE with the same
system timej; the symbol PRIOR may be used to specify insertion
in front of any EVENT NOTICE with the same system time.

Default actions

"AT T", when T < the current-system-time, is equivalent to

"AT current-system-time".

DELAY T when T < 0 is equivalent to DELAY 0.
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Relative activation

ACTIVATE BEFORE

REACTIVATE ATTER

If Y is a reference to an active or suspended PROCESS object,
then the clause BEFORE Y or AFTER Y is used to insert an event
notice for X before or after that of Y and at the same system

time.

Default actions

If Y is neither active nor suspended, then the activation-

statement is equivalent to

CANCEL(X) .

If X == Y, then the activation-statement is equivalent to

CANCEL(X).
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PROCEDURE ACCUM

PROCEDURE ACCUM(A,B,C,D); NAME A,B,C; REAL A,B,C,D;
BEGIN A := A + C«(TIME-B);

B TIME;

C:=C+ D
END ###ACCUM#*%%

ACCUM(P,Q,R,S) 1is used to accumulate the "system time integral"
of the variable R. The accumulation takes place in P. The
integral is interpreted as a step function of the system time
with Q holding the system time when P was last updated. The

value of S 1s the current increment of the step function.

it
-
- i

-..}

P contains result so far (shaded area).

HO
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Example on the use of SIMULATION

The program is a description of a simple epidemic model.
A contagious, non-lethal disease is spreading through a
POPULATION of a fixed size. Certain countermeasures are
taken by a public health organisation. Each individual
infection has a given INCUBATION period, during which the
subject is noncontagious and has no SYMPTOMS, followed by
a contagious period of a given LENGTH.

COURSE OF INFECTION IN DAYS

| INCUBATION LENGTH thereafter |
NON-CONTAGIOUS CONTAGIOUS IMMUNE

Each DAY of the contagious period the subject may seek treat-
ment from the public health organisation and get cured. The
probability of his seeking treatment is stored in REAL ARRAY
PROBTREAT (1:LENGTH). Each person has an expected number of
CONTACTS per day. At one such contact the probability of in-
fecting a previously uninfected person is PRINT.

Once cured a person becomes immune. If untreated, the infec-

tion ceases after the given period and the person becomes immune.

SICKP (sick persons) appear as PROCESSes in the system. When
CURED, or when the disease has run its course, they leave the
system. The very first infection is generated by the main
program (user block). A person infected by ancther person is
included as a member in a set belonging to the infector (his

environment (ENV)). A person can be a member of at most one set.
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As people are cured, they are removed from these sets which
gradually split up into smaller sets. The latter grow indepen-
dently, disintegrate further, and so on. As the number of
UNINFECTED people decreasés, the growth of the contagion slows
down until it finally dies out.

The public countermeasures are represented by TREATMENTs which
are also PROCESSes. A patient is removed from the environment
set to which he belongs, if any. If he has visible symptoms,
he is cured. In addition his environment is searched and each
member is subjected to a full treatment which may cause other
environments to be searched etc. A patient displaying no symp-
toms is given a mass treatment which has a probability PROBMASS
of success, His environment is not searched. In the present
model, treatments act instantaneously. The simulation ends
after SIMPERIOD units of time.

An outline of the problem description is

SIMULATION
BEGIN PROCESS CLASS SICKP;
BEGIN REF(HEAD)ENV;
PROCEDURE INFECT;
END ###SICK PERSON### ;
PROCESS CLASS TREATMENT (PATIENT);
REF(SICKP)PATIENT;
BEGIN +eveeeeerenosnnnenness END;

END ###STMULATION BLOCK###
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We may now outline the class actions

PROCESS CLASS SICKP;
BEGIN PROCEDURE INFECT;
INTEGER DAY; BOOLEAN SYMPTOMS;
REF(HEAD)ENV;
COMMENT ###wait incubation days
appear### ;
HOLD(incubation period);
COMMENT ##*#pow the symptoms are
"treatment today" is

is sought which also

for symptoms to

apparent. If
TRUE then a cure
implies that the

environment of this SICK PERSON is

examined. Also a

are infected®*¥*#

SYMPTOMS := TRUE;
FOR DAY := 1 through LENGTH DO
BEGIN

number of contacts

+ IF treatment today THEN ACTIVATE NEW TREATMENT;

INFECT(todays contacts);
HOLD(1);
END;
END ###SICK PERSON###
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PROCEDURE INFECT(N); INTEGER Nj;

BEGIN INTEGER I;

COMMENT ###N gives the number of contacts who can

be infected. N random drawings are made
to see if the N contacts are to be in-
fected. If so a NEW SICKP is generated

~and included in this SICKPs ENV and

FOR I := 1
IT Ith
BEGIN

END;
END ### INFECT###

activated###% ;
through N DO
contact is infected THEN

NEW SICKP.INTO(ENV);

ACTIVATE ENV.LAST;



Section: 3.3

| Level: O
USERS GUIDE Date: 5/4-1971

Originator: GB

PROCESS CLASS TREATMENT(PATIENT); REF(SICKP)PATIENT;
BEGIN REF(SICKP)X;
INSPECT PATIENT WHEN SICKP DO
BEGIN OUT;
IF SYMPTOMS THEN
BEGIN CANCEL(PATIENT);
FOR X :- ENV.FIRST WHILE X =/= NONE DO
ACTIVATE NEW TREATMENT(X);
END ELSE IF probmass successful
THEN CANCEL(PATIENT)
END;
END ###TREATMENT###

Explanation:

A treatment tests the SYMPTOMS attribute of its parameter PATIENT.
If TRUE then the instantaneous successful treatment is given.

The patient is removed from the set he is in (OUT) and becomes
passive for the rest of the simulation. In addition his environ-
ment 1s searched and a new treatment is activated for each member.
If there are no symptoms, the patient is given a cheap pill which
has a probability of being successful.. If successful the patient
is instantaneously cured and takes no further part in the simu-

lation, but his environment is not searched.
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A complete description of the program now follows:

BEGIN INTEGER POPULATION, LENGTH, CONTACTS, INCUBATION,
Ul, U2, U3, Ub;
REAL PRINF, PROBMASS, SIMPERIOD;
COMMENT ###THE RANDOM STREAM NUMBERS ARE READ IN###
Ul ININT; U2 := ININT;
U3 ININT; U4 := ININT;
POPULATION ININT;
INCUBATION ININT; LENGTH := ININT;
CONTACTS := ININT;
SIMPERIOD := INREAL;
PRINF := INREAL; PROBMASS := INREAL;
SIMULATION BEGIN REAL ARRAY PROBTREAT(1:LENGTH);
PROCESS CLASS SICKP;
BEGIN INTEGER DAY;
BOOLEAN SYMPTOMS;
REF (HEAD)ENV ;
PROCEDURE INFECT(N); INTEGER N;
BEGIN INTEGER I;
FOR J := 1 STEP 1 UNTIL N DO
IF DRAW(PRINF*UNINFECTED/
POPULATION,U3) THEN
BEGIN NEW SICKP.INTO(ENV);
ACTIVATE ENV.LAST;

5

1]

END;
END ###INFECT#%%
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IF UNINFECTED > O THEN
UNINFECTED := UNINFECTED-1;
ENV :- NEW HEAD;

COMMENT ###NO SYMPTOMS APPEAR UNTIL
AFTER INCUBATION DAYS###%

HOLD(INCUBATION) ;

COMMENT ###NOW SYMPTOMS APPEAR AND THIS
SICK PERSON MAY SEEK A CURE
AND INFECT OTHERS EACH DAY##%

FOR DAY := 1 STEP 1 UNTIL LENGTH DO
BEGIN IF DRAW(PROBTREAT(DAY),Ul) THEN
ACTIVATE NEW TREATMENT(CURRENT);
INFECT(POISSON(CONTACTS,U2));
HOLD(1)
END;
END ###SICK PERSON### 3
PROCESS CLASS TREATMENT (PATIENT);
REF(SICKP)PATIENT;
BEGIN REF(SICKP)X;
INSPECT PATIENT WHEN SICKP DO
BEGIN OUT;
IF SYMPTOMS THEN
BEGIN CANCEL(PATIENT);
FOR X :- ENV.FIRST
WHILE X =/= NONE DO
ACTIVATE NEW TREATMENT(X);
END ELSE IF DRAW(PROBMASS,Ul4)
THEN CANCEL(PATIENT);
END;
END ###TREATMENT #s#%

ACTIVATE NEW SICKP;
HOLD(SIMPERIOD) ;
END ###SIMULATION BLOCK### ;
END ##%PROGRAM 3
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4 TEXT HANDLING FACILITIES

The concept of TEXT is the key to SIMULA's input/output faci-
lities. For example when a card is read in, the internal repre-
sentation is held as a string of 80 CHARACTERS with a one to one
correspondence between the nth column of the card and the nth
CHARACTER in the string. Such a string is called a TEXT-value

and it is housed in a referenced TEXT-object.

T w3 THT S ENT GV ALUEGL TESu I NuAGTEXTLOBJECT. |

With TEXTs we have thus a combination of both reference (to the
housing object) and value (the string of CHARACTERS) properties.
TEXTs resemble objects (of classes) in that they possess attri-
butes which are accessed by the normal remote accessing (dot
notation) technique, but TEXTs and their attributes are wholly

system defined.

Whereas a CHARACTER ARRAY is oriented towards accessing single

characters at a time by direct means (subscripts), the TEXT

concept is oriented towards groupings of characters and sequen-

tially accessing these groups.
TEXT variables are declared in the usual fashion.
e.g. TEXT R,S,T

and the initial value of each of these variables is NOTEXT.
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TEXT variables are capable of referencing TEXT objects which
may be created by two system defined PROCEDURES - BLANKS and
COPY:

T :- BLANKS(N)

creates a TEXT object of length N characters, each initialised
to the blank character. After creation of the object, its

reference value is assigned to T.

S :-= COPY("SIMULA");
R :- COPY(S)

COPY will accept either a TEXT value or a TEXT reference ex-
pression as parameter, creates a TEXT object with value iden-
tical to that of the actual parameter and of the same length,
and returns a reference to it. The result of the last two state-

ments may be pictured by .

S'——————-)[l 1 | 6 | o SIMULA

R 1 1 B | e SIMULA

magic box

Each TEXT variable has its own "magic box" which gives infor-
mation about the start position (SP), end position (EP) and
current position (CP) of the object it currently references.
The box also contains the reference value of the object itself.

The formal pattern of these magic boxes is:

S CP Lp ref.vall
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A TEXT object may be referenced in subfields by use of the
procedure SUB

After T :- COPY("SIMULAM)

then S :- T.SUB(5,2)

results in
T e—>1 [ 1] 6] As1MuLal
s ST r——

S references the subfield of T beginning from character 5
and of length 2.

The characters may be accessed one at a time by calls on GETCHAR
which returns the value of the current character and increments
the CP by one.

After C := T.GETCHAR;
D := T.GETCHAR
the snapshot is
To—o]1 | 3| 6] SIMULA
Se—d1 | 1| 2]+ ’

and the values of C and D are 'S' and 'I' respectively.

As access was made through T, only its C has been incremented
(twice). The reverse process of inserting a character value
into the current position is achieved through use of PUTCHAR,

which also increments the CP.
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After S.PUTCHAR('6"') 3
S.PUTCHAR('7")

the snapshot is

Ta——3 1 | 3| 6 | STMUS 7

——
se——1 | 3| 2|~ 3

Note that the value of T has been changed. The CP of S is

now out of range. A further call

S.PUTCHAR
or S.GETCHAR

will result in a run time error. To provide a check, a BOOLEAN
PROCEDURE MORE is provided which returns FALSE if the CP is out
of range and TRUE otherwise. Currently,

T.MORE = TRUE S.MORE = FALSE
Other useful system defined procedures are:

LENGTH which returns the length of the currently
referenced value
(T.LENGTH = 5
S.LENGTH = 2)

POS which returns the value of the CP
(T.POS = 3
S.P0OS = 3)
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SETPOS - which resets the CP. (To reset the CP's of
T and S back to their initial character, we write
T.SETP0OS(1)

S.SETPOS(1) )

Text values may be transferred from one object to another by
S :=T

or a value into an object by
S := "TEXTWVALUE"

Both are left justified.

The only restriction being that the TEXT object receiving the
value must be long enough to accept the value or else a run
time error occurs. Any positions not directly copied into are

filled with blanks.

Several editing and de-editing procedures are defined within
SIMULA. These convert numbers to external form and vice versa.
They are designed to operate repetitively across a field and are

thus oriented towards formatted output and input.

The further detailed description of the TEXT handling facilities

is given under the sub-sections

LENGTH and MAIN
subtexts
character access
text generation
TEXT assignment
TEXT editing

Throughout these subsections X, Y, Z denote TEXT references.
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LENGTH and MAIN

INTEGER PROCEDURE LENGTH;

The value of X.LENGTH is the number of CHARACTERS in the TEXT

object referenced by X.

1
[
()

e.g. after X :- BLANKS(10), then X.LENGTH
if Y == NOTEXT , then Y.LENGTH

11
o

TEXT PROCEDURE MAIN;

X .MAIN is a reference to the TEXT object which is or contains

the text value referenced by X.

e.g. after X :- BLANKS(20);
Y :- X.SUB(1,10);
Z :- NOTEXT;

then X.MAIN ==
Y.MAIN ==
Z.MAIN == NOTEXT

The following relations hold for any TEXT reference X

X.MAIN.LENGTH >= X.LENGTH
X.MAIN.MAIN == X.MAIN
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SUBTEXTS

TEXT PROCEDURE SUB(I,N); INTEGER I,N;

The call
X.SUB(J,M)

designates that part of the TEXT object referenced by X starting
in CHARACTER position J and of length M characters.

e.g. after X :- COPY("MAINUNOTUSUB-TEXT");
T :- X.SUB(10,8);

then T = "SUB-TEXT"

For X.SUB(J,M) to be a legal call, the subtext must be in-
cluded in X. Thus

J > 0
J + M-1 <= X,LENGTH

If these conditions do not hold a run time error results.

TEXT PROCEDURE STRIP;

STRIP is used to return a reference to a subfield of a TEXT
object which differs from the original in that all blanks on

the right are ignored. X.STRIP is thus equivalent to X.SUB(1,N)
where the remaining CHARACTERS of X (from position N+1 and of
length X.LENGTH-N), if any, are all blanks.
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CHARACTER access

The CHARACTERS, values housed in a TEXT object, are accessible

one at a time. Any TEXT reference contains a "position indicator"
which identifies the currently accessible CHARACTER of the refe-
renced TEXT object.

The position indicator of NOTEXT is 1. A TEXT reference obtained
by calling any system defined TEXT procedure has its position
indicator set to 1. The position indicator of a given TEXT refe-
rence may be altered by the PROCEDURES SETPOS, GETCHAR, PUTCHAR,
TEXT-reference-assignment and any editing or de-editing PROCEDURE.
Position indicators are left unaltered by TEXT reference relations,

TEXT value relations and TEXT value assignments.

INTEGER PROCEDURE POS;

X.POS is the current value of the position indicator of X.

The following relation is always TRUE.

1 <= X.POS <= X.LENGTH + 1

PROCEDURE SETPOS(I); INTEGER I,

The effect of X.SETPOS(M) is to assign the value of M to the
position indicator of X, if 1 <= M <= X.LENGTH + 1. If M is
out of this range, then the value X.LENGTH + 1 is assigned.

BOOLEAN PROCEDURE MORE;

X.MORE is TRUE if the position indicator of X is in the range
1 through X.LENGTH, otherwise the value is FALSE.
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CHARACTER PROCEDURE GETCHAR;

The value of X.GETCHAR is a copy of the currently accessible
CHARACTER of X provided X.MORE is TRUE. In addition, the posi-
tion indicator of X is then increased by one. A run time error
results if X.MORE is FALSE.

PROCEDURE PUTCHAR(C); CHARACTER Cj;

The effect of X.PUTCHAR(C) is to replace the currently accessible
CHARACTER of X by the value of C provided that X.MORE is TRUE.
In addition the position indicator of X is then increased by

one. If X.MORE is FALSE, a run time error results.

Examgle:

The PROCEDURE COMPRESS rearranges the CHARACTERS of the TEXT
object referenced by the actual pardmeter by collecting non-
blank CHARACTERS in the leftmost part of the TEXT object and
filling in the remainder, if any, with blanks. Since the para-
meter is called by reference (and not by name), its position

indicator is unaltered.

PROCEDURE COMPRESS(T); TEXT T;
BEGIN TEXT U; CHARACTER C;
T.SETPOS(1); U := T;
MOVELEFT: WHILE U.MORE DO
BEGIN C := U.GETCHAR;
IF C == '' THEN T.PUTCHAR(C);
END;,

COMMENT ###WE NOW FILL IN THE RIGHT WITH
BLANKS###

T.SUB(T.POS,T.LENGTH-T.POS+1) := NOTEXT;
END ###%#COMPRESS#i#%
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Note the use of a value assignment to T.SUB, and the use of
NOTEXT on a right hand side as a neat way of filling a TEXT

value to blanks.

After X :- COPY("GETLRIDWOFUGALLWBLANKS")
COMPRESS(X);

= "GETRIDOFALLBLANKSwwuw"

then X
X.STRIP = "GETRIDOFALLBLANKS"
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TEXT generation

N.B. The PROCEDURES are non-local.

TEXT PROCEDURE BLANKS(N); INTEGER Nj

The reference value is a new TEXT object of lenéth N, filled
with blank CHARACTERS.

The value of the actual parameter, M, is restricted to
0 <= M <= 215—20 = 32748

otherwise a run time error results.

TEXT PROCEDURE COPY(T); VALUE T; TEXT T;

The referenced value is a new TEXT object which is a copy of
the TEXT value which is (or is referenced by) the actual para-

meter.

Examgle:
T :- COPY("360SIMULA");

is equivalent to,

T :- BLANKS(9);
T := "360SIMULA";
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TEXT assignment

a) TEXT-reference-assignment

A TEXT-reference-assignment causes a copy of the TEXT-reference
obtained by evaluating the right part to be assigned to the left

part variable - this includes a copy of its position indicator.

e.g. after X :-= COPY("™ABCD");
X.SETPOS(3);
Y := X3
then X.P0OS = 3
Y.POS =

In general, after
X := P; where P is a TEXT reference,

then

are all TRUE.
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b) TEXT-value assignment

Consider the value assignment
T = Py

let the length of T be L1, and the length of the right part

be a TEXT value of length Lr. There are three cases to con-

sider:

Ll = Lr: the character contents of the right part
TEXT are copied to the left part TEXT

L1 > Lr: the character contents of the left part
are copied into the leftmost Lr characters
of the left part TEXT, whose remaining
L1-Lr CHARACTERS are filled with blanks.

L1 < Lr: a run time error results.

After T :- COPY("EIGHTWCHARS");

T := "WRONG:11";
then T = "WRONG:1luuw"
Note that

T := NOTEXT;

would set all the character positions of T to blanks.
In a multiple TEXT value assignment

Tl := T2 := ... TN := P;
then

TJ.LENGTH >z TJ+1.LENGTH
for J = 1,2,...,N-1
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Text editing and de-editing

TEXT editing and de-editing procedures are provided to transform
binary values into field data and vice versa. The syntax for

numeric~text-values (external data) follows:

numeric~text-values

grouped-item
real-item

integer-item

grouped-item

sign-part[[groups].]lgroups

groups
[digits blank]... digits
real-item

[[digits].]digits[E sign-part digits]
sign-part
E sign-part digits

integer-item

sign-part digits

S ignfp_g?_‘t_
[blank]... [*] [blank]...

where 'E' represents an exponent sign. This CHARACTER may be
altered by the user by use of the PROCEDURE LOWTEN (see Appendix B).

A numeric-text-value is a character sequence under the above rules.
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De-editing procedures

A de-editing procedure operating on a given TEXT reference X

operates in the following way:

1) +the longest numeric item of the given form is located,
contained within X and containing the first character of X.

If such error can be found, a run time error results.

2) the numeric item is interpreted as a number. If it is
outside the accepted range (see PART 2, segtion

a run time error results.

3) the position indicator of X is made one greater than the

last character of the numeric item.

N.B. Unless otherwise stated, the de-editing procedures are

illustrated in the context:

T := COPY("1234,5+7.3&4AB");
S := T.SUB(7,6);
R := T.SUB(5,2);

INTEGER PROCEDURE GETINT;

Locates an integer-item.

T.GETINT 1234
S.GETINT 7

R.GETINT causes a run time error

il
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REAL PROCEDURE GETREAL;

locates a real-item

T.GETREAL = 1234.5
S.GETREAL = 73000.0
R.GETREAL = 0.5

INTEGER PROCEDURE GETFRAC;

Locates a grouped item. In its interpretation, any number of
blanks, commas, and one decimal point are ignored and the resulting
value is an INTEGER.

After T := COPY(1.4013.42");

then T.GETFRAC = 101342
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Editing procedures

Editing procedures in a given text reference X convert arith-
metic values to numeric items. After an editing operation,

the numeric item obtained is right adjusted in the TEXT X pre-
ceded by padding blanks. The final value of the position indi-
cator is X.LENGTH+1. |

A positive number is edited with no sign. If X == NOTEXT then
a run time error results, otherwise if X is too short to con-
tain the numeric item, an edit overflow is caused (X is filled
with asterisks) and a warning message is given at the end of

program execution.

Let T :- BLANKS(10);

PROCEDURE PUTINT(I); INTEGER TI;

T.PUTINT(VAL) converts the value of the parameter to an integer-

item of the designated value.

T.PUTINT(=-37) muuLute— 37
T.PUTINT(118.8) w1l 19

PROCEDURE PUTFIX(R,N); REAL R; INTEGER N3

T.PUTFIX(VAL,M) results in an integer-item of M=0, or a real-
item (with no exponent) if M>1 with M digits after the decimal
point. It designates a number equal in value to VAL rounded

to M decimal places. A run time error results if M<Q.

T.PUTFIX(18,0) wuuuuauul 8
- T.PUTFIX(-1375,4,3) w-1375.400
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PROCEDURE PUTREAL(R,N); REAL R; INTEGER Nj

T.PUTREAL(VAL,M) results in a real-item to M significant

places with an exponent

X XXX XXXXXE*XX

M figures

If M<0, a run time error results
If M=0, the exponent is preceded by a sign-part

If M=1, the exponent is preceded by an integer-item of one digit.

T.PUTREAL(16,0) E+01
T.PUTREAL(-25.32,1) -3E+01
T.PUTREAL(-0.001472,3) -1.47E-03

PROCEDURE PUTFRAC(I,N); INTEGER I,N;

T.PUTFRAC(VAL,M) results in a grouped-item
XXX XXX . XXX XXX

If M=0, there is no decimal point. If M>0, there are M digits
after the decimal point. Each digit group consists of 3 digits
except possibly the first and the last. The numeric item is an

exact representation of I*lO—M.

T.PUTFRAC(10012416,3) 10012.416

The editing and de-editing procedures are oriented towards

"fixed field" text manipulation.
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ExamEle:

TEXT TR,TYPE,AMOUNT,PRICE, PAYMENT;
INTEGER PAY,TOTAL;
TR :- BLANKS(80);
TYPE :- TR.SUB(1,5);
AMOUNT :- TR.SUB(20,5);
PRICE :- TR.SUB(30,6);
PAYMENT :- TR.SUB(60,10);

IF TYPE = "ORDER" THEN

BEGIN PAY := AMOUNT.GETINT#PRICE.GETFRAC;
TOTAL := TOTAL + PAY;
PAYMENT.PUTFRAC(PAY,2);
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5 THE SYSTEM CLASS BASICIO

Files or data sets are collections of data external to a pro-
gram. They may be organised in a sequential manner (a batch
of cards) or direct access manner (collection of items on a

disc where each item is specified directly).

A file is composed of several records each of which is an
ordered sequence of CHARACTERS.

record ————>
file of records

The internal representation of a record is naturally held in

a TEXT object, but TEXT handling facilities alone are not
enough for treating input and output to secondary storage.

We need in addition

[ ]

a) means for tying the external medium to the internal

representation,

b) for transferring information (record-by-record) either

from the external file or to the external file, and

c¢) either interpreting the information in the internal
TEXT object in a sequential manner, or else filling the

TEXT object in a sequential manner.
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A SIMULA system provides system classes for these purposes.

The system classes have the hierarchy

file
INFILE OUTTILE DIRECTFILE
PRINTFILE
The identifier "file" is not accessible by the user - it

defines the parts common to the subclasses.
The four types of defined file are:

INFILE a sequential input file which transfers data

from an external file to the program

OUTFILE a sequential output file which transfers data

from the program to an external file

PRINTFILE (a subclass of OUTFILE) a sequential file with
' special extra facilities for transmitting infor-

mation to a line printer

DIRECTFILE a direct file with facilities for input and
output
Each file object has a TEXT parameter called "name"™ - again

this is NOT accessible by the user. When the file object is
created, the external file associated with this file object is
the file name appearing in a data set control card. The actual
parameter must be a valid DDNAME of up to eight CHARACTERS.
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The CLASS file has the declaration:

CLASS file(name); VALUE name; TEXT name;
VIRTUAL : PROCEDURE OPEN, CLOSE;

BEGIN TEXT IMAGE;

PROCEDURE SETPOS(I); INTEGER I;
IMAGE.SETPOS(I);

INTEGER PROCEDURE POS; .
POS := IMAGE.POS;

BOOLEAN PROCEDURE MORE;
MORE := IMAGE.MORE;

INTEGER PROCEDURE LENGTHj;
LENGTH := IMAGE.LENGTH;

END ###files#s

The variable IMAGE references a TEXT object value which acts

as a buffer containing the information currently being pro-

cessed.

The PROCEDURES SETPOS, POS, MORE and LENGTH defined local to
file operate on the buffer IMAGE. Given a reference to X to an
object belonging to a subclass of file, then it is now possible

to write the more convenient

X .MORE X.,LENGTH ... ceae

Instead of (the still valid)

X.IMAGE.MORE X.IMAGE.LENGTH = ...ieiecens
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The PROCEDURES OPEN and CLOSE, which are specified as VIRTUAL

but have no matching declaration at the "file" level, complete
the definition of CLASS file. The matching PROCEDURES declared
in the subclasses of "file" conform to the patterns below with
possible minor variations depending upon the subclass. The vari-

ations are listed in the appropriate following sub-sections.
The PROCEDURE outlines are:

PROCEDURE OPEN(BUF); TEXT BUF;

BEGIN IF OPEN THEN ERROR;
IMAGE :- BUF;

END

PROCEDURE CLOSE;

BEGIN v.vevuvnnnn
IMAGE :~- NOTEXT;

END

No information can be processed through a "file" object until
it has not only been generated but also opened. This can only
be achieved by a call on the PROCEDURE OPEN whose actual para-
meter is assigned to IMAGE and acts as the buffer. A call on

OPEN when a "file" is already open gives a run time error.

The PROCEDURE CLOSE closes a file and releases the buffer (by
the assignment IMAGE :- NOTEXT). No information may be trans-
mitted through a closed "file" object, but it may be opened
again by a further call on OPEN.
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CLASS INFILE

" file CLASS INFILE; VIRTUAL : PROCEDURE INIMAGE;
BOOLEAN PROCEDURE ENDFILE;

BEGIN PROCEDURE OPEN(BUF); TEXT BUF;..... H
PROCEDURE CLOSE;......3
BOOLEAN PROCEDURE ENDFILE;.........3
CHARACTER PROCEDURE INCHAR;........ H
BOOLEAN PROCEDURE LASTITEM;........ H
INTEGER PROCEDURE ININT;...... secead
REAL PROCEDURE INREALj......ccceen. H
INTEGER PROCEDURE INFRAC;....cce...
TEXT PROCEDURE INTEXT(W); INTEGER W;...... 3

END ##¥INFILE##%*

PROCEDURE OPEN

conforms to the pattern listed with CLASS file but in addition

positions the current position indicator to "LENGTH+1".

PROCEDURE CLOSE

conforms to the pattern listed with CLASS file.

PROCEDURE ENDFILE

returns TRUE before the INFILE is opened (by OPEN), if the end
of external file marker has been met, and if the INFILE has
been closed (by a call on CLOSE).

PROCEDURE INIMAGE

transfers an external file record into the TEXT IMAGE. A run
time error will occur if the TEXT object referenced by IMAGE

is too short to contain the record. If the record is shorter
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than IMAGE, it is left adjusted and the remainder of IMAGE is
filled with blanks. Finally the position indicator of IMAGE

is set to 1. When the last record has been read in, and INIMAGE
is called again, a call on ENDFILE will return TRUE. Any fur-
ther call on INIMAGE, INCHAR, INTEXT, ININT, INREAL or INFRAC

will result in a run time error.

BOOLEAN PROCEDURE LASTITEM;

returns FALSE only if the external file contains more infor-
mation (non-blank CHARACTERS). It scans past all blank CHARACTERS
(calling INIMAGE if need be). If LASTITEM returns FALSE then

the currently accessible CHARACTER of IMAGE is the first non=-
blank CHARACTER. If ENDFILE returns TRUE, a call on LASTITEM

also returns TRUE.

CHARACTER PROCEDURE INCHAR;

gives access to the next available CHARACTER and scans past it.
If IMAGE.MORE is FALSE, the INIMAGE is called once and the value
of the call i1s the first CHARACTER of the new image. INCHAR
gives a run time error if an attempt is made to read past the

last record in the file.

TEXT PROCEDURE INTEXT(W); INTEGER Wj

INTEXT(M) creates a copy of the next M CHARACTERS (which may be .
spread over several records) and returns a reference to this copy.
If M<0orM> 215—20 then a run time error results. A run

time error will also result if the file does not contain M more
CHARACTERS, i.e. an attempt is made to read past the last record.

The remaining PROCEDURES treat the file as a continuous stream
of records. They scan past any number of blanks (calling INIMAGE
. 1f need be) and then de-edit a numeric item lying in one image.

This is done by calling LASTITEM (which scans past the blanks)
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and then referencing the remainder of the current IMAGE by a
temporary TEXT variable, say T. The value of the "IN###'-
PROCEDURE call is the value of the corresponding call on T."GET###'",
On exit, the current position indicator is updated to reference
past the de-edited figld, i.e. to reference the first CHARACTER

which is not a part of the de-edited numeric item.

=8 - intermediate
L T Talesl IsIal. .. < TMAGE step

current position

indicator
T.GETINT = 123
T T sdal ... ]

current position
indicator

ININT = 123

Run time errors will result if the remaining CHARACTERS in
the file are blanks (LASTITEM = TRUE) or if the item is not

numeric.

An outline of ININT is:

INTEGER PROCEDURE ININT;

BEGIN IF LASTITEM THEN ERROR;
T :- IMAGE.SUB(POS,LENGTH-P0OS+1);
ININT := T.GETINT;
SETPOS(POS+T.P0S=1)}

END ### ININT##

INREAL and INFRAC follow the same pattern.



Section: 3.5

System/360 S I M U L A Page: 8
Level: 0
USERS GUIDE Date: 5/4-1971

Originator: GB

CLASS OUTFILE

file CLASS OUTFILE; VIRTUAL : PROCEDURE OUTIMAGE;

BEGIN PROCEDURE OPEN(BUF); TEXT BUF;....;
PROCEDURE CLOSE;..... e ;
PROCEDURE OUTIMAGE .+ v vnevennennns ;
PROCEDURE OUTINT(I,W); INTEGER I, Wjevuouonennenens
PROCEDURE OUTFIX(R,N,W); REAL R; INTEGER N,W;....;
PROCEDURE OUTREAL(R,N,W); REAL R; INTEGER N,W;...;
PROCEDURE OUTFRACCI,N,W); INTEGER I, N,Wj.uueuuweusns
PROCEDURE OUTTEXT(T); VALUE Tj; TEXT Tj3...... R
PROCEDURE OUTCHAR(C); CHARACTER Cj..... e

END ###QUTFLLE#*%#

PROCEDURE OPEN(BUF); TEXT BUF;

Follows the pattern set by the PROCEDURE OPEN listed with
CLASS file.

PROCEDURE CLOSE;

Conforms to the pattern set by the PROCEDURE CLOSE listed
with CLASS file but in addition checks the value of POS.

If POS == 1 then presumably extra information has been copied
into IMAGE since the last call on OUTIMAGE.

Accordingly, if POS == 1, OUTIMAGE will be called once before
the OUTFILE is closed.

PROCEDURE OUTIMAGE;

OUTIMAGE transfers the contents of IMAGE to the external file
creating a copy as a new record. IMAGE is then cleared to

blanks and its current indicator set to one.
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PROCEDURE OUTTEXT(T); VALUE T; TEXT T;

A copy of the CHARACTER sequence represented by the actual
parameter is edited into IMAGE from the current position. ’
If the remaining length of IMAGE is insufficient, INIMAGE is
called and the editing process proceeds. Thus the TEXT value

may be split over several external records.

PROCEDURE OQUTCHAR(C); CHARACTER C;°

Outputs the value of C into the current position of IMAGE
(if MORE = FALSE, then OUTIMAGE is called first). In either

case, the current position indicator is then incremented.

The remaining PROCEDURES are all based upon the PUT-PROCEDURES
local to TEXTs. The corresponding PUT-PROCEDURES are augmented

by an extra parameter W which specifies the field width.

W characters

IMAGE-—:f//é % R

[ LN .I

—

portion FIELD
of TMAGE
already filled

Final position of current
position indicator

The editing PROCEDURE commences by establishing a temporary
TEXT reference (FIELD) to the next sequence of W CHARACTERS
lying in one IMAGE. If the current IMAGE has not enough space
left, INIMAGE is called. Then the value is edited by calling
FIELD."PUT###" where "PUT##%#" is the PUT-PROCEDURE corres-
ponding to the OUT-PROCEDURE. Finally the current position
indicator is increased by W to reference past FIELD - past the
just-edited field.
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PROCEDURE OUTINT(I,W); INTEGER I,W;
FIELD(W).OUTINT(I);

PROCEDURE OUTFRAC(I,N,W); INTEGER I,N,W;
FIELD(W) .PUTFRAC(I,N);

PROCEDURE OUTREAL(P,N,W); REAL P; INTEGER N,W;
FIELD(W) .PUTREAL(P,N) ;

PROCEDURE OUTFIX(P,M,W); REAL P; INTEGER M,W;
FIELD(W) .PUTFIX(P,M);
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CLASS PRINTFILE

OUTFILE CLASS PRINTFILE;

BEGIN PROCEDURE OPEN(BUF); TEXT BUF3.+eeeunnenannnn ;
PROCEDURE CLOSE;j.....;
PROCEDURE LINESPERPAGE(N); INTEGER Nj........ ;
INTEGER PROCEDURE LINE(N); INTEGER Nj........ :
PROCEDURE SPACING(N); INTEGER Nj..vvvuenwwennn ;
PROCEDURE EJECT(N); INTEGER Nj.vvvvunnnnennn. ;
PROCEDURE OUTTIMAGE; « v e e v v e vennecnnnnnn . ;

END ###PRINTFILE*#*%

CLASS PRINTFILE further orients the prefixing CLASS OUTFILE
towards line printer output. The PROCEDURES OPEN and CLOSE
take the pattern of those local to OUTFILE but in addition
OPEN positions to the top of the next page.

PROCEDURE LINESPERPAGE(N); INTEGER Nj

Initially the number of printable lines per page is fixed at
some value (V) dependent upon the installation. A call
LINESPERPAGE(M) will alter this figure to allow only M printable

lines per page. A run time error results if M < 0 or M > V.

PROCEDURE SPACING(N); INTEGER N

Initially the spacing is 1 and successive images are printed

on successive lines. A call SPACING(M) will alter this to
separate successive lines by M-1 blank lines. This becomes
effective after the next call on OUTIMAGE. If M > "current
value of lines per page", or M < 0, then a run time error
results. If M = 0, overprinting w;ll occur - successive images

being printed on the same physical line.
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PROCEDURE EJECT(N); INTEGER N;

This PROCEDURE skips to a certain line on the page - (it avoids

calling OUTIMAGE several times). EJECT(L) will position to line
L on this page if this is further down the current page (if

L > LINE), or else skip to LINE L of the next page if L <= LINE.

A run time error occurs if L < 0. If L > LINESPERPAGE, EJECT(L)
is equivalent to EJECT(1l).

INTEGER PROCEDURE LINE;

This PROCEDURE returns the INTEGER value of the line number
which indicates the next line to be printed. Thus EJECT(LINE+3)
will skip three lines and not alter spacing. After each call on

OUTIMAGE, the line number is incremented by the current spacing.

PROCEDURE OUTIMAGE;

This PROCEDURE acts like the OUTIMAGE of OUTFILE but in
addition increments the line number by spacing, and will
posifion to the top of the next page if the current page is
filled.
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ExamBle:

This example shows the use of three types of file and how to
open and close them. The example was chosen to demonstrate

these features and how formatting is available by use of the
sub-text concept. The logic of the example is particularly

simple. A file of transactions has been punched on cards in
the format

col 1-5 customer number KNR
col 7-16 sum of debit transactions DB
col 19-28 sum of credit transactions KR

Each transaction is on a fresh card. The information is to
be compressed and recorded on a new sequential file on tape.
The length of each tape record is 15 CHARACTERS, and its

format is:

5 10
KNR KR - DB
customer total sum of
number transactions

Checks are made that the customer number is valid (1-3-7
digit check) and that the card is validly punched. If not,
a copy of the card is printed on a line printer, and the

scan continues.

Note that the INFILE and PRINTFILE share the same buffer.
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(//CARDS

BUFFER

KUNDE

NKUNDE. TMAGE |

//TAPE DD DSN=A,DISP=(NEW,CATLG) ,LABEL=(1,SL),UNIT=TAPE,VOL=SER=TAPE1

//PRINTER DD SYSOUT=A

//CARDS DD #

<cards>

S #
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BEGIN

TEXT KNR, DB, KR, NR, Ti, T2, T3, T4, KT, TSUM,
TS, BUFFER; -

INTEGER SUM, SALDO;

REF(INFILE) KUNDEKORT;

REF(PRINTFILE) PRINT;

REF(OUTFILE) NKUNDE;

BOOLEAN PROCEDURE NONNUMERIC(T); TEXT Tjeveeenenns ;

COMMENT ###THIS PROCEDURE RETURNS TRUE IF THE TEXT
PARAMETER CAN NOT BE NUMERICALLY INTER-
PRETED FROM THE LEFT###% ;

BUFFER :- BLANKS(132);

BUFFER := "ERROR";

COMMENT ###CONSTRUCT THE CARDFILE### ;

KUNDEKORT :- NEW INFILE("CARDS");

KUNDEKORT . OPEN(BUFFER.SUB(10,80));

KNR :- BUFFER.SUB(1,5);

NR :- KNR.SUB(1,4);

T1 :- NR.SUB(1,1);
T2 :- NR.SUB(2,1);
‘T3 :- NR.SUB(3,1);
T4 :- NR.SUB(4,1)3

KT := KNR.SUB(5,1);
DB :~ BUFFER.SUB(7,10);
KR :- BUFFER.SUB(19,10);
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COMMENT ##¥*#*CONSTRUCT PRINTFILE#*#%#
PRINT :- NEW PRINTFILE("PRINTER");
PRINT.OPEN(BUFFER) ;

COMMENT ##¥#CONSTRUCT TAPEFILE###
NKUNDE :- NEW OUTFILE("TAPE");
NKUNDE.OPEN(BLANKS(15));

COMMENT ###CONSTRUCT WORKING TEXT TSUMst#%
TSUM :- BLANKS(3);
TS :- TSUM.SUB(3,1);

b}
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INSPECT NKUNDE DO
BEGIN
KUNDEKORT . INIMAGE;
WHILE = KUNDEKORT.ENDFILE DO
BEGIN IF NONNUMERIC(KNR) OR
NONNUMERIC(DB) OR
NONNUMERIC(KR)
THEN ERROR: PRINT.OUTIMAGE
ELSE BEGIN COMMENT ###137 DIGIT CHECK¥*¥*#* |
SUM := 7#(T1.GETINT + T4.GETINT) +
3#*T3.GETINT + T2.GETINT;
TSUM.PUTINT(SUM);
IF TS== KT THEN GOTO ERRORj;

COMMENT ##%QUTPUT TO TAPE#%*%
SALDO := KR.GETINT - DB.GETINT;
OUTTEXT(KNR) ;
OUTINT (SALDO,10);
OUTIMAGE;

END;

KUNDEKORT.INIMAGE;

END;
END ###INSPECT NKUNDE###%

SLUTT: KUNDEKORT.CLOSEL;
NKUNDE.,CLOSE}
PRINT.CLOSE

END
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CLASS DIRECTFILE

file CLASS DIRECTFILE;
VIRTUAL: PROCEDURE LOCATE, ENDFILE, INIMAGE, OUTIMAGE;

BEGIN PROCEDURE OPEN(BUF); TEXT BUF . veeeossonsnsns c e}
PROCEDURE CLOSE; vt vseereroresossosnns e e
INTEGER PROCEDURE LOCATION; v v veoeeonenaneannns e
PROCEDURE LOCATE(I); INTEGER Ijeeeevvenneeeneennnnns ;
BOOLEAN PROCEDURE ENDFILE; . eveeeacenens e
PROCEDURE INIMAGE . e eeosvooansosnssnons PP
CHARACTER PROCEDURE INCHAR; . v uvveowoseoonanennnns Neeed
BOOLEAN PROCEDURE LASTITEMj v veveoennnan Cedserunenaas
INTEGER PROCEDURE ININT . uvuiooonoennss e
REAL PROCEDURE INREAL; . e vevvoenoosssanssnnnonnnnnss
INTEGER PROCEDURE INFRAC . v vvuernnononnnns e e}
TEXT PROCEDURE INTEXT(W); INTEGER Wj.eveveooons U
PROCEDURE OUTIMAGE;...eveuno. ettt el
PROCEDURE OUTCHAR(C); CHARACTER Cj.vveverraceannanss
PROCEDURE OUTINT(I,W); INTEGER I,W;...... Ceeceenees}

PROCEDURE OUTFIX(R,N,W); REAL R; INTEGER N,Wj......;

PROCEDURE OUTREAL(R,N,W); REAL R; INTEGER M,Wj.....;

PROCEDURE OUTFRAC(I,N,W); INTEGER I,N,Wj;....... e

PROCEDURE OUTTEXT(T); VALUE T3 TEXT T3.veveenn. e
END ###DIRECTFILE###
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A direct file represents an external file in which individual
records are addressed by indices (ordinal numbers). The index

of the current record is returned by a call on LOCATION. The
current record may be copied into the program by a call on INIMAGE,
or overwritten by a call on OUTIMAGE. In either case, the sequen-
tially next record is then taken as the current record. This
sequential accessing may be altered at any time a call LOCATE(M)
which will locate the Mth external record and make it the new

current record.

PROCEDURE OPEN

conforms to the pattern of OPEN in CLASS file but in addition

locates the first record.

PROCEDURE CLOSE

conforms to the pattern of CLOSE in CLASS file.

PROCEDURE ENDFILE

is FALSE if the current index locates a record in the file.

Calls on the PROCEDURES INIMAGE and OUTIMAGE will cause run
time errors if ENDFILE is TRUE otherwise they conform to these
of the same identifiers in INFILE and OUTFILE but in addition

increment the index of the current record by one.

The remaining PROCEDURES are analogous to the corresponding
PROCEDURES of INFILE and OUTFILE.
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CLASS BASICIO

The system defined file facilities are grouped together in
the CLASS BASICIO whose skeleton reads:

CLASS BASICIO(LINELENGTH); INTEGER LINELENGTH;

BEGIN CLASS file'siieierreennnannnns 3
file CLASS INFILE...v.evuus e e e
file CLASS OUTFILE.. ¢ eeveoeeos H
file CLASS DIRECTFILE....ec... H .
file CLASS PRINTFILE..:eoeeeeens H
REF(INFILE)sysin;

REF(PRINTFILE)sysout;
REF(INFILE) PROCEDURE SYSIN; SYSIN :- sysing
REF(PRINTFILE) PROCEDURE SYSOUT; SYSOUT :- sysout;
sysin := NEW INFILE("SYSIN");
sysin.OPEN(BLANKS(80));
sysout :- NEW OUTFILE("SYSOUT");
sysout .OPEN(BLANKS(LINELENGTH));
INNER;
sysin.CLOSE; sysout.CLOSE;

END #%#BASTICIO%%%
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BASICIO contains actions to generate an INFILE (SYSIN for
cardé), and a PRINTFILE (SYSOUT for line printer). These
objects are accessible only through PROCEDURES which copy the
values of certain identifiers (sysin, sysout) which are other-

wise not accessible by the user.

A user's program behaves as though it is enclosed as follows:

BASICIO(132) BEGIN INSPECT SYSIN DO
INSPECT SYSOUT DO
<programs>
END;

When a user program begins the system automatically generates
two files - one INFILE for card input referenced by SYSIN, and

one for output on a line printer referenced by SYSOUT.
CARD

SYSIN — ~— Y TAGE
' IMAGE o |
ININT
INREAL
INTEXT
TNIMAGE

A\ 4

ooooooooooo

IMAGE e >

OUTINT

OUTREAL OUTIMAGE

OUTTEXT

OUTIMAGE

EJECT

LINL

.......... PRINTER
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When the actions of the user defined program are exhausted,
control returns to the prefix level of the BASICIO object and
continues after the INNER. The following three statements

close the three system generated files.

The inspect statements enclosing the program allow the user

to write ININT, INIMAGE,..... instead of SYSIN.ININT,

SYSIN.IMAGE and OUTREAL, OUTIMAGE,.... instead of SYSOUT;OUTREAL,
SYSOUT.OUTIMAGE. There are attribute name clashes

OPEN which should never be used for
CLOSE} SYSIN or SYSOUT

IMAGE

SETPOS

POS

MORE

LENGTH

When these occur they are naturally bound to SYSOUT and the
corresponding attributes of SYSIN may be obtained by writing
SYSIN.SETPOS, SYSIN.IMAGE etc. Alternatively, an input section

may be written as

INSPECT SYSIN DO

BEGIN
input - in this block occurrences IMAGE, SETPOS,
POS, MORE and LENGTH are bound to SYSIN

END;
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APPENDIX A: HARDWARE REPRESENTATION AND COLLATING SEQUENCE
FOR THE LANGUAGE CHARACTER SET

SIMULA VALUE Punched card
' symbol decimal hexadecimal code
‘u 64 40 no punch
. 75 4B 12 - 3 -8
< 76 e 12 - 4 - 8
( 77 4D 12 - 5 - 8
+ 78 4LE 12 - 6 - 8
& 80 50 12
$ 91 5B 11 - 3 - 8
# 92 5C 11 - 4 - 8
) 93 5D 11 - 5 - 8
; 9y 5E -11 - 6 - 8
= 95 5F 11 - 7 - 8
- 96 60 11
/ 97 61 0 -1
, 107 6B 0 - 3 -8
_ 109 6D 0 -5~ 8
> 110 6E 0 -6 - 8
122 7A 2 - 8
# 123 7B 3 -8
' 125 7D 5 - 8
= 126 7E 6 - 8
" 127 7F 7 -8
A 193 c1l 12 - 1
B 19y C2 12 - 2
C 195 C3 12 - 3
D 196 Cl 12 - 4
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symbol decimal |hexadecimal code
E 197 5 12 - 5
F 198 C6 12 - 6
G 199 C7 12 - 7
H 200 c8 12 - 8
I 201 C9 12 - 9
J 209 D1 11 - 1
K 210 D2 11 - 2
L 211 D3 11 - 3
M 212 Di 11 - 4
N 213 D5 11 - 5
0 214 D6 11 - 6
P 215 D7 11 - 7
Q 216 D8 11 - 8
R 217 D9 11 - 9
S 226 El 0 - 2
T 227 E2 0 - 3
U 228 E3 0 - 4
v 229 Eb 0 -5
W 230 ES 0 - 6
X 231 " E6 0 -7
Y 232 E7 0 - 8
yA 233 E8 0 -9
0 240 FO 0
1 241 F1 1
2 242 F2 2
3 243 F3 3
4 2u4L Fu m
5 2L5 F5 5
6 246 133 6
7 247 F7 7
8 248 F8 8
9 2149 F9 9
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.B. Characters are compared by.their value (column 2 or
column 3). ,

The initial value of CHARACTER variables is 0 (punched
card code 12-0-1-8-9).

The data character '&' has punched card code 12, the

data character '-' (minus) has punch card code 11.
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APPENDIX B: THE SYSTEM DEFINED PROCEDURES

Calls to system defined procedures conform to the syntax of
calls to declared procedures. The identifier of a standard
procedure may be redefined to have another meaning at any block
level. The identifier then assumes the new meaning throughout
the scope of the block. Standard procedures are available to
any SIMULA program.

The system defined procedures detailed below are grouped into

the following sections

Arithmetic functions
CHARACTER handling
Random drawing procedures

Utility procedures

For details of other procedures:

for TEXT handling ° see Part 3, section 4
for Sequencing procedures see Part 3, section 1
for Procedures local to SIMSET see ‘Part 3, section 2

- 3, section 3

for Procedures local to SIMULATION see - Part

for Procedures local to subclasses¥
of CLASS file - see Part 3, section 5

A skeleton outline of all system defined procedures and classes
is given as APPENDIX C.
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Arithmetic functions

Certain identifiers, expressed as procedures are defined by

the Simula system for standard arithmetic functions.

ABS(E)
ARCCOS(E)
ARCSIN(E)
ARCTAN(E)
COS(E)
SINCE)
TAN(E)
COSH(E)
SINH(E)
TANH(E)

EXP(E)

LNCE)

SQRT(E)

modulus (absolute valde) of E

return the principal values of the
arc-cosine, arc-sine, arc-tangent of

E (E is measured in radians)

return the cosine, sine tangent of

E (E is measured in radians)

return the hyperbolic cosine, hyperbolic
sine, hyperbolic tangent of E (E is

measured in radians)
. . E
exponential function of E (e™)

natural logarithm of E (1og2E, or 1n E).

If E <= 0, a run time error results.

returns the square root of E if E >= 0.

If E < 0, a run time error results.

The above 13 functions operate on arithmetic arguments.

If the

type of E is [SHORT]INTEGER or REAL, then the function value is
If the type of E is LONG REAL, then the function
value is of type LONG REAL.

of type REAL.
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SIGN(E) sign of the value of E
1 if E > 0
= 0 if E = 0
-1 if E< 0
ENTIER(E) largest whole number less than or equal to E

(equal to or to the left of E on the real axis).

e.g. ENTIER(S.3)
ENTIER(-4.7)
ENTIER(1)

5
-5
1

The above 2 functions operate upon [LONG] REAL or [SHORT] INTEGER
values of E and yield values of type [SHORT] INTEGER depending

upon their magnitude.
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MOD(M,N) M modulo N, that is

M-ENTIER(M/N)#N

e.g. MOD (7,3) is 1
MOD (-48,5) is 2

The function operates on [SHORT]INTEGER arguments,
[LONG]IREAL arguments being rounded. The result is
[ SHORT] INTEGER.
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CHARACTER handling

Two CHARACTER subsets are defined by the standard procedures:

BOOLEAN PROCEDURE DIGIT(C); CHARACTER C;

which is TRUE if C is a digit, FALSE otherwise.

BOOLEAN PROCEDURE LETTER(C); CHARACTER C;

which is TRUE if C is a capital letter, FALSE otherwise.
The collating sequence defines a one-one mapping between the
INTEGERS and the internal CHARACTER representation (see

APPENDIX A).

INTEGER PROCEDURE RANK(C); CHARACTER C;

returns a value in the range 0 through 255.

CHARACTER PROCEDURE CHAR(N); INTEGER N;

if the parameter value is not in the range 0 through 255, a
run time error results. Otherwise the procedure returns the
CHARACTER with value N.

ExamEles:
RANK('+'") = 78
RANK('A') = 193
CHAR(2489) = t'g¢
CHAR(CH#40) = '

RANK(CHAR(127)) = 127
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DIGIT(C) RANK(C) >= 240 AND RANK(C) <= 249
DIGIT(C) C >= '0' AND C <= '9!
LETTER(C) = (C >= 'A' AND C <= 'I")

OR (C >= 'J' AND C <= 'R")

OR (C >= 'S'" AND C <= 'Z")
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Random drawing procedures

The random drawing procedures produce, in successive calls,

a stream of random numbers taken from a specified distribution.
As a side effect, the procedures update the stream variable U
(which must always be an INTEGER variable) thus advancing the

specified stream by one step.

BOOLEAN PROCEDURE DRAW(A,U); NAME U; REAL A; INTEGER U;

If 0 < A < 1, the value is TRUE with probability A,
FALSE with probability 1-A.

If A <= 0, the value is always FALSE.

If A >= 1, the value is always TRUE.

INTEGER PROCEDURE RANDINT(A,B,U); NAME U; INTEGER A,B,U;

If A <= B, the value is one of the INTEGERS
A, A+l, A+2, ....., B-1, B
with equal probability.

If A > B, a run time error results.

REAL PROCEDURE UNIFORM(A,B,U); NAME U; REAL A,B; INTEGER U;

If A < B, the value is uniformly distributed between A
and B.

If A >= B, a run time error results.
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REAL PROCEDURE NORMAL(A,B,U); NAME U; REAL A,B; INTEGER Uj

The value is normally distributed with mean "A" and
standard deviation "B". An approximation function is

used for the normal distribution.

REAL PROCEDURE NEGEXP(A,U); NAME U; REAL A; INTEGER U;

If A > 0, the value is drawn from a negative exponential
~distribution with mean "1/A". This is the same as a
random waiting time in a Poisson distributed arrival
pattern with an expected number of arrivals per time

unit equal to "A".

If A <= 0, a run time error results.

INTEGER PROCEDURE POISSON(A,U); NAME U; REAL A; INTEGER U,

The value is a drawing from the Poisson distribution

with parameter "A".
If A > 20.0, the value is approximated by
ENTIER(O.5 + NORMAL(CA,SQRT(A),U)).

If A < 0, the value is zero.

REAL PROCEDURE ERLANG(A,B,U); NAME U; REAL A,B; INTEGER U;

If A <= 0 or B <= 0, a run time error results.

If A > 0 and B > 0, then the value is a drawing from
the Erlang distribution with mean "1/A" and standard
deviation "1/(A#SQRT(B)).
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INTEGER PROCEDURE DISCRETE(A,U); NAME U; REAL ARRAY Aj;
INTEGER U;

The one dimensional REAL ARRAY A, augmented by a unit
element one to the right, is interpreted as a step func-
tion of the subscript, defining a discrete (cumulative)
distribution function. The function value is an INTEGER

in the range
"A.lower bound" through "A.upper bound+l1l"
It is defined as the smallest I such that
A(I) > U

where U is a basic drawing and A(upper bound+l) = 1.0,

REAL PROCEDURE LINEAR(A,B,U); NAME U; REAL ARRAY A,B;
INTEGER Uj;

The value is a drawing from a cumulative distribution
function F, which is obtained by linear interpolation

in a non-equidistant table defined by A and B, such that
ACT) = F(B(I))

It is assumed that A and B are one dimensional REAL ARRAYS
with the same bounds, that the first and last elements
of A are equal to 0.0 and 1.0 respectively, and that

ACT) »>= A(J) |

B(I) = B(J) [ for I >J

INTEGER PROCEDURE HISTD(A,U); NAME U; REAL ARRAY Aj;
INTEGER U;

The value is an INTEGER in the range "A.lower bound"
through "A.upper bound", where A is a one dimensional

REAL ARRAY interpreted as a histogram defining the
relative freqguencies of values.
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Utility procedures

PROCEDURE HISTO(A,B,C,D);{IggiiEg}ARRAY A,B;
INTEGER ]
{ REAL }QLD_.’-
A call on HISTO updates a histogram defined by the one dimen-
sional ARRAYS (INTEGER or REAL) A,B according to observation C
with weight D. A(I) is incremented by D, where J is the smallest

INTEGER such that C <= B(I). It is assumed that the length of A

1s one greater than the length of B. The last element of A corres-

ponds to those observations which are greater than all the

elements of B.

PROCEDURE LOWTEN(C); CHARACTER C;

Without use of LOWTEN, the CHARACTER 'E' represents the ex-
ponent sign in any numeric item to be edited or de-edited.

A call on "LOWTEN" with actual parameter "EXPSIGN" will replace
'E' by the value of EXPSIGN in future editing and de-editing.



Section: ¢

System/360 S I M U L A Page: 1
Level: 0
USERS GUIDE Date: 5/4-1971

Originator: GB

APPENDIX C: SKELETON OF THE SYSTEM CLASSES AND SYSTEM PROCEDURES

Contents:

SYSTEM DEFINED PROCEDURES
ARITHMETIC FUNCTIONS
CHARACTER HANDLING
TEXT HANDLING
SEQUENCING PROCEDURES
RANDOM DRAWING PROCEDURES
UTILITY PROCEDURES

SYSTEM DEFINED CLASSES
CLASS SIMSET
CLASS SIMULATION
SUBCLASSES of file

PROGRAM ENVIRONMENT
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SYSTEM DEFINED PROCEDURES

ARITHMETIC FUNCTIONS

REAL PROCEDURE ABS(X); REAL X;
REAL PROCEDURE ARCCOS(X); REAL X;
REAL PROCEDURE ARCSIN(X); REAL X;
REAL PROCEDURE ARCTAN(X); REAL X;
REAL PROCEDURE COS(X); REAL X;
REAL PROCEDURE COSH(X); REAL X;
REAL PROCEDURE EXP(X); REAL X;
REAL PROCEDURE LN(X); REAL X;
REAL PROCEDURE SIN(X); REAL X;
REAL PROCEDURE SINH(X); REAL X;
REAL PROCEDURE SQRT(X); REAL X;
REAL PROCEDURE TAN(X); REAL X;
REAL PROCEDURE TANH(X); REAL X;

N.B. If the actual parameter on a call to any of the above
procedures is LONG REAL, then a LONG REAL result will be returned.

INTEGER PROCEDURE ENTIER(X); REAL X;
INTEGER PROCEDURE MOD(X,¥); INTEGER X,Y;
INTEGER PROCEDURE SIGN(X); REAL X;
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CHARACTER HANDLING

BOOLEAN PROCEDURE DIGIT(C); CHARACTER C;

BOOLEAN PROCEDURE LETTER(C); CHARACTER C;
CHARACTER PROCEDURE CHAR(N); INTEGER N;

INTEGER PROCEDURE RANK(C); CHARACTER C;

TEXT HANDLING

TEXT OBJECT GENERATION

TEXT PROCEDURE COPY(T); VALUE T; TEXT T;
TEXT PROCEDURE BLANKS(N); INTEGER N;

TEXT ATTRIBUTES

CHARACTER PROCEDURE GETCHAR;
INTEGER‘PROCEDURE GETFRAC;
INTEGER PROCEDURE GETINT;
REAL PROCEDURE GETREAL;
INTEGER PROCEDURE LENGTH;
TEXT PROCEDURE MAIN;
BOOLEAN PROCEDURE MORE;
INTEGER PROCEDURE POS;
PROCEDURE PUTCHAR(C); CHARACTER C;
PROCEDURE PUTFIX(X,N); REAL X; INTEGER N;
PROCEDURE PUTFRAC(I,N); INTEGER I,N;
PROCEDURE PUTINT(I); INTEGER I;
PROCEDURE PUTREAL(X,N); REAL X; INTEGER N3
PROCEDURE SETPOS(N); INTEGER N;
TEXT PROCEDURE STRIP;
TEXT PROCEDURE SUB(I,N); INTEGER I,N;
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INTEGER
BOOLEAN
REAL
INTEGER
REAL
REAL
REAL
INTEGER
INTEGER
REAL

SEQUENCING PROCEDURES

PROCEDURE CALL(X); REF(anyclass)X;
PROCEDURE DETACH;
PROCEDURE RESUME(Y); REF(anyclass)X;

RANDOM

DRAWING PROCEDURES

PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE

DISCRETE(A,U); NAME U; ARRAY A; INTEGER U;
DRAW(A,U); NAME U; REAL A; INTEGER U;
ERLANG(A,B,U); NAME U; REAL A,B; INTEGER Uj
HISTD(A,U); NAME U; ARRAY Aj; INTEGER U;
LINEAR(A,B,U); NAME U; ARRAY A,B; INTEGER U;
NEGEXP(A,U); NAME U; REAL A; INTEGER U;
NORMAL(A,B,U); NAME U; REAL A,B; INTEGER U;
POISSON(A,U); NAME U; REAL A; INTEGER Uj;
RANDINT(A,B,U); NAME U; INTEGER A,B,U;
UNIFORM(A,B,U); NAME U; REAL A,B; INTEGER U;

UTILITY PROCEDURES

PROCEDURE
PROCEDURE

HISTO(A,B,C,D); ARRAY A,B; REAL C,D;
LOWTEN(C); CHARACTER C;
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SYSTEM DEFINED CLASSES

CLASS SIMSET:

CLASS SIMSET;
BEGIN CLASS LINKAGE;
BEGIN REF(LINK) PROCEDURE SUC;
REF(LINK) PROCEDURE PRED;
REF(LINKAGE) PROCEDURE PREV;
END ###LINKAGE### ;

LINKAGE CLASS LINK; .
BEGIN PROCEDURE OUT;
PROCEDURE INTO(H); REF(HEAD)H;
PROCEDURE PRECEDE(X); REF(LINKAGE)X;
PROCEDURE FOLLOW(X); REF(LINKAGE)X;
END ##%#LINK### ;

LINKAGE CLASS HEAD;
BEGIN REF(LINK) PROCEDURE FIRST;
REF(LINK) PROCEDURE LAST;
PROCEDURE CLEAR;
BOOLEAN PROCEDURE EMPTY;
INTEGER PROCEDURE CARDINAL;.
END ###HEAD### ;

END ###SIMSET##% ;
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CLASS SIMULATION

SIMSET CLASS SIMULATION;
BEGIN LINK CLASS PROCESS;

END;

BEGIN BOOLEAN PROCEDURE IDLE;
BOOLEAN PROCEDURE TERMINATED;
REAL PROCEDURE EVTIME;
REF(PROCESS) PROCEDURE NEXTEV;
END ###PROCESS### .

REF(PROCESS) PROCEDURE CURRENT;

LONG REAL PROCEDURE TIME;

PROCEDURE HOLD(T); REAL T

PROCEDURE PASSIVATE;

PROCEDURE WAIT(Q); REF(HEAD)Q;

PROCEDURE CANCEL(X); REF(PROCESS)X;

PROCEDURE ACCUM(A,B,C,D); NAME A,B,C;
REAL A,B,C,D;

REF(main program)MAIN;

<ACTIVATION-statements>
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SUBCLASSES of file

CLASS file(name); VALUE name; TEXT name;

VIRTUAL :

BEGIN TEXT IMAGE;
INTEGER PROCEDURE LENGTH;
BOOLEAN PROCEDURE MORE;

INTEGER PROCEDURE POS;
PROCEDURE SETPOS(I); INTEGER I;

END ###file### ;

file CLASS INFILE; VIRTUAL :

BEGIN
BOOLEAN
CHARACTER

INTEGER
INTEGER
REAL
TEXT
BOOLEAN

END ###INFILE##%

PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE

.
?

PROCEDURE OPEN, CLOSE;

BOOLEAN PROCEDURE ENDFILE;
PROCEDURE INIMAGE;

CLOSE;
ENDFILE;

INCHAR;

INIMAGE;

ININT;

INFRAC;

INREAL;

INTEXT(N); INTEGER Nj.
LASTITEM;

OPEN(T); TEXT T;
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file CLASS OUTFILE; VIRTUAL : PROCEDURE OUTIMAGE;
BEGIN PROCEDURE CLOSE;
PROCEDURE OPEN(T); TEXT T;
PROCEDURE OUTCHAR(C); CHARACTER C;
PROCEDURE OUTFIX(R,N,W); REAL R; INTEGER N,W;
PROCEDURE OUTFRAC(I,N,W); INTEGER I,N,W;
PROCEDURE OUT IMAGE;
PROCEDURE OUTINT(I,W); INTEGER I,W;
PROCEDURE OUTREAL(X,N,W); REAL R; INTEGER N,W;
PROCEDURE OUTTEXT(T); VALUE T; TEXT T;
END ###QUTFILE#*##% ;

OUTFILE CLASS PRINTFILE;
BEGIN PROCEDURE CLOSE;
PROCEDURE EJECT(N); INTEGER N;
INTEGER PROCEDURE LINE;
PROCEDURE LINESPERPAGE(N); INTEGER N;
PROCEDURE OPEN(T); TEXT T;
PROCEDURE OUTIMAGE;
PROCEDURE SPACING(N); INTEGER N;
END ###PRINTFILE### ;
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file CLASS DIRECTFILE; VIRTUAL : PROCEDURE LOCATE OUTIMAGE, .INIMAGE;
BOOLEAN PROCEDURE ENDFILE;
BEGIN PROCEDURE CLOSE;
BOOLEAN PROCEDURE ENDFILE;
CHARACTER PROCEDURE INCHAR;
INTEGER PROCEDURE INFRAC;
PROCEDURE INIMAGE;
INTEGER PROCEDURE ININT;
REAL PROCEDURE INREAL;
TEXT PROCEDURE INTEXT(N); INTEGER N;
BOOLEAN PROCEDURE LASTITEM;
PROCEDURE LOCATE(I); INTEGER I;
INTEGER PROCEDURE LOCATION;
PROCEDURE OPEN(T); TEXT T;
PROCEDURE OUTCHAR(C); CHARACTER C;
PROCEDURE OUTFIX(X,N,W); REAL X; INTEGER N,W;
PROCEDURE OUTFRAC(I,N,W); INTEGER I,N,W;
PROCEDURE OUTIMAGE;
PROCEDURE OUTINT(I,W); INTEGER I,W;
PROCEDURE OUTREAL(X,N,W); REAL X; INTEGER N,W;
PROCEDURE OUTTEXT(T); VALUE T; TEXT T;
END ###DIRECTFILE*#%



System/360

Section: ¢

o . 10
SIMULA Page:
Level: 0
USERS GUIDE Date: 5/4-1971

Originator:GB

PROGRAM ENVIRONMENT

A user's program behaves as though enclosed as below:

basicio(132) BEGIN INSPECT SYSIN DO

INSPECT SYSOUT DO
<program>
END

where "basicio" is defined by

CLASS basicio(linelength); INTEGER linelength;

BEGIN

file
file
OUTFILE
file

REF(INFILE) PROCEDURE SYSIN;
REF(OUTFILE) PROCEDURE SYSOUT;
CLASS INFILE;

CLASS QUTFILE;

CLASS PRINTFILE;

CLASS DIRECTFILE;

sysin := NEW INFILE("SYSIN");
SYSIN.OPEN(BLANKS(80));

sysout :- NEW OUTFILE("SYSOUT");
SYSOUT.OPEN(BLANKS(132) )3
INNER;

SYSIN.CLOSE;

SYSOUT.CLOSE;

END ###basicio##%



System/360 SIMUL A

USERS GUIDE

Section: I

Page: 1
Level: 0
Date:

Originator: gMB

INDEX

3ok Ok ok oK sk sk ok o K ok ok K K K K sk ok sk ok ok 3K K ok ok ok ok o ok oK ok K ok ok koK oK

x* NeBe THE SECTIONS THAT THE INDEXED

*

* WURD APPEAR IN ARE OIVEN ON THE RIGHT*

* AS A LIST IN THE FORMAT:

* <PART NUMBER>:<SECTION NUMBER>
¥ EeGe 27,2 MEANS PART 2/SECTION 7.2

*
b
*

HAOK ok o K koK K ok R K oK R K o sk KOk Kk koK Rk K K ok ok ok

ACCESSIHBLE

ACCESSING

ACCUM

ACTIVATE

ACTIVATION STATEMENTS
ACTIVATION=STATEMENT
ACTIVE

ACTUAL~-FORMAL PARAMETER CORRESPONDENCE

ACTUAL=PARAMETER
ACTUAL=PARAMETER~-LIST
ACTUAL=-PARAMETER=PART
ADODITION SIGN (+)
AFTER

ALPHABETIC CHARACTER
ALPHANUMERIC CHARACTER
ALTERNATIVES

ANU

ARITHMETLIC EXPRESSIONS
ARLITHMETIC OPERATOR PRECEDENCE
ARLTHMETIC OPERATORS AND TYPES
ARLITHMETLIC TYPZ CONVERSION
ARITHMETICS OF (LONG)REAL WUANTITILS
ARLTHMETIC=CONSTANTS
ARLTHMET1C=COHSTANTS »USE OF
ARLTHMETLIC=COMNSTANT
ARLTHMETIC=-EXPKESSIONS
ARLTHMETIC=EXPRESSION
ARLTHMETIC-FUNCTION=DESIGNATOR
ARLTHMETLC=-OPERATORS
ARLTHMETLC~OPERATOR
ARLTHMETLC=PRIMARY
ARLTHMETIC-VARIABLE

ARKAY

ARKAY COMPONENT

e o0 o9

o o o o o
o oo
- - -

-

-

-

* L] L ] *® * L) * * - * - L J * - . L J - * ® - L L d L J * * » * L J
-

POV NODPONONRDONONDORS RN DN O W
M FCUHOUGUUNRNWHFOWONWROGWEFOUIREDDN~NMNSCNNO M

8 04 80 S0 0% 2% 46 00 O8 OS¢ S0 08 09 O3 SO B0 25 00 O S5 U0 S8 S0 B8 NG *®8 88 69 40 00 o9 o8 o6

VUIDOOTNOOCOCTFFOUOOOONFINNMNONOT WO E NN G O

.- & o
- w w

3:3.0

331.0
2:5.4, 2:6,2
2:7.1
3:3.0

2312420 231242

2:603' 2:702

15/4-71



System/360 SIMULA

USERS GUIDE

Section: I

Page: R
Level: 0
Date: 15/4-71

Originator: GMB

ARRAY DECLARATIONS

ARRAY DIMENSION

ARKAY SEGMENT
ARRAY-DECLARATION
ARRAY=IDENTIFIER

ARRAY, INITIALISATION OF
ASSIGNABLE RANGE » BOOLEAN
ASSTGNABLE RANGE»CHARACTER
ASSIGNABLE RANGE s INTEGER
ASSIGNABLE RANGE,LONG REAL
ASSIGNABLE RANGE ¢REAL
ASSIGNABLE RANGE »REF
ASSIGNABLE RANGEsSHORT INTEGER
ASSIGNABLE RANGE» TEXT
ASSIGNMENT

ASSIGNMENTS
ASSIGNMENT-STATEMENT

ASTERISK (%)

AT

ATTACHED STATE

ATTRIBUTE

ATTRIBUTE REDEFINITION (VIRTUAL)
sASIC BINDING RULES

BASIC SYMBOL

BASIC SYMBOL SET

BASIC SYMBOLS AND SYNTACTIC VARTABLES
BASIC SYMBOLS

BASICIO

SECOMES SIGN (&=

GECOMES (3:=)

BEFORE

BEGIN

BINDING RULE

BINDING RULES,BASIC

BINDING RULES,CONNECTION
BINDING RULES,REMOTE ACCESSING
BINDING RULES,VIRTUAL QUANTITIES
BLANK

SLANK (W)

BLANKS

BLANK» IN CHARACTER=CONSTANT
BLANK ¢ IN TEXT=CONSTANT

bLOCK

BLOCK HEAD
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BLOCK INSTANCE

bLOCK PREFIX

BLOCKS AND COMPOUND STATEMENTS
uwLOCKS AND STATEMENTS

sOOULEAN 2:l4.1, 2:5.1
bOOLEAN UPERATORS
wOOLEAN=CONSTANTS
0OOLEAN=EXPRESSIONS
LOULEAN=FUNCTION=DESIGNATOR
DOULEAN=OPERATOR
HOVLEAN=PRIMARY
HOULEAN=VARTABLE

LRACES

ORACKETS

UFFER

CALL

CALL BY NAME

CALL 3Y REFERENCE

CALL B8Y VALUE

CANCEL

CAR WASH SIMULATION

CAKD REAVER

CHARACTER
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CHARACTER ACCESS (TO TEXTS)
CHARACTER ARRAY

CHARACTER EXPRESSIONS
CHARACTER QUOTE ()
CHARACTER STRING

CHARACTER VALUES»COMPARISOM
CHARACTER=CONSTANTS
CHARACTER=CONSTANT
CHARACTER=EXPRLSSIONS
CHARACTER=CXPRESSION
CHARACTER=FUNCTION-DESIGHATOR
CHARACIER=VARIABLE

CLASS

CLASS oASICIO

CLASS CAR

CLASS CARD

CLASS CIRCLE

CLASS LECK

CLASS UECLARATION

CLASS UECLARATIONS
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CLASS DIRECTFILE
CLASS FILE

CLASS HAND

CLASS HEAD

CLASS HIERARCHIES
CLASS INFILE
CLASS INSTANCE
CLASS LINE

CLASS LINK

CLASS LINKAGE
CLASS OQUTFILE
CLASS PARAMETERS (TABLE)
CLASS PLAYER
CLASS POINT
CLASS PRINTFILE
CLASS PROCESS
CLASS ROwW

CLASS ROW1

CLASS SICKP
CLASS SIMSET
CLASS SIMULATION
CLASS STACKABLE
CLASS TREATMENT
CLASS WASH
CLASS=-B0DY
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CONDITIONAL STATEMENTS
CONDITIONAL=-STATEMENT
CORNDITIONS
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CONNECTION STATEMENTS
CONNECTION=STATEMENT

CONSTANT

CONSTANTS
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CONTROLLED=STATEMENT
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COPY

CURRENT
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uATA CHARACTER SET
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UIRECT ACTIVATION
UIRECTFILE

VIVIDE (/)
DIVISION SIGN (/)
u0

UOLLAR ($)

UOT NOTATION

uoT (,)
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DUMMY STATEMENTS
UUMMY=STATEMENT
EDITING PROCEDURES
EJECT
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EMPTY PART AND VIRTUAL PART
EMPTY TEXT VALUE (NOTEXT)
END

ENU OF FILE

ENDFILE

EPIDEMIC

EQ (=)

EQUAL TO SIGN (=)

EQUAL (We.R.T. QUALIFICATION)
EQUALS (=)

EQUIVALENCE (E@V)

EQV

EVENT NOTICE

EVTIME

EXAMPLE ON THE USE OF FILES
EXAMPLE ON THE USE OF SIMULATION
EXIT FROM A BLOCK |
EXPONENT

EXPONENT SIGN IN DECIMAL=CONSTAMT
EXPONENT SIGN (&)

EXPONENT (&)

EXPRESSION

EXPRESSIONS

EXTERNAL DATA

EXTERNAL DECLARATIONS
EXTERNAL FILE
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FIELD

FILE

FIXED FIELD TEXT eDITING
FOLLOW

FOR -

FORK LIST ELEMENTS

FOR STATEMENTS
FORMAL=~ACTUAL PARAMETER CORRESPONDENCE
FORMAL=-PARAMETER
“ORMAL=-PARAMETER=~PART
FORTHAN CODING FORM
FOR=RIGHT=PART
FOR=STATEMENT
FOR=STATEMENT »i.OCAL LABELS
FUNCTION DESIGNATORS
FUNCTIUN=-DLCLARKATION
FUNCTION=DESIGHATOR

GE (>=)

GENERATED OBJECT
GEOMETRICAL APPLICATIONS
GETCHAR

GETFRAC

GETINT

GETREAL

G0

@010

@Qi0 EXIT

GOTO STATEMENTS
GOTO=-STATEMENT

GREATER THAMN SIGH (>)
GREATER THAN (2>)

GREATER THEN OR EQUAL TO SIGN (>=)
GROUP MARKERS
GROUUPEU=ITEM

WROGUPS

oT (2)

iHASH S1GN (#)

FASH (#)

HEAD
AEAADECIMAL=CONSTANTS
VEAADECTIMAL=CONSTANT
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iDENTIFIER CLASH
IDENTIFIERS
iDENTIFIER-LIST

iIDLE
iF

1F-CLAUSE

IF=STATEMENT

LIMAGE
iMP

iMPLICATION (IMP)

IN
INCHAR
INCIL.UDE
iINFILE
INFRAC
INIMAGE
ININT
INLTIAL
INITIAL
INITIAL
INLTIAL
INITIAL
INITIAL
INITIAL
INITIAL
INITIAL
INNER

VALUE

VALUE »BOOLEAN
VALUE » CHARACTER
VALUE » INTEGER

VALUE »LLONG REAL
VALUE »REAL

VALUE REF
VALUE » SHORT INTEGEK
VALUE» TEXT

INNER ACCESSISILITY (VIRTUAL)
INWER BLOCK

INREAL
INSPECT

INSTANTANEOUS wUALIFICATION

INTEGER
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iNTEGER=
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INTEXT
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To make the use of subscripted variables very flexible, one
is allowed to write arithmetic expressions in the subscript
positions, so that if I = 2, for example, then LONGSIDE(2#I)
and LONGSIDE(4) refer to the same quantity.

A CHARACTER ARRAY is used to represent the crossword. A
blank is represented by the CHARACTER constant 'w'-and a
blocked out square by 's#'. The declaration of the ARRAY is:

CHARACTER ARRAY CWORD (O0:N+1, 0:N+1).

representing the crossword (dimensions 1 through N), and the
rim (dimensions 0 and N+1). This will make available (N+2)2
variables of type CHARACTER each initialised to the initial
value 'A', binary zero (CHAR(0)). N.B. several CHARACTERS
are not visible when printed - this is one of them. It is not
the same CHARACTER as blank. To distinguish, blank is written

'u‘.

The strategy is (in words):

1) N, the number of rows and columns of the crossword itself

is given on the first card

2) Read in the data from cards - each row being represented

on a fresh card

Characters may be read in one by one by successive calls
on INCHAR.
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The coding is:

L.NEXT :- ST,

ST :- L

COMMENT #¥#%NOW L IS INSERTED#®## |
C.NEXT :- ST;

ST := C;

COMMENT ###NOW C IS INSERTED##=#

Snapshots before and after the insertion of L are:

before ST .

<— 7

e

ST

after

<—7

The coding is a repeat except for a parameter saying which
object is to be inserted. The PROCEDURE concept enables us
to give CLASS STACKABLE procedure attribute "INTO", and then

we can write.

L.INTO (ST)-
C.INTO (ST)

}
for the same effect. This is not only more concise, but more

readable than before. This time we have to be rather careful
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f) separators
name graphic use
comma . separating elements in lists
dot . denoting decimal point in

REAL numbers;

remote accessing

colon : follows labels;
follows VIRTUAL;
separates array bounds in
array declarations
becomes i= in value assignments
denotes - in reference assignments
semicolon 5 separates declarations and
statements;
separates various parts of
procedure and class headings
dollar $ may be used instead of a
semicolon
blank u used as a separator
hash # precedes a hexadecimal con-
stant
underscore - used in 1dentifiers

(cue RATE_OF_PAY)
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2.4 THE USE OF BLANKS
Identifiers, arithmetic constants, composite operators (e.g. =/=),

key words (e.g. BEGIN) may not contain blanks. Blanks are per-
mitted as CHARACTER-constants and in TEXT-constants.

Identifiers, éonstants and key words may not be immediately
adjacent. They must be separated by an arithmetic operator,
parenthesis ( "(" or ")" ), reference comparator, negation (=),
non-key-word relational operator (<,<=,2,m=,>,>=,==,=/=), comma,
dot, colon, becomes symbol (f=), denotes symbol (:-), .semicolon,

or blank. Moreover additional intervening blanks are always

permitted.

Examples:
X +Y is equivalent to X+Y
A (I ) is equivalent to A(I)

A =X :=Y is equivalent to A:=X:=Y



Section: 2.2.5

' Page: 2
System/ 360 : _
' SIMULA Level: 1
Date: 1/4-1973
USERS GUIDE Originator: AL
b> IF X > 0 THEN BEGIN .....

c)

END OF TRUE PART

ELSE BEGIN .....
END OF FALSE PART;

Where the strings "OF TRUE PART" and "OF FALSE PART"

are treated as comments.

X := X COMMENT#*#THAT WAS Xy##2 COMMENT**SQUARED;;
is equivalent, as regards program execution, to
X 1= X##2,
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3 IDENTIFIERS

An identifier is a string of alphanumeric or underscore charac-
ters, not contained in a comment or constant, preceded and

followed by a delimiter - the initial letter must always be

alphabetic.

identifier

letter [letter|digit]| ]...

Examples:

valid identifiers
X

SIMULA_67

Al5S

MORGAN_PLUS U

APPLE-

invalid identifiers

END reserved for use as a keyword
SYMuBOL contains a blank

3C does not begin with a letter
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(SHORT)INTEGER-constant

decimal-digits

The range of values is the set of whole numbers from 0 through
231—1 (= 2147483u447). If the magnitude lies in the range O
through 215-1 (= 32767), the constant is treated as a SHORT
INTEGER constant, if the magnitude lies in the range 215 through
231-1, it is treated as an INTEGER constant. If the magnitude

is equal to or exceeds 232, the number 1is interpreted as a REAL

constant.

Examples:
0 SHORT INTEGER
91 SHORT INTEGER

814728 INTEGER
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TEXT-constants have the form

"{ény sequence of members of the data character sef}"

CHARACTER-constants are represented by

'{any one member of the data character set}'
Examples:

valid CHARACTER-constants:
'Xl
l&'
'LI'

et the character quote itself

invalid CHARACTER-constants:

T . 1

two data character set members
TAw!' blanks are significant in character

constants

If one wishes to represent a text quote inside a TEXT-
constant, it is represented by "" - two adjacent text quotes.
Notice that """" has length 1, """""" has length 2 etc.
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Each variable declared in a type declaration has an initial
value (given in the table below). Thereafter the value of a
variable is the one last assigned to it, or if no assignment

has yet been made, the initial value.
Type Initial value Aséignable range

INTEGER 0 Whole number in the range

—231 through 231-1.

SHORT INTEGER 0 Whole number in the range
—215 through 215—1.

REAL 0.0 Number in the range * .
i(0+1075 approx.) to w7

decimal places.

LONG REAL 0.0 Number in the range
i(0+1075 approx.) to ~16

decimal places.

BOOLEAN FALSE TRUE, FALSE.

CHARACTER CHAR(O0) CHAR(0), CHAR(1),
CHAR(255).

REF(CLASS- NONE NONE or any object of the

identifier) qualifying class or included

in the qualifying class.

TLXT NOTEXT NOTEXT or any string of
characters from the data
character set of length 0

through (215—20) characters.
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function-declaration

REF(POINT) PROCEDURE ADD(Q); REF(POINT)Q;
IF Q =/= NONE THEN ADD :- NEW POINT(X+Q.X,Y+Q.Y)

REAL PROCEDURE NORM(A,N); REAL ARRAY A; INTEGER N,
BEGIN REAL T; INTEGER I;

FOR I := 1 STEP 1 UNTIL N DO -
T = T + A(I)##2,

NORM := SQRT(T)
END ###NORM#*# ‘

INTEGER PROCEDURE FACTORIAL(N); INTEGER Nj

IF N < 0 THEN ERROR ELSE
IF N < 2 THEN FACTORIAL
ELSE FACTORIAL

1 :
N#FACTORIAL(N-1)

A function returns a value of the type indicated in its dec-
laration, and may be used wherever a value of that type is
legal. (It may also be used as a statement in which case the

function value is ignored);
P :- R.ADD(S)
X := NORM(MATRIX, 10)

IF NORM (MATRIX, 10) & &-6 THEN
OUTTEXT ("ELEMENTSWALLMZERO")
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Call by name

Call by name is an optional transmission mode available for
parameters to procedures, but not to classes. It represents

a textual replacement in that the formal-parameter may be con-
sidered replaced throughout the PROCEDURE-body by the corres-

ponding actual-parameter.

Whereas call by value and call by reference operate on vari-
ables local to the PROCEDURE-body itself, call by name operates
on non-local quantities and can alter global quantities. It is
therefore especially useful for the controlled alteration of
several variables external to the PROCEDURE-body.

The following rules apply:

1) the type of a name parameter is that prescribed by the

corresponding formal specification.

2) if the type of the actual-parameter does not coincide with
that of the formal specification, then an evaluation of the
expression is followed by an assignment of the value or
reference obtained to a fictitious variable of the latter
type. This assignment is subject to the rules of section
2.7.2. The value or reference obtained by the evaluation

is the contents of the fictitious variable.

Section 2.7.2 defines the meaning of an assignment to a variable
which is a formal-parameter called by name, or is a subscripted
variable whose array identifier is a formal-parameter called by
name, if the type of the actual parameter does not coincide with

that of the formal specification.
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A snapshot at the procedure call is:

I
PROCEDURE SWAP
REAL P 4.0
REAL Q

SWAP(P,Q)
N

REAL A \{::::
REAL B

REAL X 0.0

Program Sequence Control
PSC 7 IR (PSC) references the current

statement

No local copies are made. Every occurrence of A or B in the
PROCEDURE-body means a re-cvaluation of the actual-parameter.
Notice that the actual-parameters are evaluated in the context

of the procedure call.

The result of executing the call on SWAP is to set the value
of P to 5.7 and the value of Q to 4.0.
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The available transmission modes for legal parameters to

classes are shown in the following table:

CLASS PARAMETERS

Parameter : Transmission

call by value call by reference
value-type D X
reference-type X D
TEXT 0 D
value-type ARRAY 0 D
reference-type ARRAY X D

D : default mode
O : optional
X : illegal

The transmission modes "call by value" and "call by reference"

are explained in section 2.5.4.

The discussicn of CLASS-declarations begins by considering two

selected examples of increasing scope.
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The expression
NEW AC...)

creates an object of the class A (the order and number of the
actual-parameters must correspond with the order and number of
the formal-parameters) and commences execution of its actions.
The execution continues until the final END of the class body

is encountered, when the execution is terminated. However this
may be interrupted in four ways - by a GOTO-statement (which
leads out of the object), or by calls on the system procedures
"DETACH", "RESUME" or "CALL". A GOTO exit will leave the object
in the terminated state. "Detach" suspends the actions of the
class body and names it an independent component of the pro-

gram. Its actions may be continued later by a call on "resume".

The object is "attached" when entered on generation by

execution of NEW or when it is the subject of a call on CALL.
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5.6 EXTERNAL DECLARATIONS

External declarations allow the inclusion in a program of
previously compiled procedures and classes. By judicious
use of this feature a programmer can build up a library

of building blocks on which to base future programs.

External FORTRAN and Assembly procedure declarations may

also be important for the following reasons:

1) efficiency. Minimal coding may be achieved in

critical regions of a program.

2) features of a machine which are hidden by SIMULA

may be accessed.

3) routines (already written) in other languages may

be incorporated into SIMULA programs.
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external-declaration
g -
FORTRAN
|ASSEMBLY Eyp%] PROCEDURE
EXTERNAL | id-list
CLASS
L J

ExamEles

EXTERNAL ASSEMBLY INTEGER PROCEDURE BITS_ON
EXTERNAL REAL PROCEDURE MIN, MAX

EXTERNAL PROCEDURE READ, WRITE

EXTERNAL FORTRAN PROCEDURE FORMAT

EXTERNAL CLASS DRAUGHTING

Preparation of external procedures

In order to prepare external procedures written in SIMULA,
they should be compiled one at a time by compiling with
PARM = EXTERN or PARM = 'EXTERN = P'. Note that the syntax
of a separately compiled SIMULA procedure is identical with
that of a procedure declaration, i.e. the program does not
start with BEGIN! Separately compiled procedures are placed
in a user specified library (see "SIMULA Programmer's Guide

IBM System 360", section 2.4, p. 30 for examples).

An external procedure may be saved as an object module or as

a load module.
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Note the following restrictions:
1) FORTRAN, ASSEMBLY procedures

Parameter checking is the responsibility of the writer of
the external procedure since it cannot be wholly done by
the compiler. In FORTRAN procedures, only FORTRAN para-

meters may be transmitted.

In ASSEMBLY procedures, only literals, simple or array
variables are allowed as actual parameters. For details
concerning parameter retrieval and other aspects relevant
to the writing of FORTRAN and ASSEMBLY procedures, consult

Programmer's Guide, Appendix G.

2) External procedures may not contain local classes and

object reference-variables.
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Preparation of external classes

In order to prepare external classes, they should be compiled
one at a time by compiling with PARM = 'EXTERN = C'. Note
that the syntax of a separately compiled class is identical
to that of a class declaration. Separately compiled classes
are placed in a user specified source module library with DD-
name SYSPUNCH.

Note the following restriction:

A separately compiled class must not contain either COPY code,

or other external class declarations.

Use of externally compiled procedures and classes

Retrieving an externally compiled class is achieved by specify-
ing the library containing it as a data set with DDNAME SYSLIB
to the SIMULA compiler.

The retrieval of an externally compiled procedure is achieved
by specifying the library containing it as a data set con-

catenated with SYSLIB of the loader or linkage editor.
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Let X be a simple object expression qualified by class C,

and A an attribute identifier.

The X.A is valid if X =/= NONE and class C has at least one
attribute identified by A. If there is only one attribute with
identifier A contained in class C or in its prefix chain, then
it is designated by X.A. If class C contains more than one
attribute with identifier A, then X.A designates the attribute

with identifier A at the innermost prefix level.

N.B. The main part of any class declaration can contain at

most one attribute with that identifier.

Examgle:

REF(Cl)Xl; REF(C2)X2; REF(C3)X3; REF(CH)Xu

CLASS C1(A); REAL A;
BEGIN tvvvrvnnnn. e END;

Cl CLASS C2;
BEGIN TEXT A; ... END;

C2 CLASS C3;

BEGIN vt tvevnenennnenns END;
C3 CLASS Cu;
BEGIN BOOLEAN A; ..uu.... END;

X1 = X2 := X3 := X4 :-= NEW Cu(6.0);
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6.2 FUNCTION DESIGNATORS

A function designator denotes the value obtained by evaluating
the associated procedure body when supplied with the associated

actual parameter list (if any).

function-designator

‘{identifier
remote-identifie

;}[actualéparameter—list]

actual-parameter-list

(actual-parameter|, actual-parameter]...)

actual-parameter

fexpression
ARRAY-identifier
< SWITCH-identifier 9
PROCEDURE-identifier
| LABEL-identifier

ExamEles:

ININT

INTEXT(20)
SIN(A+B)

H.FIRST
CURRENT.NEXTEV.SUC
POINT(5) .MODULUS
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Two text values are equal if they are both empty or if they

are both instances of the same character sequence. Otherwise

they are unequal, and then a text value T ranks lower

than a text value U if one of the following conditions
is fulfilled.

1) T is empty

2) U is equal to T followed by one or more characters

3) If the first i-1 characters of T and U are the same,

and the ith character of T ranks lower than the ith

character of U.

Examples:

NOTEXT = ""

ngn ¢ ngn
"ABCDE"="ABCDEF"
MNpon o= fM=1oN

HABC" - "ABCun

TRUE
TRUE
FALSE
TRUE
FALSE
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When a block is prefixed, the identifiers declared in the
corresponding CLASS are made available. Nevertheless, an
identifier in the CLASS may be redefined in the main-block or

compound-statement.

The execution of a block is as follows:

step 1: 1f the block is prefixed then the actual parameters
4 if any are evaluated.
2: 1if the declarations of the block contain array bounds
then these are evaluated. (They may make reference

to parameters of the prefix).

3: Execution of the statements of the block body begins
with the first statement of the prefix, if any, other-
wise with the first statement of the main block.

After execution of the block body (unless it is a
GOTO statement) a block exit occurs and the statement

textually following the entire block is executed.

A CLASS identifier possibly followed by an actual parameter

list can prefix a main-block or compound-statement. This re-
sults in concatenating the object of the stated class with

that main-block or compound-statement, which means that the capa-
bilities of the stated class and its including classes are avail-

able within that main-block or compound statement.

When an instance of a prefixed block is generated, the formal
parameters of the class are initialised as indicated by the
actual parameters of the block prefix. A virtual quantity is
identified by the quantity defined by a matching declaration in
the block head of the main-block or compound-statement, or by
the matching definition at the innermost prefix level of the
prefix sequence. The operation rule of the concatenated object

is defined by principles similar to those given in section 5.5.
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reference-assignment
{variable t- } ‘object-expression
PROCEDURE-identifier :- .. TEXT-expression
Examples:
P.X[1] :- NONE

P :- Q :- THIS POINT.SUC

ADD :- NEW POINT

THIS LINE.P :- NONE

T :- BLANKS(80)

S := R := T.SUB(1,20)

Consider the object-reference-assignment

V :- object-expression

Both the left part and the right part have a qualification.

Let these be Q2 and Q_ respectively - note that NONE is

here considered as having a universal qualification which

is inner to every other qualification. The situations that

can arise are illustrated in the context:

REF(CHAIN)C;
REF (MEMBER)M;
REF(POINT)P;
REF(LINE)L;

Case 1: Q2 is equal

e.g.
A)
B)
C)
D)

or outer to Q

M

= X =

CLASS CHAIN...... ceeees

CLASS MEMBER. . vvvuu.n.;
MEMBER CLASS POINT....;

MEMBER CLASS LINE.....;

r

:- NEW MEMBER;

:- NEW POINT; ¢
:- Py

NONE;
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The assignment is legal. In B), the attributes
of the referenced POINT-object may be accessed by

use of QUA as in
M QUA POINT.X
or by use of INSPECT as in either of

INSPECT M QUA POINT DO ... X ...
INSPECT M WHEN POINT DO ... X ...

Case 2: Qq is inner to Qr
e.g.
A) P :- NEW MEMBER;
B) P :- M;

The assignment may be legal. A) is clearly not,
but B) is legal if M is currently referencing a
POINT object or an object of a class inner to
POINT, e.g. after

M :- NEW POINT...;

This must be checked at runtime.

In cases 1 and 2, the qualifications Qz and Qr are said to
be compatible. Notice that compatibility is decided at

compile time.

Case 3: QZ and Qr are not compatible.
e.g.
A) P :- NEW LINE.....3
B) P :- NEW CHAIN;
C) M :- C;

The assignment is illegal.
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Similar rules apply to the object-reference assignments
implicit in the passing of parameters (FP :- AP) and
assignments to the result variable in a function procedure
body.

Multiple assignments take the form

v Pl V4 ™ ce s e -V - ob'ect-ex ression
1 , n J P

and are equivalent to

v i object expression,
v - v

n-1 n’

v -V, 3

L1 2°

The considerations above apply at each step.

The fact that an object—reference—assignmént is always
checked for legality‘(mainly at compile time) has the
foilowing implication. For any object—reférence—variable
or indeed, object-expression whose value is V and with
qualification Qv’ the following is always true under

program execution:

(V == NONE) OR (V IN Q,)
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ExamEle:

The program below prints out the first three verses of

"The Twelve Days of Christmas". The program logic is built
around a SWITCH.

BEGIN

SWITCH CASE := LINEl, LINE2, LINE3;
INTEGER VERSE;
TEXT ARRAY T(1:3);

T(1l) :- COPY("FIRST");
T(2) :- COPY("SECOND");
T(3) :- COPY("THIRD");

IF_WE_USE_FOR_HERE_THE LABELS_BECOME_INVISIBLE:

LINES:
LINE2:
LINE1:

END

VERSE := VERSE + 1;
QUTTEXT("ONLTHEL"); OUTTEXT(T(VERSE));
OUTTEXT("LDAYL,OFLCHRISTMAS" ); OUTIMAGE;
OUTTEXT("MYuTRUELWLOVEWSENTWTOWME" ) ; OUTIMAGE,
GOTO CASE(VERSE);
OUTTEXT("THREEuFRENCHuHENS"); OUTIMAGE;
OUTTEXT ("TWOLTURTLEWDOVES ,JAND" )3 OUTIMAGE;
OUTTEXT("AuPARTRIDGEuINuAuPEARuTREE"); OUTIMAGE;
EJECT(LINE + 2);
IF VERSE < 3 THEN

GOTO IF WE_USE_FOR_HERE_THE LABELS_BECOME_INVISIBLE;
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DUMMY STATEMENTS
A dummy-statement executes no actions. Its main use is to

place a label before an END

dummy-statement

ExamEles:

IF X > 0 THEN ELSE X :=. =X;

BEGIN ...... LAB : END;
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1)
in the program.

B, o are different identifiers which are not used elsewhere

the same type as AZ'

next for list element

A, STEP A2 UNTIL A

1 3
C = Al;
g := A2;
IF c*(C—A3) > 0 THEN GOTO B3
S
o = A2;
C :=C + g3
GOTO a3

next for list element

V WHILE B

C 1=V,

IF - B THEN GOTO B3
S

GOTO a3

next for list element

o ldentifies a non-local simple variable of
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b, 0
C := 03
S

next for list element

5. 0 WHILE B

o : C := 03
IF n B THEN GOTO B;
S3
GOTO aj

B : next for list element
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PROCEDURE STATEMENTS
A procedure-statement calls for the execution of the PROCEDURE-
body. Before execution, the formal-parameters of the procedure

are replaced by the actual-parameters.

PROCEDURE~-statement

imple-object-expression. . . o
[SlmP e-objec P ] PROCEDURE-identifier [(expression

imple-TEXT~- ression. -
simple exp [, expressionl...)]

ExamEles:

INTO(H)
OUTTEXT (" ###Q#ax')
SYSIN.INIMAGE

The procedure statement must have the same number of actual
parameters in the same order as the formal-parameters of the

procedure heading.

Restrictions

1) An actual-parameter corresponding to a formal-parameter
called by NAME which is assigned to within the PROCEDURE-

body must be a variable.

2) If the formal-parameter is an ARRAY (PROCEDURE), then the
number of dimensions (actual-parameters) used within the
PROCEDURE-body must correspond to the number of dimensions
(actual-parameters) of the actual ARRAY (PROCEDURE).
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Connection statement

statement
INSPECT object-reference DO { [WHEN CLASS-identifier DO statement]...
[OTHERWISE statement]

ExamEles:

INSPECT SYSOUT DO
BEGIN OUTTEXT("TITLE");
OUTIMAGE;

EJECT(LINE+10);
END;

INSPECT X WHEN A DO OUTTEXT("X IN A")
WHEN B DO OUTTEXT("X IN B")
OTHERWISE OUTTEXT("ERROR");

INSPECT X DO
INSPECT Y DO P := Q
OTHERWISE OUTTEXT("Y==NONE");

To avoid ambiguity, an OTHERWISE refers back to the nearest
INSPECT.

The remote accessing of objects of classes may be accomplished

by the dot notation or by connection. In most cases the methods
are interchangeable, but if the object contains a class attribute
at a certain level, then attributes at that level and levels

inner to it can only be accessed by connection.
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In addition to sequencing PROCEDURES, "DETACH" and "RESUME",
there is the PROCEDURE CALL which has one reference parameter

which'must be a reference to a detached object.

The execution of CALL(Y) from within a block X, will "attach"
the detached object Y to X and continue execution of the actions

of Y.

The detailed description of program sequencing given in the
"SIMULA 67 Common Base Language'" is not repeated here. Further

enquires are directed to that document §9.
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CLASS HAND;

BEGIN PROCEDURE PLACE(C); REF(CARD)C;

BEGIN

IF =1 S.EMPTY THEN

REF(HEAD)S; REF(CARD)X;
S :- SUIT(C.COLOUR);

BEGIN X :- S.FIRST QUA CARD;
WHILE X =/= NONE DO
BEGIN IF X.RANK > C.RANK THEN
BEGIN C.PRECEDE(X);
GOTO L
END;
X := X.SUC;
END;
END;
COMMENT ###WE ENTER HERE IF S IS EMPTY OR

IF C.RANK IS THE

SO FAR##=
C.INTO(S);
L: END ###PLACE##%*%

REF(HEAD) ARRAY SUIT(l:4);

SUIT(1) :- NEW HEAD;
SUIT(2) :- NEW HEAD;
SUIT(3) :- NEW HEAD;
SUIT(4) :- NEW HEAD;

END ##%HAND##%

HIGHEST MET

b
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actions are executed. When the active phase is over, that PROCESS

may be rescheduled for a later active phase (for example, by
REACTIVATE or HOLD) or remcved from the timing tree (by PASSIVATE
or WAIT). It is apparent that RESUME is too primitive for this
purpose as it involves rescheduling or removing EVENT NOTICES as

well as switching the PSC from one PROCESS object to another.

However RESUME and DETACH deo form the basis for the scheduling
procedures. To prevent the user from destroying.system security,
event notices may not be explicitly referenced by the user - he
must.use the system procesures for scheduling or rescheduling.

In addition, it is strongly recommended that explicit use of
"DETACH", "RESUME" and "CALL" be avoided within a SIMULATION
block.

There is one special PROCESS object which plays a key role in

any SIMULATION - one referenced by MAIN. Whenever MAIN becomes
CURRENT, it causes the actions of the SIMULATION block itself to
be contined. The corresponding event notice can then be re-
schedu.ed (typically by a call on HOLD) and then the action swit-
ches from the SIMULATION block to the new CURRENT. Thus the
SIMULATION block is itself treated as a program component during
the SIMULATION. |
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PROCEDURE CANCEL(X); REF(PROCESS)Xj.esssas
CANCEL(P) where P is a reference to a
PROCESS object will delete the corresponding
event notice if any. If P is currently
‘active or suspended, it thus becomes passive.
If P is a reference to a passive or ter-
minated PROCESS object or NONE, CANCEL(P)
has no effect. Thus CANCEL(CURRENT) is
equivalent to PASSIVATE.

PROCEDURE ACTIVATE

For user convenience, calls on the procedure ACTIVATE are

written in terms of the corresponding activation~statements.

activation-statement

ACTIVATE

) {AT |DELAY} time [PRIOR]
PROCESS-expressionl

REACTIVATE {BEFORE |AFTER} PROCESS~-expression?

Let X be the value of PROCESS-expressionl. If the activator
ACTIVATE 1is used, then the activation-statement will have no
effect (other than evaluating X) unless X is passive. If the
activator REACTIVATE is used, then X may be active, susrended,
or passive (in which latter case, the activation-statement acts

as an ACTIVATE statement).

The type of scheduling is determined by the scheduling clause.
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A complete description of the program now follows:

BEGIN INTEGER POPULATION, LENGTH, CONTACTS, INCUBATION,
Ul, U2, U3, U4, UNINFECTED;
REAL PRINF, PROBMASS, SIMPERIOD;
COMMENT ###THE RANDOM STREAM NUMBERS ARE READ IN###

Ul := ININT; U2 := ININT;
U3 := ININT; U4 := ININT;

UNINFECTED := POPULATION := ININT;
INCUBATION := ININT; LENGTH := ININT;

CONTACTS := ININT;
SIMPERIOD := INREAL;
PRINF := INREAL; PROBMASS := INREAL;
SIMULATION BEGIN REAL ARRAY PROBTREAT(1:LENGTH);
PROCESS CLASS SICKP;
"BEGIN INTEGER DAY;
BOOLEAN SYMPTOMS;
REF (HEAD)ENV;
PROCEDURE INFECT(N); INTEGER N;
BEGIN INTEGER I;
FOR J := 1 STEP 1 UNTIL N DO
IF DRAW(PRINF*UNINFECTED/
POPULATION,U3) THEN
BEGIN NEW SICKP.INTO(ENV);
ACTIVATE ENV.LAST;
END;
END ###INFECT##%
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After S.PUTCHAR('6')

S.PUTCHAR('7")

the snapshot is

To——ell 3| 6 | o SIMUG 7

(v

sSe——35 [ 3] 2] J

Note that the value of T has been changed. The CP of S 1is

now out of range. A further call

S.PUTCHAR
or S.GETCHAR

will result in a run time error. To provide a check, a BOOLEAN
PROCEDURE MORE is provided which returns FALSE if the CP is out
of range and TRUE otherwise. Currently,

T.MORE = TRUE S.MORE = FALSE
Other useful system defined procedures are:

LENGTH which returns‘the length of the currently
referenced value
(T.LENGTH 6
S.LENGTH 2)

POS Awhich returns the value of the CP
(T.POS = 3
S.POS = 3)
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CHARACTER PROCEDURE GETCHAR;

The value of X.GETCHAR is a copy of the currently accessible
CHARACTER of X provided X.MORE is TRUE. In addition, the posi-

tion indicator of X is then increased by one. A run time error

results if X.MORE is FALSE.

PROCEDURE PUTCHAR(C); CHARACTER C;

The effect of X.PUTCHAR(C) is to replace the currently accessible
CHARACTER of X by the value of C provided that X.MORE is TRUE.

In addition the position indicator of X is then increased by

one. If X,MORE is FALSE, a run time error results.

ExamEle:

The PROCEDURE COMPRESS rearranges the CHARACTERS of the TEXT
object referenced by the actual pardmeter by collecting non-
blank CHARACTERS in the leftmost part of the TEXT object and
filling in the remainder, if any, with blanks. Since the para-

meter is called by reference (and not by name), its position

indicator is unaltered.

PROCEDURE COMPRESS(T); TEXT T;
BEGIN TEXT U; CHARACTER C;
T.SETPOS(1); U :- T;
MOVELEFT: WHILE U.MORE DO
BEGIN C := U.GETCHAR;

IF C == 'a' THEN T.PUTCHAR(C);

END;

COMMENT ###WE NOW FILL IN THE RIGHT WITH

BLANKS###
T.SUB(T.POS,T.LENGTH-T.P0OS+1l) :=
END ###COMPRESS### ‘

NOTEXT ;
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b) TEXT-value-assignment

Consider the value assignment
T := P;

let the length of T be Ll, and the length of the right part

be a TEXT value of length Lr.  There are three cases to con-

sider:

L1 = Lr: the character contents of the right part
TEXT are copied to the left part TEXT

Ll > Lr: the character contents of the left part
are copied into the leftmost Lr characters
of the left part TEXT, whose remaining
Ll1-Lr CHARACTERS are filled with blanks.

L1 < Lr: a run time error results.

After T := COPY("EIGHTWLCHARS");

T := "WRONG:11"; ’
then T = "WRONG:1luyuu"
Note that

T := NOTEXT;

would set all the character positions of T to blanks.
In a multiple TEXT value assignment

Tl := T2 1= ... TN := P;
then

TJ.LENGTH >= TJ+1.LENGTH
for o J = 1,2,...,N-1
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De-editing prccedures

A de-editing procedure operating on a given TEXT reference X

operates in the following way:

1) the longest numeric item of the given form is located,

contained within X and containing the first character of X.

If such an item can be found, a run time error results.

2) ‘the numeric item is interpreted as a number. If it is
outside the accepted range (see PART 2, section 5.1

a run time error results.

3) the position indicator of X is made one greater than the

last character of the numeric item.

N.B. Unless otherwise stated, the de-editing procedures are

illustrated in the context:

T :- COPY("1234.5+7.3&4AB");
S := T.SUB(7,86);
R :- T.SUB(5,2);

INTEGER PROCEDURE GETINT;

Locates an integer-item.

T.GETINT 1234
S.GETINT 7

R.GETINT causes a run time errcr

"
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Editing procedures

Editing procedures in a given text reference X convert arith-
metic values to numeric items. After an editing operation,

the numeric item obtained is right adjusted in the TEXT X pre-
ceded by padding blanks. The final value of the position indi-
cator is X.LENGTH+1.

A positive number is edited with no sign. If X == NOTEXT then
a run time error results, otherwise if X is too short to con-
tain the numeric item, an edit overflow is caused (X is filled
with asterisks) and a warning message is given at the end of

program execution.

Let T = BLANKS(10);

PROCEDURE PUTINT(I); INTEGER T;

T.PUTINT(VAL) converts the value of the parameter to an integer-

item of *he designated value.

T.PUTINT(-37) wuuLuua— 37
T.PUTINT(118.8) wuuuaaal 19

PROCEDURE PUTFIX(R,N); REAL R; INTEGER N;j

T.PUTFIX(VAL,M) results in an integer-item of M=0, or a real-
item (with no exponent) if M>1 with M digits airter the decimal
point. It designates a number equal in value to VAL rounded

to M decimal places. A run time error results if M<O.

T.PUTFIX(18,0) wuuuuuuul 8
T.PUTFIX(=-1375.4,3) w-1375.400
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The PROCEDURES OPEN and CLOSE, which are specified as VIRTUAL

but have no matching declaration at the "file" level, complete
the definition of CLASS file. The matching PROCEDURES declared
in the subclasses of "file" conform to the patterns below with
possible minor variations depending upon the subclass. The vari-

ations are listed in the appropriate following sub-sections.
The PROCEDURE outlines are:

PROCEDURE OPEN(BUF); TEXT BUF;

BEGIN IF "open" THEN ERROR;
IMAGE :- BUF;

END

PROCEDURE CLOSE;

BEGIN vvvennnnn.
IMAGE :- NOTEXT;

END

No information can be processed through a "file" object until
it has not only been generated but also opened. This can only
be achieved by a call on the PROCEDURE OPEN whose actual para-
meter is assigned to IMAGE and acts as the buffer. A call on

OPEN when a "file" is already open gives a run time error.

The PROCEDURE CLOSE closes a file and releases the buffer (by
the assignment IMAGE :- NOTEXT). No information may be trans-
mitted through a closed "file" object, but it may be opened
again by a further call on OPEN.
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than IMAGE, it is left adjusted and the remainder of IMAGE 1is
filled with blanks. Finally the position indicator of IMAGE

is set to 1. When the last record has been read in, and INIMAGE
is called again, a call on ENDFILE will return TRUE. Any fur-
ther call on INIMAGE, INCHAR, INTEXT, ININT, INREAL or INFRAC

will result in a run time error.

BOOLEAN PROCEDURE LASTITEM;

returns FALSE only if the external file contains more infor-
mation {non-blank CHARACTERS). It scans past all blank CHARACTERS
(calling INIMAGE if need be). If LASTITEM returns FALSE then

the currently accessible CHARACTER of IMAGE is the first non-
blank CHARACTER. If ENDFILE returns TRUE, a call on LASTITEM

also returns TRUE.

CHARACTER PROCEDURE INCHAR;

gives access to the next available CHARACTER and scans past it.
If TMAGE.MORE is FALSE, then INIMAGE is called once and the value
of the call is the first CHARACTER of the new image. INCHAR
gives a run time error if an attempt is made to read past the

last record in the file.

TEXT PROCEDURE INTEXT(W); INTEGER W;

INTEXT(M) creates a copy of the next M CHARACTERS (which may be
spread over several records) and returns a reference to this copy.
If M <0Q0Qor M > 215—20 then a run time errc . 3ults. A run

time error will also result if the file does not contain M more

CHARACTERS, i.e. an attempt is made to read past the last record.

The remaining PROCEDURES treat the file as a continuous stream
of records. They scan past any number of blanks (calling INIMAGE
if need be) and then de-edit a numeric item lying in one image.

This is done by calling LASTITEM (which scans past the blanks)
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PROCEDURE OQUTTEXT(T); VALUE T; TEXT Tj;

A copy of the CHARACTER sequence represented by the actual
parameter is edited into IMAGE from the current position.

If the remaining length of IMAGE is insufficient, OUTIMAGE
is called and the editing process proceeds. Thus the TEXT

value may, be split over several external records.

PROCEDURE OUTCHAR(C); CHARACTER Cj;

Qutputs the value of C into the current position of IMAGE
(if MORE = FALSE, then OUTIMAGE is called first). In either

case, the current position indicator is then incremented.

The remaining PROCEDURES are all based upon the PUT-PROCEDURES
local to TEXTs. The corresponding OUT-PROCEDURES are augmented

by an extra parameter W which specifies the field within.

W characters

IMAGE °—-—-—>/////////l 25

v ~ "
portion FIELD Final position of current

alrzgdiM?giled position indicator

The editing PROCEDURE commences by establishing a temporary
TEXT reference (FIELD) to the next sequence of W CHARACTERS
lying in one IMAGE. If the current IMAGE has not enough space
left, OUTIMAGE is called. Then the value is edited by calling
FIELD."PUT###" where "PUT##%" is the PUT-PROCEDURE corres-
ponding to the OUT-PROCEDURE. Finally the current position
indicator is increased by W to reference past FIELD - past the

just-edited field.
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PROCEDURE EJECT{(N); INTEGER N;

This PROCEDURE skips to a certain line on the page =- (it avoids

calling OUTIMAGE several times). EJECT(L) will position to line
L on this page if this is further down the current page (if

L > LINE), or else skip to LINE L of the next page if L <= LINE.

A run time error occurs if L <=0. If L > LINESPERPAGE, EJECT(L)
is eduivalent to EJECT(1).

INTEGER PROCEDURE LINE;

This PROCEDURE returns the INTEGER value of the line number
which indicates the next line to be printed. Thus EJECT(LINE+3)
will skip three lines and not alter spacing. After each call on

OUTIMAGE, the line number is incremented by the current spacing.

PROCEDURE OUTIMAGE;

This PROCEDURE acts like the OUTIMAGE of QUTFILE but in
addition increments the line number by spacing, and will
position to the top of the next page if the current page is
filled.
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CLASS BASICIO

The system defined file facilities are grouped together in
the CLASS BASICIO whose skeleton reads:

CLASS BASICIO(linelength); INTEGER linelength;

BEGIN CLASS fileeevearens ces e veseas
file CLASS INFILE.. v veveeennsa)
file CLASS OUTFILE.. ' ttoeanse 5
file CLASS DIRECTFILE....... .o
file CLASS PRINTFILE.. .. ceteen ;
REF(INFILE)sysin;

REF(PRINTFILE)sysout;
REF(INFILE) PROCEDURE SYSIN; SYSIN :- sysin;
REF(PRINTFILE) PROCEDURE SYSOUT; SYSOUT :- sysout;
sysin :- NEW INFILE("SYSIN"); |
sysin.OPEN(BLANKS(80));
sysout :- NEW PRINTFILE("SYSOUT" )3
sysout.OPEN(BLANKS(linelength));
INNER;
sysin.CLOSE; sysout.CLOSE;

END ###BASICIQ##x
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When the actions of the user defined program are exhausted,
control returns to the prefix level of the BASICIO object and
continues after the INNER. The following three statements

close the three system generéted’files.

The inspect statements enclosing the program allow the user

to write ININT, INIMAGE,..... instead of SYSIN.ININT,

SYSIN.IMAGE and OUTREAL, OUTIMAGE,.... instead of SYSOUT.OUTREAL,
SYSOUT.OUTIMAGE. There are attribute name clashes

OPEN which should never be used for
CLOSE} SYSIN or SYSOUT

IMAGE

SETPOS

POS

MORE

LENGTH

When these occur they are naturally bound to SYSOUT and the
corresponding attributes of SYSIN may be obtained by writing
SYSIN.SETPOS, SYSIN.IMAGE etc. Alternatively, an input section

may be written as

INSPECT SYSIN DO

BEGIN
input - in this block occurrences IMAGE, SETPOS,

POS, MORE and LENGTH are bound to SYSIN
END;
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Arithmetic functions

Certain identifiers, expressed as procedures are defined by

the Simula system for standard arithmetic functions.

ABS(E) modulus (absolute value) of E

ARCCOS(E) return the principal values of the

ARCSIN(E) arc-cosine, arc~-sine, arc-tangent of

ARCTAN(E) E (E is measured in radians)

COS(E)

SIN(E) return the cosine, sine, tangent of

TANCE) E (E is measured in radians)

COSH(E) return the hyperbolic cosine, hyperbolic

SINH(E) sine, hyperbolic tangent of E (E is

TANH(E) measured in radians)

EXP(E) exponential function of E (eE)

LN(E) natural logarithm of E (logeE, or 1n E).
If E <= 0, a run time error results.

SQRT(E) returns the square root of E if E >= 0.
If E < 0, a run time error results.

The above 13 functions operate on arithmetic arguments. If the

type of E is [SHORT]INTEGER or REAL, then the function value is
of type REAL. If the type of E is LONG REAL, then the function
value is of type LONG REAL.
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MOD(M,N) " M modulo N, that is
M - ((M//N)#N)

e.g. MOD (7,3)
MOD (-48,5)

The function operatés on [SHORT]INTEGER arguments,
LONG REAL arguments being rounded. The result is

[ SHORT]INTEGER.
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Utility procedures

PROCEDURE HISTO(A,B,C,D);{IggiiER}ARRAY A,B;
INTEGER
{REAL }C_’D_’_

A call on HISTO updates a histogram defined by the one dimen-
sional ARRAYS (INTEGER or REAL) A,B according to observation C

with weight D. A(I) is incremented by D, where I is the smallest
INTEGER such that C <= B(I). It is assumed that the length of A

is one greater than the length of B. The last element of A corres-
ponds to those observations which are greater than all the

elements of B.

PROCEDURE LOWTEN(C); CHARACTER Cj;

Without use of LOWTEN, the CHARACTER 'E' represents the ex-
ponent sign in any numeric item to be edited or de-edited.

A call on "LOWTEN" with actual parameter "EXPSIGN" will replace
'E' by the value of EXPSIGN in future edifing and de-editing.
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INTEGER
BOOLEAN
REAL
INTEGER
REAL
REAL
REAL
INTEGER
INTEGER
REAL

SEQUENCING PROCEDURES

PROCEDURE CALL(X); REF(anyclass)X;
PROCEDURE DETACH;
PROCEDURE RESUME(Y); REF(anyclass)X;

RANDOM

DRAWING PROCEDURES

PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE

DISCRETE(A,U); NAME U; ARRAY A; INTEGER Uj
DRAW(A,U); NAME U; REAL A; INTEGER U;
ERLANG(4,B,U); NAME U; REAL A,B; INTEGER U;
HISTD(A,U); NAME U; ARRAY A; INTEGER U;
LINEAR(A,B,U); NAME U; ARRAY A,B; INTEGER U;
NEGEXP(A,U); NAME U; REAL A; INTEGER U;
NORMAL(A,B,U); NAME U; REAL A,B; INTEGER Uj
POISSON(A,U); NAME U; REAL A; INTEGER U;
RANDINT(A,B,U); NAME U; INTEGER A,B,U;
UNIFORM(A,B,U); NAME U; REAL A,B; INTEGER Uj

UTILITY PROCEDURES

PROCEDURE
PROCEDURE

HISTO(A,B,C,D); ARRAY A,B; REAL C,D;
LOWTEN(C); CHARACTER C;






