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APPENDIX A: HARDWARE REPRESENTATION AND COLLATING SEQUENCE
FOR THE LANGUAGE CHARACTER SET

STMULA VALUE Punched card
' symbol decimal hexadecimal code

‘u ou 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 194 C2 12 - 2

C 195 C3 12 - 3

D 196 Cl 12 - 4
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SIMULA VALUE Punched card
symbol decimal |hexadecimal code
E 197 Cs5 12 - 5
F 198 Co 12 - 6
G 199 C7 12 = 7
H 200 C8 12 - 8
1 201 C9 12 - 9
J 209 Dl 11 -1
K 210 D2 11 - 2
L 211 D3 11 - 3
M 212 Dy 11 - 4
N 213 D5 11 - 5
O 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 Eh 0 - 5
W 230 E5 0 -~ 6
X 231 " E6 0 -7
Y 232 BE7 0 - 8
Z 233 E8 0 -9
0 240 Fo 0
1 241 Fi 1
2 242 F2 2
3 243 F3 3
4 244 Fu 4
5 245 F5 5
6 246 Fe 6
7 247 F7 7
8 248 F8 8
9 249 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 u
for Sequencing procedures see Part 3, section 1
for Procedures local to SIMSET see ‘Part 3, section 2
for Procedures local to SIMULATION';seéf/Part 3, section 3
for Procedures local to subclasses T

of CLASS file - see Part 3, section §

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) 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

TAN(E) 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 et

LN(CE) natural logarithm of E (long, 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 1is

of type REAL.

If the type of E is LONG REAL, then the function

value is of type LONG REAL.
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SIGN(E) sign of the value of E

1 if E > 0

=~ 0 if E =
-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

upcon 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,
[LONGIREAL 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(249) = '9!
CHAR(CH40) = '

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 U;

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(0.5 + NORMAL(CA,SQRT(A),U)).

If A < 0, the value is zero.

REAL PROCEDURE ERLANG(A,B,U); NAME U; REAL A,B; INTEGER Uj;

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 A;
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+l1"
It is defined as the smallest I such that
ACI) > 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

ACI) »>= A(J) |

B(I) »>= B(J) [ for I >J

INTEGER PROCEDURE HISTD(A,U); NAME U; REAL ARRAY Aj;
INTEGER Uj

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 frequencies of values.



Section: B

Level: 0
USERS GUIDE Date: 5/4-1971

Originator: gB

Utility procedures

INTEGE
REAL

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 J 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-

PROCEDURE HISTO(A,B,C,D); g}ARRAY A,B;

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.
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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,Y); 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;
PROCEDURFE 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 N;
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 Uj; ARRAY A; INTEGER Uj
DRAW(A,U); NAME U; REAL A; INTEGER Uj
ERLANG(A,B,U); NAME Uj; 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 U;
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 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#ss ;

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 N;.
LASTITEM;

OPEN(T); TEXT T;



System/360

SIMULA

USERS GUIDE

Section: C

Page: 8
Level: 0 ‘
Date: 5/4-1971

Originator: GB

file CLASS OUTFILE; VIRTUAL
CLOSE;

BEGIN

PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE

OPEN(T); TEXT T;

OUTCHAR(C); CHARACTER C;

PROCEDURE OUTIMAGE;

OUTFIX(R,N,W); REAL R; INTEGER N,W;
OUTFRAC(I,N,W); INTEGER I,N,W;
OUT IMAGE;

OUTINT(I,W); INTEGER I,W;

OUTREAL(X,N,W); REAL R; INTEGER N,W;
OUTTEXT(T); VALUE T; TEXT T;

END ###QUTEFILE#*%*#

OUTFILE CLASS PRINTFILE;

BEGIN

INTEGER

PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE

END ###%PRINTEFILE##%# g

CLOSE;

EJECT(N); INTEGER N;

LINE;

LINESPERPAGE(N);
OPEN(T); TEXT T3

OUTIMAGE;

INTEGER Nj;

SPACING(N); INTEGER N;
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file CLASS DIRECTFILE; VIRTUAL

BEGIN
BOOLEAN
CHARACTER
INTEGER

INTEGER
REAL
TEXT

BOOLEAN

INTEGER

PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDURE

END ###DIRECTFILE*#%#

PROCEDURE LOCATE OUTIMAGE, .INIMAGE;
BOOLEAN PROCEDURE ENDFILE;
CLOSE;

ENDFILE;

INCHAR;

INFRAC;

INIMAGE;

ININT;

INREAL;

INTEXT(N); INTEGER Nj

LASTITEM;

LOCATE(I); INTEGER I;

LOCATION;

OPEN(T); TEXT T;

OUTCHAR(C); CHARACTER C;
OUTFIX(X,N,W); REAL X; INTEGER N,W;
OUTFRAC(I,N,W); INTEGER I,N,W;
OUTIMAGE;

OUTINT(I,W); INTEGER I,W;
OUTREAL(X,N,W); REAL X; INTEGER N,W;
OUTTEXT(T); VALUE T; TEXT T;
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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 OUTFILE;

CLASS PRINTFILE;

CLASS DIRECTFILE;

sysin :~= NEW INFILE("SYSIN");
SYSIN.OPEN(BLANKS(80));

sysout :- NEW OUTFILE("SYSOUT");
SYSOUT.OPEN(BLANKS(132));
INNER;

SYSIN.CLOSE;

SYSOUT.CLOSE;

END ###basicio### ;
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ARRAY DECLARATIONS

ARRAY DIMENSION

ARRAY SEGMENT
ARRAY-DECLARATION
ARRAY=IDENTIFIER

ARRAY» INITIALISATION OF
ASSIGNABLE RANGE »BOOLEAN
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