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5. RANDOM NUMBER GENERATORS

This section contains procedures for generating pseudo random numbers
from discrete (section 5.2) and continuous distributions (section 5.3). All pro-
cedures use one or more drawings from a uniform distribution on (0,1), which
is generated by the procedure ASELECT (section 5.1.1). The procedures have a
call-by-name variable u which has to be initialized before the first call of a
random number generator (thus, at the beginning of the program). This initial
value is the starting value of the whole sequence of (pseudo) random numbers
used in the program and determines this sequence completely. Therefore, it is
possible to generate the same sequence several times. The pseudo random
numbers in each sequence are good approximations of i.i.d. drawings (samples)
from the distributions considered.

In order to save execution time, the random number generating procedures do
not test whether the actual values of the parameters satisfy conditions which
are specific for the distribution considered, and thus these procedures do not
give any error message. For each distribution the specific conditions are given
after the description of the formal parameters. The actual values of the pro-
cedures can be tested on these conditions with the procedure TEST RANDOM (sec-
tion 5.1.2).

REFERENCES
1} AlJ. van Es, C. van Putten,
The STATAL random number generator,
STATAL report 1, report SN 8/79,
Mathematical Centre, Amsterdam, 1979.
2} C. van Putten, 1. van der Tweel,
On generating random variables,
STATAL report 2, report SN 9179,
Mathematical Centre, Amsterdam, 1979.
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5.1 ELEMENTARY PROCEDURES FOR
RANDOM NUMBER GENERATORS

The procedure ASELECT is a fast generator of the pseudo random numbers
which are uniformly distributed on (0,1]; its source text is written in assembler
language. All other random number generators are based on this procedure.
ASELECT has a call-by-name variable u, which after each call contains a new
value. The value is used to generate the next random number. The initial or
starting value of U determines the sequence of random numbers. A new
sequence starts when the program (i.e. not the procedure ASELECT) assigns a
new value to U.

This section also contains the procedure TEST RANDOM, which tests whether the
actual values of the parameters in a call of a random number generator satisfy
some conditions. These conditions are different for each distribution and are
given after the discription of the formal parameters of the procedures con-
sidered. It is advised to use TEST RANDOM during the testing of the simulation
program and not when the actual simulations are performed.

400



5.1.1 Aselect

TITLE:  Aselect

AUTHORS: A.J. van Es, C. van Putten, D.T. Winter
INSTITUTE: Mathematical Centre

REecCEIvED: 800512

BRIEF DESCRIPTION
This procedure generates a (pseudo) random number, uniformly distributed on
the interval (0,1].

KEYWORDS
(pseudo) Random number

CALLING SEQUENCE

Heading

"REAL" "PROCEDURE"™ ASELECT (U);
"REAL" U;

“CODE" 41308;

Formal parameters

U:  <real variable>, the value of U is used to generate a (pseudo) random
number. After a call of ASELECT, U contains a new value which is used
in the next call of ASELECT unless the program assigns a new value to U.

Condition: 0 < u < 1.

DATA AND RESULTS

The generated value is assigned to the procedure indentifier ASELECT.

The call TEST RANDOM (41308, U, 0, 0, 0, 0, 0) may yield the following error
message:

Errornumber 1 (f u<O0oru=1)

PROCEDURES USED
None

LANGUAGE
Compass

METHOD AND PERFORMANCE

A random number is generated as follows:
:=((A*U%2%8 1 B) mod 248)/248

ASELECT:=U+27%8;

Where A and B are fixed large integers.

It follows that u satisfies 0 <u<1 and that the value assigned to the pro-
cedure indentifier satisfies 0 < ASELECT <1. This enables the user to calculate
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Aselect

LNCASELECT(U)) or 1 / ASELECT(U).
(see van Es & van Putten, 1979).

REFERENCES

[1]. AlJ. van Es, C. van Putten
The STATAL random number generator
STATAL report 1, report SN 8/79

- Mathematical Centre, Amsterdam, 1979

[2 D.E.Knuth
The art of computer programming, vol 2
Addison Wesley, Reading (Mass.), 1969

EXAMPLE OF USE

Program:

"BEGIN" "INTEGER" I; "REAL" U;
U:=.1988;
"FOR" I:=1 "STEP" 1 "UNTIL" 10 "DO"
OUTPUT(61, "("Z2.6D,/")", ASELECT(U))
"END"

Output:

.460206
.241938
- 244897
-461863
-336030
-533801
.316718
-469128
.015569
.329742

SOURCE TEXT

The random number generator ASELECT is a generator of the linear congruen-
tial type, specially designed for STATAL and the Cyber 70 with its 48 bits
integer representation. The generator is programmed in COMPASS (the CDC

assembler language) for two reasons.

Firstly it is inherent to simulation studies that a generator is called upon a
vast number of times, hence it is necessary that the calculations be done

quickly.

Secondly since the linear congruential method involves rounding of large
integers, usually machine dependent features are used to increase the speed of

the calculations.
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5.1.1 Aselect

Because of the very machine dependent nature of this routine, no source text is
given.

For the algorithm, see METHOD AND PERFORMANCE and A.J.van Es, C.van
Putten (1979), The Statal random number generator. (REFERENCE[1])
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Test Random 51.2

Trme:  Test Random
AuTHOR: E. Opperdoes
INsTITUTE: Mathematical Centre
REceIveD: 810101

BRIEF DESCRIPTION
The procedure tests the actual values of the parameters on the conditions
specified in the section 5.1.1 and 5.2.1.1-5.3.11.1 (all random number genera-
tors). Such tests are not performed in the generators themselves in order to
save execution time.

KEYWORDS
Parameter testing of random generator

CALLING SEQUENCE

Heading

"PROCEDURE" TEST RANDOM (CODENR, P1, P2, P3, P4, P5, P6);
"VALUE" CODENR, P1, P2, P3, P4, P5, P6;

"INTEGER" CODENR;

"REAL" P1, P2, P3, P4, P5, P6;

"CODE" 41399;

Formal parameters
CODENR: <integer arithmetic expression>, The code number of the pro-
cedure involved;

P1,...,P6: <arithmetic expression>, the parameters of the procedure, sup-
plemented with dummy parameters.

DATA AND RESULTS
The following error message may appear:
Errornumber 1 (if CODENR < 41300 or CODENR > 41333)

In case of errors in the other parameters the procedure gives a message for
each error. All errors cause a termination of the main program. For parameter
error messages one is referred to the section in question.

PROCEDURES USED

EXIT STATAL 11010
ALGMESS STATAL 11017
STATAL3 ERROR STATAL 40100
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51.2 Test Random

LANGUAGE
Algol 60

EXAMPLE OF USE

Program:

"BEGIN"

TEST RANDOM(41300, 2, 2, 0, 0, 0, 0);
IIENDII
Output:

TEST RANDOM DISCOVERED THE FOLLOWING ERROR(S) IN THE PARAMETERS OF PROCEDURE SUCCES

NUMBER OF THE ERROR: 1
PARAMETER VALUE THAT CAUSED THE ERROR: +2.00000000000000"+000

NUMBER OF THE ERROR: 2
PARAMETER VALUE THAT CAUSED THE ERROR: +2.00000000000000"+000

SOURCE TEXT

“CODE" 41399;
"PROCEDURE" TEST RANDOMCCODENR, P1, P2, P3, P4, P5, P6);
"VALUE" CODENR, P1, P2, P3, P4, PS5, P6;
"INTEGER" CODENR; "REAL" P1, P2, P3, P4, P5, P6;
"BEGIN" "INTEGER" INDEX; "BOOLEAN" ERRORS;
“SWITCH" PROC:=
SUCCES, INT, UNIF, NORM, EXPON, POIS, PERM,
SAM, ASELECT, MULTINORM, SORSAM, SORSAMREP,
SAMREP, GAMMA, BETA, CHISQ, STAND HYPERG, HYPERG,
CAUCHY, WEIBULL, LAPLACE, GUMBEL, LOGISTIC,
GEOMETRIC, BIN, NEGBIN, POIS TAB,
POIS TAB SAM, POIS HISTO, POIS SORSAM,
BINALIAS, BINALIAS SORSAM, BIN HISTO, BINORM;

"PROCEDURE" ERROR(CP, EN, WV); "VALUE" EN, WV;
"STRING" CP; "INTEGER" EN; "REAL" WV;
"BEGIN" "IF" "NOT" ERRORS "THEN"
"BEGIN" "PROCEDURE"™ LAYOUT;
FORMAT(
"(""("TEST RANDOM DISCOVERED THE FOLLOWING ")",
"("ERROR(S) IN THE PARAMETERS OF PROCEDURE ")",
N, /7, XC"("=")"),//")", CHLENGTH(CP) + 77);
"PROCEDURE" LIST(ITEM); "PROCEDURE" ITEM;
ITEM(CP);
"INTEGER" P, PP;
SYSPARAM(61, 1, P); SYSPARAM(61, 3, PP);
"IF" P > 0 "OR" PP > 0 "THEN"
OUTPUT(61, "("%")");
OUTLIST(61, LAYOUT, LIST); ERRORS:= "TRUE";
"END";
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Test Random

. OUTPUT(61, (" .
(" NUMBER OF THE ERROR: ')",D,/,
"("PARAMETER VALUE THAT CAUSED THE ERROR: ")"
N/, EN, WY);
"END" ERROR;

"PROCEDURE" TEST(CP, EN, PAR);
"STRING" CP; "INTEGER" EN; "REAL" PAR;
"IF" PAR < 0 "OR"™ PAR >= 1 "THEN" ERROR(CP, EN, PAR);

"PROCEDURE" NATURAL(CP, EN, PAR);

"STRING" CP; "INTEGER" EN; "REAL" PAR;

"IF" PAR > ENTIER(PAR) "OR" PAR < 1 "THEN"
ERROR(CP, EN, PAR);

"PROCEDURE" MATURALO(CP, EN, PAR);

"STRING” CP; "INTEGER" EN; "REAL" PAR;

"IF" PAR > ENTIER(PAR) "OR" PAR < 0 "THEN"
ERROR(CP, EN, PAR);

"PROCEDURE" POS(CP, EN, PAR);
“STRING" CP; "INTEGER" EN; "REAL" PAR;
"IF" PAR <= 0 "THEN" ERROR(CP, EN, PAR);

"PROCEDURE" INTEGER(CP, EN, PAR);
"STRING" CP; "INTEGER" EN; "REAL" PAR;
"IF" PAR > ENTIER(PAR) "THEN" ERROR(CP, EN, PAR);

"PROCEDURE" INT GE(CP, EN, PAR, CRIT);

"STRING" CP; "INTEGER" EN; "REAL" PAR, CRIT;

"IF" PAR > ENTIER(PAR) "OR" PAR < CRIT "THEN"
ERROR(CP, EN, PAR);

"PROCEDURE™ NATURAL LE(CP, EN, PAR, CRIT);

"STRING" CP; "INTEGER" EN; "REAL" PAR, CRIT;

"IF" PAR > ENTIER(PAR) "OR" PAR < 1 "OR" PAR > CRIT
"THEN" ERROR(CP, EN, PAR);

INDEX:= CODENR ~ 41299; ERRORS:= "FALSE";

"IF" INDEX < 1 "OR" INDEX > 34

"THEN" STATAL3 ERROR("("TEST RANDOM")", 1, CODENR);
"GOTO" PROCLINDEX]1;

SUCCES:
"IF" P1 < 0 "OR" P1 > 1 "THEN"
ERROR("("SUCCES")", 1, P1);
TEST("("SUCCES"™)", 2, P2);
"GOTO" FINISH;

INT:
INTEGER("("'RANDOM INT™)", 1, P1);
INT GE("("RANDOM INT")", 2, P2, P1);
TEST("("RANDOM INT™)", 3, P3);
"GOTO" FINISH;
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51.2 Test Random

UNIF: . .
"IF" P1 >= P2 "THEN" ERROR("("RANDOM UNIF™)", 2, P2);
TEST("("RANDOM UNIF")", 3, P3);

"GOTO" FINISH;

NORM:
POS("("RANDOM NORM")", 2, P2);
TEST("(""RANDOM NORM")", 3, P3);
"GOTO" FINISH;

EXPON: .

POS("("RANDOM EXP")", 1, P1);
TEST("("RANDOM EXP")", 2, P2);
"GOTO" FINISH;

POIS:
POS("("RANDOM POIS")", 1, P1);
"IF" P1 > 700 "THEN" ERRORC"('RANDOM POIS")", 1, P1);
TEST("(""RANDOM POIS")", 2, P2);
"GOTO" FINISH;

PERM:
NATURAL("(""RANDOM PERM")", 2, P1);
TEST("("RANDOM PERM")", 3, P2);
"GOTO" FINISH;

SAM:
NATURAL("(""RANDOM SAM")", 1, P1);
NATURAL LE("("RANDOM SAN")", 2, P2, P1);
TEST("("RANDOM SAM")", 4, P3);
"GOTO" FINISH;

ASELECT:
TEST("("ASELECT'™)", 1, P1);
"GOTO" FINISH;

MULTINORM:
INTEGER("("RANDOM MULTINORM™)", 2, P1);
INT GEC"("RANDOM MULTINORM™)", 3, P2, P1);
NATURAL("(""RANDOM MULTINORM™)", 4, P3);
TEST("("RANDOM MULTINORM™)", 8, P4);
"GOTO" FINISH;

SORSAH:
NATURAL("(""RANDOM SORSAM")", 1, P1);
NATURAL LE("("RANDOM SORSAM")", 2, P2, P1);
TEST("("RANDOM SORSAM")", &, P3);
"GOTO" FINISH;

SORSAMREP:
NATURAL("(""RANDOM SORSAMREP")", 1, P1);
NATURAL("("RANDOM SORSAMREP")", 2, P2);
TEST("("RANDOM SORSAMREP")", 4, P3);
"GOTO" FINISH;
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Test Random

SAMREP:

NATURALC"("RANDOM SAMREP™)", 1, P1);
NATURALC"("RANDOM SAMREP")", 2, P2);
TEST("("RANDOM SAMREP™)", 4, P3);
"GOTO" FINISH;

GAMMA:

POS("('RANDOM GAMMA")", 1, P1);
POS("(""RANDOM GAMMA™)", 2, P2);
TEST("("RANDOM GAMMA")", 3, P3);

"GOTO" FINISH;

BETA:

POS("(""RANDOM BETA"™)", 1, P1);
POS("("RANDOM BETA")", 2, P2);
TEST("("RANDOM BETA")", 3, P3);
"GOTO" FINISH;

CHIsQ:

NATURAL("(""RANDOM CHISQ™)", 1, P1);
TEST("("RANDOM CHISQ")", 2, P2);
"GOTO" FINISH;

STAND HYPERG:

NATURAL("("RANDOM STHYPERG")", 1, P1);
NATURAL("("RANDOM STHYPERG")", 2, P2);
NATURAL("("RANDOM STHYPERG")", 3, P3);
TEST("("RANDOM STHYPERG")", 4, P4);

"IF" P2 < P1 "OR" 2 * P2 > P3

"THEN" ERROR("("RANDOM STHYPERG")", 5, P2);
"GOTO" FINISH;

HYPERG:

NATURAL("C"RANDOM HYPERG™)", 1, P1);
NATURALC"("RANDOM HYPERG™", 2, P2);
NATURALC"("RANDOM HYPERG™)", 3, P3);
TEST("("RANDOM HYPERG™)", 4, P4);

"IF" P1 > P3 "THEN" ERROR("("RANDOM HYPERG")", 1,
"IF" P2 > P3 "THEN" ERROR("("RANDOM HYPERG")", 2,
"GOTO" FINISH;

CAUCHY:

POS("("RANDOM CAUCHY")", 2, P2);
TEST("("RANDOM CAUCHY")", 3, P3);
"GOTO" FINISH;

WEIBULL:

POS("("RANDOM WEIBULL")", 2, P2);
POS("("'RANDOM WEIBULL")", 3, P3);
TEST("("RANDOM WEIBULL")", 4, P4);
"GOTO" FINISH;

LAPLACE:

408
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51.2 Test Random

TEST("("RANDOM LAPLACE")", 3, P3);
"GOTO" FINISH;

GUMBEL :
POS("("RANDOM GUMBEL")", 2, P2);
TEST("("RANDOM GUMBEL')", 3, P3);
"GOTO" FINISH;

LOGISTIC:
POSC"("RANDOM LOGISTIC")", 2, P2);
TEST("("RANDOM LOGISTIC")", 3, P3);
"GOTO" FINISH;

GEOMETRIC:
"IF" P1 <=0 "OR" P1 > 1
"THEN" ERROR("("RANDOM GEOMETRIC")", 1, P1);
TEST("("RANDOM GEOMETRIC")", 2, P2);
"GOTO" FINISH;

BIN:
NATURALOC"(""RANDOM BIN")", 1, P1);
"IF" P2 < 0 "OR" P2 > 1
"THEN" ERROR("('RANDOM BIN")", 2, P2);
TEST("("RANDOM BIN")", 3, P3);
"GOTO" FINISH;

NEGBIN:
NATURAL("("RANDOM NEGBIN")", 1, P1);
"IF" P2 <= 0 "OR" P2 > 1
"THEN" ERROR("("RANDOM NEGBIN")", 2, P2);
TESTC"("RANDOM NEGBIN")", 3, P3);
"GOTO" FINISH;

POIS TAB:
POS("("RANDOM POIS TAB")", 1, P1);
"IF" P1 >= 256 "THEN"
ERROR("(""RANDOM POIS TAB")", 1, P1);
TEST("("RANDOM POIS TAB")", 2, P2);
"GOTO" FINISH;

POIS TAB SAM:
POS("("RANDOM POISTABSAM")", 1, P1);
"IF" P1 >= 256 "THEN"

ERROR("("RANDOM POISTABSAM")", 1, P1);
NATURAL("("RANDOM POISTABSAM")", 2, P2);
TEST("("RANDOM POISTABSAM")", 4, P3);
"GOTO" FINISH;

POIS HISTO:
NATURALO("("RANDOM POIS HISTO")", 2, P1);
NATURAL("("RANDOM POIS HISTO")", 3, P2);
NATURAL("("RANDOM POIS HISTO")", 4, P3);
POS("("RANDOM POIS HISTO")", 5, P4);
"IF" P4>700 "THEN"
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Test Random

. ERROR("("RANDOM POIS HISTO0")", 5, P4);
TEST("("RANDOM POIS HISTO"™)", 6, P5);
"IF" P2 < P1
"THEN" ERROR("("RANDOM POIS HISTO")", 3, P2);
"GOTO" FINISH;

POIS SORSAM:

BIN

BIN

BIN

INT GE("('"RANDOM POISSORSAM")", 3, P2, P1);
POS("("RANDOM POISSORSAM")", 4, P3);
“IF" P3 > 700 "THEN"

ERROR("("RANDOM POISSORSAM")", 4, P3);

TEST("("RANDOM POISSORSAM")", 5, P4);

"IF" P2 < P1 "THEN"
ERROR("("RANDOM POISSORSAM")", 2, P2);
"GOTO" FINISH;

ALIAS:

NATURALO("("RANDOM BIN ALIAS™)", 1, P1);
"IF" P2 <= 0 "OR" P2 >= 1

"THEN" ERROR("("RANDOM BIN ALIAS")", 2, P2);
NATURAL("("RANDOM BIN ALIAS")", 3, P3);
TEST("("RANDOM BIN ALIAS")", 5, P4);

"GOTO" FINISH;

ALIAS SORSAM:

NATURALO("("RANDOM BIN ALIAS SORSAH")", 1, P1);
"IF" P2 <= 0 "OR" P2 >= 1 -

"THEN" ERROR("("RANDOM BIN ALIAS SORSAM")", 2, P2);
NATURAL("("RANDOM BIN ALIAS SORSAM")", 3, P3);
TEST("("RANDOM BIN ALIAS SORSAM")", 5, P4);

"GOTO" FINISH;

HISTO:

NATURALO("("RANDOM BIN HISTO")", 1, P1);
"IF" P2 <= 0 "OR" P2 >= 1

"THEN" ERROR("("RANDOM BIN HISTO")", 2, P2);
NATURAL("("RANDOM BIN HISTO")", 4, P3);
TEST("("RANDOM BIN HISTO")", 5, P4);

"GOTO" FINISH;

BINORM:

POS("("RANDOM BINORM")", 5, P3);

POS("(“RANDOM BINORM")", 6, P4);

"IF" ABS(P5) > 1 "THEN"
ERROR("("RANDOM BINORM™)", 7, P5);

TEST("(""RANDOM BINORM")", 8, P6);

FINISH:

"IF" ERRORS "THEN"

"BEGIN" ALGMESS(
"("#% ERROR(S) DISCOVERED BY TEST RANDOM #**")"):
STOP;

"END";

"END" TEST RANDOM;

410
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5.2 RANDOM NUMBERS FROM
DISCRETE DISTRIBUTIONS

This section contains procedures for generating one single drawing, an
(unsorted) sample of size K, or a sorted sample of size K (histogram) from
discrete distributions. For some distributions (discrete uniform, binomial and
Poisson) there exist several procedures for slightly different or similar purposes.
The differences between these procedures are explained below.

Discrete uniform distribution (section 5.2.1). The differences between the six
procedures in this subsection are actually quite clear. RANDOM INT draws one
single random number from an uniform distribution on the set of integers
{A, A+1,...,BY. RANDOM SAM generates a random sample of size K without
replacement from the set {1,...,N}, and RANDOM PERM generates a random
permutation of the integers 1, 2, ...,N. This procedure is equivalent to RANDOM
sAM with K=N. The procedure RANDOM SORSAM draws a sorted random sample of
size K without replacement from {1, ...,N}. Furthermore, RANDOM SAMREP and
RANDOM SORSAMREP generate an unsorted and a sorted sample of size K with
replacement from {1, ...,N).

Binomial distribution (section 5.2.3). The procedure RANDOM BIN generates one
single drawing from a binomial distribution, whereas RANDOM BINALIAS draws
an (unsorted) sample of size K. These procedures are based on different
methods; in case of one drawing RANDOM BIN is faster than RANDOM BINALIAS
with K=1. RANDOM BINALSORS and RANDOM BINHISTO both generate a sorted
sample of size K from a binomial distribution and deliver it in a histogram.
The latter procedure is generally faster.

Poisson distribution (section 5.2.7). Both procedures RANDOM POIS and RANDOM
POISTAB generate one single drawing from a Poisson distribution with expecta-
tion MU, according to different methods (see van Putten & van der Tweel,
1979). RANDOM PoIs is generally faster, except when MU is a power of 2. The
procedure RANDOM POISTAB generates an (unordered) sample of size K. Further-
more, the procedures RANDOM POISHISTO and RANDOM POISSORSAM both generate
ordered random samples of size K. The latter procedure delivers the sample in
an array of length K, whereas the former delivers it in a histogram on the
integers LB, LB+1,...,UB. (Observations smaller than LB or larger than UB are
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counted in the classes LB and UB respectively). RANDOM POISHISTO is always fas-
ter than RANDOM POISSORSAM but has the disadvantage that it only considers
observations in a restricted area (the smaller the area L8, ...,UB, the more
efficient RANDOM POISHISTO).

REFERENCE

[1]. C. van Putten, I van der Tweel,
On generating random variables,
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam. 1979.
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5211 Random Int

TITLE "~ Random Int
AUTHOR: J.G. Bethlehem
INsTITUTE: Mathematical Centre
REecEIvED: 750219

BRIEF DESCRIPTION
The procedure generates a random number, uniformly distributed on the set of
integers (A, A+1,...,B) (see general part section 5.2.).

KEYWORDS
Random integer

CALLING SEQUENCE

Heading

"INTEGER" "PROCEDURE" RANDOM INT(A, B, U);
“VALUE" A, B;

"INTEGER" A, B;

"REAL" U;

"CODE" 41301;

Formal parameters )

A: <integer arithmetic expression>, lower bound of the set of integers;

B: <integer arithmetic expression>>, upper bound of the set of integers;

u: <real variable>, value used to generate a random number. After a call
of RANDOM INT, U contains a new value which is used in the next call of
RANDOM INT unless the program assigns a new value to U.

Conditions: A and B integers, A< B,0 < u < 1.

DATA AND RESULTS
The generated value is assigned to the procedure indentifier RANDOM INT.
The call TEST RANDOM (41301, A, B, U, 0, 0, 0) may yield the following error

messages:

Errornumber 1 (if A is not an integer)
Errornumber 2 (if B is not an integer = A)
Errornumber 3 @if u<ooru =1)

PROCEDURES USED
ASELECT STATAL 41308

LANGUAGE
Algol 60
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Random Int 5.2.1.1

METHOD AND PERFORMANCE ‘

The generated value is equal to ENTIER (D* (B—A+1)+A), where D is a random
number which is uniformly distributed on the interval [0,1).

(see van Putten & van der Tweel, 1979).

REFERENCE

1 C. van Putten, I. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979.

EXAMPLE OF USE

Program:

"BEGIN" "INTEGER" I; "REAL" U;
u:= .1986;
"FOR" I:=1 "STEP" 1 "UNTIL" 10 "DO"
OUTPUT(61, "("ZD,/")", RANDOM INT(3, 13, U))
"END"

Output:

12
3
10

oSNV OON

SOURCE TEXT

"CODE" 41301;
"INTEGER" "PROCEDURE" RANDOM INT(A, B, U); "VALUE" A, B;
"INTEGER" A, B; "REAL" U;
"BEGIN"
ASELECT(U);
RANDOM INT:= ENTIER( U * (B - A + 1) + A )
"END" RANDOM INT;
llEoPll
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5.2.1.2 Random Sam

TiTLe:  Random Sam
AUTHOR: J.G. Bethlehem
INsTITUTE: Mathematical Centre
RECEIVED: 760901

BRIEF DESCRIPTION
The procedure generates a random sample of size K without replacement from
the set of integers {1,2,...,N}. (see general part of section 5.2).

KEYWORDS
Random sample without replacement

CALLING SEQUENCE

Heading

"PROCEDURE" RANDOM SAM (N, K, SAMPLE, U);
"VALUE" N, K;

“"INTEGER" N, K;

YREAL" U;

"INTEGER" "ARRAY" SAMPLE;

"CODE" 41307;

Formal parameters

N: <integer arithmetic expression>, upper bound of the set of
integers from which the random sample is taken;

K: <integer arithmetic expression>, length of the vector SAMPLE
[1:K1 and size of the sample;

SAMPLE: <integer array identifier>, output parameter, integer array of
dimension [1:K1, which at exit contains the sample;

u: <real variable>, value used to generate a random number. After

a call of RANDOM SAM, U contains a new value which is used in the
next call of RANDOM SAM unless the program assigns a new value to
u.

Conditions: N and K integers > 0, K < Nand0 < U < L.

DATA AND RESULTS

After a procedure call, SAMPLEL1],...,SAMPLELK] contain a random sample
without replacement from the set of integers {1, 2,.,N}. The call
TEST RANDOM(41307,N, K, U, 0, 0, 0) may yield the following error messages:

Errornumber 1 (if N is not an integer > 0)
Errornumber 2 (if K is not an integer > 0 and < N)
Errornumber 4 fu<Ooru=mn
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Random Sam 5.2.1.2

PROCEDURES USED
ASELECT STATAL 41308

LANGUAGE
Algol 60

METHOD AND PERFORMANCE
See van Putten & van der Tweel, (1979).

REFERENCE

[11 C. van Putten, 1. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE

Program:

"BEGIN" "INTEGER" I; "REAL" U;
"INTEGER" "ARRAY" A[1:3];
U:= .1986;
"FOR" I:=1 "STEP" 1 "UNTIL" 10 "DO"
"BEGIN" RANDOM SAM(5, 3, A, U);

OUTPUT(61, "("3(D2B),/")", A)

"END"

"END"

£
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5.2.1.2 Random Sam

SOURCE TEXT

"CODE" 41307;
"PROCEDURE" RANDOM SAM(N, K, SAMPLE, U); "VALUE" N, K;
"INTEGER" N, K; "REAL" U; "INTEGER" "ARRAY" SAMPLE;
"BEGIN" "INTEGER" I, KK; "INTEGER" "ARRAY" BL1 : NJ;
"BEGIN" )
"FOR" I:= 1 "STEP" 1 "UNTIL" N "DO" BLIl:= I;
"FOR" I:= 1 "STEP" 1 "UNTIL" K "DO"
"BEGIN" ASELECT(U);
KK:= ENTIER(U * N
BLKK]1:= BLN]; N:=
"END";
IIENDII
"END" RANDOM SAM;
"EOPII

1); SAMPLECIJ:= BLKK1;

-+
N-1;
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Random Perm 5213

T‘;TLE: Random Perm
AUTHOR: J.G. Bethlehem
INsTITUTE: Mathematical Centre
RECEIVED: 760901

BRIEF DESCRIPTION
This procedure generates a random permutation of the integers {1,2,...,N}.
(see general part of section 5.2).

KEYWORDS
Random permutation

CALLING SEQUENCE

Heading

"PROCEDURE" RANDOM PERM (PERM, N, U);
“VALUE" N;

“INTEGER" N;

"REAL" U;

"INTEGER" "ARRAY" PERM;

"CODE" 41306;

Formal parameters

PERM <integer array identifier>, output parameter, integer array of
dimension [1:N1 which at exit contains the permutation;

N: <integer arithmetic expression>, upper bound of the set of
integers 1, 2,...,N and length of the vector PERM;

u: <real variable>, value used to generate a random number. After

a call of RANDOM PERM, U contains a new value which is used in
the next call of RANDOM PERM unless the program assigns a new
value to U.

Conditions: N integer >0 and 0<u<1.

DATA AND RESULTS

After a call of the procedure, PERML1],...,PERMIN] contain a random permu-
tation of 1,2,...,N.

The call TEST RANDOM(41306, N, U, 0, 0, 0, 0) may yield the following error
messages:

Errornumber 2 (if n is not an integer >0)

Errornumber 3 (if v <0 or u=1)
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5213 Random Perm

PROCEDURES USED
ASELECT STATAL 41308

LANGUAGE
Algol 60

METHOD AND PERFORMANCE
A sample without replacement of size N is taken from the set of integers
{1,2,...,N}, see van Putten & van der Tweel (1979).

REFERENCE

11 C. van Putten, 1. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE
Program:

"BEGIN" "INTEGER" I; "REAL" U;
"INTEGER" "ARRAY" AL[1:3];
U:= .1986;
"FOR" I:=1 "STEP" 1 "UNTIL"™ 10 "bO"
"BEGIN" RANDOM PERM(A, 3, U);

OUTPUT(61, "("3(D2B),/")", A)

IIENDII

IIENDII

Output:

W = =2 NN WWW
NOWHWWO =2 - -
- w3 N ) = - N =2 N W
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Random Perm 5.2.1.3

SOURCE TEXT

"CODE" 41306;

"PROCEDURE" RANDOM PERM(A, N, U); "VALUE" N;
"INTEGER" N; "REAL" U; "INTEGER" "ARRAY" A;
"BEGIN" "INTEGER" I, R, X;

"FOR" I:= 1 "STEP" 1 "UNTIL" N "DO" ACI1:= I;
"FOR" I:= N "STEP" -1 "UNTIL" 2 "DO"
"BEGIN"
‘ ASELECTCU); R:= ENTIERC U * I + 1);
"IF" R < I "THEN"
"BEGIN" X:= ALIJ; ALIl:= ACR]1; ALR]:= X "END"
"END"
"END" RANDOM PERM;
"Eopll
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5214 Random Sorsam

TITLE-:' Random Sorsam
AuTHOR: R. Kaas

INSTITUTE: Mathematical Centre
ReCEIVED: 770215

BRIEF DESCRIPTION
The procedure generates a sorted random sample without replacement from
the set of integers {1,2,...,N}, (see general part of section 5.2).

KEYWORDS
Sorted random sample without replacement

CALLING SEQUENCE

Heading

"PROCEDURE" RANDOM SORSAM (N, K, SAMPLE, U);
"WALUE" N, K;

“INTEGER" N, K; :

"INTEGER" "ARRAY" SAMPLE;

"REAL" U;

"CODE" 41310;

Formal parameters

N: <integer arithmetic expression>, upper bound of the set of
integers from which the random sample is taken;

K: <integer arithmetic expression>, length of the vector
SAMPLEL1:K] and size of the sample;

SAMPLE: <integer array indentifier™, output parameter, integer array of
dimension [1:K1 which at exit contains the sample;

u: <real variable>, value used to generate a random number.

After a call of RANDOM SORSAM, U contains a new value which is
used in the next call of RANDOM SORSAM unless the program assigns
a new value to u.

Conditions: N and K integers >0, K < N and 0<u<1.

DATA AND RESULTS

After a procedure call, SAMPLE[1] <....< SAMPLELK] contain a sorted ran-
dom sample without replacement from the set of integers {1,2,...,N}.

The call TEST RANDOM(41310, N, K, U, 0, 0, 0) may yield the following error
messages:

Errornumber 1 (if N is not an integer >0)
Errornumber 2 (if K is not an integer >0 and < N)
Errornumber 4 (if v <o or u=1)
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Random Sorsam 5.2.1.4

PROCEDURES USED
ASELECT STATAL 41308

LANGUAGE
Algol 60

METHOD AND PERFORMANCE

For the algorithm used see Kaas (1977), program II. 6. 1., and v. Putten & v.d.
Tweel (1979).

The procedure uses no extra central memory. The running time is proportional
to N.

REFERENCES
1} R. Kaas
The complexity of the drawing an ordered random sample
Report sw 51/77
Mathematical Centre, Amsterdam, 1977
2] C. van Putten, 1. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE

Program:

"BEGIN" "INTEGER" I; "REAL" U;
"INTEGER" "ARRAY" A[1:31;
Us= .1986;
"FOR" I:= 1 "STEP" 1 "UNTIL" 10 "pO"
"BEGIN" RANDOM SORSAM(5, 3, A, U);

OUTPUT(61, "("3(D2B),/")", A)

"END“

"END"

o
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5214

SOURCE TEXT

"CODE" 41310;

Random Sorsam

"PROCEDURE" RANDOM SORSAM(N, K, SAMPLE, U);

"VALUE" N, K;

"INTEGER" N, K; "INTEGER" "ARRAY"™ SAMPLE; "REAL" U;

"BEGIN" :
"FOR" N:= N "WHILE" N >=
"BEGIN" "IF" ASELECT(U)
"BEGIN" SAMPLELKI]:=
‘N:= N -1
IIENDII
"END" RANDOM SORSAM;
"EOP"

<
N

1
’

A
K
Kz

N "THEN"

ND" K >= 1 "po"
/
= K - 1 "END";
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Random Samrep 5.2.1.5

’i‘rrLE: Random Samrep

AUTHOR: R. Kaas

INSTITUTE: Mathematical Centre

RECEIVED: 770215

BRIEF DESCRIPTION
The procedure generates a random sample with replacement from the set of
integers {1,2,...,N}. (see general part of section 5.2).

KEYWORDS

Random sample with replacement

CALLING SEQUENCE

Heading

"PROCEDURE"
"VALUE N, K;
"INTEGER" N,

RANDOM SAMREP (N, K, SAMPLE, U);

K;

"INTEGER" "ARRAY" SAMPLE;

"REAL" U;

"CODE" 41312;

K:

SAMPLE:

u:

Formal parameters

<integer arithmetic expression>, upper bound of the set of
integers from which the random sample is taken;

<integer arithmetic expression>, length of the vector
SAMPLEL1:K] and size of the sample;

<integer array identifier>, output parameter, integer array of
dimension [1:K1, which at exit contains the sample;

<real variable>, value used to generate a random number.
After a call of RANDOM SAMREP, U contains a new value which is
used in the next call of RANDOM SAMREP unless the program assigns
a new value to u.

Conditions: N and K integers >0 and 0< U <1.

DATA AND RESULTS

After a procedure call, SAMPLEL1],...,SAMPLELK] contain a random sample
with replacement from the integers 1,2, ...,N.

The call TEST RANDOM (41312, N, K, U, 0, 0, 0) may yield the following error

messages:
Errornumber
Errornumber
Errornumber
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5215 Random Samrep

PROCEDURES USED
ASELECT STATAL 41308

LANGUAGE
Algol 60

METHOD AND PERFORMANCE

See v. Putten & v.d. Tweel (1979).

The procedure uses no extra central memory. The running time is proportional
oK

REFERENCE

[1] C. van Putten, I. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE
Program:

"BEGIN" "INTEGER" I; "REAL" U;
"INTEGER" "ARRAY" AL[1:3];
U:= .1986; :
"FOR" I:= 1 "STEP" 1 "UNTIL" 10 "DO"
"BEGIN" RANDOM SAMREP(S5, 3, A, U);

OUTPUT(61, "("3(D2B), /'")", A)

IIEND"

"END"

g
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Random Samrep 5215

SOURCE TEXT

"CODE" 41312;

"PROCEDURE" RANDOM SAMREP(N, K, SAMPLE, U);

"VALUE" N, K;

"INTEGER" N, K; "INTEGER" "ARRAY" SAMPLE; "REAL" U;
"BEGIN" "INTEGER" I;

"FOR"™ I:= 1 "STEP" 1 "UNTIL" K "DO"
"BEGIN" ASELECT(U); SAMPLELIJ:= ENTIER(N * U + 1)
IIENDll
"END" RANDOM SAMREP;
"EOPII
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52.1.6 Random Sorsamrep

TiTLE: | Random Sorsamrep
AUTHOR: R. Kaas

INsTITUTE: Mathematical Centre
RECEIVED: 770215

BRIEF DESCRIPTION

The procedure generates a sorted random sample with replacement from the
set of integers €1,2,...,N},

(see general part of section 5.2.).

KEYWORDS
Sorted random sample with replacement

CALLING SEQUENCE

Heading

"PROCEDURE" RANDOM SORSAMREP (N, K, SAMPLE, U);
"VALUE" N, K;

"INTEGER" N, K;

"INTEGER" "ARRAY" SAMPLE;

"REAL" U;

"CODE" 41311;

Formal parameters

N: <integer arithmetic expression>, upper bound of the set of
integers from which the random sample is taken;

K: <integer arithmetic expression>, length of the vector
SAMPLEL1:K1 and size of the sample;

SAMPLE <integer array identifier>, output parameter, integer array of
dimension [1:K1, which at exit contains the sample;

u: <real variabel>, value used to generate a random number.

After a call of RANDOM SORSAMREP, U contains a new value which is
used in the next call of RANDOM SORSAMREP unless the program
assigns a new value to U.

Conditions: N and K integers > 0, and 0<u < 1.

DATA AND RESULTS

After a procedure call, SAMPLE[1] <, ..., < SAMPLELK] contain a sorted ran-
dom sample with replacement from the set of integers 1,2, ...,N}.

The call TEST RANDOM (41311, N,K, U, 0,0,0) may yield the following error

messages:

Errornumber 1 (if N is not an integer > 0)
Errornumber 2 (if K is not an integer > 0)
Errornumber 4 fu<Ooru=1l
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Random Sorsamrep 5.2.1.6

PROCEDURES USED
ASELECT STATAL 41308

LANGUAGE
Algol 60

METHOD AND PERFORMANCE

For the algorithm used see Kaas (1979), program II. 6. 4., and van Putten &
van der Tweel (1979).

The procedure uses no extra central memory. The running time is propor-
tional to N+K.

REFERENCES
(1] R. Kaas
The complexity of drawing an ordered random sample
Report sw 51/77
Mathematical Centre, Amsterdam, 1977
[2] C. van Putten, 1. van der Tweel
On generating random variabels
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE

Program:

. "BEGIN" "INTEGER" I; "REAL" U;
"INTEGER" "ARRAY" A[1:3];
U:= .1986;
"FOR" I:= 1 "STEP" 1 "UNTIL" 10 "bO"
"BEGIN" RANDOM SORSAMREP(5, 3, A, U);

OUTPUT(61, "("3(D2B), /™", A)

IIEND"

"END"

e
H

- eamd N R e ) = P\ =d =
W=Vt =N S W=
HUVIVIS DSV

428



5.2.1.6 Random Sorsamrep

SOURCE TEXT

"CODE" 41311;
“PROCEDURE" RANDOM SORSAMREP(N, K, SAMPLE, U); "VALUE" N, K;
"INTEGER" N, K; "INTEGER" "ARRAY" SAMPLE; "REAL" U;
"BEGIN"
"IF'. K < N 'lTHEN'.
"BEGIN" "REAL" Y, S; "INTEGER" G, I;
S$:= LN(N); G:=N-1; I:=K + 1;
"FOR" I:= I - 1 "WHILE" I > O "AND" G > 0 "DO"
MBEGIN" S:= S + LNCASELECT(U)) / I;
Y:= EXP(S);
"IF" Y > 6 "THEN" SAMPLECIJ:= G + 1 "ELSE"
"BEGIN" "FOR" G:= G - 1 "WHILE" Y <= G "D0";
SAMPLELIJ:= 6 + 1
"END"
"END";
"FOR" I:= I "STEP" -1 "UNTIL"™ 1 "DO" SAMPLEL[IJ:= 1
IIENDII llELsEll
"BEGIN" "INTEGER" F; "REAL" P, Q;
"FOR" F:= 0 "WHILE" N > 1 "AND" K >= 1 "DO"
"BEGIN" P:= 0; ASELECT(U); Q:= K * LNC(1 - 1 / W);
"FOR" P:= P + EXP(Q) "WHILE" P < U "DO"
"BEGIN"
Q:=Q + LNC(K - F) / ((F + 1) * (N - 1)));
== F +1
"END"; -
"FOR" F:= F "STEP" -1 "UNTIL" 1 "DO"
"BEGIN" SAMPLELKI:= N; K:= K - 1 "END";
N:=N -1
"END";
"FOR" K:= K "STEP" -1 "UNTIL" 1 "DO" SAMPLELKI1:= 1
"END" .
"END™ RANDOM SORSAMREP;
"EoPll
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Success 5.2.2.1

TITLE: Success

AUTHOR: J.G. Bethlehem
INsTITUTE: Mathematical Centre
RECEIVED: 770215

BRIEF DESCRIPTION

The procedure generates a random boolean, the probability of value "TRUE"
being equal to a given value P and the probability of value "FALSE" being
equal to (1-P).

KEYWORDS
Random boolean

CALLING SEQUENCE

Heading

"BOOLEAN" "PROCEDURE" SUCCESS(P, U);

"VALUE" P;

"REAL" P, U;

"CODE" 41300;

Formal parameters A

P: <arithmetic expression>, probability of value "TRUE";

U: <real variable>, value used to generate a random number.
After a call of success, U contains a new value which is used in the next
call of success unless the program assigns a new value to u.

Conditions: 0<P <1 and 0<u<1.

DATA AND RESULTS
The generated value is assigned to the procedure indentifier SUCCESS.
The call TEST RANDOM(41300, P, U, 0, 0, 0) may yield the following error mes-

sages:
Errornumber 1 (if P<0 or P>1)
Errornumber 2 (if u<o or u=1)

PROCEDURES USED
ASELECT STATAL 41308

LANGUAGE
Algol 60
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5.2.2.1 Success

METHOD AND PERFORMANCE A

The generated value is equal to "TRUE" if b < P and equal to "FALSE" if D >
P, where b is a random number which is uniformly distributed on the interval
(0, 1].

REFERENCE :

[1]- C. van Putten, 1. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE

Program:

"BEGIN" "INTEGER" I; "REAL" U;
Us= .1986;
"FOR" I:=1 "STEP" 1 "UNTIL" 10 "DO"
OUTPUT(61, "("D,/™",
"IF" SUCCESS(.3, U) "THEN" 1 "ELSE" 0)
IIEND" . .

Output:

0O-=000-=200-=0

SOURCE TEXT

""CODE" 41300;
"BOOLEAN" "PROCEDURE" SUCCESS(P, U); "VALUE" P; "REAL" P, U;
SUCCESS:= ASELECT(U) <= P;

IIEOPII
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Random Bin 5.2.31

TITLE: Random Bin
AUTHOR: C. van Putten
INsTITUTE: Mathematical Centre
Recervep: 810101

BRIEF DESCRIPTION
The procedure generates a random number having a binomial distribution with
parameters N and P. (see general part of section 5.2).

KEYWORDS
Random binomial number

CALLING SEQUENCE

Heading

"INTEGER" "PROCEDURE" RANDOM BIN (N, P, U);
"WALUE" N, P;

"INTEGER" N;

"REAL" P, U;

"CODE" 41324;

Formal parameters ,

N:  <integer arithmetic expression>, first parameter of the binomial distri-
bution;

P:  <arithmetic expression>, second parameter of the binomial distribu-
tion;

U:  <real variable>, value used to generate a random number.

After a call of RANDOM BIN, U contains a new value which is used in the
next call of RANDOM BIN unless the program assigns a new value to U.
Conditions: N integer = 0, and0 < P < 1, 0<u <l

DATA AND RESULTS

The generated value is asssigned to the procedure indentifier RANDOM BIN.

The call TEST RANDOM(41324, N, P, U, 0, 0, 0) may yield the following error
messages: :

Errornumber 1 (if N is not an integer = 0)
Errornumber 2 (if P<0 or P>1)
Errornumber 3 (if u<o or u=1)

PROCEDURES USED
ASELECT STATAL 41308
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5.2.3.1 Random Bin

LANGUAGE
Algol 60

METHOD AND PERFORMANCE
See v. Putten & v.d. Tweel (1979).

REFERENCE

[1]. C. van Putten, I. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE

Program:

"BEGIN"” "INTEGER" I; "REAL" U;
U:= .1986;
"FOR" I:= 1 "STEP” 1 "UNTIL" 10 "DO"
OUTPUT(&1, “("ZD,/™)",
RANDOM BIN(100, .18, U));
IIENDII

Output:

SOURCE TEXT

"CODE" 41324;

"INTEGER" "PROCEDURE" RANDOM BIN(N, P, U);

"WALUE" N, P; "INTEGER” N; "REAL" P, U;

"IF" P = 0 "THEN" RANDOM BIN:= 0 “ELSE"

“IF" P = 1 "THEN" RANDOM BIN:= N "ELSE"

"BEGIN" "INTEGER" I, X; "REAL" LNQ; "BOOLEAN" B;
B:= P <= .5; LNQ:= LN("IF" B "THEN" 1 - P "ELSE" P);
I:= X:=0;
"FOR™ X:= X + ENTIER(LNCASELECT(U)) / LNQ@ + 1)
"WHILE" X <= N "DO" I:= I + 1;
RANDOM BIN:= "IF" B "THEN" I "ELSE" N - I;

“END" RANDOM BIN;

IIEOP"
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Random Binalias 523.2

TiT'LE: Random Binalias
AuUTHOR: B.F. Schriever
INSTITUTE: Mathematical Centre
RECEIVED: 810101

BRIEF DESCRIPTION

The procedure generates a random sample of size kK from a binomial distribu-
tion with parameters N and P, according to the Alias method (see general part
of section 5.2).

KEYWORDS
Random binomial sample by Alias method

CALLING SEQUENCE

Heading

"PROCEDURE" RANDOM BINALIAS (N, P, K, SAMPLE, U);
"VALUE" N, P, K;

"INTEGER" N, K;

"INTEGER" "ARRAY" SAMPLE;

"REAL" U, P;

"CODE" 41330;

Formal parameters

N: <integer arithmetic expression>, first parameter of the binomial
distribution;

P: < arithmetic expression>, second parameter of the binomial dis-
tribution;

K: <integer arithmetic expression>, length of the vector
SAMPLEL1:K1 and size of the sample;

SAMPLE: <integer array identifier™, output parameter, one dimensional
integer array [1:K] which at exit contains the sample;

u: <real variable>, value used to generate a random number.

After a call of RANDOM BINALIAS, U contains a new value which is
used in the next call of RANDOM BINALIAS unless the program
assigns a new value to u.

Conditions: N and K integers, N >0, K>0, 0<P<1,and 0 <U<1.

DATA AND RESULTS
After a procedure call, SAMPLEL1], .., SAMPLELK] contain the generated sample.
The call TEST RANDOM(41330, N, P, K, U, 0, 0) may yield the following error

messages:

Errornumber 1 (if N is not an integer >0)
Errornumber 2 (if P<0 or P=1)
Errornumber 3 (if K is not integer >0)
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5.2.3.2 Random Binalias

Errornumber 5 (if u<o or u=1)

PROCEDURES USED

ASELECT STATAL 41308
LOGGAMMA STATAL 40400
LANGUAGE

Algol 60

METHOD >AND PERFORMANCE
See Kronmal & Peterson (1979).

REFERENCE

1} R.A. Kronmal, A.N. Peterson jr.
On the Alias method for generating random variables from a discrete
distribution.
The American Statistician, 1979, p.

EXAMPLE OF USE

Program:

“BEGIN" "INTEGER" I; "REAL" U; :
"INTEGER" "ARRAY" SAMPLEL1 : 101;
U= .1986;
RANDOM BINALIASC100, .5, 10, SAMPLE, U);
OUTPUT(61,"("10¢ZD,2B),/")", SAMPLE)
I'END'I

Output:
53 49 57 38 45 57 55 41 48 43

SOURCE TEXT

"CODE" 41330;
"PROCEDURE" RANDOM BIN ALIAS ¢ N, P, SMPLSIZE, SAMPLE, U);
"VALUE" N, P, SMPLSIZE;
"INTEGER" "ARRAY" SAMPLE;
"INTEGER" N, SMPLSIZE;
"REAL" P, U;
"BEGIN" "INTEGER" "ARRAY" LLO : N1; "ARRAY" FLO : NI;
"REAL" Q, HLP, PM, ONE, R;
"INTEGER" I1, 12, 13, 14, I, J, MDS, V;
ONE:= .999999999;
Q:= (1 - P) / P; MDS:z= ENTIER((N + 1) * P);
FLMDS1:= HLP:= PM:=
EXPCLOGGAMMACN + 1) - LOGGAMMA(MDS + 1)
- LOGGAMMAC(N + 1 - MDS) - MDS * LN(Q) +
N % LNCT = P)) * (N + 1);
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Random Binalias 5.2.3.2

I1:= 12:= 13:= Il4:= MDS; _

"FOR" I:= MDS - 1 "STEP" -1 "UNTIL" O "DO"

"BEGIN" FLIJ:= HLP:= HLP * @ * (I + 1) / (N - I);
"IF" FLIJ < ONE "THEN"
"BEGIN" FLI2]:= FLI2] + FLI] - 1; LLI1:= I2;

"IF" FLI2] < ONE "THEN" I2:= I2 + 1

"END"
"ELSE" I1:= I2:= I

IIEND";

HLP:= PM;

"FOR™ I:= MDS + 1 "STEP" 1 "UNTIL" N "DO"

" "BEGIN" FLIJ:= HLP:=HLP * (N -1 + 1) / (I * Q);

“IF" FLIJ < ONE "THEN"
“BEGIN" FLI4J:= FLCI4] + FLI1 - 1; LL[IJ:= 14;
"IF" FLI4] < ONE "THEN" I4:= 14 - 1
"END"
"ELSE" I3:= I4:=1
IIEND";
I:= 11 - 1;
"FOR" I:= 1 + 1 "WHILE" I < I2 "DO"
"BEGIN" F[I21:= FLI2] + FLIJ - 1; LLI):= 12;
"IF" FLI2] < ONE "THEN" 12:= I2 + 1
"END"; ) .
=13+ 1;
"FOR" I:= I - 1 "WHILE" I > I4 "DO"
"BEGIN" FLCI41:= FLI4] + FLIJ - 1; LLIl:= 14;
"IF" FLI4] < ONE "THEN" -I4:= I4 - 1
IIEND";

N:= N + 1;
"FOR" I:= 1 "STEP" 1 "UNTIL" SMPLSIZE "DO"
"BEGIN" R:= ASELECT(U); R:= U * N; V:= ENTIER(R);
"IF" R < V + FLV] "THEN" SAMPLELI]:= V
"ELSE" SAMPLE[LI]:= LLV]
"END"

"END" RANDOM BIN ALIAS;
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5.2.33 Random Binalsors

TITLE * Random Binalsors
AUTHOR: B.F. Schriever
INsTITUTE: Mathematical Centre
REceIveD: 810101

BRIEF DESCRIPTION

The procedure generates a sorted sample of size K from a binomial distribution
with parameters N and P according to the Alias method. It is presented in a
histogram (see general part of section 5.2).

KEYWORDS
Sorted random binomial sample by Alias method

CALLING SEQUENCE

Heading

"PROCEDURE" RANDOM BINALSORS (N, P, K, SAMPLE, U);
"YALUE" N, P, K; '

"INTEGER" N,K;

"INTEGER" "ARRAY" SAMPLE;

"REAL" P, U;

"CODE" 41331;

Formal parameters

N: <integer arithmetic expression>, first parameter of the binomial
distribution;

P: <arithmetic expression>, second parameter of the binomial dis-
tribution;

K: <integer arithmetic expression>, size of the sample;

SAMPLE: <integer array identifier>, output parameter, integer array of
dimension [0:N] which at exit contains the histogram;

u: <real variable>, value used to generate a random number.

After a call of RANDOM BINALSORS, U contains a new value which is
used in the next call of RANDOM BINALSORS unless the program
assigns a new value to U.

Conditions: N and K integers, N=0, K>0, 0<P<1, and O<ux1.

DATA AND RESULTS ~

After a procedure call, SAMPLECI] contains the number of times the value I is
observed in the sample, 1=0,...,N.

The call TEST RANDOM(41331, N, P, K, U, 0, 0) may yield the following error
messages:

Errornumber 1 (if N is not an integer =>0)
Errornumber 2 (if P<0 or P=1)
Errornumber 3 (if K is not an integer >0)
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Random Binalsors 5.2.33

Errornumber 5 (if u<o or u=1)

PROCEDURES USED

ASELECT STATAL 41308
LOGGAMMA STATAL 40400
LANGUAGE

Algol 60

METHOD AND PERFORMANCE

See Kronmal & Peterson (1979).
REFERENCE

[11. R.A. Kronmal, A.V. Peterson jr.
On the Alias method for generating random variables from a discrete
distribution.
The American Statistican, 1979, p.

EXAMPLE OF USE

Program:

"BEGIN" "INTEGER" I; "REAL" U;
"INTEGER" "ARRAY" HISTLO : 10];
== .1986;
RANDOM BINALSORS(10, .5, 100, HIST, U);
“FOR"™ I:= 0 "STEP" 1 "UNTIL" 10 "DO"
OUTPUT(61,"("2(ZD,2B),/")", 1, HISTLI1)
"END"

OV ~NOUVMHMUWN=0
N
(-

-
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5.2.3.3 Random Binalsors

SOURCE TEXT

"CODE" 41331;
"PROCEDURE" RANDOM BIN ALSORS(N, P, SAMPLESIZE, SAMPLE, U);
"VALUE" N, P, SAMPLESIZE;
"INTEGER" "ARRAY" SAMPLE;
"INTEGER" N, SAMPLESIZE;
"REAL" P, U;
"“BEGIN" "INTEGER" "ARRAY" LLO : NJ; "ARRAY" FLO : N]1;
"REAL" Q, HLP, PM, ONE, R;
"INTEGER" 11, 12, 13, 14, I, J, MDS, V, M;
ONE:= .999999999; M:= N + 1;
Q:= (1 - P) / P; MDS:= ENTIER(M * P);
FCMDS]:= HLP:= PM:=
M * EXP(LOGGAMMA(M) -~ LOGGAMMA(MDS + 1)
- LOGGAMMA(M — MDS) - MDS * LN(Q) + N * LN(1 - P));
I1:= I2:= 13:= I4:= MDS; SAMPLELMDS]:= C;
“FOR" I:= MDS - 1 “STEP" -1 "UNTIL" 0 "'DO"
"BEGIN" FLIJ:= HLP:= HLP * Q # (I + 1) / (N - I);
SAMPLELI]:= 0;
"IF" HLP < ONE "THEN"
"BEGIN" R:= FL[I2]:= FLI2] + HLP - 1; LL[I]:= 12;
"IF" R < ONE "THEN" 12:= 12 + 1
HENDII
"ELSE" I1:= I2:= I
IIEND";
HLP:= PM;
"FOR™ I:= MDS + 1 "STEP" 1 "UNTIL" N "DO"
"BEGIN” FLIJ:= HLP:= HLP * (M - I) / (I * Q);
SAMPLELIJ:= 0;
"IF" HLP < ONE "THEN"
"BEGIN" R:s= FLI4J:= FLI4] + HLP - 1; LLIl:= 14;
"IF" R < ONE "THEN" I4:= 14 - 1
"END"
YELSE" 13:= I4:= 1
"END";
=11 -1
"FOR" I:= I + 1 "WHILE" I < I2 "DO"
"BEGIN" R:= FLI2]1:= FLI2]1 + FLI] - 1; LLI]:= I2;
"IF" R < ONE "THEN" I2:= I2 + 1
“END";
I1:= 13 + 1;
“FOR™ I:= I = 1 "WHILE” I > 14 "DO"
"BEGIN" R:= FLI4J:= FL[14] + FCIJ - 1; LLCIl:= 14;
"IF" R < ONE "THEN" I4:= I4 - 1
"END";
""COMMENT"” R TAKES ON ANOTHER MEANING;
"FOR" I:= 1 "STEP"™ 1 "UNTIL"™ SAMPLESIZE "DO"
"BEGIN" R:= ASELECT(U);
R:= U * K;
V:= ENTIER(R);
"IF" R € V + FLV] "THEN" SAMPLECV]1:= SAMPLELV] + 1
llELsEll
“BEGIN" J:= LLV]; SAMPLELJ]:= SAMPLELJ] + 1
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IIEND"
“END"
"END" RANDOM BIN ALSORS;
"EOP"

440



5234 Random Binhisto

TITLE:‘ * Random Binhisto
AUTHOR: C. van Putten
INsTITUTE: Mathematical Centre
RecEIveD: 810101

BRIEF DESCRIPTION

The procedure generates a sorted random sample of size K from a binomial
distribution with parameters N and P. It is presented in a histogram.

(see general part of section 5.2).

KEYWORDS
Sorted random binomial sample

CALLING SEQUENCE

Heading

“PROCEDURE"” RANDOM BINHISTO ( N, P, SAMPLE, K, U);
"VALUE" N, P, K; ‘

"INTEGER" N, K;

"INTEGER" "ARRAY" SAMPLE;

"REAL" P, U;

"CODE" 41332;

Formal parameters

N: <integer arithmetic expression>, first parameter of the binomial
distribution;

P: < arithmetic expression>, second parameter of the binomial dis-
tribution;

K: <integer arithmetic expression>, size of the sample;

SAMPLE: <integer array identifier>, output parameter; integer array of
dimension [0:N] wich at exit contains the histogram;

u: <real variable>, value used to generate a random number.

After a call of RANDOM BINHISTO, U contains a new value which is
used in the next call of RANDOM BINHISTO unless the program
assigns a new value to u.

Conditions: N and K integers, N =0, K>0, 0<P<1, and O<u<1.

DATA AND RESULTS

After a procedure call, SAMPLEL1] contains the number of times the value I is
observed in the sample, 1=0,...,N.

The call TEST RANDOM(41332, N, P, K, U, 0, 0) may yield the following error
messages:

Errornumber 1 (if N is not an integer >0)
Errornumber 2 (if P<0 or P=1)
Errornumber 4 (if K is not an integer >0)
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Errornumber 5 (if u<0 or u=1)
PROCEDURES USED

ASELECT STATAL 41308
LANGUAGE

Algol 60

METHOD AND PERFORMANCE
See v. Putten & van der Tweel (1979).

REFERENCE

1. C. van Putten, 1. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE

Program:

"BEGIN" "INTEGER" I; "REAL" U;
"INTEGER" "ARRAY" HISTLO : 10]1;
U:= .1986; :
RANDOM BINHISTO(10, .5, HIST, 100, U);
"FOR" I:= 0 "STEP" 1 "UNTIL" 10 "DO"
OUTPUT(61,"("2(ZD,2B),/")", I, HISTLI1)
"END"

Output:

OVO~NOUVMHAWN=0
nN
(-3

-
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SOURCE TEXT

"CODE" 41332;

"PROCEDURE" RANDOM BIN HISTO(N, P, SAMPLE, SIZE, U);

"VALUE" N, P, SIZE;

"INTEGER" N, SIZE;

"REAL" P, U; :

"INTEGER" "ARRAY" SAMPLE;

"BEGIN" "INTEGER" I, M, COUNT;
"REAL" PROB, SUMPROB, Q, S, LN P DIV Q, R, T, LN PROB;
"BOOLEAN" REVERSED;

REVERSED:= P > .5;
"IF" REVERSED "THEN" "BEGIN" Q:= P; P:= 1 - P "END"
“ELSE" Q:= 1 - P;
LN P DIV Q:= LN(P / Q); T:= 0; LN PROB:= N * LN(Q);
SUMPROB:= PROB:= EXP(LN PROB); S:= 1 -~ PROB;
:= LN(S); I:= COUNT:= 0;
"FOR" M:= SIZE "STEP" -1 "UNTIL" 1 "DO"
"BEGIN" T:= T + LN(ASELECT(U)) / M;
L:"IF" T > R "THEN" COUNT:= COUNT + 1
"ELSE"
"IF" I < N - 1 "THEN"
"BEGIN"
SAMPLEL"IF" REVERSED "THEN" N - I "ELSE" I1]:=
COUNT;
COUNT:=0; I:=1 + 1;
LN PROB:= LN PROB + LN P DIV Q +
IN(CN-T+1)/71);
SUMPROB:= SUMPROB + EXP(LN PROB);
S:= 1 = SUMPROB;
R:= LN(S); "GOTO" L
"END"
"ELsEll
"BEGIN" "IF" REVERSED "THEN"
"BEGIN" SAMPLEL[1]:= COUNT; SAMPLELOJ:= M "END"
"ELSE"
"BEGIN" SAMPLELN - 1J:= COUNT;
SAMPLEIN]:= M
IIEND";
"GOTO" OUT
"END"
"END";
SAMPLEL"IF" REVERSED "THEN" N - I "ELSE" IJ:= COUNT;
"IF" REVERSED "THEN"
"BEGIN" "FOR™ I:= I + 1 "STEP" 1 "UNTIL" N "DO"
SAMPLELN - IJ:= 0
"END"
"ELSE" "FOR" I:= 1 + 1 "STEP" 1 "UNTIL" N "DO"
SAMPLELI11:=0;
0UT: ’
"END" RANDOM BIN HISTO;
"EOP"
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Random Geometric 5.2.4.1

'I"ITLE: Random Geometric
AUTHOR: C. van Putten
INsTITUTE: Mathematical Centre
RECEIVED: 810101

BRIEF DESCRIPTION
The procedure generates a random number having a geometric distribution
with parameter P.

KEYWORDS
Random geometric number

CALLING SEQUENCE

Heading

"INTEGER" "PROCEDURE" RANDOM GEOMETRIC (P, U);
"WALUE" P;

"REAL" P, U;

"CODE" 41323;

Formal parameters
P:  <arithmetic expression>, parameter of the geometric distribution;
U:  <real variable>, value used to generate a random number.

After a call of RANDOM GEOMETRIC, U contains a new value which is used
in the next call of RANDOM GEOMETRIC unless the program assigns a new
value to u.

Conditions: 0<P<1 and 0<uU «1.

DATA AND RESULTS
The generated value is assigned to the procedure identifier RANDOM GEOMETRIC.
The call TEST RANDOM(41323, P, U, 0, 0, 0, 0) may yield the following error

messages:
Errornumber 1 (if P< or P>1)
Errornumber 2 (if u<o or u=1)

PROCEDURES USED
ASELECT STATAL 41308

LANGUAGE
Algol 60
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5.2.4.1 Random Geometric

METHOD AND PERFORMANCE :

If p<1, the generated value is equal to ENTIERCLN(D)/LNC1—P)+1), where D is
a random number which is uniformly distributed on (0,1].

If p=1, The generated value equals 1. See v. Putten & v.d. Tweel (1979).

REFERENCE :

11 C. van Putten, I. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE

Program:

"BEGIN" "INTEGER" I; "REAL" U;
= .1986;
"FOR" I:= 1 "STEP" 1 "UNTIL" 10 "DpO"
OUTPUT(61, "("ZD,/™)",
RANDOM GEOMETRIC(0.5, U));
"END" . .

°
H

NN == NN = UL -

SOURCE TEXT

"CODE" 41323;

"INTEGER" "PROCEDURE" RANDOM GEOMETRIC(P, U);
"VALUE" P; "REAL" P, U;

RANDOM GEOMETRIC:= "IF" P = 1 "THEN" 1 "ELSE"

ENTIER(LNCASELECT(U)) / LNC1 - P) + 1);
"EOP"
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Random Sthyperg 5251

'I:ITLE: - Random Sthyperg
AUTHOR: C. van Putten
INsTITUTE: Mathematical Centre
RECEIVED: 810101

BRIEF DESCRIPTION

The procedure generates a random number having a hypergeometric distribu-
tion with parameters N,R and NN. It is assumed that the parameters are stand-
ardized; i.e. N <R < NN—R < NN—N < NN.

KEYWORDS
Random standardized hypergeometric number.

CALLING SEQUENCE

Heading

"INTEGER" "PROCEDURE" RANDOM STHYPERG (N, R, NN, U);

"VALUE" N, R, NN;

"INTEGER" N, R, NN;

"REAL" U;

"CODE" 41316;

Formal parameters

N <integer arithmetic expression>, first parameter of the hypergeometric
distribution, the size of the sample taken from the population;

R:  <integer arithmetic expression>, second parameter of the hyper-
geometric ditribution, the number of elements in the population with a
given property;

NN <integer arithmetic expression>, third parameter of the hypergeometric
distribution, the number of elements in the population;

U:  <real variable>, value used to generate a random number.
After a call of RANDOM STHYPERG, U contains a new value which is used in
the next call of RANDOM STHYPERG unless the program assigns a new value
to u.

Conditions: N,R,NN integers >0,N<R< NN—R< NN—N<NN, and 0<u<1.

DATA AND RESULTS

The generated value is assigned to the procedure identifier RANDOM STHYPERG.
The call TEST RANDOM(41316, N, R, NN, U, 0, 0) may yield the following error
messages:

Errornumber 1 (if N is not an integer >0)
Errornumber 2 (if R is not an integer >0)
Errornumber 3 (if NN is not an integer >0)
Errornumber 4 (if u<o or u=1)
Errornumber 5 (if N>R or R>NN—R)
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5251 Random Sthyperg

PROCEDURES USED
ASELECT STATAL 41308

PROCEDURES USED
Algol 60

METHOD AND PERFORMANCE
See v. Putten & van der Tweel (1979).

REFERENCE

[1].  C.van Putten, L van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE

Program:

"BEGIN" "INTEGER" I; "REAL" U;
:= .1986;
"FOR" I:= 1 “STEP" 1 "UNTIL" 10 “DO"
OUTPUT(61, "("2ZD,/")", RANDOM STHYPERG(10, 15, 50, U));
"END" -

g
R

WS BPWHrE=2PNDDWW

SOURCE TEXT

"CODE" 41316;
“INTEGER" "PROCEDURE" RANDOM STHYPERG(N, R, NN, U);
"VALUE" N, R, NN; "INTEGER" N, R, NN; "REAL" U;
"BEGIN" "INTEGER" A, I;
:=0;
"FOR™ I:= 1 "STEP" 1 "UNTIL" N "DO"
"BEGIN" "IF" ASELECT (U) * NN <= R "THEN"
"BEGIN" A:= A + 1; R:= R - 1 "END";
NN:= NN - 1;
"IF" R = NN "THEN"
"BEGIN" A:= A + N - I; "GOTO" OUT "END"

447



Random Sthyperg 5.2.5.1

"END";
OUT: RANDOM STHYPERG:= A

"END" RANDOM STHYPERG;
"EOP"

448



5.25.2 Random Hyperg

TITI.E:‘ * Random Hyperg
AuTHOR: C. van Putten
INsTITUTE: Mathematical Centre
RECEIVED: 810101

BRIEF DESCRIPTION
The procedure generates a random number having a hypergeometric distribu-
tion with parameters N, R and NN.

KEYWORDS
Random hypergeometric number

CALLING SEQUENCE

Heading

"UINTEGER" "PROCEDURE™ RANDOM HYPERG (N, R, NN, U);
"VALUE" N, R, NN;

"INTEGER" N, R, NN;

"REAL" U;

"CODE" 41317;

Formal parameters _

N:  <integer arithmetic expression>, first parameter of the hypergeometric
distribution, the size of the sample taken from the population;

R:  <integer arithmetic expression>>, second parameter of the hyper-
geometric distribution, the number of elements in the population with a
given property;

NN:  <integer arithmetic expression>, third parameter of the distribution,
the number of elements in the population;

u: <real variable>>, value used to generate a random number.
After a call of RANDOM HYPERG, U contains a new value which is used in
the next call of RANDOM HYPERG unless the program assigns a new value to
u.

Conditions: N, R, NN integers > 0, N << NN, R<NN, and 0<u<1.

DATA AND RESULTS

The generated value is assigned to the procedure identifier RANDOM HYPERG.

The call TEST RANDOM(41317, N, R, NN, U, 0, 0) may yield the following error
messages:

Errornumber 1 (if N > NN or not an integer >0)
Errornumber 2 (if R > NN or not an integer >0)
Errornumber 3 (if NN is not an integer >0)
Errornumber 4 - (if u<o or u=1)
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PROCEDURES USED
ASELECT STATAL 41308

LANGUAGE
Algol 60

METHOD AND PERFORMANCE
After interchanging the roles of N, R, NN—N and NN—R, the same method as in
section 5.2.5.1 is applied; see v. Putten & v.d. Tweel (1979).

REFERENCE

1] C. van Putten, I. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE

Program:

"BEGIN" "INTEGER" I; "REAL" U;

U:= .1986;

"“FOR" I:= 1 "STEP" 1 "UNTIL" 10 "DO"

OUTPUT(61, "("2ZD,/")", RANDOM HYPERG(18, 12, 60, U));
"END"

Output:

WHPrVTVTUHBSANNWS
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5252 Random Hyperg

SOURCE TEXT

"CODE" 41317;
"INTEGER" "PROCEDURE" RANDOM HYPERG(N, R, NN, U);
"VALUE" N, R, NN; "INTEGER" N, R, NN; "REAL" U;
"BEGIN" "INTEGER" AUX, A, I, NN1;

"BOOLEAN" CHROW, CHCOL, BAUX;

"COMMENT" CHROW EN CHCOL INDICATE WHICH INTERCHANGES
ARE REQUIRED TO GET THE A TOP LEFT IN THE
. 2 X 2 - TABLE ;
CHROW:= CHCOL:= "FALSE"; A:= 0; NN1:= NN;
"IF" N % 2 > NN "THEN"
"BEGIN" N:= NN - N; CHROW:= "TRUE" "END";
"IF" R * 2 > NN "THEN"
"BEGIN" R:= NN - R; CHCOL:= "TRUE" "END";
"IF" N > R "THEN"
"BEGIN" AUX:= N; N:= R; R:= AUX;
BAUX:= CHROW; CHROW:= CHCOL; CHCOL:= BAUX;
"END";

"FOR™ I:= 1 "STEP" 1 "UNTIL" N "DO"

"BEGIN" "IF" ASELECT(U) * NN <= R "THEN"
"BEGIN" A:= A + 1; R:= R - 1 "END";
NN:z= NN - 1;
"IF" R = NN "THEN"
"BEGIN” A:= A+ N-I; R:=R+1I~-N;

"GOTO" OUT
IIENDII
"END";

""COMMENT" R CONTAINS THE NUMBER OF RED BALLS OUTSIDE
THE SAMPLE ;
ouT:
"IF" CHROW "THEN" "BEGIN" A:= R; N:= NN1 - N "END";
RANDOM HYPERG:= "IF" CHCOL "THEN" N - A "ELSE" A

"END" RANDOM HYPERG;
"EOP"
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'I:ITLE: Random Negbin
AuTHOR: C. van Putten
INsTITUTE: Mathematical Centre
RECEIVED: 810101

BRIEF DESCRIPTION
The procedure generates a random number having a negative binomial distri-
bution with parameters K and P.

KEYWORDS
Random negative binomial number.

CALLING SEQUENCE

Heading

"INTEGER" "PROCEDURE" RANDOM NEGBIN (K, P, U);
"VALUE" K, P;

"INTEGER" K; -

"REAL" P, U;

"CODE™ 41325;

Formal parameters )

K:  <integer arithmetic expression>, first parameter of the negative bino-
mial distribution, required number of successes;

P:  <arithmetic expression>>, second parameter of the negative binomial
distribution, the probability of success in a single experiment;

U:  <real variable>, value used to generate a random number.

After a call of RANDOM NEGBIN, U contains a new value which is used in
the next call of RANDOM NEGBIN unless the program assigns a new value to
u.

Conditions: K integer >0,0<P <1, and 0<u<1.

DATA AND RESULTS

The generated value is assigned to the procedure identifier RANDOM NEGBIN.

The call TEST RANDOM(41325, K, P, U, 0, 0, 0) may yield the following error
messages:

Errornumber 1 (if K is not an integer >0)
Errornumber 2 (if P<0 or P>1)
Errornumber 3 (if u<o or u=1)

PROCEDURES USED
ASELECT STATAL 41308
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5.2.6.1 Random Negbin

LANGUAGE
Algol 60

METHOD AND PERFORMANCE
The generated value is equal to the sum of K independent random geometric
numbers (section 5.2.4.1.); see v. Putten & v.d. Tweel (1979)

REFERENCE

(11 C. van Putten, 1. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE

Program:

"BEGIN" "INTEGER" I; “REAL" U;
:= .1986;
"FOR" I:= 1 "STEP" 1 "UNTIL" 10 "DO"
OUTPUT(61, "("ZD,/'")",
RANDOM NEGBIN(10, .5, U));
IIEND"

Output:

SOURCE TEXT

"'CODE" 41325;
"INTEGER" "PROCEDURE" RANDOM NEGBIN (K, P, U);
"VALUE" K, P; "INTEGER" K; "REAL" P, U;
"BEGIN" "IF" P = 1 "THEN" RANDOM NEGBIN:= K "ELSE"
"BEGIN" "INTEGER" I, S; "REAL" LNQ;
LNQ:= LNC(1 - P); S:= K;
"FOR" I:= 1 "STEP" 1 "UNTIL" K "DO"
§:= § + ENTIER(LNCASELECT(U)) / LNQ);
RANDOM NEGBIN:= §
"END"
"END" RANDOM NEGBIN;
"EOP"
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Random Pois 5.2.7.1

m: - Random Pois
AUTHOR: J.G. Bethlehem
INSTITUTE: Mathematical Centre
RECEIVED: 750219

BRIEF DESCRIPTION
The procedure generates a random number having a Poisson distribution with
parameter MU<700 (see general part part of section 5.2).

KEYWORDS
Random Poisson number

CALLING SEQUENCE

Heading

"INTEGER" "PROCEDURE" RANDOM POIS (MU, U);
"VALUE" MU;

"REAL" MU, U; -

"CODE" 41305;

Formal parameters
Mu:  <arithmetic expression>, parameter of the Poisson distribution;
u:  <real variable>, value used to generate a random number.

After a call of RANDOM POIS, U contains a new value which is used in the
next call of RANDOM POIS unless the program assigns a new value to U.

Conditions: 0<MU<700.
DATA AND RESULTS

The generated value is assigned to the procedure identifier RANDOM POIS.
The call TEST RANDOM(41305, MU, U, 0, 0, 0, 0) may yield the following error

messages:
Errornumber 1 (if MU<0 or MU>700)
Errornumber 2 (if u<o or u=1)

PROCEDURES USED
ASELECT STATAL 41308

LANGUAGE
Algol 60
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5.2.71 Random Pois

METHOD AND PERFORMANCE

The generated value is the smallest integer for which the cumulative distribu-
tion function of the Poisson distribution with parameter MU is greater than or
equal to a random number b having a uniform distribution on the interval (0,
1).

See v. Putten & v.d. Tweel (1979).

In order to avoid overflow Mu is restricted to Mu<700.

REFERENCE

[1]. C. van Putten, 1. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE

Program:

"BEGIN" "INTEGER" I; "REAL" U;
Us= .1986;
"FOR" I:=1 "STEP" 1 "UNTIL" 10 "DO"
OUTPUT(61, "("ZD,/™)", RANDOM POIS(5, U))
IIENDII -

Output:

SRSV FO=~

SOURCE TEXT

"CODE" 41305;
"INTEGER" "PROCEDURE" RANDOM POIS(MU, U); "VALUE" MU;
"REAL" MU, U;
"BEGIN" "INTEGER" I; "REAL" SUM, TERM, W;
ASELECT(U); "IF" U = 0 "THEN" ASELECT(U);
W:= U * EXP(MU); SUM:= TERM:= 1; I:= 0;
"FOR" I:= I + 1 "WHILE"™ SUM < W "DO"
"BEGIN" TERM:= TERM * MU / I; SUM:= SUM + TERM "END";
RANDOM POIS:=1I - 1
"END" RANDOM POIS;
"EOP"
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Random Poistab 5.2.7.2

'I"ITLE: Random Poistab
AUTHOR: B.F. Schriever
INsTITUTE: Mathematical Centre
RECEIVED: 800429

BRIEF DESCRIPTION

The procedure generates a random number having a Poisson distribution with
parameter MU<256, using a table search method. (see general part of section
5.2).

KEYWORDS
Random Poisson number by table search method.

CALLING SEQUENCE

Heading

"INTEGER" "PROCEDURE" RANDOM POISTAB (MU, U);
"VALUE" MU; ‘

"REAL" MU, U;

"CODE" 41326;

Formal parameters :
MU:  <arithmetic expression>, expectation of the Poisson distribution;
U:  <real variable>, value used to generate a random number.

After a call of RANDOM POISTAB, U contains a new value which is used in
the next call of RANDOM POISTAB unless the program assigns a new value
to u.

Conditions: 0<Mu<256, and 0<U<1.

DATA AND RESULTS
The generated value is assigned to the procedure identifier RANDOM POISTAB.
The call TEST RANDOM(41326, MW, U, 0, 0, 0, 0) may yield the following error

messages:
Errornumber 1 (if Mu< or MU=256)
Errornumber 2 (if u<o or u=1)

PROCEDURES USED
ASELECT STATAL 41308

LANGUAGE
Algol 60
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5272 Random Poistab

METHOD AND PERFORMANCE :

The parameter Mmu is decomposed according to MU=3;bi*2'+R, where b;
10,1} and 0<R<2. For each i such that b;=1, a realisation from a Poisson
distribution with expectation 2' is generated using a table. If R>0, a random
number having a Poisson distribution with expectation R is generated by the
multiplication method (c.f. section 5.2.7.1).

The sum of all these random numbers is assigned to the procedure identifier.
(see v. Putten & v.d. Tweel, 1979).

REFERENCE

[1]. C. van Putten, 1. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE
Program:

"BEGIN" "INTEGER" I; "REAL" U;
Uz= .1986;
"FOR" I:= 1 "STEP" 1 "UNTIL" 10 "DO"
OUTPUT(61, "("ZD,/™)",
RANDOM POISTAB(10, U));
IIENDII

Output:
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SOURCE TEXT

"CODE" 41326;
"INTEGER" "PROCEDURE" RANDOM POIS TAB(MU, U);
"VALUE" MU; "REAL" MU, U;
"BEGIN"
"ARRAY" TABL1 : 2351; "INTEGER" §;

"INTEGER" "PROCEDURE" POISS MUL(MU, U); "REAL" MU, U;
"BEGIN" "INTEGER" N; "REAL" P;

N:= -2; P:= EXP(MU);

“FOR" N:= N + 1 "WHILE" P > 1

"DO" P:= P * ASELECT(U);

POISS MUL:= N
"END" POISS MUL;

"INTEGER"” "PROCEDURE"
POISS TAB(MU, FIRST, LAST, INDEXMU);
"INTEGER" MU, FIRST, LAST, INDEXMU;
"BEGIN" "INTEGER" N; "REAL" V, P, CUMPROB;
V:= ASELECT(U);
"IF" V <= TABLINDEXMU - 11 "THEN"
"BEGIN" N:= INDEXMU;
"FOR" N:= N - 1 "WHILE" V <= TABLN - 1]
"AND" N > FIRST + 1 "DO";
"IF" N > FIRST + 1 "THEN"
POISS TAB:= MU - INDEXMU + N
"ELSE"
"BEGIN" P:= TABLFIRSTI];
CUMPROB:= TABLFIRST + 11 - P;
:= MU - INDEXMU + FIRST + 2;
"FOR" N:= N - 1
"WHILE" V <= CUMPROB "AND" N > O "DO"
"BEGIN" P:= P * N / MU;
CUMPROB:= CUMPROB - P

IIEND";
POISS TAB:= N
"ENDI'
”END"
"ELSE"

"BEGIN" N:z= INDEXMU - 1;
"FOR™ N:= N + 1
"WHILE" V > TABLN] "AND" N < LAST "DO";
“IF" N < LAST "THEN"
POISS TAB:= MU - INDEXMU + N
"ELSE"
"BEGIN" P:= TABLLASTI1; CUMPROB:= TABLLAST - 1];
N:= MU - INDEXMU + LAST - 2;
"FOR" N:= N + 1
"WHILE" V > CUMPROB "AND" N < 500 "p0"
"BEGIN" P:= MU * P / (N + 1);
CUMPROB:= CUMPROB + P
IIENDII;
POISS TAB:= N
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"END“
IIENDII;

"END" POISS TAB;

§:=0;

"IF" MU >= 128

"BEGIN"
TABL1641:
TABL1651:
TABL1661:
TABL1671:
TABL1681:
TABL169]:
TABL1701:
TABL1711:
TABL172]1:
TABL173]:
TABL174]:
TABL1751:
TABL1761:
TABL1771:
TABL178]:
TABL1791:
TABL1801:
TABL1811:
TABL182]:
TABL1831:
TABL1841:
TABL185]1:
TABL1861:
TABL1871:
TABL1881]:
TABL189]1:
TABL1901:
TABL[1911:
TABL1921:
TABL193]:
TABL1941:
TABL195]1:
TABL196]1:
TABL1971:
TABL1981:
TABL199]:
TABL2001
TABL201]
TABL2021:
TABL2031:
TABL2041:
TABL205]:
TABL2061:
TABL207]:
TABL208]:
TABL2091:
TABL2101:=

"TH ENII

+3.8120098644196"-004;
+1.3778499806580"-003;
+1.8861179625800"-003;
+2.5568221036718"-003;
+3.4328438389742"-003;
+4.5654780017880"-003;
+6.0152497301878"-003;
+7.8525841978626"-003;
+1.0158258823963"-002;
+1.3023563213680"-002;
+1.6550091693334"-002;
+2.0849097839967"'-002;
+2.6040350545319""-002;
+3.2250447239579"-002;
+3.9610561840180"-002;
+4.8253632196854"-002;
+5.8311023157355"-002;
+6.9908735255956"-002;
+8.3163263368645"-002;
+9.8177242115765"-002;
+1.1503504281428"-001;
+1.3379850793956"-001;
+1.5450302118123"-001;
+1.7715411259094"-001;
+2.0172478801841"-001;
+2.2815374982277""-001;
+2.5634464241404"-001;
+2.8616641308912"-001;
+3.1745482822364"-001;
+3.5001513015227"-001;
+3.8362576440121"-001;
+4.1804305387204"-001;
+4.5300664952492"-001;
+4.8824554908055"-001;
+5.2348444863617"-001;
+5.5845017842780"-001;
+5.9287797391494"-001;
+6.2651734660467"-001;
+6.5913734436441"-001;
+6.9053102641889"-001;
+7.2051902121720"-001;
+7.4895208295190"-001;
+7.7571261164337"-001;
+8.0071514939891"-001;
+8.2390590905622"-001;
+8.4526142874066"-001;
+8.6478647530928"-001;

Random Poistab
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TABL2111
TABL212]
TABL2131:
TABL2141:
TABL2151:
TABL2161:
TABL2171:
TABL2181:
TABL2191:
TABL2201:
TABL[2211:
TABL2221:
TABL2231:
TABL2241:
TABL2251:
TABL2261:
TABL2271:
TAB[2281:
TABL2291:
TABL2301:
TABL2311:
TAB[2321:
TAB[2331:
TABL2341:
TABL2351:

:= § + POISS TAB (128,164,235,198); MU := MU - 128

IIENDII;

+8.8251134027939"~001;
+8.9848868335102"-001;
+9.1279008134522"~001;
+9.2550243511782"-001;
+9.3672437499986"-001;
+9.4656278804712"~001;
+9.5512956947603"-001;
+9.6253867773887"-001;
+9.6890354926668"-001;
+9.7433490630374"-001;
+9.7893897054709"-001;
+9.8281607727832"-001;
+9.8605966983778"-001;
+9.8875564287422"-001;
+9.9098199480108"-001;
+9.9280874510004"~001;
+9.9429807018454"-001;
+9.9550461202516"-001;
+9.9647591614842"-001;
+9.9725295944702"-001;
+9.9787073300120"-001;
+9.9835885037734"-001;
+9.9874215727394"-001;
+9.9904132363226"-001;
+2.9916635832062"-004 ;

"IF" MU >= 64 "THEN"

"BEGIN"
TABL112]1:
TABL113]3:
TABL1141:
TABL1151]:
TABL116]1:
TABL1171:
"TABL1181:
TABL1191:
TABL1201:
TABL1211:
TABL122]:
TABL1231]:
TABL1241]:
TABL125]:
TABL1261:
TABL127]:
TABL1281:
TABL129]1:
TABL1301:
TABL1311:
TABL1321:
TABL1331:
TABL1341]:
TABL1351:
TABL1361:

+5.4212965801156"-004;
+1.4170798450894"-003;
+2.2431821811069"-003;
+3.4727298440162"-003;
+5.2611628082474"-003;
+7.8047119129324"-003;
+1.1343562841191"-002;
+1.6162423679673"-002;
+2.2587571464318"-002;
+3.0979601223857"-002;
+4.1721399316074"-002;
+5.5201302804350"-002;
+7.1791953251461"-002;
+9.1825946244196"-002;
+1.1556993793930"-001;
+1.4319931009360"-001 ;
+1.7477573541280"-001;
+2.1022996735015"~001;
+2.4935187845342"-001;
+2.9178920575189"-001;
+3.3705568820359"~-001;
+3.8454839110379"-001;
+4.3357311667811"-001;
+4.8337601249961"-001;
+5.3317890832110"-001;

5272



5272 Random Poistab

" TABL1371:= +5.8221560574534"-001; .
TABL138]:= +6.2976634264158"-001;
TABL1391:= +6.7518794206484"-001;
TABL1401:= +7.1793768269851"-001;
TABL1411:= +7.5758961603988"-001;
TABL142]:= +7.9384281223770"-001;
TABL1431:= +8.2652174965546"-001;
TABL1441:= +8.5556969402680"-001;
TABL1451:= +8.8103638498250"-001;
TABL1461:= +9.0306163121444"-001;
_TABL1471:= +9.2185650799904"-001;
TABL148]:= +9.3768377265976"-001;
TABL1491:= +9.5083890172840"-001;
TABL1501:= +9.6163285378473"~001;
TABL151]:= +9.7037732127340"-001;
TABL152]:= +9.7737289526433"-001;
TABL153]1:= +9.8290026236828"~001;
TABL1541:= +9.8721430498600"-001;
TABL155]:= +9.9054079567918"-001;
TABL1561:= +9.9307526477874"-001;
TABL157]:= +9.9498357092430"-001;
TABL1581:= +9.9640370573030"-001;
TABL1591:= +9.9744840259906"-001;
TABL160]:= +9.9820818214000"-001;

TABL161]:= +9.9875454046156"-001;
TABL1621:= +9.9914306193467"-001;
TABL163]:= +3.8852147311420"~004;
:= § + POISS TAB (64,112,163,136); MU := MU - 64

"END";

"IF" MU >= 32 "THEN"

"BEGIN"
TABL 74]:= +7.3173973442918"-004;
TABL 751:= +1.3916672870287"-003;
TABL 761:= +2.7690597283076"-003;
TABL 771:= +5.2177574016927"-003;
TABL 781:= +9.3418797989703"-003;
TABL 791:= +1.5940475634614"-002;
TABL 801:= +2.5995478812736"-002;
TABL 81]:= +4.0620937980915"-002;
TABL 82]:= +6.0969402910554"-002;
TABL 83]1:= +8.8100689483409"-002;
TABL 841:= +1.2282873629667"-001;
TABL 85]:= +1.6557094775913"-001;
TABL 861:= +2.1622838356649"-001;
TABL 871:= +2.7412259591775"-001;
TABL 88]:= +3.3800586471912"-001;
TABL 891:= +4.0614801810724"-001;
TABL 901:= +4.7648830547560"-001;
TABL 911:= +5.4682859284397"-001;
TABL 92]:= +6.1503735635269"-001;
TABL 93]1:= +6.7923383965502"-001;
TABL 941:= +7.3792776724572"-001;
TABL 951:= +7.9010014732632"-001;
TABL 961:= +8.3522220577444"-001;
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- TABL 971:
TABL 981:
TABL 991:
TABL1001:
TABL1011]:
TABL102]:
TABL1031:
TABL104]:
TABL1051:
TABL1061]:
TABL1071:
TABL1081:
TABL1091:

TABL110]1:=
TABL111]1:=
§:= § + POISS TAB (32,74,111,91);

"END";

+8.7321972867810"-001;
+9.0439718336828"~001;
+9.2933914712043"-001;
+9.4880604565870"-001;
+9.6363796835452"-001;
+9.7467567826769"-001;
+9.8270310365908"~001;
+9.8841149504852"-001;
+9.9238254992812"-001;
+9.9508624686743"-001;
+9.9688871149363"-001;
+9.9806583124952"-001;
+9.9881918789330"-001;
+9.9929188225802"-001;
+4.7269436471777"-004;

"IF" MU >= 16 "THEN"

"BEGIN"
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABC
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TaABL

461
473
481:
49]:
501:
517:
521:
531:
54]:
551:
561:
571:
581:
591:
601:
611:
621:
631:
64]:
651:
661:
671:
681:
691:
701:
71]:=
72]1:=
73]:=

+9.8334736138684"-004;
+1.3837850247629"-003;
+4.0060446551275"-003;
+9.9997809531040"-003;
+2.1987253549056"-002;
+4.3298315941861"-002;
+7.7396015770348"-002;
+1.2699267006634"~001;
+1.9312154246098"-001;
+2.7451092386977"-001;
+3.6752735976553"~001;
+4.6674489138768"-001;
+5.6596242300982"-001;
+6.5934362924244"-001;
+7.4234914589364"-001;
+8.1224852833677"~001;
+8.6816803429126"-001;
+9.1077337216136"-001;
+9.4175907243052"~001;
+9.6331434218297"-001;
+9.7768452201794"-001;
+9.8688143711232"-001;
+9.9254107717040"-001;
+9.9589493794557"-001;
+9.9781142981709"-001;
+9.9886880464275"-001;
+9.9943273788310"-001;
+5.6393324035520"-004;

MU == MU - 32

§:= § + POISS TAB (16,46,73,58); MU := MU - 16

"END";

"IF" MU >= 8 "THEN"

"BEGIN"
TABL
TABL
TABL

261:

271:=
28]:=

+2.6837010232201"-003;
+3.0191636511226"-003;
+1.3753967744003"-002;
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. TABL 291:= +4.2380111991685"-002; -
TABL 30]:= +9.9632400487048"-002;
TABL 311:= +1.9123606207963"-001;
TABL 32]1:= +3.1337427753641"-001;
TABL 331:= +4.5296080948703"-001;
TABL 34]:= +5.9254734143764"-001;
TABL 35]:= +7.1662425872706"-001;
TABL 361:= +8.1588579255860"-001;
TABL 37]:= +8.8807599898154"-001;
TABL 38]:= +9.3620280326350"-001;
TABL 391:= +9.6581929820625"-001;
TABL 40]:= +9.8274300960210"-001;
TABL 411:= +9.9176898901322"-001;
TABL 421:= +9.9628197871878"-001;

TABL 43]1:= +9.9840573858022"-001;
TABL 441:= +9.9934963185198"-001;
TABL 451:= +9.4389327175133"-004;
§:= § + POISS TAB (8,26,45,34); MU := MU - 8

"END";

"IF" MU >= 4 "THEN"

"BEGIN"
TABL 12]:= +1.8315638888734"-002;
TABL 131:= +1.8315638888734"-002;
TABL 141:= +9.1578194443672"-002;
TABL 15J:= +2.3810330555355"~001;
TABL 161:= +4.3347012036671"-001;
TABL 17]:= +6.2883693517987"-001;
TABL 18]:= +7.8513038703040"-001;
TABL 197:= +8.8932602159742"-001;
TABL 201:= +9.4886638420715"-001;
TABL 21]:= +9.7863656551200"-001;
TABL 221:= +9.9186775720306"-001;
TABL 23]:= +9.9716023387948"-001;

TABL 241:= +9.9908477085272"-001;
TABL 251:= +1.9245369732436"-003;
1= § + POISS TAB (4,12,25,17); MU := MU - &

"END";

"IF" MU >= 2 "THEN"

"BEGIN"
TABL 1J:= +1.3533528323661"-001;
TABL 2]:= +1.3533528323661"-001;
TABL 31:= +4.0600584970984"-001;
TABL 4]:= +6.7667641618306"-001;
TABL 5]:= +8.5712346049856"-001;
TABL 61:= +9.4734698265630"-001;
TABL 7]:= +9.8343639151939"-001;
TABL 8]:= +9.9546619447376"-001;
TABL 91:= +9.9890328103215"-001;
TABL 101:= +9.9976255267175"-001;

TABL 111:= +8.5927163959755"-004;
:= § + POISS TAB (2,1,11,4); MU := MU - 2
"END";
"IF" MU > O "THEN" S:= § + POISS MUL ( HU,U );
FINISH: RANDOM POIS TAB := §
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"END" RANDOM POIS TAB;
IIEOPII

464
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5.2.7.3 Random Poistabsam

TirLe:  Randem Poistabsam
AuUTHOR: B.F. Schriever
INsTITUTE: Mathematical Centre
RECEIVED: 800414

BRIEF DESCRIPTION

The procedure generates a sample of size K from a Poisson distribution with
expectation MU<256, using a table search method (see general part of section
5.2).

KEYWORDS
Random Poisson sample by table search method.

CALLING SEQUENCE

Heading

"PROCEDURE"” RANDOM POISTABSAM (MU, K, SAMPLE, U);
"VALUE" MU, K;

"INTEGER" K;

"INTEGER" "ARRAY" SAMPLE;

"REAL" MU, U;

"CODE" 41327;

Formal parameters

MU: <arithmetic expression>, expectation of the Poisson distribu-
tion;

K: <integer arithmetic expression>, length of the vector
SAMPLEL1:K] and size of the sample;

SAMPLE: <integer array identifier>, output parameter, integer array of
dimension [1:K], which at exit contains the sample;

u: <real variable>, value used to generate a random number.

After a call of RANDOM POISTABSAM, U contains a new value which
is used in the next call of RANDOM POISTABSAM unless the program
assigns a new value to U.

Conditions: 0<Mu<256, K integer >0, and 0<U<1.

DATA AND RESULTS

After a procedure call, SAMPLEL1],...,SAMPLELK] contain the generated sam-
ple. The call TEST RANDOM(41327, MU, K, U, 0, 0, 0) may yield the following
€TTOT Messages:

Errornumber 1 (if Mu<0 or MU=256)
Errornumber 2 (if K is not an integer >0)
Errornumber 3 (if u<o or u=1)
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PROCEDURES USED
ASELECT STATAL 41308

LANGUAGE
Algol 60

METHOD AND PERFORMANCE
Each drawing SAMPLELI] is generated according to the table search method
used in section 5.2.7.2.

EXAMPLE OF USE
Program:

"BEGIN" "INTEGER" I; "REAL" U;
"INTEGER" "ARRAY" SAMPLEL1 : 10]1;
:= .1986;
“FOR" Iz= 1 "STEP" 1 "UNTIL" 10 "DO"
"BEGIN" RANDOM POISTABSAM(10, 10, SAMPLE, U);
OUTPUT(61, "("10(ZD2B),/")", SAMPLE)

6 13 8 7 8 15 10 10

%4 8 11 13 11 8 11 15
9 8 10 4 14 9 5 12

"END" ‘ )
o END"
Output:
2 5 11 9 8 122 9 9 4 10
177 13 9 4 10 10 6 8 13 16
8 13 13 11 14 12 3 9 7 13
M1 11 7 13 8 2 12 11 6 N
9 12 9 10 10 11 8 10 7 8
11 17 12 8 7 10 2 14 14 8
14
7
9
6

SOURCE TEXT

"CODE" 41327;
"PROCEDURE" RANDOM POISTABSAM(MU, SAMPLESIZE, S, U);
"VALUE" MU, SAMPLESIZE;
"INTEGER" "ARRAY" §;
"REAL" MU, U;
"INTEGER" SAMPLESIZE;
"BEGIN"
"ARRAY" TABL1 : 2351; "INTEGER" K;

"PROCEDURE" SMPL POISS MUL(MU, SAMPLESIZE, S, U);
"INTEGER" "ARRAY" S; "INTEGER" SAMPLESIZE; "REAL" MU, U;
"BEGIN" "INTEGER" K, N; "REAL" P;
"FOR" K:= 1 "STEP" 1 "UNTIL" SAMPLESIZE "DO"
"BEGIN" N:= -2; P:= EXP(MU);
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"FOR" N:= N + 1 "WHILE" P > 1 "DO"
P:= P * ASELECT(U);
S[K1:= S[K] + N
"END";

"END" SMPL POISS MUL;

"PROCEDURE" SMPL POISS TAB
(MU, SAMPLESIZE, S, FIRST, LAST, INDEXMU);
"INTEGER" "ARRAY" §;
"INTEGER" MU, SAMPLESIZE, FIRST, LAST, INDEXMU;
"BEGIN" "INTEGER" N, K; "REAL" V, P, CUMPROB;
"FOR" K:= 1 "STEP" 1 "UNTIL" SAMPLESIZE "DO"
"BEGIN" V:= ASELECT(U);
"IF" V <= TABLINDEXMU - 11 "THEN"
"BEGIN" N:= INDEXMU;
"FOR" N:= N = 1 "WHILE" V <= TABIN - 11
"AND" N > FIRST + 1 "DO";
"IF" N > FIRST + 1 "THEN"
SCK1:= SCK1 + MU - INDEXMU + N
"ELSE"
"BEGIN" P:= TABLFIRSTI;
CUMPROB:= TABLFIRST + 11 - P;
N:= MU - INDEXMU + FIRST + 2;
"FOR" N:=N = 1 "WHILE" V <= CUMPROB
"AND" N > 0 llooll
"BEGIN" P:= P * N / MU;
CUMPROB:= CUMPROB - P
"END";
SCKJ:= S[K] + N
IIENDII
IIEND"
"ELSE"
"BEGIN" N:= INDEXMU - 1;
"FOR" N:= N + 1 "WHILE" V > TABLN]
"AND" N < LAST "DO";
"IF" N < LAST "THEN"
SCKJ:= S[K] + MU - INDEXMU + N
"ELSE"
"BEGIN" P:= TABLLAST];
CUMPROB:= TABLFIRST + 11;
N:= MU - INDEXMU + LAST - 2;
"FOR" N:= N + 1 "WHILE" V > CUMPROB
"AND" N < 500 "DO"
"BEGIN" P:= MU * P / (N + 1);

CUMPROB:= CUMPROB + P
"END";
SCK1:= SCK1 + N
YEND™
"END"
"END"

"END" SMPL POISS TAB;

"FOR" K:= 1 "STEP" 1 "UNTIL" SAMPLESIZE "DO" SLKl:= 0;
"IF" MU >= 128 "THEN"
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" "BEGIN"
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TABL1641:
TABL165]:
TABL1661]:
TABL1671:
TABL1681:
TABL169]:
TABL170]:
TABL1711:
TABL172]:
TABL1731:
TABL1741:
TABL1751:
TABL1761:
TABL1771:
TABL1781:
TABL1791:
TABL1801:
TABL1811]:
TABL1821:
TABL183]:
TABL1841:
TABL185]:
TABL1861:
TABL1871:
TABL1881]:
TABL1891:
TABL1901:
TABL1911:
TABL192]:
TABL193]:
TABL1941:
TABL1951:
TABL1961:
TABL197]:
TABL1981]:
TABL199]:
TABL2001]:
TABL201]:
TABL2021]:
TABL203]:
TABL2041:
TABL205]:
TABL206]:
TABL207]:
TABL208]:
TABL2091]:
TABL210]:
TABL211]:
TABL212]:
TABL213]:
TABL2141]:
TABL2151:
TABL216]:

+3.8120098644196"-004 ;
+1.3778499806580"-003;
+1.8861179625800""-003;
+2.5568221036718"-003;
+3.4328438389742"-003;
+4.5654780017880"~003;
+6.0152497301878"-003;
+7.8525841978626"~003;
+1.0158258823963"-002;
+1.3023563213680"-002;
+1.6550091693334"-002;
+2.0849097839967"-002;
+2.6040350545319"-002;
+3.2250447239579"-002;
+3.9610561840180"-002;
+4.8253632196854"-002;
+5.8311023157355"-002;
+6.9908735255956"-002;
+8.3163263368645"-002;
+9.8177242115765"-002;
+1.1503504281428"-001;
+1.3379850793956"-001;
+1.5450302118123"-001;
+1.7715411259094"-001;
+2.0172478801841"~001;
+2.2815374982277"-001;
+2.5634464241404"-001;
+2.8616641308912"-001;
+3.1745482822364"-001;
+3.5001513015227""-001;
+3.8362576440121"-001;
+4.1804305387204"-001;
+4.5300664952492"-001 ;
+4.8824554908055"~001;
+5.2348444863617"-001;
+5.5845017842780"-001;
+5.9287797391494"-001;
+6.2651734660467"-001;
+6.5913734436441"-001;
+6.9053102641889"-001;
+7.2051902121720"-001 ;
+7.4895208295190"-001;
+7.7571261164337"-001;
+8.0071514939891"~001;
+8.2390590905622"~001;
+8.4526142874066"-001;
+8.6478647530928"-001;
+8.8251134027939"~001;
+8.9848868335102"-001;
+9.1279008134522"-001;
+9.2550243511782"-001;
+9.3672437499986"-001;
+9.4656278804712"-001;
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" TABL217]1:= +9.5512956947603"-001;

TABL218]:= +9.6253867773887"-001;
TABL2191:= +9.6890354926668"-001;
TABL2201:= +9.7433490630374"-001;
TABL[2211:= +9.7893897054709"-001;
TABL222]:= +9.8281607727832"-001;
TABL223]:= +9.8605966983778"~001;
TABL[224]:= +9.8875564287422"-001;
TABL[225]:= +9.9098199480108"-001;
TABL2261:= +9.9280874510004"-001;
TABL2271:= +9.9429807018454"~001;
TABL228]:= +9.9550461202516"-001;
TABL[229]:= +9.9647591614842"-001;
TABL230]:= +9.9725295944702"-001;
TABL231]:= +9.9787073300120"-001;
TABL232]:= +9.9835885037734"-001;

TABL233]:= +9.9874215727394"-001;
TABL2341:= +9.9904132363226"-001;
TABL235]:= +2.9916635832062"-004;
SMPL POISS TAB (128,SAMPLESIZE,S,164,235,198);

MU:= MU - 128
IIENDII;
“IF" MU >= 64 "THEN"
"BEGIN"
TABL112]:= +5.4212965801156"~004;

TABL113]:= +1.4170798450894"-003;
TABL1141:= +2.2431821811069"-003;
TABL115]:= +3.4727298440162"-003;
TABL116]:= +5.2611628082474"-003;
TABL1171:= +7.8047119129324"-003;
TABL118]:= +1.1343562841191"-002;
TABL1191:= +1.6162423679673"-002;
TABL120]:= +2.2587571464318"-002;
TABL1211:= +3.0979601223857"-002;
TABL122]:= +4.1721399316074"-002;
TABL123]:= +5.5201302804350"-002;
TABL124]:= +7.1791953251461"-002;
TABL[125]:= +9.1825946244196"-002;
TABL1261:= +1.1556993793930"-001;
TABL127]:= +1.4319931009360"-001;
TABL128]:= +1.7477573541280"-001;
TABL1291:= +2.1022996735015"-001;
TABL130]:= +2.4935187845342"-001;
TABL131]:= +2.9178920575189"-001;
TABL132]:= +3.3705568820359"-001;
TABL133]:= +3.8454839110379"-001;
TABL134]:= +4.3357311667811"-001;

TABL135]:= +4.8337601249961"-001;
TABL136]:= +5.3317890832110"~-001;
TABL137]:= +5.8221560574534"-001;

TABL138]:= +6.2976634264158"-001;
TABL139]:= +6.7518794206484"-001;
TABL1401:= +7.1793768269851"-001;
TABL141]:= +7.5758961603988"-001;
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470

-TABL142]):=
TABL143]:=
TABL144]:=
TABL145]:=
TABL146]1:=
TABL1471:=
TABL148]1:=
TABL149]:=
TABL150]:=
TABL151]:=

TABL152]:=
TABL153]:
TABL1541:
TABL1551:
TABL1561:
TABL1571:

TABL158]:=
TABL159]:=
TABL1601:=
TABL1611:=
TABL162]:=
TABL163]:=

SMPL

POISS

+7.9384281223770"-001;
+8.2652174965546"-001;
+8.5556969402680"-001;
+8.8103638498250"-001;
+9.0306163121444"-001;
+9.2185650799904"-001;
+9.3768377265976"-001;
+9.5083890172840"-001;
+9.6163285378473"-001;
+9.7037732127340"-001;
+9.7737289526433"-001;
+9.8290026236828"-001;
+9.8721430498600"-001;
+9.9054079567918"-001;
+9.9307526477874"-001;
+9.9498357092430"~001;
+9.9640370573030"-001;
+9.9744840259906"~001;
+9.9820818214000"-001;
+9.9875454046156"-001;
+9.9914306193467"~001;
+3.8852147311420"-004;

TAB (64,SAMPLESIZE,S,112,163,136);

MU:= MU - 64

"END";

"IF" MU >= 32 "THEN"

"BEGIN"
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
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75]:
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861:

871:=
881:=
89]:=
901:=
911:=
92]:=
93]1:=
94]:=
95]1:=
96]:=
97]1:=
98]1:=
991:=

TABL1001:=

+7.3173973442918"-004;
+1.3916672870287"-003;
+2.7690597283076"-003;
+5.2177574016927"-003;
+9.3418797989703"-003;
+1.5940475634614"-002;
+2.5995478812736"-002;
+4.0620937980915"-002;
+6.0969402910554"-002;
+8.8100689483409"-002;
+1.2282873629667"-001;
+1.6557094775913"-001;
+2.1622838356649"-001;
+2.7412259591775"-001;
+3.3800586471912"-001;
+4.0614801810724"-001;
+4.7648830547560"-001;
+5.4682859284397"-001;
+6.1503735635269"-001;
+6.7923383965502"-001;
+7.3792776724572"-001;
+7.9010014732632"-001;
+8.3522220577444"-001;
+8.7321972867810"-001;
+9.0439718336828"-001;
+9.2933914712043"-001;
+9.4880604565870"-001;
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. TABL1011:=
TABL102]:=
TABL103]:=
TABL104]:=
TABL105]:=
TABL106]1:=
TABL107]1:=
TABL108]1:=
TABL109]:=
TABL110]:=
TABL111]:=

SHPL

POISS

+9.6363796835452"-001;
+9.7467567826769"-001; -
+9.8270310365908"-001;
+9.8841149504852"-001;
+9.9238254992812"-001;
+9.9508624686743"-001;
+9.9688871149363"-001;
+9.9806583124952"-001;
+9.9881918789330"-001;
+9.9929188225802"-001;
+4.7269436471777"-004;
TAB (32,SAMPLESIZE,S,74,111,91);

MU:= MU - 32

"END";

"IF" MU >= 16 "THEN"

"BEGIN"”
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
SMPL
MU:=

"END";
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611:
621:
631:
641:
65]:

(-
(-]
[
L]

671:
681:
691:
701:
71:
72]:=
73]:=
POISS

+9.8334736138684"-004;
+1.3837850247629"-003;
+4.0060446551275"-003;
+9.9997809531040"-003;
+2.1987253549056"-002;
+4.3298315941861"-002;
+7.7396015770348"-002;
+1.2699267006634"-001;
+1.9312154246098"-001;
+2.7451092386977"-001;
+3.6752735976553"-001;
+4.6674489138768"-001;
+5.6596242300982"-001;
+6.5934362924244"~001;
+7.4234914589364"-001;
+8.1224852833677"-001;
+8.6816803429126"-001;
+9.1077337216136"-001;
+9.4175907243052"-001;
+9.6331434218297"-001;
+9.7768452201794"-001;
+9.8688143711232"-001;
+9.9254107717040"-001;
+9.9589493794557"-001;
+9.9781142981709"-001;
+9.9886880464275"-001;
+9.9943273788310"-001;
+5.6393324035520"-004;
TAB (16,SAMPLESIZE,S,46,73,58) ;

MU - 16

"IF" MU >= 8 "THEN"

"BEGIN"
TABL
TABL
TABL
TABL
TABL

261:
271:
281:
291:
301:

B ouan

+2.6837010232201"-003;
+3.0191636511226"~003;
+1.3753967744003"-002;
+4.2380111991685"-002;
+9.9632400487048"-002;
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TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
SMPL
MU:=
IIEND";

:= +1.9123606207963"-001;
32]:= +3.1337427753641"-001;

1= +4.5296080948703"-001;
34]:= +5.9254734143764"-001;
35]:= +7.1662425872706"-001;
36]1:= +8.1588579255860"-001;
371:= +8.8807599898154"-001;
38]:= +9.3620280326350"-001;
391:= +9.6581929820625"-001;
40]:= +9.8274300960210"-001;
411:= +9.9176898901322"-001;
42]:= +9.9628197871878"-001;
43]:= +9.9840573858022"-001;
441:= +9.9934963185198"-001;
45]:= +9.4389327175133"-004;
POISS TAB (8,SAMPLESIZE,S,26,45,34);

"IF" MU >= 4 "THEN"

"BEGIN"
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
SMPL
MU:=

IIENDII;

12]3:
131:
14]1:

+1.8315638888734"-002;
+1.8315638888734"-002;
+9.1578194443672"-002;
+2.3810330555355""-001;
+4.3347012036671"-001;
+6.2883693517987""-001;
+7.8513038703040'"-001;
+8.8932602159742"-001;
+9.4886638420715"-001;
211:= +9.7863656551200"~001;
22]:= +9.9186775720306"-001;
231:= +9.9716023387948"-001;
241:= +9.9908477085272"-001;
25]:= +1.9245369732436"-003;
POISS TAB (4,SAMPLESIZE,S,12,25,17);
MU - 4

o ononou

-
wvi
bl
o8

16]1:
171:
181:
191:
201:

“"IF" MU >= 2 "THEN"

"BEGIN"
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
TABL
SHPL

"END";

"IF" MU > 0 "THEN" SMPL POISS MUL ( MU,SAMPLESIZE,S,U );

11:= +1.3533528323661"-001;
2]:= +1.3533528323661"-001;
3]1:= +4.0600584970984"-001;
4]:= +6.7667641618306"~001;
5]:= +8.5712346049856"-001;
61:= +9.4734698265630"-001;
71:= +9.8343639151939"-001;
8]:= +9.9546619447376"-001;
91:= +9.9890328103215"-001;
101:= +9.9976255267175"-001;

111:= +8.5927163959755"-004;
POISS TAB (2,SAMPLESIZE,S,1,11,4); MU:= WU - 2

"END" RANDOM POISTABSAM;
"EOP"
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5274 Random Poissorsam

Tiree:  Random Poissorsam
AutHOR: C. van Putten
INsTITUTE: Mathematical Centre
RECEIVED: 800401

BRIEF DESCRIPTION
The procedure generates a sorted sample of size K=UB—LB+1 from a Poisson
distribution with expectation MU<700 (see general part of section 5.2).

KEYWORDS
Sorted random Poisson sample

CALLING SEQUENCE

Heading

"PROCEDURE" RANDOM POISSORSAM (SAMPLE, LB, UB, MU, U);
"VALUE " LB, UB, MU;

"INTEGER" LB, UB;

"INTEGER"” "ARRAY" SAMPLE;

"REAL" MU, U;

"CODE" 41329;

Formal parameters

MU: <arithmetic expression>, expectation of the Poisson distribu-
tion;

LB: <integer arithmetic expression>, smallest index of the array
SAMPLE;

uB: <integer arithmetic expression>, largest index of the array SAM-
PLE;

SAMPLE: <integer array indentifier™>, output parameter, integer array of
dimension [LB:UB1, which at exit contains the sample;

u: <real variable>, value used to generate a random number.

After a call of RANDOM POISSORSAM, U contains a new value which
is used in the next call of RANDOM POISSORSAM unless the program
assigns a new value to U.

Conditions: 0<MU<700, LB, UB integers, UB>LB>0, and 0<U<1.

DATA AND RESULTS

After a procedure call, SAMPLE[LB] <SAMPLELLB+1] <....< SAMPLELUBI con-
tain the sample.

The call TEST RANDOM(41329, LB, UB, MU, U, 0, 0) may yield the following
€ITOT messages:

Errornumber 1 (if the array segment SAMPLELLBI,...,SAMPLELUB] is
not declared in the main program)
Errornumber 2 (if LB is not an integer >0)
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Errornumber 3 (if uB is not an integer >LB)

Errornumber 4 (if Mu<0 or Mu>700)
Errornumber 5 (if u <0 or u=1)
PROCEDURES USED

ASELECT _ STATAL 41308

OPEN SCRATCH STATAL OSCR

CLOSE SCRATCH STATAL CSCR
LANGUAGE

Algol 60

METHOD AND PERFORMANCE

An ordered sample from the Poisson distribution is generated using the
method described in v. Putten & v.d. Tweel (1979). The procedure uses a
scratch file.

REFERENCE

[11. C. van Putten, 1. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE

Program:

"BEGIN" "INTEGER" I; "REAL" U;
"INTEGER" "ARRAY" SAMPLEL1 : 101;
== ,1986;
RANDOM POISSORSAM(SAMPLE, 1, 10, 3, U);
OUTPUT(61,"("10(ZD,2B),/")", SAMPLE)
"END"
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SOURCE TEXT

"CODE" 41329;
"PROCEDURE" RANDOM POISSORSAM(SAMPLE, LB, UB, MU, U);
"VALUE" LB, UB, MU; "INTEGER" LB, UB;
"REAL" MU, U; "INTEGER" "ARRAY" SAMPLE;
"BEGIN" :
"INTEGER" ARG, SCR, ADDRESS, SAMPLESIZE, I, LBS, UBS;
"REAL" LNMU, LNOBS, SUMLNARG, CUMPROBARG, LNCUMPROBARG;

LBS:= LOWERBOUND(SAMPLE, 1);

UBS:= UPPERBOUND(SAMPLE, 1);

"IF" LBS > LB "THEN"

STATAL ERROR("("RANDOM POISSORSAM")", 1, LBS);
"IF" UBS < UB "THEN"

STATAL ERROR("(RANDOM POISSORSAM")", 1, UBS);

SAMPLESIZE:= UB - LB + 1;
LNOBS:= LNCASELECT(U)) / SAMPLESIZE; LNMU:= LN(MU);
SCR:= OPEN SCRATCH("("SC41329")");
CUMPROBARG:= 1; SUMLNARG:= 0; ARG:= 0; ADDRESS:= 1;
LNCUMPROBARG:= -MU;
"FOR" ARG:= ARG + 1 "WHILE" LNCUMPROBARG < LNOBS "DO"
"BEGIN" STORE ITEM(SCR, ADDRESS, LNCUMPROBARG);
SUMLNARG:= SUMLNARG + LN(ARG);
CUMPROBARG:=CUMPROBARG + EXP(LNMU * ARG - SUMLNARG);
LNCUMPROBARG:= LNC(CUMPROBARG) - MU;
IIENDII;
“IF" ARG = 1 "THEN"
"BEGIN"
"FOR" I:= LB "STEP" 1 "UNTIL" UB "DO" SAMPLELIl:= 0;
"GOTO" END PROC
"END";
"IF" SAMPLESIZE > ARG "THEN"
"BEGIN" ADDRESS:= ADDRESS - 1; I:= UB;
"FOR" ARG:= ARG - 1 "STEP" -1 "UNTIL" 1 "DO"
"BEGIN" FETCH ITEM(SCR, ADDRESS, LNCUMPROBARG);
ADDRESS:= ADDRESS - 2;
NEXT 0BS:
"IF" LNOBS > LNCUMPROBARG "THEN"
"BEGIN" SAMPLELIl:= ARG; I:=1I - 1;
"IF" SAMPLESIZE = 1 "THEN" "GOTO" END PROC;
SAMPLESIZE:= SAMPLESIZE - 1;
LNOBS:= LNOBS + LNCASELECT(U)) / SAMPLESIZE;
"GOTO" NEXT OBS;
"END";
"END";
"FOR" I:= I "STEP" -1 "UNTIL" LB "DO" SAMPLELI]:= 0;
IIEND" "ELSE"
"BEGIN" SAMPLELUBl:= ARG:= ARG - 1;
ADDRESS:= ADDRESS - 1;
FETCH ITEM(SCR, ADDRESS, LNCUMPROBARG);
ADDRESS:= ADDRESS - 2;
I:=UB - 1;
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"FOR" SAMPLESIZE:= SAMPLESIZE - 1
"STEP" -1 "UNTIL" 1 "DO"
"BEGIN" LNOBS:= LNOBS + LNCASELECT(U)) / SAMPLESIZE;
NEXT CLASS:
"IF" LNOBS > LNCUMPROBARG "THEN"
"BEGIN" SAMPLELIl:= ARG; I:= I - 1 "END"
"ELSE" "IF" ARG = 1 "THEN"
"BEGIN" "FOR" I:= I "STEP" -1 "UNTIL" LB "DO"
SAMPLE[I]:= 0;
"GOTO" END PROC
IIENDII llELsE'l
"BEGIN" ARG:= ARG - 1;
FETCH ITEM(SCR, ADDRESS, LNCUMPROBARG);
ADDRESS:= ADDRESS - 2;
"GOTO" NEXT CLASS;
"END"
IIENDII;
"END";
END PROC: RETURN(SCR);
"END" RANDOM POIS SORSAM;
"EOP"
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Random Poishisto

TrrLe: ©  Random Poishisto

AUTHOR: C. van Putten

INSTITUTE: Mathematical Centre

RECEIVED: 800401

BRIEF DESCRIPTION

The procedure generates a sorted random sample of size K from a Poisson dis-
tribution with expectation Mu. It is presented in a histogram (see general part
of section 5.2.).

KEYWORDS

Sorted random Poisson sample in histogram

CALLING SEQUENCE

Heading

""PROCEDURE" RANDOM POISHISTO (SAMPLE, LB, UB, K, MU, U);
"VALUE" LB, UB, K, MU;

"INTEGER" LB, UB, K;

"INTEGER" "ARRAY" SAMPLE;

"REAL" MU, U;

"CODE" 41328;

Formal parameters

MU:
LB:
UB:

K:
SAMPLE:

u:

<arithmetic expression>, expectation of the Poisson distribu-
tion;

<integer arithmetic expression>>, smallest index of the array
SAMPLE;

<integer arithmetic expression>, largest index of the array sAm-
PLE;

<integer arithmetic expression>, size of the sample;

< integer array identifier> output parameter, integer array of
dimension [LB:UB], which at exit contains the histogram;

<real variable>, value used to generate a random number.

After a call of RANDOM POISHISTO, U contains a new value which is
used in the next call of RANDOM POISHISTO unless the program
assigns a new value to U.

Conditions: 0<MU<700, LB, UB, K integers >0,UB> LB, and 0<U<1.

DATA AND RESULTS

After a procedure call, SAMPLE [1] contains the number of times the value I is
observed in the sample, 1=LB+1,...,UB—1. SAMPLE[LB] contains the number
of times a value <LB is observed, and SAMPLELUB] contains the number of
times a value >UB is observed.

The call TEST RANDOM(41328, LB, UB, K, MU, U, 0) may yield the following
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€ITOT messages:

Errornumber 2 (if LB is not an'integer >0)
Errornumber 3 (if us is not an integer >LB)
Errornumber 4 (if x is not an integer >0)
Errornumber 5 (if mu<0 or MU>700)
Errornumber 6 (if u<o or u>1)
PROCEDURES USED

ASELECT STATAL 41308

LANGUAGE

Algol 60

METHOD AND PERFORMANCE
See v. Putten & v.d. Tweel (1979).

REFERENCE

.

C. van Putten, 1. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE

Program:
"BEGIN" "INTEGER" I; "REAL" U;

"INTEGER" "ARRAY" HIST1, HIST2[0 : 9];
"FOR" I:=0 "STEP" 1 "UNTIL" 9 "DO"
"BEGIN" HIST1[Il:= 0; HIST2L[Il:= O "END";
:= .1986;
RANDOM POISHISTO(HISTi, 0, 9, 100, 3, U);
U:= .1986;
RANDOM POISHISTO(HISTZ2, 0, 6, 100, 3, U);
"FOR" I:=0 "STEP" 1 "UNTIL" 9 "DO"
OUTPUT(61,"("3(2D,28B),/")", I, HISTILI1, HIST2LI])
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SOURCE TEXT

"CODE" 41328;

""PROCEDURE"

RANDOM POIS HISTO(OBS, LB, UB, SAMPLE SIZE, MU, U);
"VALUE" LB, UB, SAMPLE SIZE, MU;

"INTEGER" LB, UB, SAMPLE SIZE;

"REAL" MU, U; "INTEGER" "ARRAY" 0BS;

"BEGIN" "INTEGER" ARG, MAXARG, COUNTARG, LB1;

"REAL" LNMU, LNOBS, SUMLNARG, CUMPROBARG, LNCUMPROBARG;
"ARRAY" LNCUMPROBLLB + 1 : UB - 1];

LNOBS:= LNCASELECT(U)) / SAMPLE SIZE; LNMU:= LN(MU);
CUMPROBARG:= 1; SUMLNARG:= 0;
"FOR" ARG:= 1 "STEP" 1 "UNTIL" LB "DO"
"BEGIN" SUMLNARG:= SUMLNARG + LNCARG);
CUMPROBARG:= CUMPROBARG + EXP(LNMU * ARG - SUMLNARG)
"END";
ARG:= LB; LNCUMPROBARG:= LN(CUMPROBARG) - MU;
"IF" LNCUMPROBARG >= LNOBS "THEN"
"BEGIN" 0BSL[LBl:= SAMPLE SIZE; MAXARG:= LB;
"GOTO" END PROC
"END";
"FOR" ARG:= ARG + 1
"WHILE" ARG < UB "AND" LNCUMPROBARG < LNOBS "DO"
"BEGIN" LNCUMPROBLARG]:= LNCUMPROBARG;
SUMLNARG:= SUMLNARG + LNCARG);
CUMPROBARG : =CUMPROBARG + EXP(LNMU * ARG - SUMLNARG);
LNCUMPROBARG:= LN(CUMPROBARG) - MU
"END";
"IF" LNCUMPROBARG >= LNOBS "THEN"
"BEGIN" ARG:= ARG - 1;
LNCUMPROBARG:= LNCUMPROBLARG]
"END",‘
MAXARG:= ARG;
"IF" SAMPLE SIZE <= ARG - LB "THEN"
"BEGIN" COUNTARG:= 1;
"FOR" SAMPLE SIZE:= SAMPLE SIZE - 1
"STEP" -1 "UNTIL" 1 "DO"
"BEGIN" LNOBS:=LNOBS + LNCASELECT(U)) / SAMPLE SIZE;
NEXT CLASS:
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"IF" LNOBS > LNCUMPROBARG "THEN"
COUNTARG:= COUNTARG + 1
"ELSE" "IF" ARG = LB + 1 "THEN"
"BEGIN" OBSLARG]:= COUNTARG; ARG:= LB;
OBSCLBl:= SAMPLE SIZE; "GOTO" END PROC;
"END" “ELsE"
"BEGIN" OBSLARG]:= COUNTARG; COUNTARG:= 0;
" ARG:= ARG - 1;
LNCUMPROBARG:= LNCUMPROBLARGI;
"60TO" NEXT CLASS
"END"
"END";
OBSLARG1:= COUNTARG;
"END" "ELsE"
"BEGIN" "PROCEDURE" EXHAUST ARG;
"BEGIN" COUNTARG:= 0;
NEXT 0BS: "IF" LNOBS > LNCUMPROBARG "THEN"
"BEGIN" COUNTARG:= COUNTARG + 1;
"IF" SAMPLE SIZE = 1 "THEN"
"BEGIN" OBSLARG]:= COUNTARG;
"GOTO" END PROC
"E"D";
SAMPLE SIZE:= SAMPLE SIZE - 1;
LNOBS:=LNOBS + LNCASELECT(U)) / SAMPLE SIZE;
"60TO" NEXT OBS;
"END";
OBSLARG1:= COUNTARG;-
"END" EXHAUST ARG;

"IF" ARG = UB "THEN" EXHAUST ARG;
LB1:= LB + 1;
"“FOR" ARG:= ARG - 1 "STEP" -1 "UNTIL" LB1 "DO"
"BEGIN" LNCUMPROBARG:= LNCUMPROBLARG];
EXHAUST ARG
"E"D";
-OBSCLB]:= SAMPLE SIZE;
"END";
END PROC:
"FOR" ARG:= ARG - 1 "STEP" -1 "UNTIL" LB,
MAXARG + 1 "STEP" 1 "UNTIL" UB
"p0" OBSLARG]:= 0;
"END" RANDOM POIS HISTO;
"EOP"
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5.3 RANDOM NUMBERS FROM
CONTINUOUS DISTRIBUTIONS

This section contains procedures for generating one single drawing from
continuous distribution. For the multivariate normal distribution a procedure
is given which generates an (unordered) sample of size K. In order to generate
samples of other ditributions, repeated call’s of procedures for one single draw-
ing should be used. To generate ordered samples use the fact that an ordered
sample from an exponential distribution has spacings (i.e. distances between
successive elements) which are independent and exponentially distributed with
known parameters, See v. Putten & v.d. Tweel (1979).

REFERENCE

1} C. van Putten, 1. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979.
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Trrie: . Random Unif
AUTHOR: J.G. Bethlehem
INSTITUTE: Mathematical Centre
RECEIVED: 750219

BRIEF DESCRIPTION
This procedure generates a random number, uniformly distributed on the
interval (A, B].

KEYWORDS
Random uniform number

CALLING SEQUENCE

Heading

"REAL" "PROCEDURE" RANDOM UNIF(A, B, U);
"WALUE" A, B;

"REAL" A, B, U;

"CODE" 41302;

Formal parameters

A: <arithmetic expression>>, lower bound of the interval;

B:  <arithmetic expression>, upper bound of the interval;

u: <real variable>, value used to generate a random number.

After a call of RANDOM UNIF, U contains a new value which is used in the
next call of RANDOM UNIF unless the program assigns a new value to u.
Conditions: A<B and 0<u<1.

DATA AND RESULTS

The generated value is assigned to the procedure identifier RANDOM UNIF.

The call TEST RANDOM(41302, A, B, U, 0, 0, 0) may yield the following error
messages:

Errornumber 2 (if B<A)

Errornumber 3 (if u<o or u=1)

PROCEDURES USED
ASELECT STATAL 41308

LANGUAGE
Algol 60
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53.1.1 Random Unif

METHOD AND PERFORMANCE :

The generated value is equal to D * (B—A)+A, where b is a random number
which is uniformly distributed on the interval (0, 1]. See v. Putten & v.d.
Tweel (1979).

REFERENCE

1. C. van Putten, 1. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE

Program:

"BEGIN" "INTEGER" I; "REAL" U;

U:= .1986;

"FOR" I:=1 "STEP" 1 "UNTIL" 10 "DO"

OUTPUT(61, "(™ZD.6D,/")", RANDOM UNIF(3, 13, U))
IIENDII

Output:

11.355616
3.343306
9.574724
6.769831
5.801691
9.724809
8.520579
7.073558
3.952506
6.353785

SOURCE TEXT

""CODE" 41302;
"REAL" "PROCEDURE" RANDOM UNIF(A, B, U); "VALUE" A, B;
"REAL" A, B, U;
RANDOM UNIF:= ASELECT(U) * (B - A) + A;
L EOP"
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TITLE: Random Norm
AUTHOR: J.G. Bethlehem
INsTITUTE: Mathematical Centre
RECEIVED: 750219

BRIEF DESCRIPTION
The procedure generates a random number having a normal distribution with
mean MU and standard deviation SIGMA.

KEYWORDS
Random normal number

CALLING SEQUENCE

Heading

"REAL" "PROCEDURE" RANDOM NORM (MU, SIGMA, U);
"VALUE" MU, SIGMA;

"REAL" MU, SIGMA, U;

"CODE" 41303;

Formal parameters

MU: <arithmetic expression>, mean of the normal distribution;

SIGMA: <arithmetic expression>, standard deviation of the normal dis-
tribution;

u: <real variable>>, value used to generate a random number.

After a call of RANDOM NORM, U contains a new value which is used
in the next call of RANDOM NORM unless the program assigns a new
value to u.

Conditions: SIGMA >0 and O<u<1.

DATA AND RESULTS

The generated value is assigned to the procedure identifier RANDOM NORM.

The call TEST RANDOM(41303, MU, SIGMA, U,0, 0, 0) may yield the following
€ITor messages.:

Errornumber 2 (if s1GMA <0)

Errornumber 3 (if u<o or u=1)

PROCEDURES USED

ASELECT STATAL 41308
PHINV STATAL 41501
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5.3.2.1 Random Norm

LANGUAGE
Algol 60

METHOD AND PERFORMANCE

The generated value is equal to MU+SIGMA * PHINV (D), where PHINV is the
inverse of the standard normal cumulative distribution function and o is a ran-
dom number which is uniformly distributed on the interval (0,1).

EXAMPLE OF USE
Program:

"BEGIN" "INTEGER" I; "REAL" U;
U:= .1986;
"FOR" I:=1 "STEP" 1 "UNTIL" 10 "DO"
OUTPUT(61, "("+ZD.6D,/")", RANDOM NORM(10, 3, U))
"END" .

Output:

+12.929136
+4.538073
+11.216724
+9.059758
+8.252982
+11.340322
+10.392587
+9.296944
+6.072707
+8.724672

SOURCE TEXT

"CODE" 41303;

"REAL" "PROCEDURE™ RANDOM NORM(MU, SIGMA, U);
"VALUE" MU, SIGMA; "REAL" MU, SIGMA, U;
"BEGIN" "REAL" R;

Rz= ASELECT(U); "IF" R = 1 "THEN" R:= ASELECT(U);
RANDOM NORM:= MU + SIGMA * PHINV(R);
"END" RANDOM NORM;
n EOP"
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TITLE: Random Binorm

AuTHOR: E. Opperdoes

INSTITUTE: Mathematical Centre

RECEIVED: 760901

BRIEF DESCRIPTION

The procedure generates two random numbers having normal distributions
with mean and standard deviation (MU1, SIGMA1) and (MU2, SIGMA2), respec-
tively, and with correlation RHo.

KEYWORDS

Random bivariate normal numbers

CALLING SEQUENCE

Heading

"PROCEDURE" RANDOM BINORM (X1, X2, MU1, MU2, SIGMA1, SIGMA2, RHO, U);
"VALUE" MU1, MU2, SIGMA1, SIGMA2, RHO;

“REAL" MU1, MU2, SIGMA1, SIGMA2, RHO, U;

"CODE" 41333;

Formal parameters :

X1: <real variable>, output parameter, real variable which at exit
contains the first random number;

x2: <real variable>, output parameter, real variable which at exit
contains the second random number;

MU1: <arithmetic expression>, mean of the normal distribution of the
first random number;

Mu2: < arithmetic expression>, mean of the normal distribution of the
second random number;

SIGMA1: <arithmetic expression>>, standard deviation of the distribution
of the first random number;

SIGMA2: <arithmetic expression>, standard deviation of the distribution
of the second random number;

RHO: <arithmetic expression>, correlation of the distributions of the
two random numbers;

u: <real variable>, value used to generate a random number.
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After a call of RANDOM BINORM, U contains a new value which is
used in the next call of RANDOM BINORM unless the program assigns
a new value to U.

Conditions: SIGMA1, SIGMA2 >0, —1<RHO <1, and O<u<1.



53.2.2 Random Binorm

DATA AND RESULTS _

After a procedure call, x1 and X2 contain the two random numbers. The call
TEST RANDOM(41333, MU1, MU2, SIGMA1, SIGMA2, RHO, U) may yield the following
€ITOT messages:

Errornumber 5 (if s16MA1 <0)
Errornumber 6 , (if s16MA2 <0)
Errornumber 7 (if RHO <—1 or RHO>1)
Errornumber 8 (if u<o or u=1)

PROCEDURES USED
ASELECT STATAL 41308

LANGUAGE
Algol 60

METHOD AND PERFORMANCE

The random numbers x1 and x2 are generated by X1=MU1+SIGMA1*V1 and
X2=MU2+SIGMA2*(RHO+V1+SQRT(1—RH0?)*v2), where v1 and v2 are two
independent standard normal distributed random numbers. These are gen-
erated by V1=SQRT(—2#LN(D))* (COS(2*7*D) and V2=SQRT (—2*LN(D))*
SIN(2#7*D),

where b is a random number uniformly distributed on (0, 1].

See v. Putten & v.d. Tweel (1979). '

REFERENCE

1} C. van Putten, 1. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE
Program:

"BEGIN" "INTEGER" I; "REAL" U, X1, X2;
U:= .1986;
"FOR" I:= 1 "STEP" 1 "UNTIL" 10 "DO"
"BEGIN" RANDOM BINORM(X1, X2, 0, 10, 1, 1, 1, U);
OUTPUT(61,"("2(-2D.6D,2B),/")", X1, X2)
"END"
"ENDI'
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Output:
-2.230507
-1.167340

0.874865
-0.430590
0.832780
1.194067
0.402234
0.304066
1.159442
0.193551

SOURCE TEXT

"CODE" 41333;

"PROCEDURE"

RANDOM BINORM(X1, X2, MU1, MU2, SIGMA1, SIGMA2, RHO, U);
"VALUE" MU1, MUZ2, SIGMA1, SIGMA2, RHO;

"REAL" X1, X2, MU1, MU2, SIGMA1, SIGMA2, RHO, U;

"BEGIN" "REAL" ANGLE, RADIUS, V1, Vv2;

ANGLE:= 6.2831853071796 * ASELECT(U);

RADIUS:= SQRT(-2 * LNCASELECT(U)));

V1:= RADIUS * SIN(ANGLE); V2:= RADIUS * COS(ANGLE);
X1:= MU1 + SIGMA1 * V1i; -

X2:= MU2 + SIGMA2 * (RHO * V1 + SQRT(1 - RHO * RHO)

7.769493

8.832660
10.874865

9.569410
10.832780
11.194067
10.402234
10.304066
11.159442
10.193551

* V2);
"END" RANDOM BINORM;
"EOP"
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53.2.3 Random Multinorm

TitLe: © Random Multinorm
AvuTHOR: E. Opperdoes
INsTITUTE: Mathematical Centre
RECEIVED: 760901

BRIEF DESCRIPTION

The procedure generates a random sample of size K=uB—LB+1 from a mul-
tivariate normal distribution with given mean vector MU and covariance matrix
SIGMA.

KEYWORDS
Random multivariate normal sample

CALLING SEQUENCE

Heading

"“PROCEDURE" RANDOM MULTINORM (SAMPLE, LB, UB, N, MU, SIGMA, DECOMPOSED, U);
"VALUE" LB, UB, N, MU, DECOMPOSED;

"INTEGER" LB, UB, N;

"BOOLEAN" DECOMPOSED;

"ARRAY" SAMPLE, MU, SIGMA;

"REAL" U;

"CODE" 41309;

Formal parameters

SAMPLE: <array identifier>, output parameter, array of dimension
[LB:UB, 1:N1 which at exit contains the sample;

LB: <integer arithmetic expression>>, smallest index of the array
SAMPLE;

UB: <integer arithmetic expression>, largest index of the array san-
PLE;

N: <integer arithmetic expression>>, dimension of the multivariate
normal distribution, upper bound of the second index of SAMPLE;

MU: <array identifier>, containing the mean vector of the multivari-
ate normal distribution in MUL1], ..., MULNI;

SIGMA: <array identifier>, vector containing either the lower triangular

part (diagonal included) of the covariance matrix, row by row, in
SIGMAL1], SIGMAL2],..., SIGMALN *(N+1) /21, or a lower tri-
angular matrix, row by row, which is the result of a Choleski
decomposition of the covariance matrix;
DECOMPOSED: <<boolean expression>, if SIGMA contains the covariance matrix,
then the value of bECOMPOSED should be "FALSE".
If sieMA contains the result of a Choleski decomposition of the
covariance marix then the value of bECOMPOSED should be "TRUE";
u: <real variable>, value used to generate a random number. After
a call of RANDOM MULTINORM, U contains a new value which is used
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in the next call of RANDOM MULTINORM unless the program assigns a
new value to U. :

Conditions: LB, uB and N integers, LB < UB, N>1, covariance matrix positive

definite (if DECOMPOSED = "FALSE").

DATA AND RESULTS

The generated sample is assigned to the elements of array SAMPLE, each row
SAMPLELI, 11,...,SAMPLELI, N1 contains one drawing of the multivariate nor-
mal distribution, 1=LB, ...,UB.

The call TEST RANDOM(41309, LB, UB, N, U, 0, 0) may yield the following
€ITOr messages:

Errornumber 2 (if LB is not an integer)
Errornumber 3 (if us is not an integer >LB)
Errornumber 4 (if N is not an integer >0)
Errornumber 8 (if u<o or u=1)

In a call of RANDOM MULTINORM with DECOMPOSED = "FALSE" the following error
message may appear:
Errornumber 6 . (if the covariance matrix is not positive definite)

The precision of the Choleski decomposition which is performed when pECOM-
POSED is "FALSE" is 1014,

PROCEDURES USED

VECVEC NUMAL 34010
CHLDEC1 NUMAL 34311

STATAL3 ERROR STATAL 40100
ASELECT STATAL 41308
PHINV STATAL 41501
LANGUAGE

Algol 60

METHOD AND PERFORMANCE

If pecomposed ="FALSE", a Choleski decomposition is performed on the
covariance matrix SIGMA. This produces a lower triangular matrix Q such that
SIGMA=QQ".

If pECOMPOSED ="TRUE", SIGMA should contain such a matrix which multiplied
with its transpose yields the convariance matrix of the normal distribution.

For each drawing of the multivariate normal distribution, a sample of size N
is generated from a standard normal distribution. The drawing from the mul-
tivariate distribution is obtained by multiplying the vector with N ii.d. normal
samples with the matrix @ and adding this to the vector mu.

See v. Putten & v.d. Tweel (1979).
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5.3.2.3 Random Multinorm

REFERENCE
11 C. van Putten, 1. van der Tweel
On generating random variables

STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE

Program:

"BEGIN" "REAL" "ARRAY" SAMPLE[1:10, 1:3]1, MEAN[1:31,
COVL1:61; "REAL" U;
INARRAY(60, MEAN);
INARRAY(60, COV);
U:=.1986;

RANDOM MULTINORM

(SAMPLE, 1, 10, 3, MEAN, COV, "FALSE", U);

OUTPUT(61, "("10(3(-22D.4D, 2B),/)")", SAMPLE)
llEND"

1.1283 1.4540 0.9667
2.3718 1.9395 1.2319
1.5993 0.9331 0.3497
2.3998 2.4048 0.3536
-0.1202 -0.2981 1.4508
1.6074 1.6458 0.6243
-0.9869 0.2326 2.0387
-0.0729 -0.0139 -0.6821
0.7113 -0.0486 1.0381
-0.5371 -0.2350 2.0529
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SOURCE TEXT

"CODE" 41309; ,
"PROCEDURE" RANDOM MULTINORM(SAMPLE, LOW, UPP, DIMENSION,
MEAN VECTOR, COV DEC, DECOMPOSED, U);
"VALUE" LOW, UPP, DIMENSION, MEAN VECTOR, DECOMPOSED;
"ARRAY" SAMPLE, MEAN VECTOR, COV DEC;
"INTEGER" LOW, UPP, DIMENSION;
"BOOLEAN" DECOMPOSED;
"REAL" U;
"BEGIN" "INTEGER" SAMPLING, SHIFT, I;
"REAL" RADIUS, ANGLE, TWO PI, UNIFO1;
"BOOLEAN" DIMENSION ODD;
"ARRAY" AUX[2 : 31, X[1 : DIMENSIONI;

"IF" "NOT" DECOMPOSED "THEN"
"BEGIN" AUXL2]:= "-14; CHLDEC1(COV DEC, DIMENSION, AUX);
"IF" AUXC3] A= DIMENSION "THEN"
STATAL3 ERROR("("RANDOM MULTINORM")", 6, AUXL31)
IIEND";

"COMMENT" INITIALIZE CONSTANTS;
TWO PI:= 6.28318 53071 796;
DIMENSION ODD:= (DIMENSION // 2) * 2~ DIMENSION;

"COMMENT" GENERATE THE SAMPLE;

"FOR" SAMPLING:= LOW "STEP" 1 "UNTIL"™ UPP "DO"
"BEGIN" "COMMENT" GENERATE STANDAARD-NORMAL SAMPLE;
"FOR" I:= 2 "STEP" 2 "UNTIL" DIMENSION "DO"
"BEGIN" RADIUS:= SQRT(-2 * LNCASELECT(U)));

ANGLE:= TWO PI * ASELECT(U);
XLI - 1J:= RADIUS * SINCANGLE);
XCIJ:= RADIUS * COS(ANGLE)
"END";
"IF" DIMENSION ODD "THEN"
"BEGIN" UNIFO1:= ASELECT(U);
"IF" UNIFO1 = 1 "THEN" UNIFO1:= ASELECT(U);
XCDIMENSION]:= PHINV(UNIFO1)
"E"D";

""COMMENT" COMPUTE THE REQUIRED MULTINORMAL SAMPLE;
SHIFT:= 0;
"FOR" I:= 1 "STEP" 1 "UNTIL" DIMENSION "DO"
"BEGIN" SAMPLELSAMPLING, I]:=
VECVEC(1, I, SHIFT, X, COV DEC) +
) MEAN VECTORLIJ;
SHIFT:= SHIFT + I
"END"
"END" SAMPLING;
"END" RANDOM MULTINORM;
"EoP"
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5.3.3.1 Random Chisq

Trree: Random Chisq
AuTtHOR: C. van Putten
INsTITUTE: Mathematical Centre
Recervep: 810101

BRIEF DESCRIPTION
The procedure generates a random number having a x2-distribution with DF
degrees of freedom.

KEYWORDS
Random chi-square number

CALLING SEQUENCE

Heading

"REAL" "PROCEDURE" RANDOM CHISQ (DF, U);
"VALUE" DF;

"REAL" U;

"INTEGER" DF;

"CODE" 41315;

Formal parameters :

DF:  <integer arithmetic expression>, degrees of freedom of the distribu-
tion.

U:  <real variable>, value used to generate a random number.

After a call of RANDOM CHISQ, U contains a new value which is used in
the next call of RANDOM CHISQ unless the program assigns a new value to
u.

Conditions: bF integer >0, and 0<u<1.

DATA AND RESULTS

The generated value is assigned to the procedure identifier RANDOM CHISQ.

The call TEST RANDOM(41315, DF, U, 0, 0, 0, 0) may yield the following error
messages:

Errornumber 1 (if oF is not an integer >0)
Errornumber 2 (if u<o or u=1)
PROCEDURES USED

RANDOM GAMMA STATAL 41313

LANGUAGE

Algol 60
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METHOD AND PERFORMANCE :

The generated value is equal to a random number having a gamma distribu-
tion with parameters ALPHA=DF/2 and SIGMA=2.

See v. Putten & v.d. Tweel (1979).

REFERENCE

[1]. C. van Putten, 1. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE
Program:

"BEGIN" "INTEGER" I; "REAL" U;

U:= .1986;

"FOR" I:= 1 "STEP" 1 "UNTIL" 10 "DO"

OUTPUT(61, "("2ZD.6D,/")", RANDOM CHISQ(11, U));
"END"

Output:

9.384233
13.810072

9.770222

8.860550
10.344511
13.648579
17.138998
10.305416
18.855723
11.627909

SOURCE TEXT

"CODE" 41315;

"REAL" "PROCEDURE"™ RANDOM CHISQ(DF,U);

"VALUE" DF; "REAL" U; "INTEGER" DF;

RANDOM CHISQ:= RANDOM GAMMA(DF / 2, 2, U);
"EOP"
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5.3.41 Random Exp

TitLe: . Random Exp
AUTHOR: J.G. Bethlehem
INSTITUTE: Mathematical Centre
RECEIVED: 750219

BRIEF DESCRIPTION
The procedure generates a random number having an exponential distribution
with parameter LAMBDA.

KEYWORDS
Random exponential number

CALLING SEQUENCE

Heading

"REAL" "PROCEDURE"™ RANDOM EXP(LAMBDA, U);
"VALUE" LAMBDA; "REAL" LAMBDA, U;

"“CODE" 41304; '

Formal parameters

LAMBDA <arithmetic expression>, parameter of the exponential distribu-
tion; :

u: <real variable>, value used to generate a random number.

After a call of RANDOM EXP, U contains a new value which is used
in the next call of RANDOM EXP unless the program assigns a new
value to u.

Conditions: LAMBDA >0 and 0<U<1.

DATA AND RESULTS

The generated value is assigned to the procedure identifier RANDOM EXP.

The call TEST RANDOM(41304, LAMBDA, U, 0, 0, 0, 0) may yield the following
€Iror messages:

Errornumber 1 (if LAMBDA <0)

Errornumber 2 (if u<o or u=1)

PROCEDURES USED
ASELECT STATAL 41308

LANGUAGE
Algol 60
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METHOD AND PERFORMANCE

The generated value is equal to —LN(D)/ LAMBDA, where D is a random number
which is uniformly distributed on the interval (0,1].

See v. Putten & v.d. Tweel (1979).

REFERENCE

1] C. van Putten, 1. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE

Program:

"BEGIN" "INTEGER" I; "REAL" U;
:= .1986;
"FOR" I:=1 "STEP" 1 "UNTIL" 10 "DO"
OUTPUT(61, "("ZD.6D,/")", RANDOM EXP(.5, U))
"END"

Output:

0.359302
6.743436
0.838705
1.951110
2.544724
0.793563
1.188205
1.796137
4.702487
2.184991

SOURCE TEXT

"CODE" 41304;
"REAL" "PROCEDURE™ RANDOM EXP(LAMBDA, U); "VALUE" LAMBDA;
"REAL"™ LAMBDA, U;
RANDOM EXP:= -LNCASELECT(U)) / LAMBDA;
"EOP"
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5.3.5.1 Random Logistic

Trme: -~ Random Logistic
AuUTHOR: C. van Putten
INsTITUTE: Mathematical Centre
RECEIVED: 810101

BRIEF DESCRIPTION
The procedure generates a random number having a logistic distribution with
location parameter LOC and scale parameter SCALE.

KEYWORDS
Random logistic number

CALLING SEQUENCE

Heading

"REAL" "PROCEDURE" RANDOM LOGISTIC (LOC, SCALE, U);
"VALUE" LOC, SCALE;

"REAL" LOC, SCALE, U;

"CODE" 41322;

Formal parameters

Loc: <arithmetic expression>, location parameter of the distribution;

SCALE: <arithmetic expression>, scale parameter of the distribution;

U:  <real variable>, value used to generate a random number.
After a call of RANDOM LOGISTIC, U contains a new value which is used in
the next call of RANDOM LOGISTIC unless the program assigns a new value
to u. '

Conditions: SCALE>0, and 0<u<1.

DATA AND RESULTS

The generated value is assigned to the procedure identifier RANDOM LOGISTIC.
The call TEST RANDOM(41322, LOC, SCALE, U, 0, 0, 0) may yield the following
€TTOT MESSages:

Errornumber 2 (if SCALE <0)

Errornumber 3 (if u<o or u=0)

PROCEDURES USED
ASELECT STATAL 41308

LANGUAGE
Algol 60
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METHOD AND PERFORMANCE

The generated value is equal to LOC—SCALE*LN(1/D—1), when b is a random
number which is uniformly distributed on (1,0].

See v. Putten & v.d. Tweel (1979).

REFERENCE

[1]. C. van Putten, 1. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE

Program:

"BEGIN" "INTEGER" I; "REAL" U;
U:= .1986;
"FOR" I:= 1 "STEP" 1 "UNTIL" 10 "DO"
OUTPUT(61, "("-2ZD.6D,/™)",
RANDOM LOGISTIC(O, 1, U));
"END" .

Output:

1.625568
~3.336784
0.652050
-0.502373
-0.943623
0.719427
0.208989
-0.374907
-2.251146
-0.683958

SOURCE TEXT

"CODE" 41322;
"REAL" "PROCEDURE" RANDOM LOGISTIC (LOC, SCALE, U);
"VALUE" LOC, SCALE; "REAL" LOC, SCALE, U;
"BEGIN" "REAL" V;

Vz=ASELECT(U); "IF" V = 1 "THEN" Vi= ASELECT(U);

RANDOM LOGISTIC:= LOC - SCALE * LN (1 /V - 1)
"END" RANDOM LOGISTIC;

IIEOP"
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5.3.6.1 Random Gamma

Tiie: . Random Gamma
AuTHOR: C. van Putten
INsTITUTE: Mathematical Centre
RECEIVED: 810101

BRIEF DESCRIPTION
The procedure generates a random number having a gamma distribution with
shape and scale parameters ALPHA and SIGMA.

KEYWORDS
Random gamma number

CALLING SEQUENCE

Heading

"REAL" "PROCEDURE" RANDOM GAMMA (ALPHA, SIGMA, U);
"VALUE" ALPHA, SIGMA;

"REAL" ALPHA, SIGMA, U;

"CODE" 41313;

Formal parameters

ALPHA: <arithmetic expression>, shape parameter of the gamma distri-
bution;

SIGMA: <arithmetic expression>, scale parameter of the gamma distri-
bution;

u: <real variable>, value used to generate a random number.

After a call of RANDOM GAMMA, U contains a new value which is
used in the next call of RANDOM GAMMA unless the program assigns a
new value to u.

Conditions: ALPHA, SIGMA >0, and O<u<1.

DATA AND RESULTS

The generated value is assigned to the procedure identifier RANDOM GAMMA.

The call TEST RANDOM(41313, ALPHA, SIGMA, U, 0, 0, 0) may yield the follow-
ing error messages:

Errornumber 1 (if ALPHA<D)
Errornumber 2 (if SCALE <0)
Errornumber 3 (if u<o or u=1)

PROCEDURES USED
ASELECT STATAL 41308
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Random Gamma 5.3.6.1

LANGUAGE
Algol 60

METHOD AND PERFORMANCE
The random number is generated according to the rejection method.
See v. Putten & v.d. Tweel (1979).

REFERENCE

[1].  C. van Putten, I. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE
Program:

"BEGIN" "INTEGER" I; "REAL" U;

U:= .1986;

"FOR" I:= 1 "STEP" 1 "UNTIL" 10 "DO"

OUTPUT(61, "("2ZD.6D,/")", RANDOM GAMMA(6.8, 21, U));
"END"

Output:

123.954855
174.883625
128.486894
117.773322
135.193981
173.060565
211.984181
134.738707
230.800622
150.039688

SOURCE TEXT

"CODE" 41313;
"REAL" "PROCEDURE™ RANDOM GAMMA(ALPHA, SIGMA, U);
"VALUE" ALPHA, SIGMA; "REAL" ALPHA, SIGMA, U;
"BEGIN" "IF" ALPHA < 1 "THEN"
"BEGIN" "REAL"™ U1, U2, V1, V2, W, Y;
NEXT1: U1:= ASELECT(U); U2:= ASELECT(U);
Vi:= U1 #* (1 / ALPHA);
V2:= U2 ** (1 / (1 - ALPHA));
W:=V1 + Vv2;
"IF" M > 1 "THEN" "GOTO" NEXT1 "ELSE" Y:= V1 / W;
RANDOM GAMMA:= -~LN(ASELECT(U)) * Y * SIGMA
"END" "ELSE"
"BEGIN" "REAL" A, B, C, U1, U2, V, X;
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5.3.6.1 Random Gamma

A:= 1 / SQRT(ALPHA * 2 - 1); B:= ALPHA - LN(4);
C:= ALPHA + SQRTCALPHA * 2 - 1);
NEXT2: U1:= ASELECT(U); U2:= ASELECT(U);
"IF" U2 = 1 "THEN" U2:= ASELECT(U);
Vi= A * LN(U2 /7 (1 - U2)); X:z= ALPHA * EXP(V);
"IF" B+ C * V- X < LN(UT * U2 * U2) "THEN"
"GOTO" NEXT2
"ELSE" RANDOM GAMMA:= X * SIGMA
IIE"D"

"END" RANDOM GAMMA;
llEoPll
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Random Beta 5.3.7.1

TrrLe: . Random Beta
AuTHOR: C. van Putten
INsTITUTE: Mathematical Centre
Recervep: 810101

BRIEF DESCRIPTION
The procedure generates a random number having a beta distribution with
parameters ALPHA1 and ALPHA2.

KEYWORDS
Random beta number

CALLING SEQUENCE

Heading

"REAL" "PROCEDURE" RANDOM BETA (ALPHA1, ALPHA2, U);
"VALUE" ALPHA1, ALPHA2;

"REAL" ALPHA1, ALPHA2, U;

"CODE" 41314;

Formal parameters

ALPHA1: <arithmetic expression>, first shape parameter of the beta dis-
tribution;

ALPHA2: <arithmetic expression>>, second shape parameter of the beta
distribution;

u: < real variable> value used to generate a random number.

After a call of RANDOM BETA, U contains a new value which is used
in the next call of RANDOM BETA unless the program assigns a new
value to u.

Conditions: ALPHA1, ALPHA2>0 and O<u<1.

DATA AND RESULTS

The generated value is assigned to the procedure identifier RANDOM BETA.

The call TEST RANDOM(41314, ALPHA1, ALPHA2, U, 0, 0, 0) may yield the fol-
lowing error messages:

Errornumber 1 (if ALPHA1 <0)
Errornumber 2 (if ALPHA2 <0)
Errornumber 3 (if u<o or u=1)

PROCEDURES USED
ASELECT STATAL 41308
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5.3.71 Random Beta

LANGUAGE
Algol 60

METHOD AND PERFORMANCE

The generated value is equal to

(D1%1/ALPHA1)/(D1%*1/ALPHA1+D2*%%1/ALPHA2),

where (b1, 02) is the first pair, in a sequence of random numbers uniformly
distributed on (0,11, such that p1#*%*1/ALPHA1+D2 #%1/ALPHA2<1.

See v. Putten & v.d. Tweel (1979).

REFERENCE

[1]. C. van Putten, I. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE
Program:

"BEGIN" "INTEGER" I; "REAL" U;

:= .1986;

"“FOR" I:= 1 "STEP" 1 "UNTIL" 10 "DO"

OUTPUT(61, "("2ZD.6D,/")", RANDOM BETA(5, 5, U));
"END"

Output:

0.742113
0.490507
0.458454
0.623171
0.502997
0.437990
0.362342
0.466458
0.605676
0.500535
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SOURCE TEXT

"CODE" 41314;
"REAL" "PROCEDURE™ RANDOM BETA(ALPHA1, ALPHA2, U);
"VALUE" ALPHA1, ALPHA2; "REAL" ALPHA1, ALPHA2, U;
"BEGIN" "REAL" U1, U2, V1, V2, W;
NEXT:
U1:= ASELECT(U); U2:= ASELECT(U);
Vi:= U1 #*% (1 / ALPHA1); V2:= U2 ** (1 / ALPHA2);
W=Vl + V2;
"IF" W > 1 "THEN" "GOTO" NEXT
"ELSE" RANDOM BETA:= V1 / W;
"END" RANDOM BETA;
"EoPll
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5.3.8.1 Random Cauchy

Tirie: ©  Random Cauchy
AUTHOR: C. van Putten
INsTITUTE: Mathematical Centre
Recervep: 810101

BRIEF DESCRIPTION
The procedure generates a random number having a Cauchy distribution with
location parameter (median) Loc and scale parameter SCALE.

KEYWORDS
Random Cauchy number

CALLING SEQUENCE

Heading

"REAL" "PROCEDURE" RANDOM CAUCHY (LOC, SCALE, U);
"WALUE" LOC, SCALE;

"REAL" LOC, SCALE, U;

"CODE" 41318;

Formal parameters

Loc: <arithmetic expression>, location parameter of the Cauchy distribu-
tion;

SCALE: <arithmetic expression>, scale parameter of the Cauchy distribution;

U:  <real variable>, value used to generate a random number.
After a call of RANDOM CAUCHY, U contains a new value which is used in
the next call of RANDOM CAUCHY unless the program assigns a new value
to u.

Conditions: SCALE>0, and 0<U<1.

DATA AND RESULTS
The generated value is assigned to the procedure identifier RANDOM CAUCHY. The
call TEST RANDOM(41318, LOC, SCALE, U, 0, 0, 0) may yield the following error

messages:
Errornumber 2 (if SCALE <0)
Errornumber 3 (if u<o or u=1)

PROCEDURES USED
ASELECT STATAL 41308

LANGUAGE
Algol 60
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Random Cauchy 5.3.8.1

METHOD AND PERFORMANCE v

The generated value is equal to LOC—SCALE* COS(z*D)/SIN(x*D), where D is a
random number which is uniformly distributed on (0,1].

See v. Putten & v.d. Tweel (1979).

REFERENCE

[1]. C. van Putten, I. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE

Program:

"BEGIN" "INTEGER" I; "REAL" U;
1= .1986;
"FOR" I:= 1 "STEP" 1 "UNTIL" 10 "DO"
OUTPUT(61, "("-ZD.6D,/")", RANDOM CAUCHY(D, 1, U));
"ENDII

Output:

1.760396
-9.235918
0.539459
-0.406933
-0.826378
0.601967
0.165018
-0.299557
-3.241467
~0.568815

SOURCE TEXT

"CODE" 41318;
"REAL" "PROCEDURE™ RANDOM CAUCHY (LOC, SCALE, U);
"VALUE" LOC, SCALE; "REAL" LOC, SCALE, U;
"BEGIN" "REAL" U1, PI;
U1:= ASELECT (U); "IF" U1 = 1 "THEN" U1 == ASELECT (U);
PI := 3.1415925358979;
RANDOM CAUCHY:=
LOC - SCALE * COS (PI * U1) / SIN (PI * U1)

"END" RANDOM CAUCHY;
"EOP"

506



5.3.9.1 Random Weibull

TirLe: . Random Weibull
AuTHOR: C. van Putten
INSTITUTE: Mathematical Centre
RECEIVED: 810101

BRIEF DESCRIPTION
The procedure generates a random number having a Weibull distribution with
parameters LOC, SCALE and ALPHA.

KEYWORDS
Random Weibull number

CALLING SEQUENCE

Heading

"REAL" "PROCEDURE" RANDOM WEIBULL (LOC, SCALE, ALPHA, U);
"VALUE" LOC, SCALE, ALPHA;

"REAL" LOC, SCALE, ALPHA, U;

"CODE" 41319;

Formal parameters
Loc: <arithmetic expression>, location parameter of the Weibull distribu-
tion;

SCALE: <arithmetic expression>, scale parameter of the Weibull distribution;
ALPHA: <arithmetic expression>, shape parameter of the Weibull distribution;
U:  <real variable>, value used to generate a random number.
After a call of RANDOM WEIBULL, U contains a new value which is used in
the next call of RANDOM WEIBULL unless the program assigns a new value
to u.
Conditions: SCALE, ALPHA>0, and 0<u<1.

DATA AND RESULTS

The generated values is assigned to the procedure identifier RANDOM WEIBULL.
The call TEST RANDOM(41319, LOC, SCALE, ALPHA, U, 0, 0) may yield the fol-
lowing error messages:

Errornumber 2 (if SCALE <0)
Errornumber 3 (if ALPHA <0)
Errronumber 4 (if u<o or u =1)

PROCEDURES USED
ASELECT STATAL 41308
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Random Weibull 5.3.9.1

LANGUAGE
Algol 60

METHOD AND PERFORMANCE

The generated value is equal to LOC + SCALE*((—LN(D)) #**(1/ALPHA)) where
b is a random number which is uniformly distributed on ¢0,11.

See v. Putten & v.d. Tweel (1979).

REFERENCE

[1].  C.van Putten, I. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE
Program:

"BEGIN" "INTEGER" I; "REAL" U;
U:= .1986; .
"FOR"™ I:= 1 "STEP" 1 "UNTIL" 10 "DO"
OUTPUT(61, "("-ZD.6D,/")",
RANDOM WEIBULL(1, 1.0, 2, U));
"END"

Output:

1.423853
2.836224
1.647574
1.987702
2.127990
1.629906
1.770780
1.947665
2.533377
2.045225

SOURCE TEXT

"CODE" 41319;
"REAL" "PROCEDURE™ RANDOM WEIBULL(LOC, SCALE, ALPHA, U);
"VALUE" LOC, SCALE, ALPHA; "REAL" LOC, SCALE, ALPHA, U;
RANDOM WEIBULL:=

LOC + SCALE * (~LNCASELECT(U))) *% (1 / ALPHA);
"EOP"
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5.3.101 Random Laplace

Tm,E:‘ " Random Laplace
AUTHOR: C. van Putten
INSTITUTE: mathematical Centre
Recervep: 810101

BRIEF DESCRIPTION

The procedure generates a random number having a Laplace distribution with
mean LOC and scale parameter SCALE (which is proportional to the standard
deviation).

KEYWORDS
Random Laplace number

CALLING SEQUENCE

Heading

"REAL" "PROCEDURE" RANDOM LAPLACE (LOC, SCALE, U);
"VALUE LOC, SCALE;

"REAL" LOC, SCALE, U;

"CODE" 41320;

Formal parameters :

Loc: <arithmetic expression>, location parameter of the Laplace distribu-
tion;

SCALE: <arithmetic expression>, scale parameter of the Laplace distribution;

u: <real variable>, value used to generate a random number.
After a call of RANDOM LAPLACE, U contains a new value which is used in
the next call of RANDOM LAPLACE unless the program assigns a new value
to u.

Conditions: SCALE > 0and 0 < u <1

DATA AND RESULTS

The generated value is assigned to the procedure identifier RANDOM LAPLACE.
The call TEST RANDOM(41320, LOC, SCALE, U, 0, 0, 0) may yield the following
€ITOT messages:

Errornumber 2 (if scALe < 0)
Errornumber 3 @u<Ooru=1l
PROCEDURES USED

ASELECT STATAL 41308
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Random Laplace 5.3.10.1

LANGUAGE
Algol 60

METHOD AND PERFORMANCE

The generated value is equal to LOC+SCALE*LN(2+D) when b < 1/2, and equals
LOC—SCALE*LN(2%(1—D)) when D > 1/2, where b is a random number which is
uniformly distributed on (0, 1]. See v. Putten & v.d. Tweel (1979).

REFERENCE

[1l.  C.van Putten, I. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE
Program:

"BEGIN" "INTEGER" I; "REAL" U;
U:= .1986; .
"FOR" I:= 1 "STEP" 1 "UNTIL" 10 "pO"
OUTPUT(61, "("-2ZD.6D,/")",
RANDOM LAPLACE(100, 100, U));
"END" .

Output:

211.207199
-167.857065
137.825578
71.759230
42.078511
142.306175
110.994404
79.507890
-65.809651
60.065177

SOURCE TEXT

"CODE" 41320;

"REAL" "PROCEDURE™ RANDOM LAPLACE (LOC, SCALE, U);

"VALUE" LOC, SCALE; "REAL" LOC, SCALE, U;

""BEGIN" ASELECT(U); "IF" U = 0 "THEN" ASELECT(U);
RANDOM LAPLACE:=
"IF" U <= 0.5 "THEN" LOC + SCALE * LN(2 * U)
"ELSE" LOC = SCALE * LN(2 * (1 - U));

"END" RANDOM LAPLACE;
"EOP"
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5.3.111 Random Gumbel

TirLe:  Random Gumbel
AUTHOR: C. van Putten
INSTITUTE: Mathematical Centre
RECEIVED: 810101v

BRIEF DESCRIPTION
The procedure generates a random number having a Gumbel distribution with
parameters LOC and SCALE.

KEYWORDS
Random Gumbel number

CALLING SEQUENCE

Heading

"REAL" "PROCEDURE" RANDOM GUMBEL (LOC, SCALE, U);
"WALUE" LOC, SCALE;

"REAL" LOC, SCALE, U;

“CODE" 41321;

Formal parameters

Loc: <arithmetic expression>, location parameter of the Gumbel distribu-
tion;

SCALE: <arithmetic expression=>, scale parameter of the Gumbel distribution;

U:  <real variable>, value used to generate a random number.
After a call of RANDOM GUMBEL, U contains a new value which is used in
the next call of RANDOM GUMBEL unless the program assigns a new value to
u.

Conditions: SCALE >0and 0 < u < 1.

DATA AND RESULTS

The generated value is assigned to the procedure identifier RANDOM GUMBEL.

The call TEST RANDOM(41321, LOC, SCALE, U, 0, 0, 0) may yield the following
€TTOT messages:

Errornumber 2 (if scaLE < 0)

Errornumber 3 fu<Ooru=1

PROCEDURES USED
ASELECT STATAL 41308

LANGUAGE
Algol 60
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Random Gumbel 5.3.11.1

METHOD AND PERFORMANCE '
The generated value is equal to LOC*SCALE+LNC—LN(D)), where D is a random
number which is uniformly distributed in (0,11. See v. Putten & v.d. Tweel.

REFERENCE

[1]. C. van Putten, 1. van der Tweel
On generating random variables
STATAL report 2, report SN 9/79
Mathematical Centre, Amsterdam, 1979

EXAMPLE OF USE

Program:

"BEGIN" "INTEGER" I; "REAL" U;
:= .1986;
"FOR" I:= 1 "STEP" 1 "UNTIL" 10 "DO"
OUTPUT(61, "("-2ZD.6D,/")",
RANDOM GUMBEL(O, 1, U));
IIEND"

Output:

1.716738
-1.215422
0.869043
0.024749
~0.240875
0.924369
0.520704
0.107509
-0.854944
-0.088464

SOURCE TEXT

"CODE" 41321;
""REAL" "PROCEDURE" RANDOM GUMBEL (LOC, SCALE, U);
"VALUE" LOC, SCALE; "REAL" LOC, SCALE, U;
"BEGIN" "REAL" V;
V= ASELECT (U); "IF" V =1 "THEN" V := ASELECT(U);
RANDOM GUMBEL:= LOC - SCALE * LN (-~ LN (V))
"END" RANDOM GUMBEL;
"EOP"
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6. TABLES AND PICTURES

This section contains procedures for tabulating and plotting data on a line
printer or plotter. The graphical techniques in this section display data in pair-
charts, probability plots, two-dimensional scatter plots and in histograms. The
procedures which produce tables or pictures via a line printer have a parame-
ter CHN to identify the channel via which the output must be written to file.
This channel should be defined in the main program (c.f. ¢cbc—ALGoL 60 r.m.,
version 5, pp. 8-16). The graphical procedures PLOTPC and PLOTDIST write their
output to a so called graph file. This graph file is generated by these pro-
cedures and can be send to the plotter by using the command PLOTGF. Alter-
natively, one can send a graph file to a line printer by using the command
PRINTGF or inspect it at a graphical terminal by using GRIMAS. (c.f. SARA pub-
likatie 11). ,

REFERENCES

1} Algol 60 reference manual, version 5, Control Data Corporation, 1979.

[2]. Graphics, SARA publikatie 11, Stichting Academisch Rekencentrum
Amsterdam, 1980.
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Tabulate

TITLE: .

6.1

Tabulate

AvutHor: H. Elffers

INsTITUTE: Mathematical Centre

RECEIVED: 740130

BRIEF DESCRIPTION
The procedure tabulates a function of two variables on a lattice of arguments.

KEYWORDS

Table of a function of two variables

CALLING SEQUENCE

Heading

"PROCEDURE" TABULATE (TEXT, F, PRER, POSTR, LOWY, STEPY, UPPY, PREY,
POSTY, TEXTY, LOWX, STEPX, UPPX, PREX, POSTX, TEXTX, CHN, LINES, POS);
"VALUE" PRER, POSTR, LOWY, STEPY, UPPY, PREY, POSTY, LOWX, STEPX, UPPX,
PREX, POSTX, CHN, LINES, POS;

"INTEGER" PRER, POSTR, PREY, POSTY, PREX, POSTX, CHN, LINES, POS;
"REAL® LOWY, STEPY, UPPY, LOWX, STEPX, UPPX;

"STRING" TEXT, TEXTY, TEXTX;

"REAL" "PROCEDURE" F;

"CODE" 40200;

Formal parameters

TEXT:
F:

<string>, identifying text, heading of the table;

<real procedure>, declaring the function to be tabulated. The
name of the procedure is an actual parameter, no Jensen’s device
is used;

PRER, POSTR, PREY, POSTY, PREX, POSTX:

<integer arithmetic expression>, defining the respective formats
of the numbers to be printed, PRE(POST) denotes the number of
places to the left (right) of the decimal point. R denotes the func-
tion values, X denotes the values of the first argument, to be
printed along the horizontal axis, Y denotes the values of the
second argument, to be printed along the vertical axis;

LOWY, STEPY, UPPY,LOWX, STEPX, UPPX:

TEXTX:
TEXTY:
CHN:

LINES:

514

<arithmetic expression>, the respective values of the arguments.
Low denotes the first value of an argument, STEP the step value
and upp the last value. x denotes the first argument, v the second
argument;

<string>, label for the first argument;

<string>>, label for the second argument;

<integer arithmetic expression>, channel number via which the
output is written to file;

<integer arithmetic expression>>, number of lines per page;



6.1

Tabulate

POS: <integer arithmetic expression>, number of positions per line;

CALLING SEQUENCE F

Heading

"REAL" "PROCEDURE" F(X,Y);

"VALUE" X, Y;"REAL" X, Y;
Formal parameters

Xx: <arithmetic expression>, first argument;
Y: <arithmetic expression>, second argument.

DATA AND RESULTS

TABULATE generates a table of values of the function F(x, Y) for
X= LOWX, LOWX+STEPX, LOWX-+STEPX*2,...,UPPX and

Y= LOWY, LOWY+STEPY, LOWY+STEPY#2,...,UPPY.

The procedure takes care of a neat layout.

The following error messages may appear:

Errornumber 1

Errornumber 3
Errornumber 4
Errornumber 5
Errornumber 6
Errornumber 7
Errornumber 8
Errornumber 12
Errornumber 13
Errornumber 14
Errornumber 17
Errornumber 18
Errornumber 19
Errornumber 20

PROCEDURES USED

STATAL3 ERROR

LANGUAGE
Algol 60

(if, given length of text, there is no room for LINES
on channel CHN)

(if PRER <0)

(if POSTR <0)

(if PRER+POSTR=0 Or PRER+POSTR >24)

(if sTEPY=0)

(if SIGN ((UPPY—LOWY)*STEPY)<0)

(if PREY+POSTY >24)

(if STEPX=0)

(if SIGNC(UPPX—LOWX)*STEPX)<0)

(if PREX+POSTX>24)

(if CHN <0 or CHN=60)

(if no vertical boundary is given on channel CHN)

(if no horizontal boundary is given on channel CHN)
(if, given Pos, there is no room for the number of
columns)

STATAL 40100

METHOD AND PERFORMANCE

The format parameters and the range parameters are checked. The layout is
prepared by the checking of the size parameters. After the final error checking
the table is produced.
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Tabulate 6.1

EXAMPLE OF USE
Program:

"BEGIN" "REAL" "PROCEDURE" F(X,Y);
"VALUE" X,Y; "REAL" X,Y;
Fz= X*X = Y*Y;
CHANNEL(71,"("E")",61);
TABULATE("("TABLE OF X*X - Y*Y")", F, 1, 2,
-1, 0.4, 1, 1, 1, "("Y-VALUE™)",
-1, 0.4, 1, 1, 1, "("X-VALUE™)",
71, 40, 60);
"END"

Output:
TABLE OF X*X - Y#Y

X-VALUE: -1.0 -0.6 -0.2 0.2 0.6 1.0
Y-VALUEI
-1.0 I 0.00 0.64 0.96 0.96 0.64 0.00
0.6 I -0.64 0.00 0.32 0.32 0.00 -0.64
I -0.96 -0.32 0.00 -0.00 -0.32 -0.96
I -0.96 -0.32 0.00 0.00 -0.32 -0.96
I
I

-0.64 0.00 0.32 0.32 0.00 -0.64
0.00 0.64 0.96 0.96 0.64 0.00

et b b b b b

SOURCE TEXT

"CODE" 40200;
"PROCEDURE" TABULATE(MAIN TEXT,FUNCTION,PRE R,POST R,
FROM V,WITH V,TO V,PRE V,POST V,TEXT V,
FROM H,WITH H,TO H,PRE H,POST H,TEXT H,
CHANNEL ,NUMBER OF LINES,NUMBER OF POSITIONS);
"VALUE" PRE R,POST R,FROM V,WITH V,TO V,PRE V,POST V,
FROM H,WITH H,TO H,PRE H,POST H,
CHANNEL ,NUMBER OF LINES,NUMBER OF POSITIONS;
"STRING" MAIN TEXT,TEXT V,TEXT H;
"REAL""PROCEDURE" FUNCTION;
"INTEGER" PRE R,POST R,PRE V,POST V,PRE H,POST H,
CHANNEL ,NUMBER OF LINES,NUMBER OF POSITIONS;
"REAL" FROM V,WITH V,TO V,FROM H,WITH H,TO H;
"COMMENT" PROVISIONAL VERSION, NOTHING IS GUARANTEED;
"COMMENT" USERS COMMENT SEE DESCRIPTION;
"COMMENT" SUFFIX V STANDS FOR VERTICAL ARGUMENT,

H HORIZONTAL ARGUMENT,
R RESULT,
L LENGTH,

PREFIX I STANDS FOR INTEGER CODED EQUIVALENT
OF THE VARIABLE AFTER
THE PREFIX;
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6.1 Tabulate

"BEGIN" "INTEGER" LOCAL,LEFTCOLUMNL,TEXTHL,TEXTVL,
ARG VL,RIGHTARGVBLANK,LEFTARGVBLANK,
TEXTHBLANK,RIGHTTEXTVBLANK,LEFTTEXTVBLANK,
COLUMNL ,ARGHL ,RESULTL ,ARGHBLANK,
RESULTBLANK,NUMBER OF COLUMNS,ACTUAL LENGTH,
LASTH,FIRSTH,ITOV,ITOH;

"REAL" MAX RESULT;

"PROCEDURE" TEXT AND H LAYOUT;

“IF" POST H=0

"THEN" FORMAT("("#,N,//,XB,N,"(":")",X(XB-XZD),
B,ll(l'l")ll’,")ll’
TEXTHBLANK,NUMBER OF COLUMNS,ARGHBLANK,PREH-1)

“ELSE" FORMAT("("*,N,//,XB,N,"(":")",X(XB-XZD.XD),
B,"("I")",/")" TEXTHBLANK,NUMBER OF COLUMNS,
ARGHBLANK, PREH-1,POST H);

"PROCEDURE" ARG V LAYOUT;

"IF" POSTV =0

"THEN" FORMAT("("/,XB-XZbXB,"("I")"")",
LEFTARGVBLANK,PRE V-1,RIGHTARGVBLANK)

"ELSE" FORMAT("("/,XB-XZD.XDXB,"("I")"")",
LEFTARGVBLANK,PRE V-1,P0OST V,RIGHTARG V BLANK);

"PROCEDURE" TEXT V LAYOUT;

FORMAT("( "XB,N,XB,"( "I")",X(N),"‘( nynynn )u’
LEFTTEXTVBLANK,RIGHTTEXTVBLANK,
ACTUAL LENGTH-LEFTCOLUMNL-2);

"PROCEDURE" TEXT V LISTC(ITEM);"PROCEDURE" ITEM;
"BEGIN""INTEGER" POS;

ITEMCTEXT V);

"FOR" POS:= LEFTCOLUMNL+3 "STEP" 1

"UNTIL" ACTUAL LENGTH "DO"

ITE"( "( LLP L) )" );
"END" TEXT V LIST;

"PROCEDURE" RESULT OVERFLOW(RESULT);

"VALUE" RESULT; "REAL" RESULT;

"BEGIN" OUTPUT(CHANNEL,"("//,
"("RESULT DOES NOT FIT IN GIVEN FORMAT, RESULT = ")"
N,
"("%x THE PROCEDURE TABULATE IS LEFT HERE *")",
///")", RESULT);
"GOTO" EXIT TABULATE;

"END" RESULT OVERFLOW;

"PROCEDURE" RESULT LAYOUT;
"IF" POST R=0
"THEN" FORMAT("("X(XB-XzD),B,"("I")"™)",
NUMBER OF COLUMNS,RESULTBLANK,PRE R-1)
"ELSE" FORMAT("("X(XB-XZD.XD),B,"("I1")"")",
NUMBER OF COLUMNS,RESULTBLANK,PRE R-1,POST R);
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* "PROCEDURE" UNDERLINE LAYOUT;
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FORMAT("("/,X(N),/")" ,ACTUAL LENGTH);

"PROCEDURE" UNDERLINE LIST(ITEM);"PROCEDURE" ITEM;
"BEGIN" "INTEGER" POS;
"FOR™ POS:= 1 "STEP" 1 "UNTIL" ACTUAL LENGTH "DO"
ITEH( "( ll=ll)ll );
"END" UNDERLINE LIST;

-"PROCEDURE" GROUP OF COLUMNSCFIRST H,LAST H);

"VALUE" FIRST H,LAST H; "INTEGER" FIRST H,LAST H;
"BEGIN""INTEGER" FIRST V,LAST V;

"PROCEDURE" TEXT AND H LISTCITEM); "PROCEDURE" ITEM;
"BEGIN""INTEGER" RUN H;
ITEM(MAIN TEXT); ITEM(TEXT H);
"FOR" RUN H:= FIRST H "STEP" 1 "UNTIL" LAST H
"D0" ITEM(RUN H*WITH H+FROM H);
"END" TEXT AND H LIST;

"PROCEDURE" PAGE(FIRST V,LAST V);
"VALUE" FIRST V,LAST V; "INTEGER" FIRST V,LAST V;
"BEGIN" "INTEGER" RUN V;

"PROCEDURE" ARG V LISTC(ITEM); “PROCEDURE" ITEM;
ITEM(WITH VXRUN V+FROM V);

"PROCEDURE" RESULT LIST(ITEM); "PROCEDURE" ITEM;
"BEGIN""INTEGER" RUN H;
"REAL" RESULT;
"FOR"™ RUN H:= FIRST H "STEP" 1
"UNTIL" LAST H "DO"
"BEGIN" RESULT:=
FUNCTIONCRUN V * WITH V+FROM V,
RUN H * WITH H + FROM H);
"IF" ABS(RESULT) > MAX RESULT "THEN"
RESULT OVERFLOW(RESULT)
"ELSE" ITEM( RESULT);
"END";
"END" RESULTLIST;

OUTLISTCCHANNEL,TEXT AND H LAYOUT,
TEXT AND H LIST);
OUTLIST(CHANNEL,TEXT V LAYOUT,TEXT V LIST);
"FOR™ RUN V:= FIRST V "STEP" 1 "UNTIL" LAST V
"po"
"BEGIN"
OUTLIST(CHANNEL ,ARG V LAYOUT,ARG V LIST);
OUTLIST(CHANNEL ,RESULTLAYOUT,RESULT LIST);
"END";

OUTLIST(CHANNEL ,UNDERLINE LAYOUT,
UNDERLINE LIST);
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MEND" PAGE;

LAST V:= -1;
"FOR" FIRST V:= LAST V+1 "WHILE" FIRST V<= ITOV "DO"
"BEGIN" LAST V:= LAST V + NUMBER OF LINES;
"IF" LAST V > ITOV "THEN" LAST V:= ITOV;
PAGE(FIRST V,LAST V);
"END" FOR;

"END" GROUP OF COLUMNS;

"PROCEDURE" INFER FORMAT(PRE,POST,FROM,WITH,TO,ERROR);

"VALUE" FROM,WITH,TO,ERROR;

"INTEGER" PRE, POST, ERROR; "REAL" FROM, WITH, TO;
"BEGIN"

"INTEGER""PROCEDURE" PREDIGITS(A,B);

"VALUE" A,B; "REAL" A,B;

"BEGIN" "IF" A<B "THEN" A:= B;

PREDIGITS:= "IF" A<=1 "THEN" 1 "ELSE"
-ENTIERC-LNCA) * .43429448190352);
"END" PREDIGITS;

"INTEGER" "PROCEDURE" POSTDIGITS(A);
"VALUE" A; "REAL" A;
"BEGIN""INTEGER" I; I:= 0;
"FOR"™ A:= A, A * 10 "WHILE" I < 14 "DO"
"IF" ABS(A - ENTIER(A)) < "-13
"THEN" "GOTO" EXIT LOOP
"ELSE" I:=1 + 1;
EXIT LOOP:
POSTDIGITS:= I;
"END" POSTDIGITS;

"INTEGER" "PROCEDURE" MAX(A,B,C);
"VALUE" A,B,C;"INTEGER" A,B,C;
"BEGIN" "IF" B>A "THEN" A:= B;
"IF" C>A "THEN" A:= C;
MAX:= A;
"END" MAX;

"INTEGER" PRENEED, POSTNEED;

FROM:= ABS(FROM); WITH:= ABS(WITH); TO:= ABS(TO);
PRENEED:= PREDIGITS(FROM,TO);
POSTNEED : =MAX(POSTDIGITS(FROM),POSTDIGITS(WITH),
POSTDIGITS(TO));

"IF" POST = 0 & PRE = 0 "THEN"
"BEGIN" PRE:= PRENEED; POST:= POSTNEED "END"
IIELSEII
"BEGIN" "IF" POST < POSTNEED

"THEN" MESSAGE(4+ERROR, POSTNEED);

"IF" POST < O "THEN" POST:= 0;

"IF" PRE < PRENEED "THEN"

"BEGIN" MESSAGE(5 + ERROR, PRE);
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PRE:= PRENEED
"END";
"END";

CHECK ON MAXIMUM FORMAT:
"IF" PRE + POST > 24 "THEN"
"BEGIN" "IF" PRE > PRENEED ! POST > POSTNEED "THEN"
"BEGIN" MESSAGE(ERROR + 21, PRE + POST);
PRE:= PRENEED;
"IF" POSTNEED < POST "THEN" POST:=POSTNEED;
"END";
"IF" PRE + POST > 24 "THEN"
MESSAGE(ERROR+22, PRE + POST);
"END";

"END" INFER FORMAT;

"PROCEDURE" MESSAGE(NUMBER,SCAPEGOAT);
"VALUE" NUMBER,SCAPEGOAT;

"INTEGER" NUMBER,SCAPEGOAT;
"BEGIN"

"SWITCH" ERROR:= E1,E2,E3,E4, E5,E6,E7,E8,E9,E10,
E11,E12,E13,E14,E15,E16,E17,E18,
E19,E20,E21,E22,E23 ,E24,E25;

"PROCEDURE" NON FATAL(TEXT,PRINT SCAPEGOAT);
"STRING" TEXT; "BOOLEAN" PRINT SCAPEGOAT;
"BEGIN"OUTPUT(CHANNEL,"("//,"(" MESSAGE: ")",
N")",TEXT);
"IF" PRINT SCAPEGOAT "THEN"
OUTPUT(CHANNEL, "("B-6ZD")", SCAPEGOAT);
"GOTO" EXIT MESSAGE;
“END" NON FATAL;

"IF" NO ERRORS "THEN"
"BEGIN" OUTPUT(CHANNEL,"("///,
"(" % MESSAGE FROM PROCEDURE TABULATE ,")",
"(" CALLED WITH MAINTEXT: ")",N,"(" #")"")",
MAINTEXT);
NO ERRORS:= "FALSE";
"END";

"GOTO" ERRORLCNUMBER];

E1: STATAL3 ERROR("("TABULATE")", 3, SCAPEGOAT);
E2: STATAL3 ERROR("("TABULATE")", 4, SCAPEGOAT);
E3: STATAL3 ERROR("("TABULATE")", 5, SCAPEGOAT);
E4: NON FATAL("("INFORMATION LOST BEHIND COMMA,
NEEDED POST V =")", "TRUE");
E5: NON FATAL("("PRE V IS TOO SMALL, PRE V =")",
"TRUE");
E6: NON FATAL(
"("INFORMATION LOST BEHIND COMMA, NEEDED POST H =")"
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E7:

E8:
E9:

E10:

E11:.

E12:
E13:
E14:
E15:
E16:

E17:
E18:

E19:

E20:
E21:
"("SPECI

E22:
E23:
"("SPECI

E24:
E25:

EXIT
"END

""BOO

INITIALI
NO E

HANDLING
l'I Fll
"I F"
"IF"
"I F"
"I F"

Tabulate

»"TRUE");
NON FATAL("("PRE H IS TOO SMALL, PRE H =")",

"TRUE");
STATAL3 ERROR("("TABULATE")", 19, SCAPEGOAT);
NON FATAL(
"("VERTICAL RANGE TRUNCATED ON INTEGER CODING")",

"FALSE");

NON FATAL(
"(""HORIZONTAL RANGE TRUNCATED ON INTEGER CODING")",

"FALSE");
STATAL3 ERROR("("TABULATE")", 6, SCAPEGOAT);
STATAL3 ERROR("("TABULATE™")", 12, SCAPEGOAT);
STATAL3 ERROR("("TABULATE")", 7, SCAPEGOAT);
STATAL3 ERROR("("TABULATE")", 13, SCAPEGOAT);
STATAL3 ERROR("("TABULATE")", 1, SCAPEGOAT);
NON FATAL(
"(""TO0 GREAT NUMBER OF LINES =")", "TRUE");
STATAL3 ERROR("("TABULATE")", 18, SCAPEGOAT);
NON FATAL(
"("TOO GREAT NUMBER OF POSITIONS =")",

"TRUE");

NON FATAL("("TOO GREAT NUMBER OF COLUMNS ASKED :")"
»"TRUE"); '

STATAL3 ERROR("("TABULATE")", 20, SCAPEGOAT);

NON FATAL(

FIED/INFERRED PRE V+POST V > 24, PRE V+POST vV =")"
»"TRUE"); )

STATAL3 ERRORC"("TABULATE")", 8, SCAPEGOAT);

NON FATAL(

FIED/INFERRED PRE H+POST H > 24, PRE V+POST Vv =")"
»"TRUE");

STATAL3 ERROR("("TABULATE")", 14, SCAPEGOAT);

STATAL3 ERROR("("TABULATE")", 17, SCAPEGOAT);

MESSAGE:
" MESSAGE;

LEAN" NO ERRORS;

ZE:
RRORS:= "TRUE";

OF FORMAT PARAMETERS:

PRE R + POST R = O "THEN" MESSAGE(3,0);
PRE R < 0O "THEN" MESSAGE(1,PRE R) "ELSE"
PRE R = O "THEN" PRE R := 1;

POST R < 0 "THEN" MESSAGE(2,POST R);

PRE R + POST R > 24

"THEN" MESSAGE(3, PRE R + POST R);

MAX
INFE

RESULT:= 10 #% PRE R = .5 * 10 ** (-POST R);
R FORMAT(PRE V, POST V, FROM V, WITH v, TO Vv, 0);
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" INFER FORMAT(PRE H, POST H, FROM H, WITH H, TO H, 2);

CHECK OF RANGE PARAMETERS:
"IF" WITH V = 0 "THEN" MESSAGE (11,0);
"IF" WITH H = O "THEN" MESSAGE(12,0);
"IF" (TO V -~ FROM V) * WITH V < 0 "THEN" MESSAGE(13,0);
"IF" (TO H = FROM H) * WITH H < O "THEN" MESSAGE(14,0);

PREPARATION OF LAYOUT:

CHECK OF SIZE PARAMETERS:

"IF" CHANNEL <= 0 "OR" CHANNEL = 60

"THEN" MESSAGE(25,CHANNEL);

NUMBER OF COLUMNS:= 0;

SYSPARAM(CHANNEL ,5,LOCAL);

"IF" LOCAL = O "THEN"

"BEGIN" MESSAGE(8, CHANNEL); LOCAL:

LOCAL:= LOCAL - 1;

"IF" NUMBER OF POSITIONS = O "THEN"
NUMBER OF POSITIONS:= LOCAL

"ELSE"

"IF" NUMBER OF POSITIONS < O "THEN"

"BEGIN" NUMBER OF COLUMNS:= - NUMBER OF POSITIONS;
NUMBER OF POSITIONS:= LOCAL;

IIENDII

"ELSE" -

"IF" NUMBER OF POSITIONS > LOCAL "THEN"

"BEGIN" MESSAGE(18,NUMBER OF POSITIONS);
NUMBER OF POSITIONS:= LOCAL;

IIEND";

135 “END" "ELSE"

SYSPARAM(CHANNEL, 7, LOCAL);
"IF" LOCAL = O "THEN"
"BEGIN" MESSAGE(17, CHANNEL); LOCAL:= 60 "END";
LOCAL:= LOCAL +

ENTIER(~CHLENGTH(MAIN TEXT)/NUMBER OF POSITIONS)-5;
"IF" LOCAL < 1 "THEN" MESSAGE(15,0);
"IF" NUMBER OF LINES < 1 "THEN" NUMBER OF LINES:= LOCAL
"ELSE" "IF" NUMBER OF LINES > LOCAL & LOCAL > 0 "THEN"
“BEGIN" MESSAGE(16, NUMBER OF LINES);

NUMBER OF LINES:= LOCAL;
"END",’

EQUALIZING TEXT AND NUMBER FORMATS IN LEFT COLUMN:
LEFTCOLUMNL:= TEXTHL:= CHLENGTH(TEXT H);
TEXTVL:= CHLENGTH(TEXT V);
"IF" TEXT VL > LEFTCOLUMNL "THEN" LEFTCOLUMNL:= TEXT VL;
ARGVL:= ("IF" POST V = 0 "THEN" 1 "ELSE" POST V + 2)
+ PRE V;
"IF" ARGVL >= LEFTCOLUMNL "THEN" LEFTCOLUMNL:= ARGVL+1;
RIGHTARGVBLANK:== LEFTCOLUMNL - ARGVL;
LEFTARGVBLANK:= RIGHTARGVBLANK "DIV" 2;
RIGHTARGVBLANK:= RIGHTARGVBLANK - LEFTARGVBLANK;
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TEXTHBLANK:= LEFTCOLUMNL - TEXTHL;
RIGHTTEXTVBLANK:= LEFTCOLUMNL - TEXTVL;
LEFTTEXTVBLANK:= RIGHTTEXTVBLANK "DIV" 2;
RIGHTTEXTVBLANK:= RIGHTTEXTVBLANK - LEFTTEXTVBLANK;

EQUALIZING NUMBER FORMATS IN OTHER COLUMNS:
COLUMNL:= ARGHL:=
("IF" POST H = 0 "THEN" 2 "ELSE" POST H + 3) + PRE H;
RESULTL:=
("IF" POST R = 0 "THEN" 2 "ELSE" POST R + 3) + PRE R;
"IF" RESULTL > COLUMNL "THEN" COLUMNL:= RESULTL;
ARGHBLANK:= COLUMNL - ARGHL + 1;
RESULTBLANK:= COLUMNL - RESULTL + 1;

DETERMINING OVERALL LENGTH:
"IF" NUMBER OF COLUMNS = 0 "THEN"
NUMBER OF COLUMNS:=
(NUMBER OF POSITIONS - 3 - LEFTCOLUMNL) "DIV" COLUMNL;
"IF" NUMBER OF COLUMNS = 0 "THEN"
MESSAGE(20,NUMBER OF POSITIONS);
ACTUAL LENGTH:=
NUMBER OF COLUMNS * COLUMNL + LEFTCOLUMNL + 3;
"IF" ACTUAL LENGTH > NUMBER OF POSITIONS
& NUMBER OF COLUMNS > 0 "THEN"
"BEGIN" MESSAGE(19, NUMBER OF COLUMNS);
NUMBER OF POSITIONS:= O;
"GOTO" CHECK OF SIZE PARAMETERS;
"END",‘

INTEGER CODING OF RANGE:
"IF" WITH H = 0 ! WITH V = O "THEN"
"GOTO" FINISHING OF ERROR CHECKS;
ITOV:= ENTIERC((TO V - FROM V)/WITH V);
"IF" FROM V + ITOV * WITH V% TO V "THEN" MESSAGE( 9, 0);
ITOH:= ENTIERC(TO H - FROM H)/WITH H);
"IF" FROM H + ITOH * WITH H% TO H "THEN" MESSAGE(10, 0);

FINISHING OF ERROR CHECKS:
"IF" ~NO ERRORS "THEN"
"BEGIN" LOCAL:= ACTUAL LENGTH;
OUTPUT(CHANNEL,"("///,
"("TABLE IS PRODUCED WITH THE ")",
"("(POSSIBLY CHANGED) PARAMETERS:")"

2,"C"  PREV :")",B92D,/
A" POST V :")",B92D,/
,'("  PREH :")",B92D,/

L POST H :")",B920,/

,"C"  NUMBER OF LINES :")",B92D,/

,"("  NUMBER OF POSITIONS:")",B9ZD,/")",

PRE V,POST V, PRE H,POST H,NUMBER OF LINES,
NUMBER OF POSITIONS);

ACTUAL LENGTH:= NUMBER OF POSITIONS;
OUTLIST(CHANNEL ,UNDERLINE LAYOUT,UNDERLINE LIST);
ACTUAL LENGTH:== LOCAL;
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. “END";

PRODUCTION OF TABLE:
LAST H:= -1;
"FOR" FIRST H:= LASTH + 1 "WHILE" FIRST H <= ITOH "DO"
"BEGIN" LASTH:= LASTH + NUMBER OF COLUMNS;
"IF" LASTH > ITOH "THEN"
"BEGIN" LASTH:= ITOH;
NUMBER OF COLUMNS:= LAST H - FIRST H + 1;
ACTUAL LENGTH:=
NUMBER OF COLUMNS * COLUMNL +LEFTCOLUMNL+3;
"END";
GROUP OF COLUMNS(FIRST H, LAST H);
"END" FOR;

EXIT TABULATE:
OUTLIST(CHANNEL ,UNDERLINE LAYOUT,UNDERLINE LIST);
SYSPARAM( CHANNEL ,7,LOCAL);
"IF" LOCAL > O "THEN" SYSPARAM(CHANNEL,4,LOCAL-1) "ELSE"
OUTPUT(CHANNEL ,"("///™)");
SYSPARAM(CHANNEL ,5,LO0CAL);
"IF" LOCAL > O "THEN" SYSPARAM(CHANNEL,2,LOCAL-1);

"END" TABULATE;
"EOP"
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TiTLe:  Triangle

AuTtHORs: R. Wiggers, E. Opperdoes
INSTITUTE: Mathematical Centre
RECEIVED: 740601

BRIEF DESCRIPTION
The procedure prints the lower triangular part of a square matrix.

KEYWORDS
Printing a lower triangular matrix

CALLING SEQUENCE

Heading

"PROCEDURE” TRIANGLE (CHN, TEXT, MATRIX, NROW, ROWNR);
"VALUE" CHN, NROW;

"INTEGER" CHN, NROW;

"STRING" TEXT;

"ARRAY" MATRIX;

"INTEGER" "ARRAY" ROWNR;

"CODE" 40201;

Formal parameters

CHN: <integer arithmetic expression>, channel number via which the
output is written to file;

TEXT : <string>, identifying text, to be printed on top of each page;

MATRIX: <array identifier>, one-dimensional array MATRIX [1:Ul, where

U=NROW*(NROW-+1)/2, which contains the lower triangular part
row by row including the diagonal elements;

NROW: <integer arithmetic expression>, number of rows, the sign indi-
cating the print format used;

ROWNR: <integer array identifier>>, one-dimensional array ROWNR
C1:NROW], which contains integer labels for the rows of the
matrix;

DATA AND RESULTS

The lower triangular part of the matrix includes the diagonal and must be
given row by row in a one-dimensional array. NROW may be negative. If so,
another output format is used, (see method and performance).

The following error messages may appear:

Errornumber 1 (if CHN <0 or CHN=60)

Errornumber 4 (if NROW=0)
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PROCEDURES USED
STATAL ERROR STATAL 40100

LANGUAGE
Algol 60

METHOD AND PERFORMANCE

In the case that NROW>0, the output is in floating point format +.4b"+DDB and
on each page 11 columns and 50 rows are printed. If NROW<0, the output is in
fixed format —z.4b28 and 13 columns and 50 rows are printed on each page.
If the lower triangular part of the matrix consists of more columns (and rows)
than can be printed on one page, it is printed in parts with each part on a new
page.

The fixed format is suitable for printing a correlation matrix. The procedure
prints the value 4*"+15/9 as ------ ; this value can be assigned to e.g. correla-
tions which cannot be computed, and a neat output is obtained.

EXAMPLE OF USE
Program:

"BEGIN" "INTEGER" I; "INTEGER" "ARRAY" RL[1:41;
"ARRAY" AL1:101;

"FOR" I:=1 "STEP" 1 "UNTIL" &4 "DO" R[IJ:= 2 * I;
INARRAY(60, A);

CHANNEL(71,"("E")",61);
TRIANGLE(71, "("MATRIX IN FIXED FORMAT")", A, -4, R);
TRIANGLE(71, "("MATRIX IN FLOATING-POINT FORMAT")",
A, &, R)
"ENDII

Input:

.23252
.69019  .21350

.74750 .10000 .16823

.00783 .11232 .54339 .13678
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Output:
MATRIX IN FIXED FORMAT
2 4 6 8
2 .2325
4 .6902 .2135
6 L7475 .1000 .1682
8 ~.0078 .1123 .5434 .1368
2 4 6 8
MATRIX IN FLOATING-POINT FORMAT
2 4 6 8
2 +.2325"+00
4 +.6902"+00 +.2135"+00
6 +.7475"+00 +.1000"+00 +.1682"+00
8 +.7830"-02 +.1123"+00 +.5434"+00 +.1368"+00
2 4 6 8
SOURCE TEXT

"CODE" 40201;
"PROCEDURE" TRIANGLE (CHANNEL, TEXT, MATRIX, SIZE, VARNR);
"VALUE" CHANNEL, SIZE;
"INTEGER" CHANNEL, SIZE; "STRING" TEXT;
"INTEGER" "ARRAY" VARNR; "ARRAY" MATRIX;
"BEGIN"
"INTEGER" IMIN, COUNT, IMAX, K, I, J, MAXI, PJ, PAGE,
NK; "BOOLEAN" CORRM; "REAL" X;

"INTEGER" "PROCEDURE" LINENUMBER;

"BEGIN" "INTEGER" L; SYSPARAM (CHANNEL, 3, L);
LINENUMBER:= L + 1

"END" LINENUMBER;

"PROCEDURE" NEW;

"BEGIN" OUTPUT (CHANNEL, "("*")"); NAME; NUMBER "END";

"PROCEDURE" CARRIAGE (N); "VALUE" N; "INTEGER" N;
"BEGIN" "INTEGER" I, M;
SYSPARAM (CHANNEL, 3, 1);
"IF" N<-1"0R" N=1"0OR" N> 31
"THEN" OUTPUT (CHANNEL, "("/™'™)
YELSE"
"BEGIN" M:= N + I - 1;
"IF" N = -1 "OR" M > 59 "THEN"
OUTPUT (CHANNEL, "("#")")
"ELsEl'
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"BEGIN" SYSPARAM (CHANNEL, 4, M);
OUTPUT (CHANNEL, "("/'")")
"END"
"END"
"END" CARRIAGE;

""PROCEDURE" NUMBER;
"BEGIN" PAGE:= PAGE + 1;
OUTPUT (CHANNEL, "("5B,"("PAGE:")",BZD,/")", PAGE);

"END" NUMBER;

"PROCEDURE" NAME; OUTPUT (CHANNEL, "("8B,N")", TEXT);

"PROCEDURE" HEADING;
"BEGIN" "INTEGER" I;
"IF" CORRM "THEN" OUTPUT (CHANNEL, "("5B")")
"ELSE" OUTPUT (CHANNEL, "("3B')");
"FOR™ I:= IMIN "STEP" 1 "UNTIL" IMAX
"D0" "IF" CORRM
"THEN" OUTPUT (CHANNEL, "("8ZD")", VARNR L[Il)
"ELSE" OUTPUT (CHANNEL, "("102D")", VARNR [I1)
"END";

"IF" CHANNEL <= 0 "OR" CHANNEL = 60 "THEN"
STATAL3 ERROR("("TRIANGLE")", 1, CHANNEL);
"IF" SIZE = 0 "THEN"
STATAL3 ERROR("("TRIANGLE")", &4, SIZE);
SYSPARAM(CHANNEL ,1,1);
"IF" I > 0 "THEN" OUTPUT(CHANNEL, "("/"™)");
CORRM:= SIZE < 0; SIZE:= ABS (SIZE);
PAGE:= 0; NK:= SIZE + SIZE // 10;
IMIN:= 1; COUNT:= "IF" CORRM "THEN" 13 "ELSE" 11;
"IF" LINENUMBER > 1 "THEN"
"BEGIN" "IF" SIZE <= COUNT "AND" LINENUMBER < 53 - NK
"THEN" OUTPUT (CHANNEL, "("3/")")
"ELSE" OUTPUT (CHANNEL, "("*")");

"END" "ELSE"
"BEGIN" SYSPARAM(CHANNEL, 1, I);
"IF" I > 0 "THEN" OUTPUT(CHANNEL, "("/'")")
IIENDII;
NAME;
"IF" SIZE <= COUNT "AND" LINENUMBER < 56 - NK
"THEN" OUTPUT (CHANNEL, "("/")"™)
"ELSE" NUMBER;
IMAX:= "IF" SIZE > COUNT "THEN" COUNT "ELSE" SIZE;

AGAIN:

528

K:= IMIN - 1 - CIMIN - 1) // 50 * 50;

CARRIAGE (K + K // 10 + 1); HEADING;

OUTPUT (CHANNEL, "("/™™);

"FOR" J:= IMIN "STEP" 1 "UNTIL" SIZE "DO"

"BEGIN" OUTPUT (CHANNEL, "("/,2ZD,5B"™)", VARNR [J1);
MAXI:= "IF" J < IMAX "THEN" J "ELSE" IMAX;
Pli= (U - 1) *J / 2;
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" "FOR" I:= IMIN "STEP" 1 "UNTIL" MAXI

llDo"
"BEGIN" X:= MATRIX [PJ + I];
"IF" CORRM "THEN"
"BEGIN" "IF" X = .9999"9 "THEN"

OUTPUT (CHANNEL, "(""("  ==== 1'")in))
"ELSE" OUTPUT (CHANNEL, "("-Z.4DBB")", X)
"END"

"ELSE" OUTPUT (CHANNEL, "("+.4D"+DDB")", X)
;"END";

MIF® J /7 10 * 10 = J "THEN"

"BEGIN" OUTPUT (CHANNEL, "("/"™)");
"IF" J // 50 * 50 = J "AND" J < SIZE "THEN"
"BEGIN" OUTPUT (CHANNEL, "("/")"); HEADING; NEW:
OUTPUT (CHANNEL, "("/")"); HEADING;
OUTPUT (CHANNEL, "("/™)™);
"END";

"END";

CARRIAGE("IF" SIZE // 10 * 10 = SIZE "THEN" 1 "ELSE" 2);

HEADING; "IF" IMAX = SIZE "THEN" "GOTO" READY;

IMIN:z= IMIN + COUNT; IMAX:= IMAX + COUNT;

"IF" IMAX > SIZE "THEN" IMAX:= SIZE; NEW; "GOTO" AGAIN;
READY:

"END" TRIANGLE;

"EOP"

Triangle
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TITLE: .

6.3

Rectangle

AuTHORS: R. Wiggers, E. Opperdoes

INSTITUTE: Mathematical Centre

RECEIVED: 750201

BRIEF DESCRIPTION
The procedure prints (a rectangular part of) a matrix.

KEYWORDS
Printing a matrix

CALLING
Heading

SEQUENCE

"INTEGER" "PROCEDURE" RECTANGLE (CHN, TEXT, MATRIX, LR, UR, LC, UC,
COLNR, FORMAT, ROWNR, PAGE);

"VALUE" CHN, LR, UR, LC, UC, FORMAT, PAGE;

"INTEGER" CHN, LR, UR, LC, UC, FORMAT, PAGE;

"STRING"

TEXT;

"INTEGER" "ARRAY" ROWNR;
"REAL" "ARRAY" MATRIX, COLNR;
""CODE" 40202;

Formal parameters

CHN:
TEXT:
MATRIX:
LR:

UR:

LC:

uc:
COLNR:
FORMAT:

ROWNR:

PAGE:
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<integer arithmetic expression>>, channel number via which the
output is written to file;

<string>, identifying text, to be printed on top of each page;
<array identifier>, to contain the matrix;

<integer arithmetic expression>>, smallest index of rows to be
printed;

<integer arithmetic expression>>, largest index of rows to be
printed;

<integer arithmetic expression>, smallest index of columns to be
printed;

<integer arithmetic expression>, largest index of columns to be
printed;

<array identifier™>, a one-dimensional array COLNRLLC:UCl, which
contains labels for the columns of matrix;

<integer arithmetic expression>>, code for printing format of the
elements of COLNR;

<integer array identifier>, a one-dimensional array ROWNR [LR:URI,
which contains integer labels for the rows of the matrix;

<integer arithmetic expression>, starting value of the page number-
ing.



6.3 Rectangle

DATA AND RESULTS :

If FORMAT=2, the clements of COLNR are printed in format 11zp, and if FoOR-
MAT=1, the format +.4b"+202B is used. For other values of FORMAT, no
column labels are printed. The number of the next page to be printed is
assigned to the procedure identifier RECTANGLE.

The following error messages may appear:

Errornumber 1 (if CHN <0 or CHN=60)
Errornumber 4 (if LR >UR)
Errornumber 6 (if Lc >uc)
PROCEDURES USED

STATAL3 ERROR STATAL 40100
LANGUAGE

Algol 60

METHOD AND PERFORMANCE
On each page 11 columns and 50 rows are printed. If the matrix cannot be
printed on one page, it is printed in parts, with each part on a new page.

EXAMPLE OF USE
Program:

"BEGIN" "INTEGER" I, J; "INTEGER" "ARRAY" R[1:12];

"REAL" "ARRAY" M[1:12, 1:31, CL[1:3]1;

"FOR" J:=1, 2, 3 "DO" CL[J1:=J * 10;

"FOR" I:=1 "STEP" 1 "UNTIL" 12 "DO" RLI]:= 3 * I;

INARRAY(60, M);

CHANNEL(71,"("E")",61);

RECTANGLE(71, "("EXAMPLE™", M, 1, 12, 1, 3, C, 1, R, 1)
"END“

Input:

14.189 137.27 1990.1
153.27 2851.9 9626.7
4£.2349 704718 73.731
2.6158 2.3072 15.024
190.32 50.274 2137.8
757614 2.2112 40.362
22.834 27.018 2551.9
33.425 7116.5 18.020
4.0250 9422.1 18.520
33.848 70.628 146.23
4.1123 159.23 15.942
673.26 2.7701 2500.1
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Output:
EXAMPLE
+.1000"+02 +.2000"+02 +.3000"+02

3 +.1419"402 +.1373"+03 +.1990"+04
6 +.1533"403 +.2852"+04 +.9627"+04
9 +.4235"+01 +.7047"+06 +.7373"+02
12 +.2616"+01 +.2307"+01 +.1502"+02
15 +.1903"+03 +.5027"+02 +.2138"+04
18 +.7576"+06 +.2211"+01 +.4036"+02
21 +.2283"+02 +.2702"+02 +.2552"+04
24 +.3342"+02 +.7116"+04 +.1802"+02
27 +.4025"+01 +.9422"+04 +.1852"+02
30 +.3385"+02 +.7063"+02 +.1462"+03

33 +.4112"+01 +.1592"+03 +.1594"+02
36 +.6733"+03 +.2770"+01 +.2500"+04

SOURCE TEXT

"CODE" 40202;

"INTEGER" "PROCEDURE" RECTANGLE (CHANNEL, TEXT, MATRIX,
LOWVERT, UPPVERT,LOWHOR, UPPHOR, COLNR,
HEADINGCODE, ROWNR, PAGE);

"VALUE" LOWVERT, LOWHOR, PAGE, HEADINGCODE,
UPPVERT, UPPHOR, CHANNEL;

"INTEGER" LOWVERT, LOWHOR, UPPVERT, UPPHOR,
HEADINGCODE, PAGE, CHANNEL;

"REAL™ "ARRAY" MATRIX, COLNR; "STRING" TEXT;

"INTEGER" "ARRAY" ROWNR;

"BEGIN" "INTEGER" I, J, L, U, NK, MM;

"PROCEDURE" NEW;
"BEGIN" OUTPUT (CHANNEL, "("#")"); NAME; NUMBER "END";

"PROCEDURE" NUMBER;

"BEGIN" OUTPUT (CHANNEL, "("5B,"("PAGE:")",BZD,/")",
PAGE);
PAGE:= PAGE + 1

"END" NUMBER;

"PROCEDURE" NAME; OUTPUT (CHANNEL, "("8B,N")", TEXT);

"PROCEDURE" HEADING;
"IF" HEADINGCODE = 1 "THEN"
"BEGIN" "INTEGER" J;
OUTPUT (CHANNEL, "("/,8B")");
"FOR™ Jz= L "STEP" 1 "UNTIL" U
"DO" OUTPUT (CHANNEL, "("+.4D"+DD,2B")", COLNR L[J1);
OUTPUT (CHANNEL, "("/™)")
"END"
"ELSE"
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IN:

"IF" HEADINGCODE = 2 "THEN"
"BEGIN" "INTEGER" J;
OUTPUT (CHANNEL, "("/,3B")");
"FOR" J:= L "STEP" 1 "UNTIL" U
"DO" OUTPUT (CHANNEL, "("11ZD")", COLNR [J1);
OUTPUT (CHANNEL, "("/™)")
IIEND";

"INTEGER" "PROCEDURE" LINENUMBER;

"BEGIN" "INTEGER"™ L; SYSPARAM (CHANNEL, 3, L);
LINENUMBER:= L + 1

"END" LINENUMBER;

"IF" CHANNEL <= 0 "OR" CHANNEL = 60 "THEN"
STATAL3 ERROR("("RECTANGLE")", 1, CHANNEL);
"IF" LOWVERT > UPPVERT "THEN"
STATAL3 ERROR("("RECTANGLE")", 4, LOWVERT);
"IF" LOWHOR > UPPHOR "THEN"
STATAL3 ERROR("("RECTANGLE")", 6, LOWHOR);
SYSPARAM(CHANNEL,1,1);
"IF" I > 0 "THEN" OUTPUT(CHANNEL, "("/")");
NK:= UPPVERT ~ LOWVERT + 1; NK:= NK + NK // 10;
MM:= UPPHOR - LOWHOR + 1;
"IF" LINENUMBER > 1 "THEN"
"BEGIN" "IF" MM < 11 "AND"
LINENUMBER <=
("IF" HEADINGCODE = 1 "OR" HEADINGCODE = 2
"THEN" 54 "ELSE" 56) - NK
"THEN" OUTPUT (CHANNEL, "("3/")")
"ELSE" OUTPUT (CHANNEL, "("*")");

"END";
NAME;
"IF" MM < 11 "AND"
LINENUMBER <=
("IF" HEADINGCODE = 1 "OR"™ HEADINGCODE = 2
"THEN" 57 "ELSE" 59) - NK
"THEN" OUTPUT (CHANNEL, "("/")")
"ELSE" NUMBER;
L:= LOWHOR;
Uz= "IF" UPPHOR = L > 9 "THEN" L + 9 "ELSE" UPPHOR;
HEADING;
"FOR" I:= LOWVERT "STEP" 1 "UNTIL" UPPVERT "DO"
"BEGIN" OUTPUT (CHANNEL, "("/,2ZD,58")", ROWNR [I1);
"FOR" J:= L "STEP" 1 "UNTIL" U
lIDoll
OUTPUT (CHANNEL, "("+.4D"+DD,BB")", MATRIX [I, J1);
"IF" I // 10 * 10 = I "THEN"
"BEGIN" OUTPUT (CHANNEL, "("/')");
"IF" I // 50 * 50 = I "AND" I < UPPVERT "THEN"
"BEGIN" NEW; HEADING "END";
IIENDII
"END";
"IF" U < UPPHOR "THEN"

Rectangle
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- "BEGIN" NEW; L:= U + 1; "GOTO" IN "END";
RECTANGLE:= PAGE;
"END" RECTANGLE;
"EOP"

534

6.3



6.4

Printpc

TirLe: ~ Printpe

AUTHOR: R. Kaas

INsTITUTE: Mathematical Centre

RECEIVED: 740701

BRIEF DESCRIPTION

A pairchart is printed via a lineprinter. A pairchart is a diagram representing
the rank properties of two samples. Wilcoxon’s, Wald-Wolfowitz’, Ansari-
Bradley’s, Kolmogorov-Smirnov’s and other test statistics are easily computed
using a pairchart.

KEYWORDS

Pairchart via a lineprinter

CALLING SEQUENCE

Heading

"PROCEDURE" PRINTPC (CHN, XI, I, LX, UX, YJ, J, LY, UY, SORTED, CODE);
"VALUE" CHN, CODE, LX, UX, LY, UY;

"INTEGER" I, J, LX, UX, LY, UY, CHN;

“REAL" XI, YJ, CODE;

"BOOLEAN" SORTED;

"CODE" 47001;

Formal parameters

CHN:

XI:

I:

LX:

ux:

YJd:

J:

LY:

uy:

SORTED:

<integer arithmetic expression>>, channel number via which the
output is written to file;

<arithmetic expression>, observations of the first sample,
depending on the Jensen parameter I;

<integer variable>, index of the first sample, Jensen parameter
for xi1;

<integer arithmetic expression>, smallest index of the first sam-
ple;

<integer arithmetic expression>, largest index of the first sam-
ple;

<arithmetic expression>>, observations of the second sample,
depending on Jensen parameter J;

<integer variable>, index of the second sample, Jensen parame-
ter for vJ;

<integer arithmetic expression>>, smallest index of the second
sample;

<integer arithmetic expression>, largest index of the second
sample;

<boolean expression>, indicating whether the samples are
sorted in non-decreasing order or not;
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CODE: <arithmetic expression>, identification number of the problem.

DATA AND RESULTS

If the smallest sample size (i.e. MINC(UX—LX+1, UY—LY+1)) is larger than 44,
the samples are too large for a pairchart over a lineprinter and the execution
of the program is terminated. In this case one is advised to use the procedure
PLOTPC, which can handle any sample size.

The following error messages may appear:

Errornumber 1 (if CHN <0 or CHN=60)
Errornumber 4 (if Lx >ux)
Errornumber 8 (if LY >uY)

PROCEDURES USED

VEC QSORT STATAL 11020
STATAL3 ERROR STATAL 40100
LANGUAGE

Algol 60

METHOD AND PERFORMANCE

A cumulative frequency table of the pooled sample is made. In two arrays
printing orders are collected. The pairchart is printed from left to right and
from top to bottom according to these orders.

REFERENCE
[1]}. D. Quade,
The pairchart,
Statistica Neerlandica, 217, (1973), pp. 29-45.

EXAMPLE OF USE

Program:

"BEGIN"

"ARRAY" X, Y[1:71; "INTEGER" J, K;

INARRAY(60,X); INARRAY(60,Y);

CHANNEL(71, "("E™", 61);

PRINTPC(71, XLJ1, J, 1, 7, YLK, K, 1, 7, "TRUE", 1)
IIEND"
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Input:

127 9 10 12

2 3 4 6 8 10 11 12
Output

PAIRCHART WITH PROBLEM: 1

+ + + + + + + +
I
1
+ + + + + + ==t
1 1
I I
+ + + + + + + +
1 1
I I
+ + + + ==t + +
1
1

1
+ + + 4 + + + +
1
I
+ + + + + + + +
1
1
+ + + + + + + +

SOURCE TEXT

"CODE" 47001;
"PROCEDURE" PRINTPC(KN, XI, IX, XLOW, XUP, YI, IY, YLOW,
YUP, SORTED, CODENR);
"VALUE" KN, XLOW, XUP, YLOW, YUP, CODENR, SORTED;
"REAL" XI, YI, CODENR; "BOOLEAN" SORTED;
"INTEGER" KN, IX, XLOW, XUP, IY, YLOW, YUP;
"BEGIN" "INTEGER" N, M, MN, A, B, NMAX; "BOOLEAN" WSL;

"PROCEDURE" FREQTAB(A, LOW, UPP, FR); "VALUE" LOW, UPP;
"ARRAY" A; "INTEGER" "ARRAY" FR; "INTEGER" LOW, UPP;
"BEGIN" "INTEGER" 10, I; "REAL" T; I:= LOW;
"FOR™ I0:= I "WHILE" I <= UPP "DO"
"BEGIN" T:= A[I];
"FOR" I:= I + 1 "WHILE" ("IF" I <= UPP
"THEN" ALIJ=T
"ELSE" " FALSE" ) llDoll;
FRCI01:= I - 10
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. "END"
"END" FREQTAB;

"PROCEDURE" FORMAT;

"BEGIN" "INTEGER" MAX, MIN; MIN:= "IF" M<N "THEN" M

IIE
MAX:= MN-MIN;
"IF" MAX<27
"THEN" "BEGIN" A:= 4; WSL:= N>M; N:= MIN
"IF" MAX<45
"THEN" "BEGIN" A:= 2; WSL:= N>M; N:= MIN
"IF" MIN<27
"THEN" "BEGIN" A:= 4; WSL:= M>N; N:= MAX
"IF" MIN<45
"THEN" "BEGIN" A:= 2; WSL:= M>N; N:= MAX
"BEGIN" OUTPUTC 61, "(" ///,

LSE" N;

"END""ELSE"
IIENDIIIIELSEII
IIEND""ELSEII

IIEND""ELSE"

"("SAMPLES TOO LARGE FOR PAIRCHART OVER LINEPRINTER'")" '")");

538

"GOTO" EXIT
IIEND"’.
:= MN-N; B:= A/2
"END" FORMAT;

"PROCEDURE" STRPL;
I!I F" A=l|‘ "T"EN" OUTPUT( KN, ll(llll(ll____+ll)llll)ll
llELsE" OUTPUT( KN’ ll("l'("-_+")llll)ll);

"PROCEDURE" BPL;
“IFII A._.‘ IITHENII ouTPUT( KN’ ll(llll(ll +ll)"ll)ll
"ELSE“ OUTPUT( KN’ ll(llll(:l +ll)llll)ll);

"IF" KN <= 0 "OR" KN = 60 "THEN"

STATAL3 ERROR("("PRINTPC")", 1, KN);
"IF" XLOW > XUP "THEN"

STATAL3 ERROR("("PRINTPC")", 4, XLOW);
"IF" YLOW > YUP "THEN"

STATAL3 ERROR("("PRINTPC")", 8, YLOW);
N:= XUP-XLOW + 1; M:= YUP-YLOW + 1; MN:= M +
NMAX:= "IF" N>M "THEN" N "ELSE" M;
FORMAT;

"BEGIN" "ARRAY" XOBSL1:N1, YOBSL1:M1;
"INTEGER" J, K, N1, N2, @1, @2, FX, FY, I
"INTEGER" "ARRAY" XFRL1:N1, YFRL1:M1,

PRXC1:N,1:21, PRYL1:M,1

IX:= XLOW; IY:= YLOW; I:= O;

"IF" WSL "THEN"

"BEGIN" "FOR" I:= I + 1 "WHILE" IX<= XUP
"BEGIN" YOBSLIJ:= XI; IX:= IX + 1 "EN

"FOR" I:= I + 1 "WHILE" IY<= YUP "DO"
"BEGIN" X0BS[IJ:= YI; IY:= IY + 1 "EN

)

)

N;

, SGN, Q;

:21;

llDo"
b"; 1:=0;

Dll
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" "END" "ELSE"

NEXTOBS:

"BEGIN" "FOR" I:= I + 1 "WHILE" IX<= XUP "DO"
"BEGIN" XOBSLIJ:= XI; IX:= IX + 1 "END"; I:= 0;
"FOR" I:= 1 + 1 "WHILE" IY<= YUP "DO"

"BEGIN" YOBSLIJ:= YI; IY:= 1Y + 1 "END"

IIEND";

"IF" "NOT" SORTED "THEN"
"BEGIN" VEC QSORT(XO0BS, 1, N);
VEC QSORT(YOBS, 1, M) "END";

FREQTABC X0BS, 1, N, XFR);

FREQTAB( YOBS, 1, M, YFR);

"FOR" K:= 1 "STEP" 1 "UNTIL" N "DO" PRXLK,2]:
"FOR" K:= 1 "STEP" 1 "UNTIL" M "DO" PRY[LK,2]:
Ji= Ki= 0;

SGN:= SIGN( XOBSLK + 11 - voBSLJ + 11);
FX:= XFRLK + 1]1; FY:= YFRLJ + 1];

"IF" SGN=-1 "THEN"
"BEGIN"
"FOR" Q:= 1 “STEP" 1 "UNTIL" FX
"DO" PRXLK + @,11:= J;
= K + FX
"END" "ELSE" "IF" SGN=1 "THEN"
"BEGIN" .
"FOR" Q:= 1 "STEP" 1 "UNTIL" FY
"p0" PRYLJ + Q@,11:= K;
J:=J + FY
"END" "ELSE"
"BEGIN" "FOR" Q:= 1 "STEP" 1 "UNTIL" FX "DO"
"BEGIN" PRXI[K + @,1]1:= J;
PRXLK + @,21:=J + FY "END";
"FOR" Q:= 1 "STEP" 1 "UNTIL" FY "DO"
"BEGIN" PRYLJ + Q,11:= K;
PRYLJ + Q@,2]1:=K + FX "END";
J:=J + FY; K:= K + FX;
"END";
"IF" K<N & J<M
"THEN" "GOTO" NEXTOBS "ELSE" "IF"™ K<N "THEN"
"BEGIN"
"FOR" Q@:=K+1 "STEP" 1 "UNTIL" N
"p0" PRX[Q,11:= M "END"
"ELSE" "IF" J<M "THEN"
"FOR" Q:= J + 1 "STEP" 1 "UNTIL" M
"D0" PRY[Q,11:= N;
OUTPUT( KN, "("%")");
"IF" CODENR > 0 "THEN"
OUTPUT( KN, "(""("PAIRCHART WITH PROBLEM:")", 71D,
///1")", CODENR );
SYSPARAM( KN, 8, 66);

"FOR" Q:= N "STEP" -1 "UNTIL" 1 "DO"

Printpc
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l'BEGINl' OUTPUT( KN' ll( lll’ ll( ll+‘ll )llll ) L] );
"FOR" K:= 1 "STEP" 1 "UNTIL" M "DO"
"IF" PRYLK,1]J=Q ! PRYLK,2]=Q
“THEN" STRPL "ELSE" BPL;
"FOR" K:= 1 "STEP" 1 "UNTIL" B "DO"
"BEGIN" SYSPARAM( KN, 2, PRX[Q,11*(A + 1));
ouTPUT( KN' ll( llll( llI" )llll )ll ) ;
"IF" PRXL[Q,2]1<MN "THEN"
"BEGIN" SYSPARAM( KN, 2, PRXLQ,21*(A + 1));
OUTPUT( KN' ll( llll( n Ill ) nn )" )
IIEND"
"END"
"ENDII;
LAST LINE:
OUTPUT( KN’ ll(ll /’ Il(ll+'l)ll ll)ll);
"FOR"™ K:= 1 "STEP" 1 "UNTIL" M "DO"
"IF" PRYLK,11=0 "THEN" STRPL "ELSE" BPL;

SYSPARAM( KN, 8, 60);
HIEND";
EXIT:
“END" PRINTPC;
"EOP"
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TITLE: -

Plotpc

Plotpc

AvutHor: R. Kaas

INSTITUTE: Mathematical Centre

REceIveD: 740701

BRIEF DESCRIPTION ,

A pairchart is written to a graphfile which can be plotted on a plotter. A pair-
chart is a diagram representing the rank properties of two samples. Wilcoxon’s,
Wald-Wolfowitz’ Ansari-Bradley’s, Kolmogorov-Smirnov’s and other test
statistics are easily computed using a pairchart.

KEYWORDS

Pairchart via a plotter

CALLING SEQUENCE

Heading

"PROCEDURE" PLOTPC (GRFILE, XI, I, LX, UX, YJ, J, LY, UY, SORTED, CODE);
"VALUE" CODE, LX, UX, LY, UY;

"INTEGER" I, J, LX, UX, LY, UY;

"REAL" XI, YJ, CODE;

"BOOLEAN" SORTED;

"STRING" GRFILE;

"CODE" 47002;

Formal parameters

GRFILE:

XI:

LX:

ux:

YJ:

LY:

uy:

SORTED:

<string>, name of the file on which the plot must be written as

a maingraph. If the string GRFILE is empty, then the name of this

file is "GRFILE".

<arithmetic expression>>, observations of the first sample,

depending on the Jensen parameter I;

<integer variable>, index of the first sample, Jensen parameter

for x1;

<integer arithmetic expression>, smallest index of the first sam-
le;

p<integer arithmetic expression>, largest index of the first sam-

ple;

<arithmetic expression>, observations of the second sample,

depending on the Jensen parameter J;

<integer variable>, index of the second sample, Jensen parame-

ter for vJ;

<integer arithmetic expression>, smallest index of the second

sample;

<integer arithmetic expression>, largest index of the second

sample;

<boolean expression>, indicating whether the samples are
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sorted in non-decreasing order or not;
CODE: <arithmetic expression>, identification number of the problem.
If cope<O0, the identification is suppressed.

DATA AND RESULTS

The pairchart is written as a main graph to a graphfile. In subsequent calls of
PLOTPC, the same name may be choosen for this file. The pairchart is plotted in
a grid, if the largest sample size is larger than 50, the grid is omitted.

The following error messages may appear:

Errornumber 4 (if Lx >ux)

Errornumber 8 @if Ly >uy)

PROCEDURES USED

PLOT CALCOMP
PLOTS CALCOMP
FACTOR CALCOMP
SYMBOL CALCOMP
NUMBER CALCOMP
GRID , _ CALCOMP
RECT CALCOMP
DASHP CALCOMP

VEC QSORT STATAL 11020
STATAL3 ERROR STATAL 40100
LANGUAGE

Algol 60

METHOD AND PERFORMANCE
A cumulative frequency table of the pooled sample is made. The pairchart is
plotted from the left-lower to the right-upper corner.

REFERENCES
[1]. D. Quade,
The pairchart,

Statistica Neerlandica, 217, (1973), pp. 29-45
[2]. Graphics, SARA publikatie 11
Stichting Academisch Rekencentrum Amsterdam, Amsterdam, 1977
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EXAMPLE OF USE
Program:

"BEGIN"

"ARRAY" X[1:121, Y[1:151; "INTEGER" J, K;

INARRAY(60, X); INARRAY(60, Y);

PLOTPC("("")", XLJ1, 4, 1, 12, YIKI, K, 1, 15, "TRUE", 1)
"END"

Input:
1. 4 8 10 14 16 19 20 25 27 30 32
2 4 6 8 10 11 12 15 18 20 22 24 25 27 31

Output:

PRIRCHART WITH PROBLEM: 1

Plotpc
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SOURCE TEXT

"CODE" 47002;

"PROCEDURE" PLOTPC(GRFILE, XI, IX, XLOW, XUP, YI,

1Y, YLOW,

YUP, SORTED, CODENR);
"VALUE" XLOW, XUP, YLOW, YUP, CODENR, SORTED;

"INTEGER" XLOW, XUP, YLOW, YUP,

"BOOLEAN" SORTED;
"REAL" XI, YI, CODENR; "STRING"
"BEGIN" "INTEGER" N, M, NMAX, I, J,
- "ARRAY" XOBSL1:XUP - XLOW + 1],

IX, 1vy;

GRFILE;
K, SGN, FX, FY;
YOBSL1:YUP - YLOW + 11;

"INTEGER" "ARRAY" XFRL1:XUP-XLOW+1l, YFRL1:YUP-YLOW+11;
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"REAL" EPS, DASH, TEPS, FACT, LINETHICKNESS;

"PROCEDURE" HORTHICK(A, B, C);
“VALUE" A, B, C;
"REAL" A, B, C;

"BEGIN" "REAL" AME, BME,

AME:= A - EPS; BME:= B - EPS;

BPE:= B + EPS; CPE:= C + EPS;

PLOT(AME, BPE, 3); PLOT(CPE, BPE, 2);

PLOT(CPE, BME, 3); PLOT(AME, BME, 2);
"END" HORTHICK;

BPE, CPE;

“PROCEDURE" VERTTHICK(A,
"VALUE" A, B, C;
"REAL" A, B, C;

"BEGIN" "REAL" AME, BME,

B, C);

CPE, APE;

AME:= A - EPS; BME:=
APE:= A + EPS;
PLOT(AME, BME,
PLOTCAPE, CPE,
"END" VERTTHICK;

B - EPS; CPE:= C + EPS;

3); PLOT(AME, CPE, 2);
3); PLOTC(APE, BME, 2);

"PROCEDURE" FREQTAB(A,
"VALUE" LOW, UPP;
"ARRAY" A;
"INTEGER" "ARRAY" FR;

"INTEGER" LOW, UPP;
"BEGIN" "INTEGER" 10, I; "REAL" T;
"FOR" I:= LOW, I "WHILE" I <= UPP "DO"
"BEGIN" T:= A[Il; 10:= I;
“FOR" I:= I + 1 "WHILE" ("IF" I <= UPP
"THEN" ALI]=T

LOW, UPP, FR);

"ELSE" "FALSE") "D0";

FRCI0J:= I - IO
"END"
"END" FREQTAB;

LINETHICKNESS:= 0.015;

"IF" XLOW > XUP
"THEN" STATAL ERROR("("PLOTPC")", 4, XLOW);
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"IF" YLOW > YUP
"THEN" STATAL ERROR("("PLOTPC")", 8, YLOW);
= XUP-XLOW+1; M:= YUP-YLOW+1;
NMAX:= "IF" N>M "THEN" N "ELSE" M;
IX:= XLOW; IY:= YLOW; I:= 0;
"FOR" I:= I+1 "WHILE" IX<= XUP "DO"
"BEGIN" XOBSLIJ:= XI; IX:= IX+1 "END";
= 0;
"FOR" I:= I+1 "WHILE" IY<= YUP "DO"
"BEGIN" YOBSCIJ:= YI; IY:= IY+1 "END";
"“IF" "NOT" SORTED "THEN"
"BEGIN" VEC QSORT(X0BS, 1, N);
VEC QSORT(YOBS, 1, M) "END";
FREQTAB( XO0BS, 1, N, XFR);
FREQTAB( YOBS, 1, M, YFR);

:= EQUIV(GRFILE);
"IF" K = EQUIV("("")")
“THEN" K:= EQUIV("("GRFILE")");
PLOTS(O0, 0, K * 4096);
FACT:= 12 / NMAX; FACTORCFACT);
"IF" CODENR > O "THEN"
"BEGIN" SYMBOL(O, N + 1.5, 0.5, 80, 0, -1);

"FOR" K:= 65, 73, 82, 67, 72, 65, 82, 84, 32,

87, 73, 84, 72, 32,

80, 82, 79, 66, 76, 69, 77, 58, 32

"po"
SYMBOL(999, 999, 0.5, K, 0, -1);
NUMBER(999, 999, 0.5, CODENR, O,

"IF" CODENR = ENTIER(CODENR)
"THEN" -1 "ELSE" 4);

"END";

PLOT(O, 0, 3);

:= J:= 0; EPS:= LINETHICKNESS / FACT;
DASH:= SQRT(2) / 8; TEPS:= 2 * EPS;
"IF" NMAX <= 50 "THEN"
"BEGIN" GRID(O, O, 1, 1, M, N);
NEXT:
SGN:= SIGN(XOBSLK + 11 - YOBSLJ + 11);
FX:= XFRIK + 11; FY:= YFRLJ + 11;

"IF" SGN = 1 "THEN"

"BEGIN" HORTHICK(J, K, J + FY); Jz=J + FY "END"

YELSE"
"IF" SGN = =1 "THEN"

"BEGIN" VERTTHICK(J, K, K + FX); K:= K + FX "END"

"ELsE"
"BEGIN"

RECT(J + EPS, K + EPS, FY - TEPS, FX - TEPS,
RECT(J - EPS, K -~ EPS, FY + TEPS, FX + TEPS,

K:= K + FX; J:= J + FY; DASHP(J, K, DASH);

Plotpc
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‘ n END " ;
"IF" K = N "THEN" HORTHICK(J, N, M) "ELSE"
"IF" J = M "THEN" VERTTHICK(M, K, N)

"ELSE" "GOTO" NEXT;
"END" "ELSE"
"BEGIN" RECT(O, 0, N, M, 0, 3);

NEXT1:
SEN:= SIGN(XOBSLK + 11 - YOBSLJ + 11);
FX:= XFRLK + 11; FY:= YFRLJ + 11;
“IF" SGN = 1 "THEN"
"BEGIN" J:= J + FY; PLOTCJ, K, 2) "END" "ELSE"
"IF" SGN = =1 "THEN"
"BEGIN" K:= K + FX; PLOT(J, K, 2) "END" “ELSE"
"BEGIN" RECT(J, K, FY, FX, 0, 3);
K:= K + FX; J:= J + FY; DASHP(J, K, DASH);
IIENDN;
"IF" K < N "AND" J < M "THEN" "GOTO" NEXT1
“ELSE" PLOT(M, N, 2);
“END";
"END" PLOTPC;
"EOPII
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TITLE: ~  Scatterprint
AutHOR: H. Elffers
INSTITUTE: Mathematical Centre
RECEIVED: 740501

BRIEF DESCRIPTION
The procedure produces a two dimensional scatterdiagram via a lineprinter.

KEYWORDS
Scatterdiagram via a lineprinter

CALLING SEQUENCE

Heading

“PROCEDURE" SCATTERPRINT (XI, XMIN, XMAX, XTEXT, YI, YMIN, YMAX, YTEXT,
I, L, U, SCALE, LAYOUT, CHN, CODE);

"WALUE" XMIN, XMAX, YMIN, YMAX, L, U, SCALE, LAYOUT, CHN, CODE;

"REAL" XI, XMIN, XMAX, YI, YMIN, YMAX;

“INTEGER" I, L, U, SCALE, LAYOUT, CHN, CODE;

"STRING" XTEXT, YTEXT;

"CODE" 47000;

Formal parameters

XI: <arithmetic expression>, first coordinate of the observations,
depending on the Jensen parameter I;

YI: < arithmetic expression>, second coordinate of the observations,
depending on the Jensen parameter I;

XMIN: < arithmetic expression>>, lower bound for first coordinates;

XMAX: <arithmetic expression>, upper bound for first coordinates;

YMIN: < arithmetic expression>, lower bound for second coordinates;

YMAX: <arithmetic expression>, upper bound for second coordinates;

XTEXT: <string>>, label for the first coordinate;

YTEXT: <string>, label for the second coordinate;

I <integer variable>, Jensen parameter for XI and YI;

L: <integer arithmetic expression>, smallest index for I1;

u: <integer arithmetic expression>, largest index for I;

SCALE: <integer arithmetic expression>, to specify the length of the
units along the axes;

LAYOUT: <integer arithmetic expression>, to specify the numbering along
the axes;

CHN: <integer arithmetic expression>, channel number via which the
output is written to file;

CODE: <integer arithmetic expression>, indentification number of the
problem.
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DATA AND RESULTS :

SCATTERPRINT produces a two dimensional scatterdiagram of the observations

(x1, v1), for 1=L, L+1,...,U on a lattice of P—9 horizontal and PP—6 verti-

cal positions, numbered 0,1,...,P—10 and 0,1, ...,PP—7 respectively. Here

P and PP are the boundaries of horizontal and vertical control, to be specified

on the channel card (see ¢pc, ALGoL 60 r.m. version 5). The default values are

P=136 and PP=60.

The diagram is made as large as possible under the restrictions set by the

parameters XMIN, XMAX, YMIN, YMAX and SCALE.

Linear transformations F and 6 are constructed such that

(1) F (XMIN) = G (YMIN) = 0.

)] F (XMAX) < P—10 and 6 (YMAX) < PP-7.

3 F (XMAX) and 6 (YMAX) are maximal under the restrictions (4).

In this determination the parameters XMIN, YMIN, XMAX, YMAX are pos-

sibly altered. Thus, if XMIN equals xMAX the procedure assigns

MINCXI: L< I <U} to XMIN and MAX{XI:L <I<U} to XMAX. Analo-

gously, if YMIN equals YMAX the minimum and maximum of the YI are

assigned to YMIN and YMAX.

Possibly these values are rounded off according to (5).

A picture is then drawn with an X-axis from F(XMIN) to F(XMAX) and

an v-axis from G(YMIN) to G(YMAX), in which the points

(F(XI), G(YI)) are drawn, after rounding off to the nearest lattice

point. '

The axes are provided with numbering in the original units and with

various explications of used units etc. It is emphasized that points

whose coordinates do not fall between the thus altered parameters

XMIN, XMAX Or YMIN, YMAX are not represented in the picture.

These extreme values, however, need not to be reached.

The parameter SCALE can take the values 0, 1, 10, 11, 100, 101, 110. It

is decomposed into COMPAR * 100 + XSCALE * 10 + YSCALE. These are

used to choose an unit for the axes, i.e.

F(1)—F(0) and 6(1)—6(0).

) For both axes there are two possibilities:

- No restrictions on the unit, asked for by specification
XSCALE=0 (YscALE = 0). This gives the biggest picture, the
units are not, however, nice numbers.

- The unit is bound to be an integer or the reciprocal of an
integer.

o) As a side effect the values of XMIN (YMIN) and XMAX (YMAX) are
rounded off to integers. This is asked for by specifying
XSCALE=1 (YSCALE=1). By specifying coMPAR=1 the scales of both axes
become comparable (i.c. 1 cm on the X-axis represents the same
difference in X as 1 cm on the Y-axis in Y. On account of different size
of width of position and height of a line, this results in unequal units
for both axes. Note that this feature is printer dependent). It is not
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possible to ask for comparability and nice units on both axes at the
same time.

It is strongly recommended to use the comparability feature only
when x and Y are in reality measured on the same scale, and their
ranges obey RANGE(X)/3<RANGE(Y)<RANGE(X), otherwise very odd
shaped pictures might be obtained. Select coMPAR=0 if comparability is
not asked for. Selection of XSCALE=1 or YSCALE=1 diminishes the size
of the picture somewhat.

The parameter layout is decomposed into XLAYOUT * 10 +YLAYOUT.
XLAYOUT and YLAYOUT are the number of digits used to print the
numbering along the axes.

All numbering is without decimal point, whose position is separately
given, if necessary. For the numbering of the x-axis a maximum of 8
digits may be used, for the v-axis 5 digits.

Specifying of XLAYOUT=0 (YLAYOUT=0) results in rounding off the
number to be printed to an integer, if possible in the tolerated number
of digits.

Specification of LAYOUT<0 gives maximum number of digits on both
axes.

The last digit of the numbering of the horizontal axis is placed at the
lattice point which stands for this number.

The following restrictions must be obeyed:

A) XMIN < XMAX and YMIN < YMAX. if not, a message is given and
SCATTER PRINT terminates.

B) When XMIN equals XxMAX and YMIN equals YMAX, repeated evaluations of
X1 (v1) for the same 1 must give the same results. If not, a not
intended scatterdiagram may be produced, without any alarm, or an
ALGOL runtime €rror may Occur.

(0] P=20 and PP=10.

If not, a message is given and SCATTERPRINT terminates.

D) P=45+ MAX (25, LENGTH(XTEXT), LENGTH(YTEXT)).

If not, titles below the picture cause page overflow.

SCATTERPRINT prints the picture on a separate page on the specified channel.
Each observation is represented by an asterisk. When more observations fall
on the same lattice point the total number of them is recorded instead of an
asterisk, unless this number exceeds 9, in which case a question mark is
printed.

Afterwards, the first free position is the first position on the next page. Obser-
vations falling outside the picture are signalled.

Advice:

If almost nothing is known of the scatterdiagram to be produced, a safe choice
for the parameters is XMIN=YMIN=XMAX=YMAX=SCALE=0 and LAYOUT=-1.
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To avoid interference of the picture and the sara vignet on a lineprinter print,
the horizontal control boundary of the output channel can be set, using the
system procedure SYSPARAM, smaller than 120.

The following error message may appear:

Errornumber 14 (if CHN <0 or CHN =60)
PROCEDURES USED

STATAL3 ERROR STATAL 40100
LANGUAGE

Agol 60

METHOD AND PERFORMANCE

An array of P+PP positions is declared.

The running time depends on the number of observations, the evaluation time
of each observation and on the differences (XMIN—XMAX) and (YMIN—YMAX).
The print of a picture takes about 2 central processor seconds.

REFERENCE
[1} ALGOL 60 reference manual, version 5,
Control Data Corporation, 1979.

EXAMPLE OF USE

Program:

"BEGIN"
"INTEGER" J; "ARRAY" H, SC1:101;
INARRAY(60, S); INARRAY(60, H);;
CHANNEL(71, "("E™)", 61);
SCATTERPRINT(SLJ1, 20, 50, "("STRENGTH")", HLJ1, 45, 100,
"("HARDNESS'")", J, 1, 10, 11, 23, 71, 1)
IIEND"

Input:

22.0 38.2 24.5 40.1 28.7 37.5 37.6 24.2 30.3 41.4
58.3 88.1 71.2 98.0 72.2 90.1 91.9 50.3 81.1 97.1
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Output:

L3 CEEES CEERS RS CEES CREES SRS CEESS CRETS CETES FUEES SEES SULES CERSS CELES EERSS CER) CEEES CEETS TRt EEos Cnt Cted By Coted {1
101 +
99 + *
97 + *
95 +
93 +
91 + 2
89 + *
87 +
85 +
83 +

7+ . *

BRI R
»
»
b d sk d d ok kA ks A A kA Ad A kA h b A a s

SIS
NO=UGIVINO=2UWUNNO -

~
w
+

B S B s e e e B B e e e e B B e B e e s L e e

20 22 25 28 30 32 35 38 40 42 45 48 50
FIG. 1, CONTAINING 10 OBSERVATIONS

HOR. : STRENGTH, ONE UNIT = 1 /

VERT.: HARDNESS, ONE UNIT = 2

SOURCE TEXT

'""CODE" 47000;
"PROCEDURE" SCATTERPRINT(XI, XMIN, XMAX, XTEXT, YI, YMIN,
YMAX, YTEXT, I, LB, UB, SCALE, LAYOUT, CHANNEL, NUMBER);
"VALUE" XMIN, XMAX, YMIN, YMAX, LB, UB, NUMBER, SCALE,
LAYOUT, CHANNEL;

"REAL" XI, XMIN, XMAX, YI, YMIN, YMAX;
"INTEGER" I, LB, UB, NUMBER, SCALE, LAYOUT, CHANNEL;
"STRING" XTEXT, YTEXT;

"BEGIN" "REAL" XFAC, YFAC, RATIO, LN10INV;

"INTEGER" J, K, LOCAL, EXPX, EXPY, XLAYOUT, YLAYOUT,
DEPTH, WIDTH, DEPTH1, WIDTH1, ERRORS;

"BOOLEAN" XINTSCALE, YINTSCALE, COMPAR;

"PROCEDURE" NEWPAGE IF NECESSARY(CHANNEL);
"VALUE" CHANNEL; "INTEGER" CHANNEL;

"BEGIN" "INTEGER" RHOPRIME, PPRIME, RHO;
SYSPARAM(CHANNEL ,3,RHOPRIME) ;
SYSPARAM(CHANNEL ,7,PPRIME);

"IF" PPRIME = RHOPRIME "THEN" OUTPUT(CHANNEL,"("/')")
"ELSE" "IF" RHOPRIME = 0 "THEN"
"BEGIN" SYSPARAM(CHANNEL,1,RHO);
"IF" RHO > 0 "THEN" OUTPUT(CHANNEL,"("#")");
IIENDII
"ELSE" OUTPUT(CHANNEL,"("#*")");
"END" NEWPAGE IF NECESSARY;
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"PROCEDURE" INFER(ZI, ZMIN, ZMAX); "REAL" ZI, ZMIN, ZMAX;
"BEGIN" I:= LB;

IMIN:= ZMAX:= ZII;

"FOR" I:= LB + 1 "STEP" 1 "UNTIL" UB "DO"

"IF" ZI > ZMAX "THEN" ZMAX:= ZI "ELSE"

"IF" ZI < ZMIN "THEN" ZIMIN:= 1I;
"END" INFER;

"INTEGER" "PROCEDURE" BLOW UP(Z); "VALUE" Z; "REAL" Z;
BLOW UP:= "IF" Z < "-200 "THEN" -200
"ELSE" LN(Z) * LN10INV + .50001;

""PROCEDURE" ROUND(FAC); "REAL" FAC;
FAC:= "IF" FAC < 1 "THEN" =1 / ENTIER(-1 / FAC)
"ELSE" ENTIER(FAC);

INITIALISATION:
LN10INV:= .4342944819;
RATIO:= .6; "COMMENT" RATIO IS PRINTERDEPENDENT;
"IF" CHANNEL <= 0 "OR" CHANNEL = 60 "THEN"

STATAL3 ERROR("("SCATTERPRINT")", 14, CHANNEL);
SYSPARAM(CHANNEL ,5,WIDTH); SYSPARAM(CHANNEL,7,DEPTH);
WIDTH:= WIDTH - 10; WIDTH1:= WIDTH - 1;

DEPTH:= DEPTH ~ 6; DEPTH1:= DEPTH - 1;
ERRORS:= 0;

NEWPAGE IF NECESSARY(CHANNEL);
"IF" WIDTH < 10 ! DEPTH < 10 "THEN"
“BEGIN" OUTPUT(CHANNEL,
"("5/"(" LACK OF SPACE FOR PROCEDURE SCATTERPRINT")",
"(" NUMBER ")",-5ZD, "(" ON CHANNEL ")",-51D,
/"(" CHECK HORIZONTAL AND VERTICAL CONTROL ON")",
"(" THIS CHANNEL™)",
/"(" MINIMA ARE: HORIZONTAL 20 POSITIONS,")"/,
e VERTICAL 16 LINES")"//™)",
NUMBER, CHANNEL) ;
"GOTO" ABANDONING SCATTERPRINT;
"END";

DERIVATION OF SCALE WISHES:
COMPAR:= SCALE > 99;
SCALE:= SCALE - SCALE // 100 * 100;
YINTSCALE:= SCALE %= SCALE // 2 * 2;
XINTSCALE:= "IF" COMPAR & YINTSCALE "THEN" "FALSE"
"ELSE" SCALE // 10 > 0;

DETERMINATION OF EXTREMA:
"IF" XMIN = XMAX "THEN" INFER(XI, XMIN, XMAX);
"IF" YMIN = YMAX "THEN" INFER(YI, YMIN, YMAX);
"IF" XINTSCALE "THEN"
"BEGIN" XMIN:= ENTIER(XMIN);
XMAX:= -ENTIER(-XMAX) "END";
"IF" YINTSCALE "THEN"
"BEGIN" YMIN:= ENTIER(YMIN);
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YMAX:= -ENTIER(-YMAX) "END";

"IF" XMIN >= XMAX ! YMIN >= YMAX "THEN"

"BEGIN" OUTPUT(CHANNEL,
*("5/"("ERROR IN PROCEDURE SCATTERPRINT NUMBER: ")",
-10zp, /34B"("XMIN: ")",N,/34B"("XMAX: ")",N,
/34B"("YMIN: ")",N,/34B"("YMAX: ")",N,3/")",
NUMBER,XMIN,XMAX,YMIN, YMAX) ;
"GOTO" ABANDONING SCATTERPRINT;

"END";

DERIVATION OF SUBSCRIPTION WISHES:
- "IF" LAYOUT < O "THEN"

"BEGIN" XLAYOUT:= 8; YLAYOUT:= 5 "END"

"ELSE"

"BEGIN" XLAYOUT:= LAYOUT // 10;
YLAYOUT:= LAYOUT - XLAYOUT * 10;
"IF" YLAYOUT > 5 "THEN" YLAYOUT:= 5;
"IF" XLAYOUT > 8 "THEN" XLAYOUT:= 8

"END";

TRANSFORMATION FACTORS:
XFAC:= WIDTH1 ./ (XMAX - XMIN);

YFAC:= DEPTH1 / (YMAX - YMIN);
"IF" YINTSCALE "THEN" ROUND(CYFAC);
"IF" XINTSCALE "THEN" ROUNDCXFAC);
"IF" COMPAR "THEN"
"BEGIN" "IF" XFAC * RATIO < YFAC
"THEN" YFAC:= XFAC * RATIO
"ELSE" XFAC:= YFAC / RATIO;
"IF" YINTSCALE "THEN"
"BEGIN" ROUND(YFAC); XFAC:= YFAC / RATIO "END"
"ELSE"
"IF" XINTSCALE "THEN"
"BEGIN" ROUND(XFAC); YFAC:= XFAC * RATIO "END"
"END";

DEPTH1:= (YMAX - YMIN) * YFAC;
WIDTH1:= (XMAX - XMIN) * XFAC;

ACTUAL SUBSCRIPTION LAYOUT:
LOCAL:= BLOW UP(ABS(YMAX));
EXPY:= BLOW UP(ABS(YMIN));
"IF" EXPY < LOCAL "THEN" EXPY:= LOCAL;

EXPY:= "IF" YLAYOUT = 0
"THEN" ("IF" EXPY < 6 "THEN" O "ELSE" 5 - EXPY)
"ELSE" YLAYOUT - EXPY;

LOCAL:= BLOW UP(ABS(XMAX));

EXPX:= BLOW UP(ABS(XMIN));

"IF" EXPX < LOCAL "THEN" EXPX:= LOCAL;

EXPX:= "IF" XLAYOUT = 0
"THEN" ("IF" EXPX < 9 "THEN" O "ELSE" 8 - EXPX)
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"ELSE" XLAYOUT - EXPX;
"BEGIN" "INTEGER" "ARRAY" POINTLO:WIDTH1,0:DEPTH1];

"PROCEDURE" UP AND DOWN;
"BEGIN"
"PROCEDURE" UADLAYOUT;
FORHAT( "‘ ll?B"( "+I" )",x( ll( "____I" )ll ),x( "( "w_n )ll )’
")/, WIDTHT // 5,
WIDTHT - WIDTH1 // 5 * 5);

"PROCEDURE" UADDUMMY(ITEM); "PROCEDURE" ITEM;

e

OUTLIST(CHANNEL, UADLAYOUT, UADDUMMY);
"END" UP AND DOWN;

"PROCEDURE" BODY;

"BEGIN"
"PROCEDURE" BODYLAYOUT;
FORMAT("("X(-4ZDB"("+")",S/)")", DEPTH1 + 1);

"PROCEDURE" BODYLIST(ITEM); "PROCEDURE" ITEM;
"BEGIN" "INTEGER" B, D; "REAL" EXPO;
EXPO:= 10 #* EXPY;
"FOR" D:= DEPTH1 "STEP" -1 "UNTIL" 0 "DO"
"BEGIN" ITEM((D / YFAC + YMIN) * EXPO);
"FOR" B:= 0 "STEP" 1 "UNTIL" WIDTH1 "DO"
OUTCHARACTER(CHANNEL "' (" %234567897")",
POINTLB,D] + 1);
ITE"("(""’")");
IIEND"
"END" BODYLIST;

OUTLIST(CHANNEL, BODYLAYOUT, BODYLIST);

"END" BODY;

"PROCEDURE" COUNT(HOR,VERT);
"VALUE" HOR,VERT; "INTEGER" HOR,VERT;
"BEGIN" "INTEGER" REPETITION;
"IF" HOR < 0 ! VERT < 0 ! HOR > WIDTH1 ! VERT > DEPTH1
"THEN"
"BEGIN" ERRORS:= ERRORS + 1;
"IF" ERRORS = 1 "THEN"
OUTPUT(CHANNEL,
"("5/"("%* THE FOLLOWING OBSERVATIONS, ")",
"("INTENDED TO BE INCLUDED IN THE ")"
» "C("NEXT SCATTERPRINT FALL OUTSIDE")",
"(" SPECIFIED RANGE *")"//,
"("ERRORNUMBER JENSENVARIABLE I")",
213"(IIXI")II’Z1B"("YIII)"//")");
OUTPUT(CHANNEL ,"("+9ZDBB,+14ZDBB,N,N,/")",
ERRORS,I,XI, YI);
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‘~ "END" "ELSE"

"BEGIN" REPETITION:= POINTLHOR, VERTI;
"IF" REPETITION < 10 "THEN"
POINTLHOR, VERTJ:= REPETITION + 1

llENDlI

"END" COUNT;

"INTEGER" "PROCEDURE" TRUE(BOOLEAN);
"VALUE" BOOLEAN; "BOOLEAN" BOOLEAN;
TRUE:= "IF'" BOOLEAN "THEN" 1 "ELSE" O;

"PROCEDURE" DOWN;
"BEGIN"
"PROCEDURE" DOWNLAYOUT;
"BEGIN" HLIM(1, WIDTH1 + 10);
FORMAT("("-7ZD,X(B-7ZD),
/"("F16.")"-52D,
"(", CONTAINING ")"5ZD"(" OBSERVATIONS")",
X("(", COMPARABLE SCALES")"),
/"("HOR- H l!)ll,“ ll)ll’
WIDTH1 // 16, TRUE(COMPAR));
"END" DOWNLAYOUT;

"PROCEDURE" DOWNLIST(ITEM); "PROCEDURE" ITEM;

"BEGIN" "INTEGER" B; "REAL" EXPO;
EXPO:= 10 #* EXPX; :
"FOR" B:= 0 "STEP" 10 "UNTIL" WIDTH1 "DO"
ITEM((B / XFAC + XMIN) * EXPO);
ITEM(NUMBER); ITEM(UB - LB + 1 - ERRORS);
ITEM(XTEXT);
"IF" EXPX 4 0 "THEN"
"BEGIN" FOR"AT("(""(" * "")"—XZD")",

~ENTIER(-LNCABSC(EXPX)) * LN10INV));
ITEMCEXPX);

"END";
FORMAT("("N,N,X(5ZD) ,X(.7D"+3D),/"("VERT.: ")"
SN")", TRUECXINTSCALE & XFAC > "-7),
TRUECXXINTSCALE & XFAC > "-7)));
ITEMC"(", ONE UNIT =")");
"IF" XINTSCALE & XFAC > 1 "THEN"
"BEGIN" ITEM('"(" 1 /")"); ITEM(XFAC) "END"
.'ELSE..
"BEGIN" ITEM("(" ")"); ITEM(1/XFAC) "END";
ITEMCYTEXT);
"IF" EXPY“ 0 "THEN"

"BEGIN" FORHAT( ll( llll( LU e )"_XZDII )ll’
~ENTIER(-LNCABSC(EXPY)) * LN10INV));
ITEMCEXPY);
"END";
FORMAT("("N,N,X(52D),X(.7D"+3D),/")",
TRUECYINTSCALE & YFAC > "-7),
TRUECXYINTSCALE & YFAC > "-7)));
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ITEMC"(", ONE UNIT =")");

"IF" YINTSCALE & YFAC > 1 "THEN"

"BEGIN" ITEMC"(" 1 /™)"); ITEMCYFAC) "END"

"ELSEII

"BEGIN" ITEMC"(" ")"); ITEMC1/YFAC) "END";
"END" DOWNLIST;

OUTLIST(CHANNEL, DOWNLAYOUT, DOWNLIST);
"END" DOWN;

"FOR" J:= 0 "STEP" 1 "UNTIL" WIDTH1 "DO"

"FOR" K:= 0 "STEP" 1 "UNTIL" DEPTH1 "DO" POINTLJ,KI1:= 0;

"FOR" I:= LB "STEP" 1 "UNTIL" UB "DO"
COUNT((XI = XMIN) * XFAC, (YI - YMIN) * YFAC);

NEWPAGE IF NECESSARY(CHANNEL);
UP AND DOWN;

BODY;

UP AND DOWN;

DOWN;

"ENDII;

ABANDONING SCATTERPRINT:
NEWPAGE IF NECESSARY(CHANNEL);

"END" SCATTERPRINT;
llEoP"

556

6.6



6.7 Histo

AUTHOR: J. Bethlehem
INSTITUTE: Mathematical Centre
Receven: 750601

BRIEF DESCRIPTION
The procedure produces a histogram via a lineprinter.

KEYWORDS
Histogram via a lineprinter

CALLING SEQUENCE

Heading

"PROCEDURE” HISTO (CHN, TEXT, FREQ, L, U); "VALUE" CHN, L, U;
"INTEGER” CHN, L, U;

USTRING" TEXT;

"INTEGER" "ARRAY" FREQ; .

"CODE" 47003;

Formal parameters

CHN:  <integer arithmetic expression>, channel number via which the output
is written to file; '

TEXT: <string>, identifying text, heading of the histogram;

FREQ: <integer array identifier>, one-dimensional array with frequencies,
FREQCI] contains the number of times item I is observed;

L:  <integer arithmetic expression>>, smallest index of FREQ;

U:  <integer arithmetic expression>, largest index of FREQ;

DATA AND RESULTS

The procedure draws a picture with U—L+1 lines; line 1 has length FReQCI],
I=L,...,U.

The following error messages may appear:

Errornumber 1 (if CHN <0 or CHN =60)
Errornumber 3 (if some FREQLI] <0)
Errornumber 4 (if L>v)

PROCEDURES USED

STATAL3 ERROR STATAL 40100
LANGUAGE

Algol 60
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METHOD AND PERFORMANCE

6.7

The total number of observations and the largest frequency, MAX, are com-

puted.
If MAX =100, the scale is transformed.

EXAMPLE OF USE

Program:

"BEGIN"
"INTEGER" "ARRAY" AL[0:15];
ININTARRAY(60, A);
CHANNEL(71, "("E™)", 61);
HISTO(71, "("EXAMPLE")", A, 0, 15)

"END"
Input:
3 17 28 39 44 53 65 73 67 60 49 38 27 16 2 1
Output:
TOTAL NUMBER OF ITEMS: 582
EXAWPLE
) 10 20 30 40 50 60 70 80 9 100
0 -
5
10
5 i
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SOURCE TEXT

"CODE" 47003;

""PROCEDURE" HISTO(CH, TEXT, A, LOW, UPP);
"VALUE" CH, LOW, UPP;

"INTEGER" CH, LOW, UPP;

"STRING" TEXT; ,

"INTEGER" "ARRAY" A;

"BEGIN"

"INTEGER" I, J, AI, AI10, SUM, MAX, F, FACTOR,
PAGEHEIGHT, PAGEWIDTH;

"PROCEDURE" LAYOUT;

FORMAT("("3/,20B,N,3/,208,"("0")",10(92D),/,208B,"("+")",

10("("=mmmm e +#M,2/"MM);

"PROCEDURE" LIST(ITEM); "PROCEDURE" ITEM;
"BEGIN" "INTEGER" I;
ITEM(TEXT);
"FOR" I:= 1 "STEP" 1 "UNTIL" 10 "DO"
ITEM(I * 10 * FACTOR)
"END" LIST;

"IF" CH <= 0 "OR" CH = 60 ;
"THEN" STATAL3 ERROR("("HISTO0")", 1, CH);
"IF" LOW > UPP
"THEN" STATAL3 ERROR("("HISTO")", 4, UPP - LOW);
SUM:= MAX:= 0;
"FOR" I:= LOW "STEP" 1 "UNTIL" UPP "DO"
"BEGIN" AI:= ALI]; "IF"™ AI > MAX "THEN" MAX:= AI;

"IF" AI > O "THEN" SUM:= SUM + AI "ELSE"

"IF" AI <0

"THEN" STATAL3 ERROR("("HISTO0")", 3, AI);
"END";
FACTOR:= "IF" MAX > 100 "THEN"
2 %% ENTIERC(LNC(MAX - 1) / 100) / LN(2) + 1) "ELSE" 1;
SYSPARAM(CH, 7, PAGEHEIGHT); SYSPARAM(CH, 8, 66);
SYSPARAM(CH, 5, PAGEWIDTH); SYSPARAM(CH, 6, 136);
SYSPARAM(CH, 3, I); SYSPARAM(CH, 1, J);
"IF" I > 0 "OR" J > 0 "THEN" OUTPUT(CH, "("*'")");
OUTPUT(CH, "(""("TOTAL NUMBER OF ITEMS:")",72D,/")",

SuM);
"IF" FACTOR > 1 "THEN"
OUTPUT(CH, "(""("ONE MARK REPRESENTS")",3ZD,
"(" ITEMS")"")",FACTOR);

OUTLIST(CH, LAYOUT, LIST);
"FOR" I:= LOW "STEP" 1 "UNTIL" UPP "DO"
"BEGIN" AI:= ENTIERCALI] / FACTOR + .5);

A110:= AI // 10;

"IF" 1 // 5*%5=1

"THEN" OUTPUT(CH, "("-13zD58")", I)

"ELSE" OUTPUT(CH, "("20B")");

OUTPUT( CH’ ll( llll( ll+ll)llll )" );

"FOR" J:= 1 "STEP" 1 "UNTIL" AI10 "DO"

Histo
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OUTPUT(CH, LT LY —— +ll)l"l)ll);
AI10:= 10 * AI10 + 1; "IF" AI >= AI10 "THEN"
"FOR" J:= AI10 "STEP" 1 "UNTIL" AI "DO"
OUTPUT(CH’ "(llll("_")"ll)ll);
OUTPUT(CH, "("/,20B,"(":")",/")")
"END";
SYSPARAM(CH, 8, PAGEHEIGHT); SYSPARAM(CH, 6, PAGEWIDTH)
"END" HISTO;
"EOP"
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Probprint

Trre: - Probprint

AuTHOR: E. Opperdoes

INSTITUTE: Mathematical Centre

ReceiveDp: 750310

BRIEF DESCRIPTION

Probprint prints a probability plot. Probability plotting is a graphical tech-
nique for comparing an empirical distribution function with a given theoretical
distribution function.

KEYWORDS

Probability plot via lineprinter

CALLING SEQUENCE

Heading

"PROCEDURE" PROBPRINT (CHN, 0BS, L, U, TEXTH, SORTED, X, INVX, CDFX,
TEXTV, NPOINTS, A, B, CODE);

"VALUE" CHN, L, U, NPOINTS, A, B, CODE;

"INTEGER" CHN, L, U, NPOINTS, CODE;

"BOOLEAN" SORTED;

"REAL" X, INVX, CDFX, A, B;

"STRING" TEXTH, TEXTV;

"REAL™ "ARRAY" 0BS;

""CODE" 47004;

Formal parameters

CHN: <integer arithmetic expression>>, channel number via which the
output is written to file;

0BS: <array identifier>, observations of the sample, at exit containing
the sorted sample;

L: <integer arithmetic expression>, smallest index of the sample;

u: <integer arithmetic expression>, largest index of the sample;

TEXTH: <string>, text to describe the horizontal axis (empirical distribu-
tion);

SORTED: <boolean variable>, indicating whether the observations are
sorted in non-decreasing order or not;

X: <real variable>, argument of the theoretical cumulative distribu-
tion function, Jensen parameter for INVX and CDFX;

INVX: <arithmetic expression>, inverse of the theoretical cumulative
distribution function, depending on X as argument;

CDFX: <arithmetic expression>, theoretical cumulative ditribution
function, depending on x as argument;

TEXTV: <string>, text to describe the vertical axis (theoretical distribu-
tion);

NPOINTS:  <integer arithmetic expression>, number of points to be
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o printed; v
A: <arithmetic expression>, indicating the type of plot, see method
and performance;
B: <arithmetic expression>, indicating the type of plot, see method
and performance;
CODE: <integer arithmetic expression>, identification number of the
problem.

DATA AND RESULTS

After a call of PROBPRINT a probability plot is printed on one page. The
parameter 0BS is also used as an output parameter and contains at exit the
sorted observations. SORTED obtains the value "TRUE".

If the empirical cumulative distribution function of the sample resembles the
theoretical one, a straight line occurs in the probability print. For a more
detailed plot, use PLOTDIST (section 6.9.).

The following error messages may appear:

Errornumber 1 (if CHN <0.or CHN =60)
Errornumber 4 @f L>v)

Errornumber 11 ~ (if NPOINTS <0)
Errornumber 14 (if copE <0)
PROCEDURES USED

VEC QSORT STATAL 11020

STATAL3 ERROR STATAL 40100
SCATTERPRINT STATAL 47000
LANGUAGE

Algol 60

METHOD AND PERFORMANCE

Probprint prints a probability plot, consisting of the points (EINV(P),
TINVC(P)), for all P specified in the cases 1, 2, or 3 below. Here EINV is the
inverse of the empirical cumulative distribution function of the sample, and
TINV the inverse of the theoretical cumulative distribution function, given in
INVX. The values of P are determined by the values of A and B. As follows:

Case 1: A = B.

P =K/(NPOINTS+1), for K=1, 2,...,NPOINTS. In this case the plotted values
are real quantiles and the probability print becomes a quantile plot (cf. Wilk
and Gnanadesikan, 1968)

Case 2: A < B.

P=T(A+(K—1)*(B—A)/NPOINTS), for K=1, 2,...,NPOINTS. T is the theoretical
cumulative distribution function, given in cbFx. In this case the theoretical
quantiles are equidistant.
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Case 3: A > B. :

P=E(0BS(K)) for K=1,...,N. Here 0BS(1)<0BS(2) <---<0BS(N) are the
ordered distinct observations, and E is the empirical cumulative distribution
function of the sample. In this case the plotted emperical quantiles are the
discontinuity points of the empirical cumulative distribution function.

In case 1 cbFx may have a dummy value, in case 3 both CDFX and NPOINTS
may have dummy values.

The procedure needs about 550008+ 4*(U—L+1) CM-words.

REFERENCE

[1. M.B. Wilk and R. Gnanadesikan,
Pobability plotting methods for the analysis of data,
Biometrika 55, (1968), pp. 1-17.

EXAMPLE OF USE
Program:

"BEGIN"
"REAL" X; "BOOLEAN" SORTED; "ARRAY" S[1:25];
INARRAY(60,S);
SORTED:= "FALSE";
CHANNEL(71, "("E™)", 61);
PROBPRINT(71, S, 1, 25, "("RANDOM SAMPLE")", SORTED, X,
PHINV(X), PHI(X), "("NORMAL QUANTILES")", 50, 0, 0, 1)
IIE"D"

Input:
29 =73 .56 .43 .02
-.85 .41 .63 ~-.55 .96
.30 -.58 .42 -.50 -.32
23 -.11 -.05 .39 .16
-.58 .31 -.97 -.36 .61
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Output:
L B B S e B S S B e G B B s S S s et SR Sony St Sy SRl St S O
2062 +
1984 +
1906 +
1828 +
1751 + *
1673 +
1595 + *
1517 + :
1439 + *
1362 +
1284 + *
1206 + *
1128 + *
1050 +
973 + *
895 + *
817 + L1
739 + *
661 + *
584 + *
506 + 2
428 + *
350 + 2
272 + *
195 + 2
17 + *
39 + *x
-39 ¢ * &
=117 + *
=195 + 2
-272 + *
~350 + * *
=428 + . - *
-506 + : 2
-584 + *
-661 + *
~739 + *
-817 + -
-895 + #
-973 + *
-1050 +
-1128 + *
~-1206 + *
-1284 + *
-1362 +
~1439 + *
-1517 +
-1595 + *
-1673 +
-1751 + #
-1828 +
~1906 +
~1984 +
-2062 + *
L2 Sttt Gt Ed Gl Gt St Gl Gt St Sttt Cattd Sitis St Sttt it St CLteld Sanly Ctld Sl Sl Giitd Chttd Sitid O
-2062 -1732 -1402 -1072 -742 -412 -82 247 577 907 1237 1567 1897
F16. 1, CONTAINING 50 OBSERVATIONS
HOR. : RANDOM SANPLE * " 3, ONE UNIT = .3299066"-001
VERT.: NORMAL QUANTILES * " 3, ONE UNIT = .7780817"-001

SOURCE TEXT

""CODE" 47004;
"PROCEDURE" PROBPRINT (CHANNEL, OBS, L, U, TEXT 0BS, SORTED,
X, CDFINV X, CDF X, TEXT TH, NPOINTS, MIN, MAX, NUMBER);
"VALUE"™ CHANNEL, L, U, NPOINTS, MIN, MAX, NUMBER;
"INTEGER" CHANNEL, L, U, NPOINTS, NUMBER; "BOOLEAN" SORTED;
"REAL" X, CDFINV X, CDF X, MIN, MAX; "REAL" "ARRAY" O0BS;
"STRING" TEXT OBS, TEXT TH;
"BEGIN" "INTEGER" SUM, DIFF U, NOBS, POINTER, K;
"REAL" LAST, NEXT, MIN XY, MAX XY;

"IF" CHANNEL <= 0 "OR" CHANNEL = 60 "THEN"

STATAL3 ERROR("("PROBPRINT")", 1, CHANNEL);
"IF" L > U "THEN" STATAL3 ERROR ("("PROBPRINT")", 4, U);
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"IF" NPOINTS <= 0 "THEN" _

STATAL3 ERROR ("("PROBPRINT")", 11, NPOINTS);
"IF" NUMBER < O "THEN"

STATAL3 ERROR ("("PROBPRINT")", 14, NUMBER);
"BEGIN" "REAL" "ARRAY" A, F [L : UJ;

"REAL" "PROCEDURE" ECDFINV (ALFA);

"VALUE" ALFA; "REAL" ALFA;

"BEGIN" POINTER:= POINTER - 1;
"FOR" POINTER:= POINTER + 1
"WHILE" F CPOINTER] < ALFA "DO";
ECDFINV:= A [POINTER]

"END" ECDFINV;

"IF" "NOT" SORTED "THEN"
"BEGIN" VEC QSORT (0BS, L, U);
SORTED:= "TRUE" "END";
NOBS:= U - L + 1; SUM:= 0; A [L]1:= LAST:= 0BS [L];
DIFF U:=L;
"FOR" K:= L + 1 "STEP" 1 "UNTIL" U "DO"
"BEGIN" NEXT:= 0BS [K1; SUM:= SUM + 1;
"IF" NEXT > LAST "THEN"
"BEGIN" F [DIFF UJ:= SUM / NOBS;
DIFF U:= DIFF U + 1;
A [DIFF UJ:= LAST:= NEXT
"END"
"END";
F [DIFF Ul:= 1;
POINTER:= L; DIFF U:z= DIFF U - 1;
"IF" MIN = MAX "THEN"
"BEGIN" "INTEGER" K, J;
"REAL" "ARRAY" H, V [1 : NPOINTS];
K:z= NPOINTS + 1;
"FOR" J:= 1 "STEP" 1 "UNTIL"™ NPOINTS "DO"
"BEGIN" X:= J / K; V [J1:= CDFINV X;
H LJ1:= ECDFINV (X)
"END";
MIN XY:= "IF" vV [1] < H [1]
"THEN" V [1] "ELSE" H [1];
MAX XY:= "IF" V [NPOINTS] > H [NPOINTS]
"THEN" V [NPOINTS] "ELSE" H [NPOINTSI;
SCATTERPRINT(H L[J1, MIN XY, MAX XY, TEXT O0BS,
V [J1, MIN XY, MAX XY, TEXT TH, J, 1,
NPOINTS, O, 44, CHANNEL, NUMBER)
"END" "ELSE"
"IF" MIN < MAX "THEN"
"BEGIN" "INTEGER" K; "REAL" STEP;
"REAL" "ARRAY" 0, P [1 : NPOINTS];
STEP:= (MAX - MIN) / NPOINTS; MIN:= MIN - STEP;
"FOR" K:= 1 "STEP" 1 "UNTIL" NPOINTS "DO"
"BEGIN" X:= P [K1:= MIN + K * STEP;
0 [KJ:== ECDFINV (CDF X)
"END";
MIN XY:= "IF" 0 [11 < P [1]
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"THEN" 0 [1] "ELSE" P [1];
MAX XY:= "IF" O [NPOINTS] > P [NPOINTS]
"THEN" O CNPOINTS] "ELSE" P L[NPOINTSI];
SCATTERPRINT(O LK1, MIN XY, MAX XY, TEXT OBS,
P [K1, MIN XY, MAX XY, TEXT TH, K, 1,
NPOINTS, 0, 44, CHANNEL, NUMBER)

"END" "ELSE"

"BEGIN" "INTEGER" J; "REAL" "ARRAY" T [L : DIFF U];
"FOR™ J:= L "STEP" 1 "UNTIL" DIFF U "DO"
"BEGIN" X:= F [JJ; T [J1:= CDFINV X "END";
MIN XY:= "IF" A [L] < T [L]

"THEN" A C[L] “ELSE" T [L];
MAX XY:z= "IF" A CDIFF U]l > T [DIFF Ul
"THEN" A [DIFF U] "ELSE" T CDIFF Ul;
SCATTERPRINT(A [J]1, MIN XY, MAX XY, TEXT 0BS,
T [J1, MIN XY, MAX XY, TEXT TH, J, L,
DIFF U, 0, 44, CHANNEL, NUMBER)
IIENDII
"END"
"END" PROBPRINT;
"EoP"
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Trrie: - Plotdist

AUTHORS: A.J. van Es, C. van Putten, I. van der Tweel
INSTITUTE: Mathematical Centre

RECEIVED: 830301

BRIEF DESCRIPTION

A probability plot of requested type and size is plotted via a plotter. On
request the plot contains a confidence band or an estimated straight line for
reference. Enlargements of parts of the plot are possible.

KEYWORDS
Empirical distribution function, probability plot, confidence band

CALLING SEQUENCE

Heading

"PROCEDURE" PLOTDIST (GRFILE, V, LV, UV, TYPE, LB, UB, MODE, PART, SIZE,
OPTION, BETA, SORTED, PAR, IDENT);

"VALUE" V, LV, UV, LB, UB, MODE, PART, SIZE, OPTION, BETA, SORTED, PAR;
“INTEGER" LV, UV, MODE, PART, SIZE, OPTION;

“REAL" LB, UB, BETA, PAR;

"BOOLEAN" SORTED;

"ARRAY" V;

"STRING"” GRFILE, TYPE, IDENT;

"CODE" 47005;

Formal parameters

GRFILE: <string>>, name of the file on which the plot must be written as
a maingraph. If the string GRFILE is empty then the name of this
file is "GRFILE". In subsequent calls of PLOTDIST the same value
may be chosen for GRFILE;

v: <array identifier>, V[LV],...,VL[UV] is a vector containing the
sample;

Lv: <integer arithmetic expression>>, smallest index of the sample
array;

uv: <integer arithmetic expression>, largest index of the sample
array; ,

TYPE: <string>, type of probability plot. TYPE should contain one of

the following identifiers: UNIFORM, NORMAL, EXP1, EXP2,
LAPLACE, GUMBEL, CAUCHY, WEIBULL2, WEIBULL3;

LB, UB: <real arithmetic expression>, lower and upper bound, respec-
tively, for the possible enlargement. The plot contains the empiri-
cal distribution function and confidence band (when requested) in
those arguments for which the empirical distribution function is
greater then or equal to LB and less then or equal to us. If no
enlargement is desired LB should be taken equal to 0 and us
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MODE:

PART:

SIZE:

OPTION:

BETA:

SORTED:

PAR:

IDENT:

568

6.9

equal to 1; .

<integer arithmetic expression>, if MODE=—1 the jumps of the
empirical distribution function are connected by straight lines. If
MODE>0 symbols with integer representation mode (see table 1) are
plotted at the jumps;

<integer arithmetic expression>, if PART=0 all jumps of the
empirical distribution function are plotted. If PART>0 the empiri-
cal distribution function is plotted in PART+1 equidistant argu-
ments;

<integer arithmetic expression>, size of the plot. There are two
possibilities for the parameter size. If s1zE equals 0,1,2,3,4 or
5 the format of the plot is “report format” (i.e. the plot fits on a
page of a Mathematical Centre report), A1, A2, A3, A4 Or AS,
respectively. The other possibility is that SI1ZE equals a nonnega-
tive integer of six digits, of which the first three indicate the
width of the plot, while the last three indicate the height (in mm).
The minimum size allowed is 100100. The height of the plot
should be less than or equal to 725 mm;

<integer . arithmetic expression>>, indicating whether a
confidence band or a straight line for reference has to be plotted;
OPTION =11: Both the band and the line are plotted

OPTION =10: Only the band is plotted

OPTION =01: Only the line is plotted

OPTION =00: Neither one is plotted;

<real arithmetic expression>, confidence level of the confidence
band. BETA should equal 0.9, 0.95 or 0.99;

<boolean expression>, indicating whether the sample is sorted
(in a non-decreasing or non-increasing order). In case of a sorted
sample SORTED should be "TRUE", otherwise SORTED should be
"FALSE";

<real arithmetic expression>, containing information about the
theoretical distribution function in case TYPE equals WEIBULL2 or
WEIBULL3;

<string>, identifying text to appear below the plot. The max-
imum number of characters allowed depends on the size of the
plot, as indicated by s1ze. If w and H denote the width and
height of the plot (in mm), respectively, then it is 0.5*w if H<210
and 0.5*% Wx210/H otherwise.
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Table 1. - integer representation of some symbols (for the complete table see
SARA publicatie 11, Graphics, CALCOMP, p.8)

2 A
3 +
4 X
11 =

DATA AND RESULTS

The empirical distribution function of the sample VCLV1,...,VLUV] is com-
puted and plotted in a probability plot, the type of which is indicated by the
parameter TYPE. A detailed description of the method and performance of
plotdist for the various types can be found in v. Es & v. Putten (1983). It
suffices to give a description of the types EXP1, EXP2, WEIBULL2 and WEIBULL3
since all other values of TYPE refer to distributions of the given type with the
usual parameters.

EXP1 and EXP2:

The plots of type EXP1 and EXP2 are both exponential probability plots which
differ only in the way the straight line (if requested) is computed. In a plot of
type ExP1 the threshold parameter is assumed zero and the line runs through
the origin, while for plots of type Exp2 the treshold parameter is estimated.

WEIBULL2 and WEIBULL3:

The cumulative distribution function of the Weibull distribution is

F(X)=1—EXP(—((X—LOC)/SCALE) #*C).

WEIBULL2:
When Loc is known to be equal to 0,PAR should have the value 0.
Then the empirical distribution function of the sample
—LNC(VILV]), ..., —LNC(VLUV]) is plotted in a Gumbel probability plot.
When the value of ¢ is known, PAR should be equal to ¢ (and hence
PAR>0). Then the emperical distribution function of vILvl,...,VIuv]
is plotted in a Weibull (fixed ) probability plot.

WEIBULL3:
When the value of Loc is known, PAR should be made equal to Loc.
Then the emperical distribution function of
~LN(VLLV1-L0C), ..., —LN(VLUVI-LOC) is plotted in a Gumbel proba-
bility plot.
When PAR equals 0, all three parameters are assumed unknown. In
this case the location parameter LoC is estimated and then the pro-
cedure is the same as above.

Error messages are written on file OUTPUT via channel 61.
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PROCEDURES USED
AXIS CALCOMP
NUMBER CALCOMP
PLOT CALCOMP
PLOTS CALCOMP
SCALE CALCOMP
SYMBOL CALCOMP
VECINDQSORT STATAL 11021
LOGGAMMA STATAL 40400
PHI STATAL 41500
PHIINV STATAL 41501
ZEROIN NUMAL 34150
LANGUAGE
Algol 60
REFERENCES
[1] AlJ. van Es & C. van Putten
Probability plots
Statal Report 3

Mathematical Centre, Amsterdam, 1983

[2] Graphics

SARA publikatie 11
Stichting Academisch Rekencentrum Amsterdam, 1980

EXAMPLE OF USE

Program:
"BEGIN"

"ARRAY" V[1:201;
INARRAY(60, V);

PLOTDIST("("")", v, 1, 20, "("NORMAL™)", 0, 1, -1, O,
100100, 11, 0.90, "FALSE", O,
"(""SAMPLE FROM A STANDARD NORMAL DISTRIBUTION")");

IIENDII

Input:

-0.80 1.58 0.02

-1.05 0.20 -1.07
1.39 1.18 -0.73

=0.10 -1.40 -2.22
0.56 -0.34 1.23
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Output:

-9980
.9950
.9900
.9800

-9600
;3308

.8000

.7000
.6000
.5000
.4000
-3000

.2000

.0800
.060
.040

.0200

8818

.0020

Plotdist

>

MC

NORMAL PROBABILITY PLOT
OF 20 OBSERVATIONS
WITH 807 CONFIDENCE BAND

0 I ] i I I 1 l
-320.00 -160.00 0.00 160.00
OBSERVATIONS = 100

SAMPLE FROM A STANDARD NORMAL DISTRIBUTION
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SOURCE TEXT

"CODE"47005;

""PROCEDURE" PLOTDIST(GRFILE,V,LV,UV,TYPE,LB,UB,MODE, PART,
SIZE,OPTION, BETA,SORTED,PAR,IDENT);

"VALUE" V,LV,UV,LB,UB,MODE,PART,SIZE,OPTION,BETA,SORTED,PAR;

"INTEGER" LV,UV,MODE,PART,SIZE,OPTION;

"REAL" LB,UB,BETA,PAR;

"BOOLEAN" SORTED;

"ARRAY" V;

"STRING" TYPE, IDENT, GRFILE;

"BEGIN"

"INTEGER" I, NUV, ILV, INUV, SUB;

"REAL"™ XMIN, XMAX, MIN, MAX, YMIN, YMAX, FACTOR, MEAN,
STDDEV, DUNIT1, DUNIT2, YFACTOR, YFDUNIT1, YFDUNITZ2,
SWIDTH, CHARHEIGHT, XSCALE, YSCALE, XSHIFT, YSHIFT,
XCONT, YCONT, YPOS, SIZEX, SIZEY, DELTA;

"BOOLEAN" UNIFORM, NORMAL, EXP1, EXP2, GUMBEL, LAPLACE,

CAUCHY, WEIBULLZ2, WEIBULL3, SPECIAL, CONFBAND, ESTLINE;

"INTEGER" "ARRAY" IND [LV : UV];

"ARRAY" F L[LV-1 : UV], HL, HU [LV : Uvl, X[LV : UV];

"INTEGER" "PROCEDURE" ENT(X); "VALUE" X; "REAL" X;
ENT == "IF" X>=-1 "AND" X<0 "THEN" -1 "ELSE" ENTIER(X);

"COMMENT" ALGOL5 RETURNS O FROM ENTIER(X) IF X LIES
BETWEEN 0 AND -1/4 ;

"REAL" "PROCEDURE" OWNDIST(X); "VALUE™ X; "REAL" X;
"CODE" 41598;

"REAL" "PROCEDURE" OWNINV(PROB);

"VALUE" PROB;

"REAL" PROB;

"CODE" 41599;

"PROCEDURE" PLOT(X, Y); "VALUE" X, Y; "REAL" X, Y;
PLOT CALCOMP(X CE(X), Y CE(Y), 2);

"PROCEDURE" PLUP(X, Y); "VALUE" X, Y; "REAL" X, Y;
PLOT CALCOMP(X CE(X), Y CE(CY), 3);

"PROCEDURE" PLTEXT(X, Y, TEXT); "VALUE" X, Y;
"REAL" X, Y; "STRING" TEXT;
"BEGIN" “INTEGER" I, C, L;

Lz= LENGTH(TEXT);

"IF" L > 0 "THEN"

"BEGIN" "PROCEDURE" IEQU(I, C); "VALUE" I;

"INTEGER" I, C;

"BEGIN" STRINGELEMENT(TEXT, I,

OIS &)+ ,-. /0123456789 ;<=>79")"

"("ABCDEFGHIJKLHNOPQRSTUVHXYZ[\JL")", C);
C:=C + 31;

“END" IEQU;
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X:= "IF" X = XCONT "THEN" 999 "ELSE" XCE(X);
Y:= "IF" Y = YCONT "THEN" 999 "ELSE" YCE(Y);
IEQU(1, C); SYMBOL(X, Y, CHARHEIGHT, C, 0, -1);
"FOR" I:= 2 "STEP" 1 "UNTIL" L "DO"
"BEGIN" IEQU(I, C);
SYMBOL(999, 999, CHARHEIGHT, C, 0, -1)
IIENDII
"END"
"END" PLTEXT;

"PROCEDURE" PLFRAME(X1, Y1, X2, Y2, XCM, YCM);
"WALUE" X1, Y1, X2, Y2, XCM, YCM;

"REAL" X1, Y1, X2, Y2, XCM, YCM;

"BEGIN"
XSCALE:= XCM / (X2 - X1); YSCALE:= YCM / (Y2 - Y1);
XSHIFT:= =X1 * XSCALE; YSHIFT:= =-Y1 * YSCALE;
XCONT:= (999 - XSHIFT) / XSCALE;
YCONT:== (999 - YSHIFT) / YSCALE;

"END" PLFRAME;

"REAL" "PROCEDURE™ X CE(X); "VALUE" X; "REAL" X;
X CE:= XSCALE * X + XSHIFT;

"REAL" "PROCEDURE" Y CE(Y); "VALUE" Y; "REAL" Y;
Y CE:= YSCALE * Y + YSHIFT;

"REAL" "PROCEDURE" DIST(X); "VALUE" X; "REAL" X;

"IF" UNIFORM "THEN"
DIST:= X "ELSE"

"IF" NORMAL "THEN"
DIST:= PHI(X) "ELSE"

"IF" EXP1 "OR" EXP2 "THEN"
DIST:= 1 -~ EXP(-X) "ELSE"

"IF" GUMBEL "THEN"
DIST:= EXP(~EXP(-X)) "ELSE"

"IF" LAPLACE "THEN"

DIST:= "IF" X <= 0 "THEN" EXP(X) / 2 "ELSE"
1 = EXP(-X) / 2 "ELSE"
"IF" CAUCHY "THEN"
DIST:= 0.318309886 * ARCTAN(X) + 0.5 "ELSE"
"IF" WEIBULL2 "AND" PAR > O "THEN"
DIST:= 1 - EXP(~X ** PAR) "ELSE"
"IF" SPECIAL "THEN" DIST:= OWNDIST(X);

"REAL" "PROCEDURE" DISTINV(PROB);
"VALUE" PROB; "REAL" PROB;

"IF" UNIFORM "THEN"
DISTINV:= PROB "ELSE"

"IF" NORMAL "THEN"
DISTINV:= PHINV(PROB) "ELSE"

"IF" EXP1 "OR" EXP2 "THEN"
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" DISTINV:= ~LN(1 - PROB) "ELSE"
"IF" GUMBEL "THEN"

DISTINV:= -LN( -LN(PROB)) "ELSE"
"IF" LAPLACE "THEN"
DISTINV:= "IF" 0 < PROB "AND" PROB <= 0.5
"THEN" LN(PROB * 2)
"ELSE" -LN(2 - PROB * 2) "ELSE"
"IF" CAUCHY "THEN"
"BEGIN" PROB := (PROB - 0.5) * 3.14159654;
. DISTINV := TANCPROB);
"END“ "ELSE"
"IF" WEIBULL2 "AND" PAR > 0 "THEN"
DISTINV:= (~LN(1 - PROB)) ** (1 / PAR) "ELSE"
"IF" SPECIAL "THEN" DISTINV:= OWNINV(PROB);

"PROCEDURE" VERTAXIS(FROM,TO,OTHER);
"VALUE" FROM,TO,OTHER;
"REAL" FROM,TO,OTHER;
"BEGIN" "INTEGER" P;
"REAL" LOW, HIGH, HEIGHT, LEVEL, K, LN10;

"PROCEDURE" MARK(S); "VALUE" S; "REAL" S;
"BEGIN"

"IF" § > HIGH "THEN" "GOTOC" ENDAXIS "ELSE"
"IF" S >= LOW "THEN"
"BEGIN" "REAL" INVS; "INTEGER" ZEROS, $10000;
INVS:= DISTINV(S);
"IF" INVS > LEVEL "THEN"
"BEGIN"
SYMBOL(XCECOTHER = 1.3 / XSCALE * YFACTOR),
YCECINVS), CHARHEIGHT, 46, 0, -1);
§$10000:= s * 10000;
ZEROS:= 3 - ENT(LN(S10000) / LN10 + .000005);
"FOR" ZEROS:= ZEROS "STEP" -1 "UNTIL" 1 "DO"
SYMBOL(999, 999, CHARHEIGHT, 48, 0, -1);
NUMBER(999, 999, CHARHEIGHT, $10000, 0, -1);
LEVEL:= INVS + HEIGHT + .05 / YSCALE "END";
PLUPCOTHER, INVS);
PLOT(OTHER + .2/XSCALE*YFACTOR,INVS)
"END"
"END" MARK;

HEIGHT:= CHARHEIGHT / YSCALE; LEVEL:= -YSHIFT / YSCALE;
"IF" FROM < TO

"THEN" "BEGIN" LOW:= FROM; HIGH:= TO "END"

"ELSE" "BEGIN" LOW:= TO; HIGH:= FROM "END";

LOW:= DIST(LOW); HIGH:= DIST(HIGH);
PLUPCOTHER,TO); PLOT(OTHER,FROM);
LN10:= LNC10);

"FOR" K:= .0001, .001, .01 "poO"
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"FOR" P:= 1 "STEP" 1 "UNTIL" 9 "DO"
"BEGIN" "REAL" S;
:= P * K; MARK(S)
"END";
"FOR" P:= 10 "STEP" 1 "UNTIL" 90 "DO"
"IF" P / 10 = ENT(P / 10) "THEN" MARK(P / 100) "ELSE"
"IF" P/100 > HIGH "THEN" "GOTO" ENDAXIS "ELSE"
"IF" P/100 >= LOW "THEN"
"BEGIN" "REAL" INVP; INVP:= DISTINV(P / 100);
PLUPCOTHER, INVP);
PLOT(OTHER + ("IF" P / 5 = ENT(P / 5) "THEN" .15
"ELSE" .1) / XSCALE * YFACTOR,INVP)
"END";

"FOR" K:= .01, .001, .0001 "DO"
"FOR" P:= 9 "STEP" -1 "UNTIL" 1 "DO"

"BEGIN" "REAL" §;
§:= 1 = P * K; MARK(S)
IIEND";
ENDAXIS:
"END" #%% VERTAXIS #¥%;

"PROCEDURE" PLOTLINE(X1,Y1,X2,Y2,XMIN,YMIN, XMAX, YMAX);
"VALUE" X1,Y1,X2,Y2,XMIN,YMIN, XMAX,6 YMAX ;
"REAL" X1,Y1,X2,Y2,XMIN,YMIN,XMAX,YMAX ;
"BEGIN" "IF" Y1 = Y2 "THEN"
"BEGIN" "IF" YMIN <= Y1 "AND" Y1 <= YMAX "THEN"
"BEGIN" PLUP(XMIN,Y1); PLOT(XMAX,Y1) "END"
"END" IIELsE"
"IF" X1 = X2 "THEN"
"BEGIN" "IF" XMIN <= X1 "AND" X1 <= XMAX "THEN"
"BEGIN" PLUP(X1,YMIN); PLOT(X1,YMAX) "END"
"END" "ELsEII
"BEGIN" "REAL" R,A,B,C,D;

"PROCEDURE" SORT4(A,B,C,D); "REAL" A,B,C,D;
"BEGIN" "PROCEDURE" CHANGE(U,V); "REAL" U,V;
"BEGIN" "REAL" W; W:= U; U:= V; V:= W "END";
"IF" A > B "THEN" CHANGE(A,B);
"IF" € > D "THEN" CHANGE(C,D);
"IF" A > C "THEN" "BEGIN" CHANGE(A,C);
CHANGE(B,D) "END";
"IF" B > C "THEN" CHANGE(B,C);
"IF" B > D "THEN" CHANGE(B,D);
"END" SORT4;

R:=(Y2 = Y1) / (X2 = X1); A:= X1 + (YMIN - Y1) / R;
D:= X1 + (YMAX - Y1) / R;
"IF" "NOT"((A > XMAX "AND" D > XMAX) "OR"

(A < XMIN "AND" D < XMIN)) "THEN"
"BEGIN" B:= XMIN; C:= XMAX; SORT4(A,B,C,D);
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PLUPCB,Y1 + R * (B - X1));
PLOT(C,Y1 + R * (C - X1))
llENDll
"END"

"END" #%% PLOTLINE *%%;

"PROCEDURE" MOMENTS(I,VI,LV,UV,MEAN,STDDEV);
"VALUE" LV,UV; "INTEGER" I,LV,UV; "REAL"VI,MEAN,STDDEV;
"BEGIN" "INTEGER" NV;
‘NV:= UV - LV + 1;
MEAN:= STDDEV:= 0;
"IF" NV >= 1 "THEN"
"BEGIN" "FOR" I:= LV "STEP" 1 "UNTIL" UV "DO"
"BEGIN" "REAL" VIL; VIL:= VI; MEAN:= MEAN + VIL;
STDDEV:= STDDEV + VIL * VIL
"END";
MEAN:= MEAN / NV;
STDDEV:= "IF" NV < 2 "THEN" -1 "ELSE"
SQRT((STDDEV - NV * MEAN * MEAN) / (NV - 1))
"E"D"
"END" #*% MOMENTS ##*;

"PROCEDURE" TRANSFORM DATA(V,LV,UV,PAR);
"VALUE" LV,UV; "INTEGER" LV,UV; "REAL" PAR; "ARRAY" V;
"BEGIN" "INTEGER" I;

"IF" WEIBULL2 "AND" PAR < 0 "THEN"
"BEGIN"
OUTPUT(61,"("//,
"("PARAMETER OF THE WEIBULL-DISTR.FUNCTION < 0 ")"")");
"GOTO" EOP
"END" "ELSE"
"IF" WEIBULL3 "AND" PAR = 0 "THEN"
PAR:= WEIBULL3 PARAMETER(V,LV,UV);
"IF" WEIBULL2 "AND" PAR = 0 "OR" WEIBULL3 "THEN"
"BEGIN" "REAL" A;
"FOR" I:= LV "STEP" 1 "UNTIL" UV "DO"
"BEGIN"
VLI1:= -LN(VLCI]1 - PAR);
"IF" (I<=((UV+LV)/2)) "THEN"
"BEGIN" A := INDLI];
INDLI] := INDLUV+LV-1];
INDCUV+LV-1] := A

"END";
IIENDII;
MOMENTS(I,VLI1,LV, UV, MEAN,STDDEV);
GUMBEL := "TRUE"
IIENDII
"END" %% TRANSFORM DATA *¥%;
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"REAL" "PROCEDURE" WEIBULL3 PARAMETER(V,LV,UV);
"VALUE" LV,UV; "INTEGER" LV,UV; "ARRAY" V;
"BEGIN"
"REAL" THETA, THETA1, MIN, @, Q1, QUANTILE, MEDIAN;
"INTEGER" N, NG2, NO, I;
"BOOLEAN" NULNEG;
"REAL""PROCEDURE" F(THETA);
"VALUE" THETA; "REAL" THETA;
"BEGIN" "REAL" L; L := LOGGAMMA(1+THETA);

"IF" L>700 "OR" THETA>700/LN(N) "THEN"
OUTPUT(61,"("/,

"("THE ESTIMATED VALUE OF THETA IS TOO LARGE"™)" ,/,
"("LOGGAMMA IS: ")",+42D.2D,/,"("THETA IS:")",
+42D0.20")", L,THETA)

"ELSE" F := (MIN - QUANTILE + (QUANTILE - MEAN) /
N %% THETA) * EXP(L) + (MEAN - MIN) * Q %* THETA;

"END" PROCEDURE F;

"PROCEDURE" ESTIMATE (XL,TOLX,XL1,NULNEG);

"REAL" XL, TOLX, XL1;

"BOOLEAN" NULNEG;

"BEGIN" "REAL" XR, LBOUND, UBOUND; "INTEGER" NSTEP;

XL:= XL1:= LBOUND:= UBOUND:= .001; NSTEP := 0;
NULNEG:= F(XL) < 0;

"IF" NULNEG "THEN"

"BEGIN"

L1: NSTEP:= NSTEP + 1;

"IF" NSTEP > 18 "THEN"
"BEGIN" OUTPUT(61,"("/,
"("THETA ESTIMATE NOT FOUND IN [.001,262.1441")"")");
"GOTO" EOP
"END" "ELSE"
"BEGIN" XL:= XL*2;
"IF" F(XL) < 0
"THEN" "BEGIN" XL1:= XL; "GOTO" L1 "END";
LBOUND:= XL1; UBOUND:= XL;
“IF" "NOT" ZEROIN(XL1, XL, F(XL1), TOLX) "THEN"
"BEGIN"
NULNEG:= "FALSE"; OUTPUT(C 61, "("/,
"("ZEROIN DID NOT FIND THETA ESTIMATE IN [ )",
3zp.3p, "(", ™", 32b.3D, "("1")"")", LBOUND,
UBOUND)
"END"
"ENDII
"END";
XL:= XR:= UBOUND;
NSTEP:= NSTEP + 1;
"IF" NSTEP > 18 "THEN"
"BEGIN" OUTPUT( 61, "("/,
"("THETA ESTIMATE NOT FOUND IN [ ")", 32D.3D,
"(", 262.1441")" ")", UBOUND);
"IF" NULNEG
"THEN" "BEGIN" XL:= XL1; NULNEG:= "FALSE" "END"
"ELSE" "GOTO" EOP
"ENDII "ELSE"
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"BEGIN" XR:= XR*2;
"IF" F(XR) > O
"THEN" "BEGIN" XL:= XR; "GOTO" L "END";
LBOUND:= XL; UBOUND:= XR;
"IF" "NOT" ZEROINC(XL, XR, F(XL), TOLX) "THEN"
"BEGIN" OUTPUT(61, "("/,
"("ZEROIN DID NOT FIND THETA ESTIMATE IN L )",
3ZD.SD’ ll(ll’ 'l)"' 320-3D’ "("]ll)ll")"’
LBOUND, UBOUND );
"IF" NULNEG
“"THEN" "BEGIN" XL:= XL1; NULNEG:= "FALSE" "END"
"ELSE" "GOTO" EOP
"END"
IIEND"
"END" ESTIMATE;

MIN := VLINDLLVI); N := UV-LV+1; NO == ENT(.4*N);
QUANTILE == VLINDLNO1];
"IF" ABSCQUANTILE-MEAN)/(MEAN-MIN) < .1 "THEN"
"BEGIN" NO := ENT(.9%N); QUANTILE := VLINDLNO1] "END";
OUTPUT(61,"("/,"("INFORMATION WEIBULL3 PARAMETER ...")"
S/, "("1 IS :")",3z,/,
"("RESULTING NO 1S:")",3zD,/")",I,N0);
Q := NO/(N+1); Q := -LN(1-Q);
"IF" NO=1 "THEN"
"BEGIN" OUTPUT(61,"(""("NO = 1*)",/™)");
"GOTO" EOP "END";
ESTIMATE (THETA, THETA*"-5, THETA1, NULNEG);
Q := MIN - (MEAN-MIN)/(N**THETA-1);
"IF" NULNEG "THEN"
"BEGIN" Q1:= MIN - (MEAN-MIN)/(N**THETA1-1);
NG2:= N//2;
MEDIAN:= "IF" NG2%2 = N
"THEN" (VLCINDING2]1+VLINDLNG2+11]1)/2
"ELSE"VLINDLNG2+11];
“IF" ABS( Q1 + (MEAN-Q1)*(LN(2))**THETA1/
EXP(LOGGAMMAC1+THETA1)) - MEDIAN) <
ABS( Q + (MEAN-Q)*(LN(2))**THETA/
EXP(LOGGAMMA(1+THETA)) - MEDIAN) "THEN"
"BEGIN" Q:= Q1; THETA:= THETA1 "END"
"END";
WEIBULL3 PARAMETER := "IF" Q < MIN
"THEN" Q "ELSE" MIN - 1/N;
"IF" Q >= MIN "THEN"
OUTPUT(61,"("4/,
"("SINCE THE ESTIMATE OF THE LOCATION PARAMETER")"
21,"C("IS LARGER THAN THE MINIMUM OF THE SAMPLE IT")"
+/," ("CANNOT BE USED. THE LOCATION PARAMETER USED ")"
»/,"C"INSTEAD IS THE SAMPLE MINIMUM MINUS 1/N.")"")");
"END" *®#% WEIBULL3 PARAMETER ##* ;

"PROCEDURE" COORDINATESCX,F,HL,HU,NUV);

"INTEGER" NUV; "ARRAY" X,F,HL,HU;
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"BEGIN" "INTEGER" I,PREVIM;
"REAL" K,P;

"REAL" "PROCEDURE" KRIT(N);
"VALUE" N; "INTEGER" N;

"IF" BETA = 0.90 "THEN" KRIT:= 4.5 / SQRT(N) "ELSE"
"IF" BETA = 0.95 "THEN" KRIT:= 6.2 / SQRT(N) "ELSE"
"IF" BETA = 0.99 "THEN" KRIT:= 14 / SQRT(N) "ELSE"

"BEGIN" KRIT:= 0;
OUTPUT(61,"("//,"("BETA IS NOT EQUAL TO 0.90, 0.95
~ OR 0.99 ")"™)");
CONFBAND:= "FALSE"
"END" KRIT;

"REAL" "PROCEDURE" H(S,U,K);

"VALUE" S,U,K; "INTEGER" S; "REAL" U,K;

Hi= (U + K*K/2+8S*K*SQRTW * (1 -U) +K *
K/74)) /7 (1+K*K);

"IF" VLLV] <= V[uv]
"THEN""BEGIN" "FOR" I:=LV "STEP" 1
"UNTIL" UV "DO" INDLIJ:=I "END"
"ELSE" "FOR" I:=LV "STEP" 1
"UNTIL" UV "DO" INDLIJ:=LV+UV-I;
"IF" "NOT" SORTED "THEN" VECINDQSORT(V,IND,LV,UV);
"IF" WEIBULL2 "OR" WEIBULL3
"THEN" TRANSFORM DATA(V,LV,UV,PAR);
XCLV] := VLINDLCLVI]; FLLV-1] := O;
M := LV; PREVI := LV;
"FOR" I:=LV "STEP" 1 "UNTIL" UV "DO"
"BEGIN" P := VLINDLI]];
"IF" xtH] < P "THEN"
"BEGIN"
FCM] := FIM-1] + I - PREVI;
X[M+1] := P;
M := M+¥1; PREVI :=1 ;
"END"
"END";
NUV :=M; M := UV -LV +1;
FINUV] := M; K := KRIT(M);
"FOR" I:=LV "STEP" 1 "UNTIL" NUV "DO"
"BEGIN"
P := (FL[I1-0.3)/(M+0.4); FLI] := DISTINV(P);
"IF" CONFBAND
"THEN" "BEGIN" HLLIJ:= H(-1,P,K);
HULCIJ:= H(+1,P,K) "END"
"ELSE" "BEGIN" HL[IJ:= 0 ; HULIl:= 1 "END"
"END"
"END" **%* COORDINATES #*%;

"PROCEDURE" BOUNDS(NUV,ILV,INUV,F);
"VALUE" NUV; "INTEGER" NUV,ILV,INUV; "ARRAY" F;
"BEGIN" "INTEGER" I;
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ILV:= "7; INUV:= ="7;
"IF" LB = 0 "THEN" ILV:= LV "ELSE"
"BEGIN" LB:= DISTINV(LB);
"FOR" I:= LV "STEP" 1 “UNTIL" NUV "DO"
"IF" FLI] >= LB
"THEN" "BEGIN" ILV:= I; "GOTO" L1 "END";
"END";
L1: "IF" UB = 1 "THEN" INUV:= NUV "ELSE"
"BEGIN" UB:= DISTINV(UB);
"FOR" I:= NUV "STEP" -1 "UNTIL" LV "DO"

"IF" FCIJ <= UB
"THEN" "BEGIN" INUV:= I; "GOTO" L2 "END"
"END";
L2: "IF" INUV < ILV "THEN"
"BEGIN"
OUTPUT(61, "("/,"("NO OBSERVATIONS LEFT")",/")");
"GOTO" EOP
"END";
"END" %% BOUNDS #¥%;

"PROCEDURE" YMINMAX(F,HL,HU,L,U,YMIN,YMAX);
"VALUE" L,U;
"INTEGER" L,U;
"REAL" YMIN,YMAX;
"ARRAY" F,HL,HU;
"BEGIN" "REAL" FF,HH;
FF:= FLL]; HH:= HLIL];
"IF" HH <= 0 "THEN" YMIN:= FF "ELSE"
"BEGIN" HH:= DISTINV(HH);
YMIN:z= "IF" FF < HH "THEN" FF "ELSE" HH
"END";
FF:= FLUJ; HH:= HULUI;
"IF" HH >= 1 "THEN" YMAX:= FF "ELSE"
"BEGIN" HH:= DISTINV(HH);
YHAX:= "IF" FF > HH "THEN" FF "ELSE" HH
IIE"D"

"END" %% YMINMAX *#%;

"PROCEDURE" INITPLOT(X,L,U,XMIN,XMAX,YMIN,YMAX,MIN,MAX,
FACTOR,SUB);
"VALUE" L,U,YMIN,YMAX; "INTEGER" L,U,SUB; "ARRAY" X;
"REAL" XMIN,XMAX,YMIN,YMAX,MIN,MAX,FACTOR;
"BEGIN" "INTEGER" I,E,NINT,CHL;
"REAL" DUM1,DUM2,HULP; "ARRAY" DUMRIJ[1:41;

XMIN:= X[L]; XMAX:= XL[Ul;

HULP := -ENTC(LN(XMAX-XMIN)/LNC10)) + 2;

FACTOR == 10.0 ** HULP; E := 10 #* ABSCHULP);

SUB := -ENT( ABS(XMIN)*FACTOR/1000 ) * 1000 *
SIGN(XMIN);
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SIZEX :=

SIZEY :=

"IF" SIZE
"THEN"

"BEG

ou

"("THE PLOTSIZE SUGGESTED BY THE PARAMETER")",
"(" SIZE IS TOO LARGE FOR THE PLOTTER.')",/")")

"G
"END
"ELSE"
"BEGIN" I
"I F"
PLOTS
"END“;
YFACTOR:=
DUMRIJL1]
DUMRIJ[2]
SCALE(DUM
MIN := DU
"IF" DELT
IITHENlI

"ELSE"

"IF" E A
"FOR" I:=
"po" XLIJ
XMIN:= X[
"IF" DELT
"BEG

"END

"IF" SIZE=0 "THEN" 21.6 "ELSE" "IF" SIZE<=5
"THEN" 59.4 / 1.414213562 ** (SIZE-2)
"ELSE" ENT(SIZE/1000) / 10;

"IF" SIZE=0 "THEN" 15.8 "ELSE" "IF" SIZE<=5
"THEN" 42 / 1.414213562 ** (SIZE-2)
"ELSE" SIZE / 10 - SIZEX * 1000;

Y>72.5

IN"
TPUT(61,"("/,

0TO" EOP

:= EQUIV(GRFILE);
I =0 "THEN" I:= EQUIV("("GRFILE")");
(0, 0, I * 4096);

"IF" SIZEY <= 21 "THEN" 1 "ELSE" SIZEY/21;
:= XMIN*FACTOR+SUB;
:= XMAX*FACTOR+SUB;
RIJ,SIZEX - 3*YFACTOR,2,1);
MRIJL31; DELTA := DUMRIJL4];
A >= 100
"BEGIN" FACTOR:=FACTOR/10;
SUB:=SUB/10;
"IF" HULP > 0
"THEN" E:=E/10
"ELSE" E:=E%*10
"END"
"IF" DELTA <= .01
"THEN" "BEGIN" FACTOR:=FACTOR*10;
SUB:=SUB*10;
"IF" HULP >= 0
"THEN" E:=E%*10
"ELSE" E:=E/10
"END";
1 "OR" SUB“~ 0 "THEN"
L "STEP" 1 "UNTIL" U
:= X[I1 * FACTOR + SUB;
L1; XMAX:= X[Ul;
A >= 100 "OR" DELTA <= .01 "THEN"
IN" DUMRIJL1]:=XMIN;
DUMRIJL2]:=XMAX;
SCALE(DUMRIJ,SIZEX-3*YFACTOR,2,1);
MIN:=DUMRIJL3]1; DELTA:=DUMRIJL4]

",
7

PLOT CALCOMP(2*YFACTOR, 1.5*YFACTOR, -3);

NINT:= -1
"FOR™ NIN
"DO" MAX:
DUNIT1:=

s MAX:= MIN;

T:= NINT + 1 "WHILE" MAX < XMAX
= MAX + DELTA;

(MAX - MIN)/(SIZEX - 3*YFACTOR);
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- DUNIT2:= (YMAX = YMIN)/(SIZEY -~ 2%YFACTOR);

582

YFDUNIT1:= YFACTOR*DUNIT1; YFDUNIT2:= YFACTOR*DUNIT2;
PLFRAME(MIN - 2%YFDUNIT1,YMIN - 1.5%YFDUNIT2,

MAX + YFDUNIT1, YMAX + .5%*YFDUNIT2, SIZEX, SIZEY);
AX1S(0, 0, O, -1, SIZEX - 3*YFACTOR, O,

MIN, DELTA);

PLOT CALCOMP(-2*YFACTOR, -1.5*YFACTOR, -3);
CHARHEIGHT:== 0.2 * YFACTOR;
YPOS:= YMIN;
CHL:= CHLENGTH(IDENT);
"IF" CHL > 0 "THEN"

"BEGIN" "IF" CHL < SIZEX*5/YFACTOR "THEN"

PLTEXT((MIN + MAX)/2 - (.1%CHL + .35)*YFDUNIT1,
YMIN -~ 1.4*YFDUNIT2, IDENT)
"ELSE"
OUTPUT(61, "("/,
"("PLOT IDENTIFICATION IS TOO LONG, LENGTH =")",
32b.DB, "("CM")"")", CHL*YFACTOR/5 )
"END";
DUM1:= YPOS - YFDUNITZ2;
"IF" WEIBULLZ2 "AND" PAR = 0 "THEN"
PLTEXT(MIN, DUM1, "("-LNCOBSERVATIONS) ")") "ELSE"
"IF" WEIBULL3 "THEN"
"BEGIN" PLTEXT(MIN, DUM1, "("-LNCOBSERVATIONS ")");
SYMBOL(999, 999, CHARHEIGHT,
"IF" PAR >= 0 "THEN" 45 "ELSE" 43, 0, -1);
NUMBER(999, 999, CHARHEIGHT, ABS(PAR), 0, 3);
"FOR" I:= 32, 41
"DO" SYMBOL(999, 999, CHARHEIGHT, I, 0, -1);
llENDll "ELSE"
PLTEXT(MIN, DUM1, "("OBSERVATIONS")");
"IF" F1 "T"EN“
"BEGIN" "FOR" I:= 32,
"IF" FACTOR > 1 "THEN" 42 "ELSE" 47,
"IF" E >= 0 "THEN" 32 "ELSE" 45
"DO" SYNBOL(999, 999, CHARHEIGHT, I, 0, -1);
NUMBER(999, 999, CHARHEIGHT, ABS(E), 0, -1);
"END";
"IF" SUB“ 0 "THEN"
"BEGIN" "FOR" I:=32,32,
"IF" SUB >0 "THEN" 43 "ELSE" 45
"DO" SYMBOL(999,999,CHARHEIGHT,I1,0,-1);
NUMBER(999, 999, CHARHEIGHT,ABS(SUB), 0, -1);
"END";
PLUP(MIN, YPOS); PLOT(MIN - YFDUNIT1/2, YPOS);
VERTAXIS(YMIN, YMAX, MIN - YFDUNIT1/2);
SWIDTH:= .3*YFDUNIT1; PLUP(MIN + SWIDTH, YMAX);
PLOT(MIN, YMAX);
PLOT(MIN + SWIDTH, YMAX - .225%YFDUNITZ2);
PLOT(MIN, YMAX - .45*%YFDUNIT2);
PLOT(MIN + SWIDTH, YMAX - .45*YFDUNIT2);
PLTEXT(MIN, YMAX - .75%YFDUNITZ, "("MC'")");
DUM1:= YMAX - 1.2%YFDUNIT2;
"IF" EXP1 "OR™ EXP2
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"THEN" PLTEXT(MIN, DUM1, "("EXPONENTIAL")")

"ELSE“

"IF" WEIBULLZ2 "OR" WEIBULL3

"THEN" PLTEXT(MIN, DUM1, "("WEIBULL")")

"ELSE" PLTEXT(MIN, DUM1, TYPE);

PLTEXT(XCONT, YCONT, "(" PROBABILITY PLOT")");

PLTEXT(MIN,YMAX - 1.5%YFDUNITZ2, "("OF ")");

NUMBER(999, 999, CHARHEIGHT, UV-LV+1, 0, -1);

PLTEXT(XCONT, YCONT, "(" OBSERVATIONS")");

"IF" CONFBAND "THEN"

"BEGIN" PLTEXT(MIN,YMAX - 1.8*YFDUNIT2, "("WITH ")");
NUMBER(999, 999, CHARHEIGHT, BETA * 100, 0, -1);
SYMBOL(999, 999, CHARHEIGHT, 37, 0, -1);
PLTEXT(XCONT, YCONT, "(" CONFIDENCE BAND")")

"END“;

CHARHEIGHT:= SIZEY / 70;

"END" #%% INITPLOT ##x;

"PROCEDURE" PLOTPICTURE(X,F,HL,HU,L,U, XMIN, XMAX);
"VALUE" L,U,XMIN,XMAX; "INTEGER" L,U; "REAL" XMIN,XMAX;
"ARRAY" X,F, HL, HU;

"BEGIN" "INTEGER" I; "REAL" H;

PLOT CALCOMP(2*YFACTOR,0,-3);
XSCALE:= 1/DELTA;XSHIFT:= ~MIN/DELTA;
"IF" MODE = -1 "THEN" .
"BEGIN" "IF" PART = 0 "THEN"
"BEGIN" PLUP(XCUl,FLUl) ;
"FOR" I:= U-1 "STEP" -1 "UNTIL" L
"D0" PLOT(XCI],FLII)
IIENDII "ELSE"
"IF" PART > O "THEN"
"BEGIN" "REAL" NEWX,STEPX;
NEWX:= XMAX; STEPX:= (XMAX - XMIN) / PART;
PLUP(NEWX,FLU]) ;
"FOR" I:= U "STEP" -1 "UNTIL" L "DO"
"BEGIN" "IF" XLIJ <= NEWX "THEN"
"BEGIN" PLOT(NEWX,FLI]); NEWX:= NEWX - STEPX;
I:t=1+1
"END"
"END"
"END"
"END" "ELSE"
"IF" PART = 0 "THEN"
"BEGIN" "FOR" I:= U "STEP" -1 "UNTIL" L "DO"
SYMBOL(XCE(XCIJ1), YCECFLI]), CHARHEIGHT, MODE, 0, -1);
"E"D" "ELSE"
"IF" PART > 0 "THEN"
"BEGIN" "REAL" NEWX,STEPX;
NEWX:= XMAX; STEPX:= (XMAX = XMIN) / PART;
"FOR" I:= U "STEP" -1 "UNTIL" L "DO"
"BEGIN" "IF" XLCI] <= NEWX "THEN"
"BEGIN" SYMBOL(XCECNEWX), YCE(FLI1),
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CHARHEIGHT, MODE, 0, -1);
NEWX:= NEWX - STEPX; I:= I + 1
"END"
“END“
IIEND";
"IF" CONFBAND "THEN"
"BEGIN" PLUP(XCL],DISTINV(HLLL]));
"FOR" I:= L + 1 "STEP" 1 "UNTIL" U "DO"
PLOT(XCIJ,DISTINV(HLLI1));
PLUP(XCUJ,DISTINV(HULUD));
"FOR" I:= U - 1 "STEP" -1 "UNTIL" L "DO"
PLOT(XCI1,DISTINV(HULID))
IIENDII

"END" %*%* PLOTPICTURE #*%%;

"PROCEDURE" LEAST SQUARES LINE (N);

"VALUE" N;

"INTEGER" N;

"BEGIN" "REAL'"ARRAY" XX,YY[1:91; "INTEGER" I,J;

"REAL" XMEAN, YMEAN, A, B, C;

XMEAN := YMEAN := A =B := 0;
"FOR" I:=1 "STEP" 1 "UNTIL” 9 "DO"
"BEGIN"
J = LV + ENT(I*N/10) + 2;
"IF" JO>NUV+1 "THEN" J := NUV + 1;
"FOR" J:=J-1 "WHILE" FLJI>=DISTINV(1/10) "D0";
== J+1; YYLI] := FLJ];
"IF" (C(LV<J "AND" J<ILV) "OR™ (NUV >J "AND" J>INUV))
“THEN" XX[CIJ:= X[LJI*FACTOR + SUB "ELSE" XX[Il:= X[J1;
XMEAN := XMEAN + XX[11;
YMEAN := YMEAN + YYLI]
"END",‘
XMEAN := XMEAN/9; YMEAN := YMEAN/9;
"FOR" Iz=1 "STEP" 1 "UNTIL" 9 "DO"

"BEGIN"

= XXLCI1 - XMEAN;
= A+ YY[I] * C;
=B+ C*¢(
;

B == A/B; A := YMEAN - B * XMEAN;
""COMMENT" THE LEAST SQUARES LINE IS GIVEN BY A + BX ;
PLOTLINE (0,A,1,A+B,MIN,YMIN, MAX, YMAX)

"END" *%%x LEAST SQUARES LINE #¥%;

"BEGIN" "INTEGER" I; I := EQUIV(TYPE);

584

UNIFORM := I
NORMAL I
EXP1 =1

EQUIV("("UNIFORM")");
EQUIV("(""NORMAL")");
EQUIV("("EXP1")");
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EXP2 := I = EQUIV("("EXP2")");
GUMBEL := I = EQUIV("("GUMBEL")");
LAPLACE := I = EQUIV("("LAPLACE")");
CAUCHY == I = EQUIV("("CAUCHY")");
WEIBULL2 := I = EQUIV("("WEIBULL2")");
WEIBULL3 := I = EQUIV("("WEIBULL3")");
SPECIAL := I = EQUIV("("SPECIAL™)");

"IF" "NOT" (UNIFORM "OR" NORMAL "OR" EXP1 "OR" EXP2

"OR" GUMBEL "OR" LAPLACE "OR" CAUCHY "OR"

» WEIBULL2 "OR" WEIBULL3 "OR" SPECIAL)
"THEN"

"BEGIN"

OUTPUT(61,"("/,"("DISTRIBUTIONTYPE "")" N,
"("" NOT ALLOWED !'")",/")", TYPE);

"G60TO" EOP

"END";

"END";

CONFBAND:= OPTION // 10 = 1;

ESTLINE:= OPTION - OPTION // 10 * 10 = 1;
MOMENTS(I,VLI]1,LV,UV,MEAN,STDDEV);
COORDINATES(X, F,HL,HU,NUV);

BOUNDS(NUV, ILV,INUV,F);
YMINMAXCF,HL,HU,ILV,INUV,YMIN, YMAX);
INITPLOT(X,ILV, INUV,XMIN,XMAX, YMIN, YMAX,MIN,MAX,

i FACTOR,SUB);
PLOTPICTURE(X,F,HL,HU,ILV,INUV,XMIN,XMAX);

"IF" ESTLINE "THEN"
"BEGIN" MEAN:= MEAN * FACTOR + SUB;
STDDEV:= STDDEV * FACTOR;
XMIN == XL[LV]; XMAX == XONUV];
"IF" ILV>LV "THEN" XMIN := XMIN*FACTOR + SUB;
"IF" INUVKNUV "THEN" XMAX := XMAX*FACTOR + SUB;
MIN := XCILV1; MAX :=XCINUV];
"IF" UNIFORM "THEN"
"BEGIN" "INTEGER" N; "REAL" A H;
N:= UV - LV + 1;
A:= (XMIN + XMAX) / 2;
H:= (XMAX = XMIN) / 2 * (N + 1) / (N - 1);
PLOTLINECA - H,0,A + H,1,MIN,YMIN, MAX,6 YMAX)
"END" llELsEll
"IF" NORMAL "THEN"
PLOTLINE(MEAN,O,MEAN + STDDEV,1,MIN,YMIN, MAX,YMAX)
"ELSE"
"IF" EXP1 "THEN"

PLOTLINECO,0,MEAN,1,MIN,YMIN, MAX, YMAX) "ELSE"
"IF" EXP2 "THEN"
"BEGIN" "INTEGER" N;
= UV - LV +1;
PLOTLINE((N * XMIN - MEAN) / (N - 1),0,MEAN,1,MIN,

Plotdist
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YMIN,MAX,YMAX)

) "END" "ELSE"

>IIELSEII

"IF" GUMBEL "THEN"
"BEGIN" "REAL" PI, MEANG,STDDEVG;
PI:= 3.141592653589;
STDDEVG:= STDDEV * SQRT(6) / PI;
MEANG:= MEAN - 0.5772156649 * STDDEVG;
PLOTLINE(MEANG,0,MEANG + STDDEVG,1,MIN,YMIN, MAX,6 YMAX)
"END" IIELsE"
"IF" LAPLACE "THEN"
PLOTLINE(MEAN,0,MEAN + STDDEV / SQRT(2),1,MIN,
YMIN,MAX, YMAX)

"IF" WEIBULLZ "AND" PAR > 0 "OR" CAUCHY "OR" SPECIAL
"THEN" LEAST SQUARES LINE (NUV)

"END";

EOP:

VEND" dkkkkk PLDIST #ddkdk;
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7. AUXILARY PROCEDURES

This section contains several procedures which are frequently used in
STATAL-procedures. Although these procedures are not intended to be used
alone, nevertheless there are some examples of use included.
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TrrLe: Loggamina

AUTHOR: C. van Putten
INsTITUTE: Mathematical Centre
ReceIvED: 760501

BRIEF DESCRIPTION
The procedure computes the logarithm of the gamma function.

KEYWORDS
Logarithm of the gamma function

CALLING SEQUENCE

Heading

"REAL" "PROCEDURE" LOGGAMMA (X);

"VALUE" X;

"REAL" X;

""CODE" 40400;

Formal parameters

X: < arithmetic expression>>, argument of the function.

DATA AND RESULTS
The value of the function is assigned to the procedure identifier LOGGAMMA.
The following error message may appear:

Errornumber 1 Gf x < 0)
PROCEDURES USED

STATAL3 ERROR STATAL 40100
LANGUAGE

Compass

METHOD AND PERFORMANCE

The algorithm is basically that of CACM ALG. 309.

For arguments greater than 7 a slight modification of CACM ALG. 309 is used.
For smaller arguments the recurrent relation LOGGAMMA (T+1)=LOGGAMMA
(T)+LN(T) is applied until an argument greater than 7 is reached.

The precision is 10~10.

REFERENCE

[1] Collected algorithms from CACM,
Association for computing machinery,
New York, 1975
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EXAMPLE OF USE
Program:
“BEGIN"

OUTPUT(61, "("3(32.6D,/)")",

LOGGAMMA(

4,

LOGGAMMAC10),
LOGGAMMA(47))

Output: ’k

1.791759
12.801827
132.952575

SOURCE TEXT

Loggamma

The procedure is written in COMPASS; an equivalent ALGOL 60 text is given.

"CODE" 40400;

"REAL" "PROCEDURE" LOGGAﬁHA(T); "VALUE" T; "REAL" T;
"BEGIN" "COMMENT" ADOPTED FROM CACM ALGORITHM 309;
"REAL" "PROCEDURE" LGM(W); "VALUE" W; "REAL" W;

"BEGIN" "ARRAY" CL[1:20]; .
"REAL" W2, PRESUM, CONST, DEN,
"INTEGER" I;

[x)

m
NN =
et b b b

[x)
()
o
(=]

[x]
L]
O 00 ~
d b

cC
cC101:
cf111:
cf12]:
cC131:
CL14]:
cL151:
cL161:
c[171:
cr181:
cC191:
cr201:=
CONST:=

+8.3333333333333"-002;
=2.7777777777778"-003;
+7.9365079365080"-004 ;
=5.9523809523810"-004;
+8.4175084175084"-004;
=1.9175269175269"-003;
+6.4102564102564"-003;
-2.9550653594771"-002;
+1.7964437236883"-001;
-1.3924322169059"+000;
+1.3402864044168"+001;
-1.5684828462600"+002;
+2.1931033333333"+003;
-3.6108771253725"+004;
+6.9147226885131"+005;
-1.5238221539407"+007;
+3.8290075139142"+008;
-1.0882266035784"+010;
+3.4732028376500"+011;
-1.2369602142271"+013;
+9.1893853320467"-001;

SUM;

"COMMENT" CONST = LN(SQRT(2 * PI));
DEN:= W; W2:=W * W;

PRESUM:=(W = .5) * LN(W) - W + CONST;

589



Loggamma 74

_"FOR" I:= 1 "STEP" 1 "UNTIL" 20 "pO"
"BEGIN" SUM:= PRESUM + CLI] / DEN;
"IF" SUM = PRESUM "THEN" "GOTO" UIT;
DEN:= DEN * W2; PRESUM:= SUM
"END";
UIT: LGM:= SUM
"END" OF PROCEDURE LGM;

"IF" T <= 0 "THEN" STATAL3 ERROR("("LOGGAMMA™)", 1, T);
"IF" T > 7 "THEN" LOGGAMMA:= LGM(T) "ELSE"
"BEGIN" "REAL" F; F:=T;
"FOR™ T:= T + 1 "WHILE" T < 7 "DO" F:= F * T;
LOGGAMMA : =LGM(T)~LN(F)
"END";
""END" LOGGAMMA;
"EOP"
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TITLB - Incomplete Beta
AUTHOR: R. Kaas

INsTITUTE: Mathematical Centre
ReCEIVED: 750201

BRIEF DESCRIPTION
The procedure computes the incomplete beta function ratio with parameters
ALPHA1 and ALPHA2.

KEYWORDS
Incomplete beta function ratio

CALLING SEQUENCE

Heading

"REAL" "PROCEDURE" INCOMPLETE BETA (X, ALPHA1, ALPHA2, EPS);
"VALUE" X, ALPHA1, ALPHA2, EPS;

“REAL" X, ALPHA1, ALPHA2, EPS;

"CODE" 40401;

Formal parameters

X: <arithmetic expression>>, argument of the function;
ALPHA1: <arithmetic expression>, first shape parameter;
ALPHA2: < arithmetic expression>>, second shape parameter;
EPS: <arithmetic expression>, precision.

DATA AND RESULTS

The value of the function is assigned to the procedure identifier
INCOMPLETE BETA.

The following error messages may appear:

Errornumber 2 (if ALPHA1 <0)
Errornumber 3 (if ALPHA2<0)
Errornumber 4 (if eps <0)
PROCEDURES USED

STATAL3 ERROR STATAL 40100
LANGUAGE

Algol 60

METHOD AND PERFORMANCE

The function is computed as follows:

If ALPHA1+ALPHA2>500, the values of these parameters are decreased step by
step until ALPHA1+ALPHA2<500, using a recurrence relation from Abramowitz
and Stegun (1970). The remaining part is computed as the sum of two series of
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summations using CACM ALG. 179. _
The precision of the result is determined by the parameter EPs.

REFERENCES
1 M. Abramowitz & I.A. Stegun
Handbook of mathematical functions

Dover Publications, New York, 1970

[2] Collected algorithms from CACM,
Association for computing machinery,
New York, 1975

EXAMPLE OF USE
Program:

"BEGIN"
OUTPUT(61, "("3(Z.6D,/)™",
INCOMPLETE BETAC.5, 5.0, 5.0, "-10),
3, "-10),
1, 3.2, "-10))

INCOMPLETE BETA(.1, 6.2,

5
8
INCOMPLETE BETAC.6, 8.1, 3

"END"

Output:

.500000
.000778
.185051

SOURCE TEXT

""CODE" 40401;

"REAL" "PROCEDURE" INCOMPLETE BETA(X, P, Q, EPSILON);
"VALUE" X, P, Q, EPSILON; "REAL" X, P, Q, EPSILON;
"BEGIN" "REAL" INC;

"REAL" "PROCEDURE" MINIB(X, P, Q);

"VALUE" X, P, Q; "REAL" X, P, Q;

"BEGIN"
"REAL" FINSUM, INFSUM, TEMP, TERM, QRECUR, INDEX;
"BOOLEAN" ALTER;

"IF" X <= 0.5 "THEN"™ ALTER:= "FALSE" "ELSE"
"BEGIN" ALTER:= "TRUE"; TEMP:= P; P:= Q;

Q:= TEMP; X:= 1 - X
"END";
FINSUM:= 0; TERM:= 1; TEMP:= 1 - X;
QRECUR:= INDEX:= Q;
"FOR" INDEX:= INDEX - 1 "WHILE"™ INDEX > 0 "DO"
"BEGIN" QRECUR:= INDEX;

TERM:= TERM * (QRECUR + 1) /

(TEMP * (P + QRECUR));
FINSUM:= FINSUM + TERM
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X IIENDII;
INFSUM:= TERM:= 1; INDEX:= 0;
"FOR" INDEX:= INDEX + 1
"WHILE" (TERM / INFSUM) > EPSILON "DO"
"BEGIN" TERM:= TERM * X * (INDEX - QRECUR) *
(P + INDEX - 1) / CINDEX * (P + INDEX));
INFSUM:= INFSUM + TERM
"E“D";
TEMP:= X ** P * (INFSUM * EXP(LOGGAMMA(QRECUR + P) -
LOGGAMMA(QRECUR) - LOGGAMMA(P + 1)) + FINSUM *
(1 = X) ** Q@ * EXP(LOGGAMMAC(P + Q) - LOGGAMMA(P) -
"LOGGAMMA(Q + 1)));
MINIB:= "IF" ALTER "THEN" 1 - TEMP "ELSE" TEMP
"END";

"REAL" "PROCEDURE" MAXIB(X, P, Q);
"VALUE" X; "REAL" X, P, Q;
"BEGIN" "REAL" L1, L2, PCUM;
llIFll q < P
"THEN" MAXIB:= 1 - MAXIB(1 - X, Q, P) "ELSE"
"BEGIN" PCUM:= 0; L1:= LN(X); L2:= LNC(1 - X);
"“FOR" P:= P - 1 "WHILE" P >= 250 "p0"
PCUM:= PCUM + EXP(LOGGAMMA(P + Q) -
LOGGAMMA(P + 1) -~ LOGGAMMA(Q) + P*L1 + Q*L2);
=P+ 1;
"FOR" Q:= Q - 1 "WHILE" P + Q >= 500 "DpO"
PCUM:= PCUM - EXP(LOGGAMMA(P + Q) - LOGGAMMA(P)
- LOGGAMMA (Q + 1) + P * L1 + Q * L2);

Q:=Q + 1;
MAXIB:= MINIB(X, P, Q) - PCUM
"END"

"END";

"IF" P <= 0 "THEN"
STATAL3 ERROR("("INCOMPLETE BETA")", 2, P) "ELSE"
"IF" Q <= 0 "THEN"
STATAL3 ERROR("("INCOMPLETE BETA")", 3, Q) "ELSE"
"IF" EPSILON <= 0 "THEN"
STATAL3 ERROR("("INCOMPLETE BETA")", 4, EPSILON);
INC:= "IF" X <= 0 "THEN" O "ELSE"
"IF" X >= 1 "THEN" 1 "ELSE"
"IF" P + @ > 500 "THEN" MAXIB(X, P, Q)
"ELSE" MINIB(X, P, @);
INCOMPLETE BETA:= "IF" INC < O "THEN" 0 "ELSE"
"IF" INC > 1 "THEN" 1 "ELSE" INC
"END" INCOMPLETE BETA;
n EOP"
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TrrLe:  Wilcoxons W
AuTHOR: R. Kaas

INSTITUTE: Mathematical Centre
RECEIVED: 760901

BRIEF DESCRIPTION

The. procedure is a technical one, which is used in the computation of
Wilcoxon’s one- or two-sample test statistic. Given two segments of arrays of
numbers the procedure computes twice the number of times a number from
the first segment is greater than a number from the second segment plus the
number of times a number from the first segment is equal to a number from
the second segment.

KEYWORDS
Wilcoxon’s test statistic

CALLING SEQUENCE

Heading

"INTEGER" "PROCEDURE" WILCOXONS W (X, XL, UX, Y, LY, UY, SORTED, D);
"VALUE" LX, UX, LY, UY, SORTED;

"INTEGER" LX, UX, LY, UY;

"BOOLEAN" SORTED;

"ARRAY" X, Y;

"REAL" D;

"CODE" 40000;

Formal parameters

X: <array identifier>, one-dimensional array containing the first
segment;

LX: <integer arithmetic expression> smallest index of the first seg-
ment;

ux: <integer arithmetic expression>>, largest index of the first seg-
ment;

Y: <array identifier>, one-dimensional array containing the second
segment;

LY: <integer arithmetic expression>>, smallest index of the second
segment;

uy: <integer arithmetic expression>>, largest index of the second seg-
ment;

SORTED: <boolean expression>>, to indicate whether the segments are
sorted in non-decreasing order or not;

D: <real variable>, output parameter, sum of the cubes of the sizes
of the ties.
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DATA AND RESULTS

Wilcoxons W

The value of the test statistic is assigned to the procedure identifier

WILCOXONS W.

The following error messages may appear:
Errornumber 1 @if Lx>ux)
Errornumber 4 Gf Ly>uy)
PROCEDURES USED

VEC QSORT STATAL 11020
STATAL3 ERROR STATAL 40100
LANGUAGE

Algol 60

METHOD AND PERFORMANCE

The computation of WILCOXONS W is straightforward, using midranks in case of

ties.

REFERENCE

1] D. Wabeke & C. van Eeden
Handleiding voor de toets van Wilcoxon
Mathematical Centre report SW 4/70
Mathematical Centre, Amsterdam, 1970

EXAMPLE OF USE
Program:

"BEGIN" "ARRAY" AL[1:81, BL[1:61, C[1:10]1; "REAL" D;

INARRAY(60, A); INARRAY(60, B); INARRAY(60, C);
OUTPUT(61, "("3(2zD,/)")",

WILCOXONS W(A, 1, 8,

WILCOXONS W(A, 1, 5,

WILCOXONS W(B, 1, 4,
"END“

Input:

8 11 1 16 18 19 22
9 10 12 16 17 22
6 9 10 11 13 14 15

B, 1,6,
¢, 1,10,
¢, 1,9,

25
19 21

"TRUE", D),
"TRUE", D),
"TRUE", D))

23
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Output:
60

48
30

SOURCE TEXT

"CODE" 40000;

"INTEGER" "PROCEDURE" WILCOXONS W(X, XLOW, XUPP, Y,
YLOM, YUPP, SORTED, D);

"VALUE" XLOW, XUPP, YLOW, YUPP, SORTED;

"INTEGER" XLOW, XUPP, YLOW, YUPP; "BOOLEAN" SORTED;

"REAL" D; "REAL" "ARRAY" X, Y;

"BEGIN" "INTEGER" W, I, J, MNU, NNU, TNU, MTOT;
"REAL" A, B, MIN;

"IF" XLOW > XUPP "THEN"
STATAL3 ERROR("("WILCOXONS W")", 1, XLOW - XUPP);
"IF" YLOW > YUPP "THEN"
STATAL3 ERROR("("WILCOXONS W")", 4, YLOW - YUPP);
"IF" "NOT" SORTED "THEN"
"BEGIN" VEC QSORT(X, XLOW, XUPP);
VEC QSORT(Y, YLOW, YUPP)
"END";
:=0; D:= 0; MTOT:= XUPP - XLOW + 1;
I:= XLOW; J:= YLOW; A:= X[I1; B:= Y[J];
"FOR" MIN:= "IF" A < B "THEN" A "ELSE" B
"WHILE" I <= XUPP & J <= YUPP "DO"
"BEGIN" MNU:= I; NNU:= J;
"FOR" A:= X[I] "WHILE" A = MIN & I < XUPP,
A "WHILE" A= MIN & I = XUPP "DO" I:=1 + 1;
"FOR" B:= Y[J] "WHILE" B = MIN & J < YUPP,
) B "WHILE" B = MIN & J = YUPP "DO" J:=J + 1;
MNU:= I - MNU; NNU:= J - NNU;
TNU:= MNU + NNU; D:= D + TNU * TNU * TNU;
W:z= W + NNU * (2 * MTOT - MNU); MTOT:= MTOT - MNU
"END";
"IF" I <= XUPP "THEN"
"BEGIN" MIN:= A; MNU:= 1;
"FOR" I:= 1 + 1 "STEP" 1 "UNTIL" XUPP "DO"
"BEGIN" A:= X[I1]1;
“IF" A = MIN "THEN" MNU:= MNU + 1 "ELSE"
"BEGIN" D:= D + MNU * MNU * MNU;
MNU:= 1; MIN:= A
"END“
"END"; D:= D + MNU * MNU * MNU
"END";
"IF" J <= YUPP "THEN"
"BEGIN" MIN:= B; NNU:= 1;
"FOR" J:= J + 1 "STEP" 1 "UNTIL" YUPP "DO"
"BEGIN" B:= Y[J1;
"IF" B = MIN "THEN" NNU:= NNU + 1 "ELSE"
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"BEGIN" D:= D + NNU * NNU * NNU;
NNU:= 1; MIN: '

=B
IIEND"
MEND"; D:= D + NNU * NNU * NNU

“END";
WILCOXONS W:= W
"END" WILCOXONS W;
"EOP"
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TITLE: - Limit

AUTHOR: E. Opperdoes
INSTITUTE: Mathematical Centre
RECEIVED: 760901

BRIEF DESCRIPTION
The procedure computes asymptotic distribution function of the Cramer-von
Mises’ test statistic

KEYWORDS
Asymptotic distribution Cramer-von Mises’ test statistic

CALLING SEQUENCE

Heading

“REAL" "PROCEDURE" LIMIT (X);
"VALUE" X;

"REAL" X; .

"ALGOL" LIMIT;

Formal parameters
x: <arithmetic expression>, argument of the distribution function.

DATA AND RESULTS
The value of the distribution function is assigned to the procedure identifier
LIMIT.

LANGUAGE
Algol 60

PROCEDURES USED
BESS KAO1 NUMAL 35191

METHOD AND PERFORMANCE
The distribution function is computed using a formula in Anderson and Dar-
ling (1952), and has a precision of 10~¢.

REFERENCE

[1] T.W. Anderson & D.A. Darling
Asymptotic theory of certain goodness of fit criteria based on stochas-
tic processes
Ann. of Math. Stat., 23 (1952), pp. 193-212.

598



7.4

EXAMPLE OF USE
Program:

"BEGIN"

OUTPUT(61, "("3(2ZD.5D
LIMIT(0.1),
LIMIT(0.2),
LIMIT(0.5))

"END"

Oul‘pul-. -

0.41513
0.73253
0.96017

SOURCE TEXT

"ALGOL" LIMIT;

"REAL" "PROCEDURE™ LIMIT(X); "VALUE" X; "REAL" X;
"BEGIN" "REAL" SUM, INV16X, A, TERM, TOL, FACTINV;

"INTEGER" J, J4P1;

"REAL" "PROCEDURE" BESS(X); "VALUE" X; "REAL" X;

’l)ll)ll’

"BEGIN" "REAL" KA, KA1;

BESS KA01(0.25,
BESS:= KA * EXP(
"END" BESS;

16 /1 X;

INVI6X:= 1 /
"-6; di= 1;

TOL:= 0.5

X, KA, KA1); -
=X

J4P1:= 5; A:= 0.5;

FACTINV:= & * ARCTAN(1) * SQRT (X);

SUM:= BESS(INV16X);
TERM:= 0.5 * SQRT(5)
"FOR" J:= J + 1 "WHI
"BEGIN" SUM:= SUM +
"IF" SUM > FACTI
"BEGIN" LIMIT:=

Az= A * (1 - 0.5/ J); J4P1:= J4P1 + 4;
TERM:= A * SQRT (J4P1) * BESS(J4P1 * J4P1 * INV16X);

"END";
SUM:= SUM / FACTINV;
LIMIT:= "IF" SUM <=
"IF" SUM >=
EXIT:
"END" LIMIT;
"EOP“

* BESS(25 * INV16X);
LE" TERM >= TOL "DO"
TERM;

NV "THEN"
1; "GOTO" EXIT "END";

0 "THEN" O "ELSE"
1 "THEN" 1 "ELSE" SUM;

Limit

599



Bound 75
TITLE: Bound

AUTHOR: A. Nonymous

INsTITUTE: Mathematical Centre

RECEIVED: unknown

BRIEF DESCRIPTION

The procedure computes the upper bound of the confidence interval for the
probability P, given the number of successes in a sequence of N independent
experiments with probability P of succes.

KEYWORDS
Upper confidence bound for a binomial probability

CALLING SEQUENCE

Heading

"REAL" "PROCEDURE" BOUND (T, N, ALPHA, TOL, TEXT);
"VALUE" T, N, ALPHA, TOL;

"INTEGER" T, N;

YREAL" ALPHA, TOL;

"STRING" TEXT;

"ALGOL" BOUND;

Formal parameters

T <integer arithmetic expression>, number of successes;

N: <integer arithmetic expression>, number of experiments;

ALPHA: <arithmetic expression>>, one minus confidence coefficient;

TOL: <arithmetic expression>>, precision of the upperbound to be
computed;

TEXT: <string>>, name of procedure to be printed by STATAL3 ERROR

when no upperbound is found.

DATA AND RESULTS

The value of the upperbound is assigned to the procedure identifier Bounp. If
no upper bound can be found, an error message, refering to errornumber 0 in
the procedure with name given in the string TEXT, appears.

PROCEDURES USED

ZEROINDER NUMAL 34453
LOGGAMMA STATAL 40400
STATAL3 ERROR STATAL 40100
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LANG’UAGB
Algol 60

METHOD AND PERFORMANCE
The procedure computes a zero P of the function

T
S [ Lipk1—pIN-K—aLPHA
K=o K

using derivatives.
SOURCE TEXT

"ALGOL" BOUND;
"REAL" "PROCEDURE" BOUND(T, N, ALPHA, TOL, TEXT);
"VALUE" T, N, ALPHA, TOL;
"INTEGER" T, N; "REAL" ALPHA, TOL; "STRING" TEXT;
"BEGIN" "INTEGER" NT, N1, K, NT1;

"REAL" AK, X, Y, LOG CONST;

"ARRAY" ALO : T1;

"REAL" "PROCEDURE" LOW ARG(X); "VALUE" X; "REAL" X;
"BEGIN" "REAL" X1, @, S; "INTEGER" I;
= 0; X1:=1-X; Q:= X/ X1;
"FOR" I:= 0 "STEP" 1 "UNTIL" T "DO"
$§:=§ % Q + A[I];
LOW ARG:= Q #* NT * X1 #* N * §
"END" LOW ARG;

"REAL" "PROCEDURE" HIGH ARG(X); "VALUE" X; "REAL" X;

"BEGIN" "REAL" @, S; "INTEGER" I;
$:=0; Q:= (1 - X) / X;
"FOR" I:= T "STEP" -1 "UNTIL" 0 "DO"
§:= S * Q + A[I];
HIGH ARG:= X %% N * §
"END" HIGH ARG;

NT:= N - T; Nl:= N + 1; NT1:= NT - 1;
Y:= AK:= A[0]:= 1;
"“FOR" K:= 1 "STEP" 1 "UNTIL" T "DO"
"BEGIN" AK:= ALK]I:= AK * (N1 - K) / K;
Y:= Y + AK
"END";
LOG CONST:=
LOGGAMMA(N1) - LOGGAMMACT + 1) - LOGGAMMA(NT);
Y:= (0.5) ** N * Y;
"IF" Y > ALPHA "THEN"
"BEGIN" X:= 0; Y:= 0.5;
"IF" ZEROINDER(X, Y, LOW ARG(X) - ALPHA,
"IF" X = 0 "THEN" O "ELSE"

EXP(LOG CONST + NT1 # LN(X) + T * LN(1 - X)),

ABS(X) * TOL + TOL)
"THEN" BOUND:= (X + Y) / 2

Bound
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Bound 7.5

. ~ "ELSE" STATAL3 ERROR(TEXT, 0, X
"END" "ELSE" .
"BEGIN" X:= 0.5; Y:= 1;
"IF" ZEROINDER(X, Y, HIGH ARG(X) -~ ALPHA,
"IF" X = 1 "THEN" O "ELSE"
EXP(LOG CONST + NT1 * LN(X) + T * LN(1 - X)),
ABS(X) * TOL + TOL)
"THEN" BOUND:= (X + Y) / 2
"ELSE" STATAL3 ERROR(TEXT, 0, X)
"END";
"END" BOUND;
"EOP"
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7.6 Inverse

TITLB Inverse

AUTHORS: P. van der Tweel, J.M. Buhrman
INsTITUTE: Mathematical Centre

RECEIVED: 760501

BRIEF DESCRIPTION
The procedure computes the argument X, for which a user provided continuous
distribution function pISTR has a given value PROB.

KEYWORDS
Inverse continuous distribution function

CALLING SEQUENCE

Heading

"REAL" "PROCEDURE" INVERSE (X, DISTR, PROB, TOLX);
“VALUE" PROB, TOLX;

"REAL" X, DISTR, PROB, TOLX;

"CODE" 40001;

Formal parameters

X: <real variable>, estimate of INVERSE (X, DISTR, PROB, TOLX)
and Jensen parameter for bISTR and TOLX;

DISTR: <arithmetic expression>, distribution function to be inverted,
depending on X as argument;

PROB: <arithmetic expression>, left hand tail probability of the value
to be computed;

TOLX: <arithmetic expression>, relative precision, depending on X.

DATA AND RESULTS

Before calling the procedure, x should have an estimated value of the inverse
of the distribution function. If little is known about the location of the distri-
bution the value 0 is recommended as an initial estimate for x.

The value of the inverse distribution function is assigned to the procedure
identifier INVERSE.

The following error messages may appear:

Errornumber 0 (if no satisfactory x can be found)

Errornumber 3 (if PROB <10~ ' or PROB =1-10""4)

PROCEDURES USED
STATAL3 ERROR STATAL 40100
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LANGUAGE
Algol 60

METHOD AND PERFORMANCE

An interval containing a zero of the function DISTR (X)—PROB is computed.
On this interval the procedure zeroIN from Dekker (1970) is used to determine
the zero.

REFERENCE

[1] © T.J. Dekker
Algol 60 procedures in numerical algebra
Mathematical Centre Tracts 22
Mathematical Centre, Amsterdam, 1970

EXAMPLE OF USE
Program:

"BEGIN" "REAL" X1, X2, X3;
X1:= =5; X2:= .7; X3:= 2;

OUTPUT(61, "("3(+Z2.6D,/)")",

INVERSE(X1, LOGISTIC(X1, 1, 2), .100,
ABS(X1) * "-10),

INVERSE(X2, FISHER (X2, 10, 18), .338,
ABS(X2) * "-10),

INVERSE(X3, NORMAL (X3, 10, 12), .250,
ABS(X3) * "-10))

L1 END"

Output:

=3.394449
+.762042
+1.906123

SOURCE TEXT

'"CODE" 40001;

"REAL" "PROCEDURE" INVERSE(X, FX, PROB, TOLX);
"VALUE" PROB, TOLX; "REAL" X, FX, PROB, TOLX;
"BEGIN" "REAL" Y, H, F1, F2;

"BOOLEAN" "PROCEDURE" ZEROIN(X, Y, FX, TOLX);
"REAL" X, Y, FX, TOLX;
"BEGIN" "INTEGER" EXT;
"REAL" C, FC, B, FB, A, FA, D, FD, FDB, FDA, W, MB,
TOL, M, P, Q, DW;
DW:= MINREAL; B:= X; FB:= FX; A:= X:= Y; FA:= FX;
INTERPOLATE: C:= A; FC:= FA; EXT:= 0;
EXTRAPOLATE: "IF" ABS(FC) < ABS(FB) "THEN"
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. "BEGIN" "IF" C“ A "THEN"
"BEGIN" D:= A; FD:= FA "END";
A:= B; FA:= FB; B:= X:= C;
FB:= FC; C:= A; FC:= FA
"END" INTERCHANGE;
TOL:= TOLX; M:= (C + B) * 0.5; MB:= M - B;
"IF" ABS(MB) > TOL "THEN"
"BEGIN" "IF" EXT > 2 "THEN" W:= MB "ELSE"
"BEGIN" TOL:= TOL * SIGN(MB);
P:= (B - A) * FB; "IF" EXT <= 1 "THEN"
Q:= FA - FB "ELSE"
"BEGIN" FDB:= (FD - FB) / (D - B);
FDA:= (FD - FA) / (D - A);
P:= FDA * P; Q:= FDB * FA - FDA * FB
"END"; llIFll P < 0 IITHEN"
"BEGIN" P:= -P; Q:= -Q "END";
W:= "IF" P < DW "OR" P <= Q * TOL "THEN" TOL
"ELSE"
"IF" P < MB * Q@ "THEN" P / Q "ELSE" MB
"END"; D:= A; FD:= FA; A:= B; FA:= FB;
X:= B:= B + W; FB:= FX;
"IF"
("IF" FC >= 0 "THEN" FB >= 0 "ELSE" FB <= 0)
"THEN" "GOTO" INTERPOLATE "ELSE"
"BEGIN" EXT:=
"IF" W = MB "THEN" O "ELSE" EXT + 1;
"GOTO" EXTRAPOLATE
"END"
"END"; Y:= C;
ZEROIN:= "IF" FC >= 0 "THEN" FB <= 0 "ELSE" FB >= 0
"END" ZEROIN;

"IF" PROB <= "-14 "OR" PROB >= 1 - "-14 "THEN"
STATAL3 ERROR("("INVERSE")",3,PROB);
F1:= FX - PROB;
"IF" ABS(F1) < TOLX "THEN" INVERSE:= X "ELSE"
"BEGIN" H:= "IF" F1 > 0 "THEN" -.5 "ELSE" .5;
Y:= X; X:= X + H; F2:= FX - PROB;
L: "IF" ABS(F2) < TOLX "THEN" INVERSE:= X "ELSE"
"IF" F1 * F2 > 0 "THEN"
"BEGIN" Y:= X; H:= H * 2; X:= X + H;
F1:= F2; F2:= FX - PROB;
"GOTO" L
IIENDII "ELSE"
INVERSE:= "IF" ZEROINCX, Y, FX - PROB, TOLX)
"THEN" X "ELSE"
STATAL3 ERROR("("INVERSE")", 0, PROB)
"END"
"END" INVERSE;
"EOP"

Inverse
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Trme:  Truncate Left
AvutHOR: H. Elffers
INSTITUTE: Mathematical Centre
RECEIVED: 750205

BRIEF DESCRIPTION

The procedure computes the probability that a random variable with a
specified continuous distribution function bDISTR is mot larger than a given
value X, provided that it is not smaller than a given value LEFT.

KEYWORDS
Left-sided truncated distribution function

CALLING SEQUENCE

Heading

“REAL" "PROCEDURE" TRUNCATE LEFT (X, LEFT, Y, DISTR);
"WALUE" X, LEFT; '

"REAL" X, LEFT, Y, DISTR;

""CODE” 40402;

Formal parameters ,

X: <arithmetic expression>, argument of the truncated distribution
function;

LEFT: <arithmetic expression>, truncation point;

Y: <real variable>>, Jensen parameter for DISTR;

DISTR: <arithmetic expression>, distribution function of the non-

truncated distribution, depending on Y as argument.

DATA AND RESULTS

The value of the truncated distribution function is assigned to the procedure
identifier TRUNCATE LEFT.

The following error message may appear:

Errornumber 2 (if DISTR (LEFT) =1)

PROCEDURES USED
STATAL3 ERROR STATAL 40100

LANGUAGE
Algol 60
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7.7 Truncate Left

METHOD AND PERFORMANCE :
The truncated distribution function is computed as follows:

(DISTR(X)—DISTR(LEFT))/(1—DISTR(LEFT)) if X=LEFT
0 if X<LEFT

Warning;
DISTR must be a continuous distribution function. If this is not the case results
are meaningless, and even a run time error of the operating system may occur.

EXAMPLE OF USE

Program:
"BEGIN" "REAL" Z;

"COMMENT" THE FOLLOWING VALUES ARE COMPUTED:

AT 3.59 LEFT SIDED TRUNCATED CHI-SQUARE DISTRIBUTION
WITH 11 DEGREES OF FREEDOM AND ARGUMENT 11.61,

AT 0.65 LEFT SIDED TRUNCATED STUDENT DISTRIBUTION
WITH 18 DEGREES OF FREEDOM AND ARGUMENT 1.74,

AT 4.562 LEFT SIDED TRUNCATED FISHER DISTRIBUTION
WITH 7 AND 9 DEGREES OF FREEDOM AND ARGUMENT 16.32;

OUTPUT(61, "("3(Z.6D,/)")",
TRUNCATE LEFT(11.61, 3.59 , z, CHIsQ (Z, 11)),
TRUNCATE LEFTC 1.74, 0.65 , Z, STUDENT(Z, 18)),
TRUNCATE LEFT(16.32, 4.562, 2, FISHER (Z, 7, 9)))
"ENDII

Output:

-398476
.811170
.990156

SOURCE TEXT

"CODE" 40402;
"REAL" "PROCEDURE" TRUNCATE LEFT
(ARG, LEFT, JENSEN, DISTRIBUTION);
"VALUE" ARG, LEFT; "REAL" ARG, LEFT, JENSEN, DISTRIBUTION;
"BEGIN" "REAL" DISTR LEFT;
"IF" ARG < LEFT "THEN" TRUNCATE LEFT:= O "ELSE"
"BEGIN" JENSEN:= LEFT; DISTR LEFT:= DISTRIBUTION;
"IF" 1 - DISTR LEFT <= 0 "THEN"
STATAL3 ERRORC"("TRUNCATE LEFT")", 2, DISTR LEFT);
JENSEN:= ARG;
TRUNCATE LEFT:= (DISTRIBUTION - DISTR LEFT)
/ (1-- DISTR LEFT)
"END"
"END" TRUNCATE LEFT;
"EOPII
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Trrie:  Truncate Right
AvutHOoRr: H. Elffers
INsTITUTE: Mathematical Centre
RECEIVED: 750205

BRIEF DESCRIPTION

The procedure computes the probability that a random variable with a
specified continuous distribution function DISTR is not larger than a glven
value X, provided that it is not larger than a given value RIGHT.

KEYWORDS
Right-sided truncated distribution function

CALLING SEQUENCE

Heading -
"REAL" "PROCEDURE" TRUNCATE RIGHT (X, RIGHT, Y, DISTR)
"WALUE" X, RIGHT;

"REAL" X, RIGHT, Y, DISTR;

"CODE" 40403;

Formal parameters

X: <arithmetic expression>, argument of the truncated distribution
function;

RIGHT: <arithmetic expression>, truncation point;

Y: <real variable>, Jensen parameter for DISTR;

DISTR: <arithmetic expression>, distribution function of the non-

truncated distribution, depending on Y as argument.

DATA AND RESULTS

The value of the truncated distribution function is ass1gned to the procedure
identifier TRUNCATE RIGHT.

The following error message may appear:

Errornumber 2 (if DISTR (RIGHT)<0)

PROCEDURES USED
STATAL3 ERROR STATAL 40100

LANGUAGE
Algol 60
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7.8 Truncate Right

METHOD AND PERFORMANCE
The truncated distribution function is computed as follows:

DISTR(X)/DISTR(RIGHT) if X<RIGHT
1 if X>RIGHT

Warning:
DISTR must be a continuous distribution function. If this is not the case results
are meaningless, and even a run time error of the operating system may occur.

EXAMPLE OF USE

Program:
"BEGIN" "REAL" Z;

""COMMENT" THE FOLLOWING VALUES ARE COMPUTED:

AT 2.54 RIGHT SIDED TRUNCATED STANDARD NORMAL DISTRIBUTION
WITH ARGUMENT 1.88,

AT 0.7 RIGHT SIDED TRUNCATED NORMAL(3, 1.78) DISTRIBUTION
WITH ARGUMENT -1.4,

AT 2.5 RIGHT SIDED TRUNCATED LOGNORMAL(2.1, .5)
DISTRIBUTION WITH ARGUMENT 2.23;

OUTPUT(61, "("3(Z.6D,/)"™)",
TRUNCATE RIGHT(1.88, 2.54 , Z, PHI (),
TRUNCATE RIGHT(-1.4, 0.7 , Z, NORMAL (Z, 3, 1.78)),
TRUNCATE RIGHT(2.23, 2.5 , Z, LOGNORMAL(Z, 2.1, .5)))
"END"

Output:
.975352

.068460
.526538

SOURCE TEXT

"CODE" 40403;
"REAL" "PROCEDURE" TRUNCATE RIGHT
(ARG, RIGHT, JENSEN, DISTRIBUTION);
"VALUE" ARG, RIGHT; "REAL" ARG, RIGHT, JENSEN, DISTRIBUTION;
"BEGIN" "REAL" DISTR RIGHT;
"IF" ARG > RIGHT "THEN" TRUNCATE RIGHT:= 1 "ELSE"
"BEGIN" JENSEN:= RIGHT; DISTR RIGHT:= DISTRIBUTION;
"IF" DISTR RIGHT <= 0 "THEN"
STATAL3 ERROR("("TRUNCATE RIGHT")", 2, DISTR RIGHT);
JENSEN:= ARG;
TRUNCATE RIGHT:= DISTRIBUTION / DISTR RIGHT
n EN D"
"END" TRUNCATE RIGHT;
"EOP"
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Tme:  Truncate Twosided
AvutHOR: H. Elffers
INSTITUTE: Mathematical Centre
RECEIVED: 750205

BRIEF DESCRIPTION

The procedure computes the probability that a random variable with a
specified continuous distribution function DISTR is not larger than. a given
value X, provided that it is not smaller than a given value LEFT and not larger
than a given value RIGHT.

KEYWORDS
Two-sided truncated distribution function

CALLING SEQUENCE

Heading

"REAL" "PROCEDURE" TRUNCATE TWOSIDED (X, LEFT, RIGHT, Y, DISTR);
"WALUE" X, LEFT, RIGHT;

"REAL® X, LEFT, RIGHT, Y, DISTR;

"CODE" 40404;

Formal parameters

X: <arithmetic expression>>, argument of the truncated distribution
function;

LEFT: < arithmetic expression>, left-hand truncation point;

RIGHT: < arithmetic expression>, right-hand truncation point;

Y: <real variable>, Jensen parameter for DISTR;

DISTR: <arithmetic expression>, distribution function of the non-

truncated distribution, depending on Y as argument.

DATA AND RESULTS

The value of the truncated distribution function is assigned to the procedure
identifier TRUNCATE TWOSIDED.

The following error messages may appear:

Errornumber 2 (if RIGHT <LEFT)

Errornumber 3 (if DISTR(RIGHT) <DISTR(LEFT))
PROCEDURES USED

STATAL3 ERROR STATAL 40100
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7.9 Truncate Twosided

LANGUAGE
Algol 60

METHOD AND PERFORMANCE
The truncated ditribution function is computed as follows:

0 if X<LEFT
(DISTR(X)—DISTR(LEFT)) /(DISTR(RIGHT)—DISTR(LEFT))

if LEFTXX<RIGHT or LEFT<X<RIGHT
1 if X>RIGHT or LEFT=X=RIGHT

Warning:

DISTR must be a continuous distribution function. If this is not the case results
are meaningless, and even a run time error of the operating system may occur.

EXAMPLE OF USE

Program:
"BEGIN" "REAL" Z;

"“COMMENT" THE FOLLOWING VALUES ARE COMPUTED:

AT 7.32 AND 25.23 TRUNCATED EXPONENTIAL(.56)
DISTRIBUTION WITH ARGUMENT 11.28,

AT 4.15 AND 13.36 TRUNCATED LOGISTIC(5.11, 9.65)
DISTRIBUTION WITH ARGUMENT 12.69,

AT 8.27 AND 87.44 TRUNCATED CAUCHY(12.27, 9.12)
DISTRIBUTION WITH ARGUMENT 14.49;

OUTPUT(61, "("3(Z.6D,/)")",

TRUNCATE TWOSIDED(11.28, 7.32 , 25.23, 1,
EXPON(Z, .56)),

TRUNCATE TWOSIDED(12.69, 4.15 , 13.36, Z,
LOGISTIC(Z, 5.11, 9.65)),

TRUNCATE TWOSIDED(14.49, 8.27 , 87.44, 1,
CAUCHY(Z, 12.27, 9.12)))

"END"

Output:

.891169
-934925
.349957
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‘Truncate Twosided

SOURCE TEXT

"CODE" 40404;
"REAL" "PROCEDURE"™ TRUNCATE TWOSIDED
(ARG, LEFT, RIGHT, JENSEN, DISTRIBUTION);
"VALUE" ARG, LEFT, RIGHT;
"REAL" ARG, LEFT, RIGHT, JENSEN, DISTRIBUTION;
"BEGIN" "REAL" DISTR LEFT, DISTR RIGHT;
"IF" RIGHT < LEFT "THEN"
STATAL3 ERROR("("TRUNCATE TWOSIDED")",
2, LEFT - RIGHT) "ELSE"
"IF" ARG < LEFT "THEN" TRUNCATE TWOSIDED:= 0 "ELSE"
"IF" ARG > RIGHT ! (ARG = LEFT & ARG = RIGHT) "THEN"
TRUNCATE TWOSIDED:= 1 "ELSE"
"BEGIN" JENSEN:= LEFT; DISTR LEFT:= DISTRIBUTION;
JENSEN:= RIGHT; DISTR RIGHT:= DISTRIBUTION;
"IF" DISTR RIGHT - DISTR LEFT <= 0 "THEN"
STATAL3 ERROR("("TRUNCATE TWOSIDED")", 3,
DISTR RIGHT -~ DISTR LEFT);
JENSEN:= ARG;
TRUNCATE TWOSIDED:= (DISTRIBUTION - DISTR LEFT) /
(DISTR RIGHT - DISTR LEFT)
"END" . .
“END" TRUNCATE TWOSIDED;
"EOP"
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7.10 Statal 3 Error

TiTie: . Statal 3 Exror
AuTHOR: H. Elffers
INsTITUTE: Mathematical Centre
Recevep: 750101

BRIEF DESCRIPTION

If a STATAL procedure is called with a wrong value of a parameter,
STATAL3 ERROR terminates the execution of the program. The procedure
identifier, the errornumber and the wrong value of the parameter are printed.
A message is given in the dayfile.

KEYWORDS
Error message

CALLING SEQUENCE

Heading

"REAL" "PROCEDURE" STATAL3 ERROR (TEXT, ERNUM, WVAL);
"VALUE" ERNUM, WVAL;

"INTEGER" ERNUM;

"REAL" WVAL;

"STRING" TEXT;

"CODE" 40100;

Formal parameters

TEXT: <string>, name of the procedure involved;

ERNUM: <integer arithmetic expression>, errornumber, to be explained
in data and results of the description of the procedure involved;

WVAL: <arithmetic expression>, wrong value of the parameter
involved.

DATA AND RESULTS

In an output statement the values of the parameters of STATAL3 ERROR are
printed, after which the procedure EXIT is called. In general the errornumber is
equal to the number of the parameter in the procedure call. The procedure
ALGMESS is used to write a message in the dayfile.

PROCEDURES USED

EXIT STATAL 11010
ALGMESS STATAL 11017
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LANGUAGE
Algol 60

EXAMPLE OF USE
Program:

"BEGIN"
OUTPUT(61,"("Z2.6D")", BIN(5, 10, -2.14))
IIENDII

Output:

L e e T e e T e i ety
STATAL3 ERROR MESSAGE:

NAME OF THE PROCEDURE : BIN
ERROR NUMBER ]
VALUE CAUSING THE ERROR: -2.14000000000000"+000
EXECUTION IS TERMINATED

IN GENERAL THE ERROR NUMBER IS EQUAL TO THE NUMBER OF
THE PARAMETER IN THE PARAMETERLIST.

FOR FURTHER INFORMATION SEE THE DESCRIPTION OF THE
PROCEDURE IN THE STATAL REFERENCE MANUAL.

* % ¥ % % % % ¥ ¥ ¥ ¥ ¥ ¥
% # ¥ ¥ % % % ¥ ¥ ¥ ¥ F

e e de e e Je e e o Je de de de e Ji de e e e Jede de e Fe de e e de e oo de de fe Ko de de e e dede e oo e dede dededededededede e ke

SOURCE TEXT

"CODE" 40100;
"REAL" "PROCEDURE" STATAL3 ERROR(TEXT, ERRORNUMBER, VALUE);
"VALUE" ERRORNUMBER, VALUE;
"STRING" TEXT; "INTEGER" ERRORNUMBER; "REAL" VALUE;
"BEGIN" ALGMESS("('STATAL3 ERROR IN PROCEDURE")");
ALGMESS(TEXT);
OUTPUT(61, n(u3l'60(n(u*u)n)’/,n(n*n)u’saa’u(n*u)n’/’
"("* STATAL3 ERROR MESSAGE:")",35B,"("%")",/,
"("*")",583,"("*")",/,
"("* NAME OF THE PROCEDURE : ")",N")", TEXT);
SYSPARAM(61, 2, 59);

OUTPUT(61, "(""("*")",/,"("* ERROR NUMBER sy
,22D,30B,"("*")",/,"("* VALUE CAUSING THE ERROR: ")"
,N")", ERRORNUMBER, VALUE); SYSPARAM(61, 2, 59);

OUTPUT(61, "(""("*")",/,"("* EXECUTION IS TERMINATED")"

’368,"( ll*ll )ll,/’ll( ll*ll )“,583, "( ll*ll )ll',,
"("% IN GENERAL THE ERROR NUMBER ")",
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7.10 Statal 3 Error

"("IS EQUAL TO THE NUMBER OF *)",/
"("* THE PARAMETER IN THE ")",
"("PARAMETERLIST. *)",/
"("* FOR FURTHER INFORMATION SEE ")",
"("THE DESCRIPTION OF THE *")",/
"("* PROCEDURE IN THE STATAL REFERENCE ")",
"(""MANUAL . *")",/
n( n*")u' SSB, LT'¢ (L] )"’ /,60( " gt ») " " );
STATAL3 ERROR:= 0;
STOP

"END" STATAL3 ERROR;

“EOP" )
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Trree:  Channel Cards
AUTHOR: A. Nonymous
INSTITUTE: Mathematical Centre
RECEIVED: unknown

BRIEF DESCRIPTION
The procedure reads channel cards via the channel From.

KEYWORDS
Channel cards

CALLING SEQUENCE

Heading

"PROCEDURE" CHANNEL CARDS (FROM);
"YALUE" FROM;

"INTEGER" FROM;

"ALGOL" CCARDS;

Formal parameters ;
FROM: <integer arithmetic expression>, channel number from which
the channel cards must be read.

DATA AND RESULTS

The channel FrRoM must be defined in the program. The channel cards must be
defined as in version 3 of CDC-ALGOL.

The following error messages may appear in the dayfile; each error terminates
execution of the program:

channel cards syntax error

identifier exeeds 7 characters

duplicate option on channel card

(first) channel already defined

second channel not defined

CHANNEL, END missing

conflicting options on channel card

illegal options on channel card

PROCEDURES USED
ALGMESS STATAL 11017

LANGUAGE
Algol 60
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7.11 Channel Cards

IlEFEﬁInJCE ,
1] ALGOL 60 reference manual, version 3,
Control Data Corporation, 1972.

SOURCE TEXT

"ALGOL" CCARDS;
"PROCEDURE" CHANNEL CARDSCFROM);
"VALUE" FROM; "INTEGER" FROM;
"BEGIN" "INTEGER" CHN1, CHN2, I, CURRENT, FILE NAME, OPTION,
: P, PP, K, PFROM;
"INTEGER" "ARRAY" C[1 : 731;

"PROCEDURE" ERROR(MESS); "STRING" MESS;

"BEGIN"
ouTPUT(61, "("/,N,/,"("JOB ABORT")",3/")", MESS);
ALGMESS(MESS); STOP

"END" ERROR;

"PROCEDURE" SYNTAX ERROR;
ERROR("("CHANNEL CARD SYNTAX ERROR")");

"PROCEDURE" DUPLICATE OPTION;
ERROR("("DUPLICATE OPTION ON CHANNEL CARD")");

"BOOLEAN" "PROCEDURE" ALPHA; ]
ALPHA:= CURRENT <= EQUIV("("9")");

"BOOLEAN" "PROCEDURE" LETTER;
LETTER:= CURRENT <= EQUIV("("Z")");

"BOOLEAN" "PROCEDURE" DIGIT;
DIGIT:= CURRENT <= EQUIV("("9")") "AND"
CURRENT > EQUIV("("Z"™)");

"INTEGER" "PROCEDURE" POSITIVE NUMBER(I); "INTEGER" I;
"BEGIN" "INTEGER" NUMBER;
NUMBER:= 0;
"IF" I > 73 "THEN" "GOTO" END WHILE;
WHILE: CURRENT:= CLI1]1;
"IF" DIGIT "THEN"
"BEGIN"
NUMBER:= NUMBER * 10 + CURRENT // 2 ** 42 - 27;
I:=1+1;
"IF" I <= 73 "THEN" "GOTO" WHILE
"END";
END WHILE: POSITIVE NUMBER:= NUMBER
"END" POSITIVE NUMBER;

"INTEGER" "PROCEDURE" IDENTIFIER(I); "INTEGER" I;
"BEGIN" "INTEGER" NAME, SHIFT, LENGTH;

NAME:= 0;

"IF" I > 73 "THEN" "GOTO" END WHILE;
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SHIFT:= 1; LENGTH:= 0;
WHILE: CURRENT:= CLI];
"IF" ALPHA "THEN"
"BEGIN" NAME:= NAME + CURRENT // SHIFT;
SHIFT:= SHIFT * 64; I:=1 + 1;
LENGTH:= LENGTH + 1;
"IF" LENGTH > 7 "THEN"
ERROR(C"("IDENTIFIER EXCEEDS 7 CHARACTERS")");
"IF" I <= 73 "THEN" "GOTO" WHILE
"E"D";
END WHILE: IDENTIFIER:= NAME
"END" IDENTIFIER;

"INTEGER" "PROCEDURE" LETTERSTRING(I); "INTEGER" I;
"BEGIN" "INTEGER" STRING, SHIFT;
STRING:= 0;
"IF" I > 73 "THEN" "GOTO" END WHILE;
SHIFT:= 1;
WHILE: CURRENT:= C[1];
"IF" LETTER "THEN"
"BEGIN" STRING:= STRING + CURRENT // SHIFT;
SHIFT:= SHIFT * 64; I:=1 + 1;
"IF" I <= 73 "THEN" "GOTO" WHILE
"END";
END WHILE: LETTERSTRING:= STRING
"END" LETTERSTRING;

"PROCEDURE" CHANNEL EQUATE CARD;

"BEGIN" "IF" CHEXIST(CHN1) "THEN"
ERROR("("FIRST CHANNEL ALREADY DEFINED")");
"IF" "NOT" CHEXIST(CHN2) "THEN"
ERROR("("'SECOND CHANNEL NOT DEFINED")");
CHANNEL(CHN1, "("E")", CHN2);

"GOTO" NEW CHANNEL CARD

"END" CHANNEL EQUATE CARD;

"PROCEDURE" BINARY SEQUENTIAL;

"BEGIN" "IF" CHEXIST(CHN1) "THEN"
ERROR("(""CHANNEL ALREADY DEFINED")");
CHANNELCCHN1, "("B")", "("ILF")", FILE NAME);
"GOTO" NEW CHANNEL CARD

"END" BINARY SEQUENTIAL;

"PROCEDURE” 10 CHANNEL;

"BEGIN" "INTEGER" FL;
"IF" CHEXIST(CHN1) "THEN"
ERROR("("CHANNEL ALREADY DEFINED")");

:= ABS(K); "IF" PP = -1 "THEN" PP:= 0;

"IF" PP = 0 "THEN"
FL:= "IF" P = 80 "THEN" 138 "ELSE" 80
"ELSE"
FLz= "IF" P = =1 "THEN" 137 "ELSE" P + 1;
"IF" P = _1 "THEN"
P:= "IF" PP = 0 "THEN" 80 "ELSE" 136;

618

7.1



7.1

NEW

- CHANNEL(CHN1, "("C™)", "("ILF")", FILE NAME,
II(IIPII)"’ P’ II(IIPPII)"’ PP’ II(IIKII)"’ K’ "("FL")"
, FL);
"GOTO" NEW CHANNEL CARD
"END" I0 CHANNEL;

EOFCFROM, CHANNEL END);

SYSPARAMCFROM, 5, PFROM); SYSPARAM(FROM, 6, 80);
CHANNEL CARD:

INPUT(FROM, "("H,72(A)™)", C);

OUTPUT(61, "("H,72(A),/™)", C);

"IF" CC11 %~ EQUIV("("CHANNEL,")") "THEN"
ERROR(" (""CHANNEL ,END MISSING")");

"IF" CL[2] = EQUIV("("E")")
"AND" CL31 = EQUIV("("N")")
"AND" CL41 = EQUIV("("D'")")

"THEN" "GOTO" CHANNEL END;

I:= 2; CHN1:= POSITIVE NUMBER(I);
"IF" CHN1 = 0 "THEN" SYNTAX ERROR;
"IF" CURRENT 4= EQUIV("("=")") "THEN" SYNTAX ERROR;

I:n=1+1;

"IF" I > 73 "THEN" SYNTAX ERROR;

CURRENT:= C[I1];

"IF" DIGIT "THEN"

"BEGIN" CHN2:= POSITIVE NUMBER(I);
"IF" CHN2 = 0 "THEN" SYNTAX ERROR;
CHANNEL EQUATE CARD

IIENDII;

FILE NAME:= IDENTIFIER(I);

"IF" FILE NAME = O "THEN" SYNTAX ERROR; '
"IF" CURRENT = EQUIV("(" ")") "THEN" BINARY SEQUENTIAL
I!ELsEll

"IF" CURRENT ~= EQUIV("(",")") "THEN" SYNTAX ERROR;

:= PP:= -1; K= -2;

OPTIONS: I:= 1 + 1;

"IF" I > 73 "THEN" SYNTAX ERROR;

OPTION:= LETTERSTRING(I);

"IF" OPTION = O "THEN" SYNTAX ERROR "ELSE"

"IF" OPTION = EQUIV("("P")") "THEN"

"BEGIN" "IF" P = -1 "THEN" P:= POSITIVE NUMBER(I)
"ELSE" DUPLICATE OPTION

"END" "ELSE“

"IF" OPTION = EQUIV("("PP")") "THEN"

"BEGIN" "IF" PP = -1 "THEN" PP:= POSITIVE NUMBER(I)
, "ELSE" DUPLICATE OPTION

"END" IIELSEII

"IF" OPTION = EQUIV("("K")") "THEN"

"BEGIN" "IF" K = =2 "THEN" K:= POSITIVE NUMBER(I)

Channel Cards
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. "END" "ELSE"

"ELSE" DUPLICATE OPTION

"IF" OPTION = EQUIV("("A")") "THEN"

"BEGIN" "IF" "NOT" (PP = -1 "AND" P = -1 "AND" K = -2)
IITHEN"
ERROR("("CONFLICTING OPTIONS ON CHANNEL CARD'")");
BINARY SEQUENTIAL;

"END" "ELSE"

"IF" OPTION = EQUIV("("R")") "THEN"

ERROR("("ILLEGAL OPTION ON CHANNEL CARD")");

"IF" CURRENT = EQUIV("(",")") "THEN" "GOTO" OPTIONS

R "ELsE"

"IF" CURRENT = EQUIV("("™ ")") "THEN" IO CHANNEL
"ELSE" SYNTAX ERROR;

CHANNEL END: SYSPARAM(FROM, 6, PFROM);
"END" CHANNEL CARDS;
"EOP"
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7.12 Open Scratch

TITLE - Open Scratch
AUTHOR: A. Nonymous
INSTITUTE: Mathematical Centre
RECEIVED: unknown

BRIEF DESCRIPTION
The procedure opens a scratch file.

KEYWORDS
Scratch file

CALLING SEQUENCE

Heading

"INTEGER" "PROCEDURE" OPEN SCRATCH (NAME);
"STRING" NAME;

"ALGOL" OSCR;

Formal parameters

NAME: <string>, identifier of the scratch file.

DATA AND RESULTS !

A channel number, which is not already in use, is assigned to the procedure
identifier OPEN SCRATCH.

The following error message may appear:

Errornumber 1 (if NAME is not a file identifier)

PROCEDURES USED
STATAL3 ERROR STATAL 40100

LANGUAGE
Algol 60

SOURCE TEXT

"ALGOL" OSCR;
""INTEGER" "PROCEDURE" OPEN SCRATCH(NAME); "STRING" NAME;
"BEGIN" "INTEGER" CHN, L, C;
"COMMENT" IS NAME AN IDENTIFIER?;
L:= LENGTH(NAME);
"IF" L =0 "OR" L > 7 "THEN"
STATAL ERROR("("OPEN SCRATCH™)", 1, 0);
STRING ELEMENT(NAME,
1, "("ABCDEFGHIJKLMNOPQRSTUVWXYZ'")", C);
"IF" c - 0 "THEN"
STATAL ERROR("("OPEN SCRATCH™)", 1, 0);
"FOR" L:= L "STEP" -1 "UNTIL" 2 "DO"
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-_ "BEGIN" STRING ELEMENT(NAME, L,

"("ABCDEFGHIJKLMNOPQRSTUVWXYZ")"
"("0123456789")", C);
"IF" c - 0 IITHENII
STATAL ERROR("("OPEN SCRATCH"™)", 1, 0);
"END";
"COMMENT" LOOK FOR A CHANNEL AND DEFINE ONE. ;
CHN:= 0;
"FOR" CHN:= CHN + 1 "WHILE" CHEXIST(CHN) "DO";
CHANNELCCHN, "C"W"™)", "C"LFN")", NAME);
OPEN(CHN, "("I0")"); OPEN SCRATCH:= CHN

"END" OPEN SCRATCH;
"EOP"
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TITLE:’ - Close Scratch
AUTHOR: A. Nonymous
INSTITUTE: Mathematical Centre
RECEIVED: unknown

BRIEF DESCRIPTION
The procedure closes a scratch file.

KEYWORDS
Scratch file

CALLING SEQUENCE

Heading

"PROCEDURE" CLOSE SCRATCH (FILENR);
"WALUE" FILENR;

"INTEGER" FILENR;

"ALGOL" CSCR;

Formal parameters

Close Scratch

FILENR: <integer arithmetic expression>, channel number of the scratch

file.

SOURCE TEXT

"ALGOL"™ CSCR;

""PROCEDURE" CLOSE SCRATCH(FILENR);
"VALUE" FILENR; "INTEGER" FILENR;
RETURNCFILENR);

"EOP"
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TITLE: Algmess

BRIEF DESCRIPTION
The procedure writes the string MESS as a message in the dayfile.

CALLING SEQUENCE

Heading

"PROCEDURE" ALGMESS (MESS);

"STRING" MESS;

"CODE" 11017;

Formal parameters

MESS:  <string>>, text to be written in dayfile.

LANGUAGE
Compass

SOURCE TEXT
The procedure is written in COMPASS;, an equivalent ALGOL 60 text is given.

"CODE" 11017;
""PROCEDURE" ALGMESS(TEXT); "STRING" TEXT;
"BEGIN" "INTEGER" I, N, AI;
"INTEGER" "ARRAY" AL1 : 401;
"PROCEDURE" AMESS(A);
"INTEGER" "ARRAY" A; "FORTRAN" AMESS;

N:= LENGTH(TEXT); I:= O;
"FOR" I:= I + 1 "WHILE" I <= N "DO"
"BEGIN" STRINGELEMENT(TEXT, I,
"("ABCDEFGHIJKLMNOPQRSTUVWXYZ")"
"("0123456789+-%/()$= ,.")", Al);
ACIJ:= "IF" Al = O "THEN" 45 "ELSE" Al
"END";
"FOR™ I:= I "STEP" 1 "UNTIL" 40 "D0" ALIl:= 45;
AMESS(A)
"END" ALGMESS;
"EOP"
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7.15 Exit

TITLE:_ . Exit

BRIEF DESCRIPTION
A call of EXIT results in a jump to an imaginary label just before the last
"END" of the program, and thus terminates the execution of the program.

CALLING SEQUENCE
Heading
"PROCEDURE" EXIT;
"CODE" 11010;

SOURCE TEXT

"CODE" 11010;
"PROCEDURE" EXIT;
STOP;

"EOP"
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TITLE:  Available

BRIEF DESCRIPTION
The procedure returns the number of unused CM-words, i.e. the space available
for array storage.

CALLING SEQUENCE

Heading

"INTEGER" "PROCEDURE" AVAILABLE;
"CODE" 11011;

SOURCE TEXT

"CODE" 11011;

"INTEGER" "PROCEDURE" AVAILABLE;

AVAILABLE:= MAXIMUMFIELDLENGTH - PROGRAMSIZE - SCALARSTACK
- HEAPSIZE - 100;

"EOP"
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