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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 jn 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). 

RllFBRENCBS 
(1). AJ. van:&, C. van Putten, 

The STATAL random number generator, 
STATAL report 1, report SN 8/79, 
Mathematical Centre, Amsterdam, 1979. 

(2). C. van Putten, I. 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. 
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5.1.1 Aselect 

Tm.E: . Aselect 

AUTHORS: AJ. van Es, C. van Putten, D.T. Winter 

INSTITUTE: Mathematical Centre 

RECEIVED: 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 ,s;;; u < 1. 

DATA AND RESULTS 
The generated value is assigned to the procedure indentifier ASELECT. 
The call TEST RANDOM (41308, u, o, o, o, 0, 0) may yield the following error 
message: 
Errornumber 1 (if u < o or u ;;;. 1) 

PROCEDURES USED 
None 

LANGUAGE 
Compass 

METHOD AND PERFORMANCE 
A random number is generated as follows: 
U:=C<A•U•248 +B) ■od 248 )/248 

ASELECT: =U+2-48 ; 

Where A and e are fixed large integers. 
It follows that u satisfies o < u < 1 and that the value assigned to the pro
cedure indentifier satisfies o < ASELECT <1. This enables the user to calculate 
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Aselect 

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

REFERENCES 
[l]. A.J. 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 

Ex'AMPLE OF USE 

Program: 

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

"END" 

Output: 

.460206 

.241938 

.244897 

.461863 

.336030 

.533801 

.316718 

.469128 

.015569 

.329742 

SoUB.CE TEXT 

5.1.1 

The random number generator ASELECT is a generator of the line81 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 AJ.van Es, C.van 
Putten (1979), The Statal random number generator. {REFERENCE[lD 
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Test Random 

Tm.E: Test Random 

AUTHOR: E. Opperdoes 

INSTITUTE: Mathematical Centre 

REcmvED: 810101 

BRIEF DESCRIPTION 

5.1.2 

Toe ·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. 

KEY'wORDS 
Parameter testing of random generator 

CAIJJNG SEQUENCE 
Heading 
"PROCEDURE" TEST RANDON (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; 
Fnrma/ parameters 
CODENR: <integer arithmetic expression>, Toe 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: 
Erromumber 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 
ALGNESS 
STATAL3 ERROR 
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5.1.2 Test Random 

LANGUAGE 

Algol 60 

ExAMPLEOFUSE 

Program: 

"BEGIN" 
TEST RANDOM(41300, 2, 2, O, O, O, 0); 

"END" 

Output: 

TEST RANDOii DISCOVERED THE FOLLOWING ERROR(S) IN THE PARAMETERS OF PROCEDURE SUCCES 
c■••••■1111111:■■•••========•••=••••••••••••••••••••••====-•••••=========■111n11■==•======= 

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

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

SoURCE TEXT 

"CODE" 41399; 
"PROCEDURE" TEST RANDOM(CODENR, P1, P2, P3, P4, PS, P6); 
"VALUE" CODENR, P1, P2, P3, P4, PS, P6; 
"INTEGER" CODENR; "REAL" P1, P2, P3, P4, PS, 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 HYPER&, 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,/,X("("=")"),//11 ) 11 , CHLENGTHCCP) + 77); 
"PROCEDURE" LIST(ITEM); "PROCEDURE" ITEM; 
ITEM(CP); 
"INTEGER" P, PP; 
SYSPARAM(61, 1, P); SYSPARAM(61, 3, PP); 
"IFII 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: 11 ) 11,D,/, 
"("PARAMETER VALUE THAT CAUSED THE ERROR:")" 
,N,//11 ) 11 , EN, WV); 

"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" NATURALO(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" PROCCINDEXJ; 

SUCCES: 

INT: 
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"IF" P1 < 0 "OR" P1 > 1 "THEN" 
ERROR("("SUCCES")", 1, P1); 

TEST("("SUCCES")", 2, P2); 
"GOTO" FINISH; 

INTEGER("("RANDOM INT")", 1, P1); 
INT GE("("RANDOM INT")", 2, P2, P1); 
TEST("("RANDOM INT")", 3, P3); 
"GOTO" FINISH; 

5.1.2 



5.1.2 

UNIF: 
"IF" P1 >= P2 "THEN" ERROR("("RANDON UNIF")", 2, P2); 
TEST("("RANDON UNIF")", 3, P3); 
"GOTO" FINISH; 

NORM: 
POS("("RANDOM NORM")", 2, P2); 
TEST("("RANDON 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" ERROR("("RANDON POIS")", 1, P1); 
TEST("("RANDON POIS")", 2, P2); 
"GOTO" FINISH; 

PERM: 

SAM: 

NATURALC"("RANDOM PERM")", 2, P1); 
TEST("("RANDON PERM")", 3, P2); 
"GOTO" FINISH; 

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

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

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

SORSAM: 
NATURAL("("RANDOM SORSAM")", 1, P1); 
NATURAL LE("("RANDOM SORSAM")", 2, P2, P1); 
TEST("("RANDON SORSAM")", 4, P3); 
"GOTO" FINI~H; 

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

Test Random 
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Test Random 5.1.2 

SAMREP: 
NATURAL("("RANDOM SAMREP")", 1, P1 ); 
NATURAL("("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("("RANDOM HYPERG")", 1, P1); 
NATURAL("("RANDOM HYPERG")", 2, P2); 
NATURAL("("RANDOM HYPERG")", 3, P3); 
TEST("("RANDOM HYPERG")", 4, P4); 
"IF" P1 > P3 "THEN" ERROR("("RANDOM HYPERG")", 1, P1 ); 
"IF" P2 > P3 "THEN" ERROR("("RANDOM HYPERG")", 2, P2); 
"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: 
POS("("RANDOM LAPLACE")", 2, P2); 

408 



5.1.2 

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

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

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

GEOMETRIC: 

BIN: 

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

NATURALO("("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); 
TEST("("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" 

Test Random 
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Test Random 

ERROR("("RANDON POIS HISTO")",. 5, P4); 
TESTC"("RANDON POIS HISTO")", 6, P5); 
"IF" P2 < P1 
"THEN" ERROR("("RANDON POIS HISTO")", 3, P2); 
"GOTO" FINISH; 

POIS SORSAN: 
INT GE("(;'RANDON POISSORSAN")", 3, P2, P1 ); 
POS("("RANDON POISSORSAN")", 4,·P3); 
"IF" P3 > 700 "THEN" 

ERROR("("RANDON POISSORSAN")", 4, P3); 
.TEST("("RANDON POISSORSAN")", 5, P4); 
"IF" P2 < P1 "THEN" 

ERROR("("RANDON POISSORSAN")", 2, P2); 
"GOTO" FINISH; 

BIN ALIAS: 
NATURALO("("RANDON BIN ALIAS")", 1, P1); 
"IF" P2 <= 0 "OR" P2 >= 1 
"THEN" ERROR("("RANDON BIN ALIAS")", 2, P2); 
NATURALC"("RANDON BIN ALIAS")", 3, P3); 
TEST("("RANDON BIN ALIAS")", 5, P4); 
"GOTO" FINISH; 

BIN ALIAS SORSAN: 
NATURALO("("RANDON BIN ALIAS SORSAN")", 1, P1); 
"IF" P2 <= 0 "OR" P2 >= 1 
"THEN" ERROR("("RANDON BIN ALIAS SORSAN")", 2, P2); 
NATURALC"("RANDON BIN ALIAS SORSAN")", 3, P3); 
TEST("("RANDON BIN ALIAS SORSAN")", 5, P4); 
"GOTO" FINISH; 

BIN HISTO: 
NATURALO("("RANDON BIN HISTO")", 1, P1); 
"IF" P2 <= 0 "OR" P2 >= 1 
"THEN" ERRORC"("RANDON BIN HISTO")", 2, P2); 
NATURALC"("RANDON BIN HISTO")", 4, P3); 
TEST("("RANDON BIN HISTO")", 5, P4); 
"GOTO" FINISH; 

BINORN: 
POS("("RANDON BINORN")", 5, P3); 
POS("("RANDON BINORN")", 6, P4); 
"IF" ABS(P5) > 1 "THEN" 

ERROR("("RANDON BINORN")", 7, PS); 
TEST("("RANDON BINORN")", 8, P6); 

FINISH: 
"IF" ERRORS "THEN" 
"BEGIN" ALGNESS( 

"("** ERRORCS) DISCOVERED BY TEST RANDON**")"); 
STOP; 

"END"; 
"END" TEST RANDON; 

"EOP" 
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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 dilferent or similar purposes. 
The dilferences between these procedures are explained below. 

Discrete uniform distribution (section 5.2.1). The dilferences 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, ••• , B). 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 dilferent 
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 dilferent 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 LB, ••• ,ue, the more 
efficient RANDOM POISHISTO). 

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



5.2.1.1 Random lnt 

TITLE: · Random Int 

AUTHOR: J.G. Bethlehem 

INSTITUTE: Mathematical Centre 

RECEIVED: 750219 

BRIEF DESCRIPTION 
The procedure generates a random number, uniformly distributed on the set of 
integers <A, A+1, ••• ,e> (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; 
e: <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 e integers, A ,..;; e, 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, o, o, 0) may yield the following error 
messages: 
Erromumber 1 
Erromumber 2 
Erromumber 3 

PROCEDURES USED 
ASELECT 

LANGUAGE 
Algol 60 

(if A is not an integer) 
(if Bis not an integer ;;.i,: A) 
(if u < o or u _. 1) 

STATAL 41308 
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Random lnt 5.2.1.1 

METHOD AND PERFORMANCE 

The generated value is equal to ENTIER CD* <B-A+1 HA>, where Dis a random 
number which is uniformly distributed on the interval [O, 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,/")", RANDON INT(3, 13, U)) 

"END" 

Output: 

12 
3 

10 
7 
6 

10 
9 
7 
4 
6 

SoURCE TEXT 

"CODE" 41301; 
"INTEGER" "PROCEDURE" RANDON INT(A, B, U); "VALUE" A, B; 

"INTEGER" A, B; "REAL" U; 
"BEGIN" 

ASELECT(U); 
RANDON INT:= ENTIER( U * (B - A+ 1) +A) 

"END" RANDON INT; 
"EOP" 
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5.2.1.2 

Tm.E: Random Sam 

AUTHOR: J.G. Bethlehem 

INSTITUTE: Mathematical Centre 

RECEIVED: 760901 

BRIEF DESCRIPTION 

Random Sam 

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; 
"REAL" 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 

c1 :Kl and size of the sample; 
SAMPLE: <integer array identifier>, output parameter, integer array of 

dimension C1 :Kl, 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 ,s;;; N and 0 ,s;;; u < 1. 

DATA AND RESULTS 

After a procedure call, SAMPLEC1l, ••• ,SAMPLE[Kl contain a random sample 
without replacement from the set of integers {1, 2, ... ,N}. The call 
TEST RANDOM(41307 ,N, K, u, o, o, 0) may yield the following error messages: 
Erromumber 1 (if N is not an integer > 0) 
Erromumber 2 (if K is not an integer > 0 and ,s;;; N) 
Erromumber 4 (if u < 0 or u ;;;i,1 > 
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Random Sam 

PROCEDURES USED 
ASELECT 

LANGUAGE 
Algol 60 

STATAL 41308 

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

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

"END" 

Output: 

5 1 2 
2 5 3 
3 2 1 
2 1 5 
3 5 2 
5 1 2 
1 4 3 
3 5 1 
2 3 1 
2 3 4 
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5.2.1.2 

SoURCE. TEXT 

"CODE" 41307; 
"PROCEDURE" RANDON SAN(N, K, SAMPLE, U); "VALUE" N, K; 
"INTEGER" N, K; "REAL" U; "INTEGER" "ARRAY" SAMPLE; 
"BEGIN" "INTEGER" I, KK; "INTEGER" "ARRAY" B[1 : NJ; 

"BEGIN" 
"FOR" I:= 1 "STEP" 1 "UNTIL" N "DO" B[IJ:= I; 
"FOR" I:= 1 "STEP" 1 "UNTIL" K "DO" 
"BEGIN" ASELECT(U); 

KK:= ENTIERCU * N + 1); SANPLE[IJ:= B[KKJ; 
B[KKJ:= B[NJ; N:= N - 1; 

"END"; 
"END" 

"END" RANDON SAN; 
"EOP" 

Random Sam 
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Random Perm 

Tm.E: Random Penn 

AumoR: J.G. Bethlehem 

INSTITUTE: Mathematical Centre 

RECEIVED: 760901 

BRIEF DESCRIPTION 

5.2.1.3 

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 :Nl 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, PERM[1l, ••• ,PERM[Nl contain a random permu
tation of 1,2, ••• ,N. 
The call TEST RANDOM(41306, N, u, o, o, o, 0) may yield the following error 
messages: 
Erromumber 2 
Erromumber 3 
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(if N is not an integer >0) 
(if u <0 or u;..1) 



5.2.1.3 

PROCEDURES USED 
ASELECT 

LANGUAGE 

Algol 60 

STATAL 41308 

METHOD AND PERFORMANCE 

Random Perm 

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

RBFBRENcE 
(1 ). C. van Putten, I. van der Tweel 

On generating random variables 
STATAL report 2, report SN 9/79 
Mathematical Centre, Amsterdam, 1979 

Ex.AMPLE OF USE 

Program: 

"BEGIN" "INTEGER" I; "REAL" U; 
"INTEGER" "ARRAY" A[1:3l; 
U:= .1986; 
"FOR" I:=1 "STEP" 1 "UNTIL" 10 "DO" 
"BEGIN" RANDOM PERM<A, 3, U); 

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

"END" 

Output: 

2 1 3 
3 1 2 
3 2 1 
3 1 2 
2 3 1 
2 3 1 
1 3 2 
1 3 2 
2 3 1 
3 2 1 

419 



Random Perm 

SoURCE TEXT 

"CODE" 41306; 
"PROCEDURE" RANDON PERN(A, N, U); "VALUE" N; 
"INTEGER" N; "REAL" U; "INTEGER" "ARRAY" A; 
"BE&IN" "INTEGER" I, R, X; 

"FOR" I:= 1 "STEP" 1 "UNTIL" N "DO" AU]:= I; 
"FOR" I:= N "STEP" -1 "UNTIL" 2 "DO" 
"BEGIN" 

ASELECT(U); R:= ENTIER( U *I+ 1); 
"IF" R < I "THEN" 
"BEGIN" X:= AU]; ACll:= A[Rl; A[Rl:= X "END" 

"END" 
"END" RANDON PERN; 

"EOP" 
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5.2.1.4 

Trn.E:. Random Sorsam 

AUTHOR: R Kaas 

INSTITUTE: Mathematical Centre 

RECEIVED: 770215 

BRIEF DESC:R.IPTION 

Random Sorsam 

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); 
"VALUE" 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 

SAMPLE[1 :K] and size of the sample; 
SAMPLE: <integer array indentifier>, output parameter, integer array of 

dimension [1 :Kl 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 >O, K ,s;; N and O.s;;U<1. 

DATA AND RESULTS 
After a procedure call, SAMPLE[1] ,s;; •••• ,s;; SAMPLE[K] contain a sorted ran
dom sample without replacement from the set of integers { 1, 2, ••• , N}. 
The call TEST RANDOM(41310, N, K, u, o, o, 0) may yield the following error 
messages: 
Erromumber 1 
Erromumber 2 
Erromumber 4 

(if N is not an integer >O) 
(if K is not an integer >O and ,s;; N) 
(if u <O or U>1) 
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Random Sorsam 

PROCEDURES USED 
ASELECT 

LANGUAGE 
Algol 60 

STATAL 41308 

METHOD AND PERFORMANCE 

5.2.1.4 

For the algorithm used see Kaas (1977), program II. 6. 1., and v. Putten & v.d. 
Tweel (1979). 
Toe·procedure uses no extra central memory. The running time is proportional 
to N. 

REFERENCES 
[I]. R. Kaas 

The complexity of the drawing an ordered random sample 
Report SW 51/77 
Mathematical Centre, Amsterdam., 1977 

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

ExAMPLEOFUSE 

Program: 

"BEGIN" "INTEGER" I; "REAL" U; 
"INTEGER" "ARRAY" A[1:3l; 
U:= .1986; 
"FOR" I:= 1 "STEP" 1 "UNTIL" 10 "DO" 
"BEGIN" RANDOM SORSAMC5, 3, A, U); 

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

"END" 

Output: 

2 3 4 
2 3 5 
3 4 5 
2 4 5 
2 3 4 
1 2 3 
2 3 5 
1 2 3 
1 2 3 
1 2 3 
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5.2.1.4 

SoURCETEXT 

"CODE" 41310; 
"PROCEDURE" RANDOM SORSAM(N, K, SAMPLE, U); 
"VALUE" N, K; 
"INTEGER" N, K; "INTEGER" "ARRAY" SAMPLE; "REAL" U; 
"BEGIN" 

"FOR" N:= N "WHILE" N >= 1 "AND" K >= 1 "DO" 
"BEGIN" "IF" ASELECT(U) <= K / N "THEN" 

•~BEGIN" SAMPLE[Kl:= N; K:= K - 1 "END"; 
. N:= N - 1 

"END" 
"END" RANDOM SORSAM; 

"EOP" 

Random Sorsarn 
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Random Samrep 

Tn'LE: Random Samrep 

AUTHOR: R. Kaas 

INmTUTE: Mathematical Centre 

RECEIVED: 770215 

BRIEF DESCRIPTION 

5.2.1.5 

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" RANDOM SAMREP (N, K, SAMPLE, U); 
"VALUE N, K; 
"INTEGER" N, K; 
"INTEGER" "ARRAY" SAMPLE; 
"REAi:." U; 
"CODE" 41312; 
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 :Kl and size of the sample; 
SAMPLE: <integer array identifier>, output parameter, integer array of 

dimension c1 :Kl, which at exit contains the sample; 
u: <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 >O and O..;; U <1. 

DATA AND RESULTS 

After a procedure call, SAMPLEC1l, ••• ,SAMPLECKl contain a random sample 
with replacement from the integers 1,2, ••• ,N. 
The call TEST RANDOM (41312, N, K, u, o, o, 0) may yield the following error 
messages: 
Erromumber 1 
Erromumber 2 
Erromumber 4 
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(if N is not an integer >O) 
(if K is not an integer >O) 
(if u <O or u ;;;. 1) 



5.2.1.5 

PROCEDURES USED 
ASELECT 

LANGUAGE 
Algol 60 

STATAL 41308 

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

Random Samrep 

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

REFERENCE 
[1]. C. van Putten, I. van der Tweel 

On generating random variables 
STATAL report 2, report SN 9/79 
Mathematical Centre, Amsterdam, 1979 

ExAMPLBOFUSB 

Program: 

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

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

"END" 

Output: 

5 1 4 
2 2 4 
3 3 1 
2 1 3 
3 4 3 
5 1 3 
1 5 5 
3 4 1 
2 3 1 
2 4 5 
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Random Samrep 

SoURCBTBXT 

"CODE" 41312; 
"PROCEDURE" RANDON SANREP(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); SANPLE[Il:= ENTIER(N * U + 1) 
''END" 

"END" RANDON SANREP; 
"EOP" 
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5.2.1.6 Random Sorsamrep 

Trru!: · Random Sorsamrep 

AUTIIOR: R. Kaas 

INSTITUTE: Mathematical Centre 

REcmvm>: 770215 

BRIEF DESCRIPTION 
The procedure generates a sorted random sample with replacement from the 
set of integers c1,2, • •• ,N>, 
(see general part of section 5.2;). 

KEYwORDS 

Sorted random sample with replacement 

CALLING SEQUENCE 

Heading 
"PROCEDURE" RANDON SORSA"REP (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 

SANPLE[1 :Kl and size of the sample; 
SAMPLE <integer array identifier>, output parameter, integer array of 

dimension t1 :Kl, which at exit contains the sample; 
u: <real variabel>, value used to generate a random number. 

After a call of RANDON SORSANREP' u contains a new value which is 
used in the next call of RANDON SORSANREP unless the program 
assigns a new value to u. 

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

DATA AND RESULTS 
After a procedure call, SANPLE[1] <, ... ,..; SANPLE[Kl contain a sorted ran
dom sample with replacement from the set of integers {1,2, ••• ,N}. 
The call TEST RANDON (41311, N, K, u, o, o, 0) may yield the following error 
messages: 
Erromumber I 
Erromumber 2 
Erromumber 4 

(if N is not an integer > 0) 
(if K is not an integer > 0) 
(if u < 0 or u ;;;a, 1) 
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Random Sorsamrep 

PROCEDURES USED 
ASELECT 

LANGUAGE 
Algol 60 

STATAL 41308 

MEnlOD AND PERFORMANCE 

5.2.1.6 

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 
[l] R Kaas 

The complexity of drawing an ordered random sample 
Report SW 51/77 
Mathematical Centre, Amsterdam, 1977 

[2] C. van Putten, I. 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[1:3J; 
U:= .1986; 
"FOR" I:= 1 "STEP" 1 "UNTIL" 10 "DO" 
"BEGIN" RANDOM SORSAMREP(S, 3, A, U); 

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

"END" 

Output: 

1 1 5 
1 3 5 
2 4 5 
1 2 3 
2 3 4 
1 4 4 
1 1 4 
3 5 5 
1 1 5 
1 3 4 
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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 "THEN" 
"BEGIN" "REAL" Y, S; "INTEGER" G, I; 

S:= LN(N); 6:= N - 1; I:= K + 1; 
"FOR" I:= I - 1 "WHILE" I> 0 "AND" 6 > 0 "DO" 
."BEGIN" S:= S + LN<ASELECT(U)) / I; 

Y:= EXP(S); 
"IF" Y > 6 "THEN" SAMPLE[I]:= 6 + 1 "ELSE" 
"BEGIN" "FOR" G:= 6 - 1 "WHILE" Y <= 6 "DO"; 

SAMPLE[Il:= 6 + 1 
"END" 

"END"; 
"FOR" I:= I "STEP" -1 "UNTIL" 1 "DO" SAMPLE[I] := 1 

"END" "ELSE" 
"BEGIN" "INTEGER" F; "REAL" P, Q; 

"FOR" F:= 0 "WHILE" N > 1 "AND" K >= 1 "DO" 
"BEGIN" P:= O; ASELECT(U); Q:= K * LN(1 - 1 / N); 

"FOR" ·P:= P + EXP(Q) "WHILE" P < U "DO" 
"BEGIN" 

Q:= Q + LN((K - F) / ((F + 1) * (N - 1))); 
F:= F + 1 

"END"; 
"FOR" F:= F "STEP" -1 "UNTIL" 1 "DO" 
"BEGIN" SAMPLE[Kl:= N; K:= K - 1 "END"; 
N:= N - 1 
"END"; 

"FOR" K:= K "STEP" -1 "UNTIL" 1 "DO" SAMPLE[Kl:= 1 
"END"-

"END" RANDOM SORSAMREP; 
"EOP" 
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Success 5.2.2.1 

Trh.E: 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 
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: o..;p ..;1 and 0o;;;U<1. 

DATA AND RESULTS 
The generated value is assigned to the procedure indentifier SUCCESS. 
The call TEST RANDOM(41300, P, u, o, o, 0) may yield the following error mes
sages: 
Erromumber 1 
Erromumber 2 

PROCEDURES USED 

ASELECT 

LANGUAGE 

Algol60 
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(if P<0 or P>1) 
(if u<o or u;;;,,1) 

STATAL 41308 



5.2.2.1 Success 

METHOD AND PERFORMANCE 

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

REFERENCE 

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

ExAMPLE OF USE 

Program: 

"BEGIN" "INTEGER" l; "REAL" U; 
U:= .1986; 
"FOR" I:=1 "STEP" 1 "UNTIL" 10 "DO" 
OUTPUT(61, "("D,/")", 

"IF" SUCCESS( .3, U) "THEN" 1 "ELSE" 0) 
"END" 

Output: 

0 
1 
0 
0 
1 
0 
0 
0 
1 
0 

SOURCE TEXT 

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

"EOP" 
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Random Bin 5.2.3.1 

Tri'LE: Random Bin 

AUTHOR.: c. van Putten 

INSTITUTE: Mathematical Centre 

RECEIVED: 810101 

BRIBF 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); 
"VALUE" 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 RANDON 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 ;;;.i. 0, and 0 .i.;; P .i.;; 1, 0 .i.;; u < I. 

DATA AND RESULTS 
The generated value is asssigned to the procedure indentifier RANDOM BIN. 
The call TEST RANDOM(41324, N, P, u, o, o, O) may yield the following error 
messages: 
Erromumber 1 
Erromumber 2 
Erromumber 3 

PROCEDURES USED 

ASELECT 
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(if N is not an integer ;;;.i. 0) 
(if P<O or P>1) 
(if u<o or u;;;.1) 
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5.2.3.1 

LANGUAGE 
Algol 60 

METHOD AND PERFORMANCE 

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

REFERENCE 

[1]. C. van Putten, I. van der Tweet 
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 BIN(100, .18, U)); 
"END" 

Output: 

17 
17 
20 
16 
18 
21 
17 
23 
22 
15 

SoURCE TEXT 

"CODE" 41324; 
"INTEGER" "PROCEDURE" RANDOM BIN(N, P, U); 
"VALUE" 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:= O; 
"FOR" X:= X + ENTIER(LN(ASELECT(U)) / LNQ + 1) 
"WHILE" X <= .N "DO" I:= I+ 1; 
RANDON BIN:= "IF" B "THEN" I "ELSE" N - I; 

"END" RANDON BIN; 
"EOP" 

Random Bin 
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Random Binalias 

TITLE: Random Bioalias 

AUTHOR: B.F. Schriever 

INSTITUTE: Mathematical Centre 

RECEIVED: 810101 

BRIEF DESCRIPTION 

5.2.3.2 

The ·procedure generates a random sample of size K 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 CN, P, K, SAMPLE, U); 
"VALUE" N, P, ie; . 
"INTE~ER" 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 

SAMPLE[1 :Kl and size of the sample; 
SAMPLE: <integer array identifier>, output parameter, one dimensional 

integer array C1 :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 > o, K > o, o <P <1, and o .;;; u < 1. 

DATA AND RESULTS 
After a procedure call, SAMPLEC1l, •• ,SAMPLECKl contain the generated sample. 
The call TEST RANDOM(41330, N, P, K, u, o, O) may yield the following error 
messages: 
Erromumber 1 
Erromumber 2 
Erromumber 3 
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(if N is not an integer >O) 
(if p-.;o or P>1) 
(if K is not integer >O) 



5.2.3.2 

Erromumber 5 

PROCEDURES USED 
ASELECT 
LOGGAMMA 

LANGUAGE 
Algol 60 . 

(if u<o or u;;;.1) 

STATAL 41308 
STATAL 40400 

METHOD AND PERFORMANCE 
See Kronmal & Peterson (1979). 

REFERENCE 
[1]. R.A. Kronmal, A.N. Peterson jr. 

Random Binalias 

On the Alias method for generating random variables from a discrete 
distribution. 
The American Statistician, 1979, p. 

ExAMPLEOFUSE 

Program: 

"BEGIN" "INTEGER" I; "REAL" U; 
"INTEGER" "ARRAY" SAMPLE[1 10]; 
U~= .1986; 
RANDOM BINALIAS(100, .5, 10, SAMPLE, U); 
OUTPUT(61,"("10(ZD,2B),/")", SAMPLE) 

"END" 

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" L[O: NJ; "ARRAY" FCO NJ; 

"REAL" Q, HLP, PM, ONE, R; 
"INTEGER" I1, I2, I3, I4, I, J, MDS, V; 
ONE:= .999999999; 
Q:= (1 - P) / P; MDS:= ENTIER((N + 1) * P); 
F[MDSJ:= HLP:= PM:= 

EXP(LOGGAMMA(N + 1) - LOGGAMMA(MDS + 1) 
- LOGGAMMA(N + 1 - MDS) - MDS * LN(Q) + 
N * LN(1 - P)) * (N + 1); 
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I1:= I2:= I3:= 14:= MDS; 
"FOR" I:= MDS - 1 "STEP" -1 "UNTIL" 0 "DO" 
"BEGIN" FU]:= HLP:= HLP * Q * (I + 1) / (N - I); 

"IF" FU] < ONE "THEN" 
"BEGIN" F[I2]:= F[I2] + F[I] - 1; L[I]:= I2; 

"IF" FU2l < ONE "THEN" I2:= I2 + 1 
"END" 
"ELSE" I1:= I2:= I 

"END"; 
HLP:= PM; 
"FOR" I:= MDS + 1 "STEP" 1 "UNTIL" N "DO" 

. "BEGIN" F[Il:= HLP:= HLP * (N - I + 1) / (I * Q); 
"IF" F[I] < ONE "THEN" 
"BEGIN" FU4l := F[I4] + F[I] - 1; LU]:= I4; 

"IF" F[I4] < ONE "THEN" I4:= I4 - 1 
"END" 

"ELSE" I3:= I4:= I 
"END"; 
I:= I1 - 1; 
"FOR" I:= I+ 1 "WHILE" I< I2 "DO" 
"BEGIN" F[I2l:= F[I2] + F[Il - 1; L[Il:= I2; 

"IF" F[I2] < ONE "THEN" I2:= I2 + 1 
"END"; 
I:= I3 + 1; 
"FOR" l:= I - 1 "WHILE" I> I4 "DO" 
"BEGIN" F[I4l:= F[I4l + F[Il - 1; L[Il:= I4; 

"IF" FU4l < ONE "THEN" -14:= I4 - 1 
"END"; 

N:= N + 1; 
"FOR" I:= 1 "STEP" 1 "UNTIL" SMPLSIZE "DO" 
"BEGIN" R:= ASELECT(U); R:= U * N; V:= ENTIER(R); 

"IF" R < V + F[V] "THEN" SAMPLE[Il:= V 
"ELSE" SAMPLECil := L[Vl 

"END" 
"END" RANDOM BIN ALIAS; 

"EOP" 
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5.2.3.3 Random Binalsors 

TrrLB: · Random Bioalsors 

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). 

KEYW'ORDS 
Sorted random binomial sample by Alias method 

CALLING SEQUENCE 
Heading 
"PROCEDURE" RANDOM BINALSORS (N, P, K, SAMPLE, U); 
"VALUE" N, P, K; . 
"INTEGER" N,K; 
"INTEGER" "ARRAY" SAMPLE; 
"REAL" P, U; 
"CODE" 41331; 
Formnl 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 co: 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;;..O, K>O, O<P<1, and 0<U<1. 

DATA AND RESULTS 

After a procedure call, SAMPLEUJ contains the number of times the value I is 
observed in the sample, I=O, ... ,N. 
The call TEST RANDOM(41331, N, P, K, u, o, O) may yield the following error 
messages: 
Erromumber 1 
Erromumber 2 
Erromumber 3 

(if N is not an integer ~O) 
(if P<O or p;;..1) 
(if K is not an integer >O) 
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Erromumber 5 

PROCEDURES USED 
ASELECT 
LOGGAMMA 

LANGUAGE 

Algol 60 

(if U<0 or U;>1). 

STATAL 41308 
STATAL 40400 

ME'i'HOD AND PERFORMANCE 
See Kromnal & Peterson (1979). 

REFERENCE 
[l]. R.A. Kronmal, A.V. Petersonjr. 

5.2.3.3 

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" HIST[0: 10J; 
U:= .1986; 
RANDOM BINALSORS(10, .5, 100, HIST, U); 
"FOR" I:= 0 "STEP" 1 "UNTIL" 10 "DO" 
OUTPUT(61,"("2(ZD,2B),/")", I, HISTCIJ> 

"END" 

Output: 

0 0 
1 1 
2 4 
3 12 
4 19 
5 28 
6 17 
7 14 
8 2 
9 3 

10 0 
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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" L[O: Nl; "ARRAY" F[Q Nl; 

"REAL" Q, HLP, PM, ONE, R; 
"INT-EGER" 11, 12, 13, 14, I, J, MDS, V, M; 
ONE:= .999999999; M:= N + 1; 
Q:= (1 - P) / P; MDS:= ENTIER(M * P); 
F[MDS]:= HLP:= PM:= 

M * EXP(LOGGAMMA(M) - LOGGAMMA(MDS + 1) 
- LOGGAMMA(M - MDS) - MDS * LN(Q) + N * LN(1 - P)); 

11:= I2:= 13:= 14:= MDS; SAMPLE[MDS]:= 0; 
"FOR" I:= MDS - 1 "STEP" -1 "UNTIL" 0 "DO" 
"BEGIN" Ftll:= HLP:= HLP * Q * (I + 1) / (N - I); 

SAMPLE[Il := 0; 
"IF" HLP < ONE "THEN" 
"BEGIN" R:= Ftl2l:= Ftl2] + HLP - 1; Ltll:= 12; 

"IF" R. < ONE. "THEN" 12:= 12 + 1 
"END" 
"~LSE" 11:= 12:= I 

"END"; 
HLP:= PM; 
"FOR" I:= MDS + 1 "STEP" 1 "UNTIL" N "DO" 
"BEGIN" Ftl]:= HLP:= HLP * (M - I) / (I * Q); 

SAMPLE[Il := 0; 
"IF" HLP < ONE "THEN" 
"BEGIN" R:= Ftl4]:= Ftl4l + HLP - 1; Ltll:= 14; 

"IF" R < ONE "THEN" 14:= I4 - 1 
"END" 
"ELSE" 13:= 14:= I 

"END"; 
I:= 11 - 1; 
"FOR" I:= I+ 1 "WHILE" I< 12 "DO" 
"BEGIN" R:= Ftl2] := Ftl2] + Ftll - 1; L[I] := 12; 

"IF" R < ONE "THEN" 12:= 12 + 1 
"END"; 
I:= I3 + 1; 
"FOR" I:= I - 1 "WHILE" I> I4 "DO" 
"BEGIN" R:= Ftl4l:= Ftl4l + Ftll - 1; Ltll:= 14; 

"IF" R < ONE "THEN" 14:= 14 - 1 
"END"; 
"COMMENT" R TAKES ON ANOTHER MEANING; 
"FOR" I:= 1 "STEP" 1 "UNTIL" SAMPLESIZE "DO" 
"BEGIN" R:= ASELECT(U); 

R:= U * M; 
V:= ENTIER(R); 
"IF" R < V + F[V] "THEN" SAMPLE[Vl:= SAMPLE[Vl + 1 

"ELSE" 
"BEGIN" J:= L[Vl; SAMPLE[Jl:= SAMPLE[Jl + 1 
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"END" 
"END" 

"END" RANDOM BIN ALSORS; 
"EOP" 
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5.2.3.4 Random Binhisto 

Trn.E: · 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 

CAIJJNG 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 co: Nl 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 ;..o, K>O, O<P<1, and O<U<1. 

DATA AND RESULTS 

After a procedure call, SAMPLECIJ contains the number of times the value I is 
observed in the sample, I=O, ••• ,N. 
The call TEST RANDOM(41332, N, P, K, u, o, 0) may yield the following error 
messages: 
Erromumber 1 
Erromumber 2 
Erromumber 4 

(if N is not an integer ;..o) 
(if P<O or p;.,,1) 
(if K is not an integer >O) 
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Erromumber 5 

PROCEDURES USED 
ASELECT 

LANGUAGE 
Algol 60 

(if u<o or u;;;.1) 

STATAL 41308 

METHOD AND PERFORMANCE 
See v. 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 

Ex.AMPLE OF USE 

Program: 

"BEGIN" "INTEGER" I; "REAL" U; 
"INTEGER" "ARRAY" HISTt0: 10]; 
U:= .1986; 
RANDOM BINHIST0(10, .5, HIST, 100, U); 
"FOR" I:= 0 "STEP" 1 "UNTIL" 10 "DO" 
OUTPUT(61,"("2CZD,2B),/")", I, HISTCll) 

"END" 

Output: 

0 0 
1 1 
2 3 
3 12 
4 20 
5 26 
6 21 
7 11 
8 5 
9 1 

10 0 
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5.2.3.4 Random Binhisto 

SoURCB 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:= O; LN PROB:= N * LN(Q); 
SUMPROB:= PROB:= EXP(LN PROB); S:= 1 - PROB; 
R:= 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" 

SAMPLE["IF" REVERSED "THEN" N - I "ELSE" Il:= 
COUNT; 

COUNT:= 0; I:= I+ 1; 
LN PROB:= LN PROB + LN P DIV Q + 

LN(( N - I+ 1 ) / I); 
SUMPROB:= SUMPROB + EXP(LN PROB); 
S:= 1 - SUMPROB; 
R:= LN(S); "GOTO" L 

"END" 
"ELSE" 
"BEGIN" "If" REVERSED "THEN" 

"BEGIN" SAMPLE[1l:= COUNT; SAMPLE[Ol:= M "END" 
"ELSE" 
"BEGIN" SAMPLE[N - 1]:= COUNT; 

SAMPLE[Nl:= M 
"END"; 
"GOTO" OUT 

"END" 
"END"; 
SAMPLE["IF" REVERSED "THEN" N - I "ELSE" Il:= COUNT; 
"IF" REVERSED "THEN" 
"BEGIN" "FOR" I:= I+ 1 "STEP" 1 "UNTIL" N "DO" 

SAMPLE[N - Il:= 0 
"END" 
"ELSE" "FOR" I:= I+ 1 "STEP" 1 "UNTIL" N "DO" 

SAMPLE[I]:=O; 
OUT: 

"END" RANDOM BIN HISTO; 
"EOP" 
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Random Geometric 

Tm..E: Random Geometric 

AUTHOR: c. van Putten 

INmTUTE: Mathematical Centre 

RBcEJVED: 810101 

BRIEF DESCRIPTION 

5.2.4.1 

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

Kl!YwORDS 
Random geometric number 

CALLING SEQUENCE 
Heading 
"INTEGER" "PROCEDURE" RANDOM GEOMETRIC (P, U); 
"VALUE" P; 
"REAL" P, U; · 
"CODE" 41323; 
Fomia/ parameters 
P: <arithmetic expression>, parameter of the geometric distribution; 
u: <real variable>, value used to generate a random number. 

After a call of RANDOM GE.OMETRIC, 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: O<P<1 and O<U <1. 

DATA AND RESULTS 
The generated value is assigned to the procedure identifier RANDOM GEOMETRIC. 
The call TEST RANDOM(41323, P, u, o, o, o, 0) may yield the following error 
messages: 
Erromumber 1 
Erromumber 2 

PROCEDURES USED 
ASELECT 

LANGUAGE 
Algol 60 
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(if P< or P>1) 
(if u<o or u;..1) 
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5.2.4.1 Random Geometric 

METIIOi> AND PERFORMANCE 
If P<1, the generated value is equal to ENTIER(LN(D)/LN(1-PH1), where Dis 
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 
[1 ]. C. van Putten, I. van der Tweet 

On generating random variables 
STATAL report 2, report SN 9/79 
Mathematical Centre, Amsterdam, 1979 

ExAMPLEOFUSE 

Program: 

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

RANDOM GEOMETRIC(0.5, U)); 
"END" 

Output: 

1 
5 
1 
2 
2 
1 
1 
2 
4 
2 

SoURCE Tl!Xf 

"CODE" 41323; 
"INTEGER" "PROCEDURE" RANDOM GEOMETRIC(P, U); 
"VALUE" P; "REAL" P, U; 
RANDOM GEOMETRIC:= "IF" P = 1 "THEN" 1 "ELSE" 

ENTIER(LN(ASELECT(U)) / LN(1 - P) + 1); 
"EOP" 
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Random Sthyperg 

Tm.E: Random Sthyperg 

AumoR: C. van Putten 

INSTITUTE: Mathematical Centre 

REcm:vm>: 810101 

BRIEF DESCRIPTION 

5.2.5.1 

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 >O,N.i;;;;R,,;;;; NN-R< NN-N<NN, and O<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, o, 0) may yield the following error 
messages: 
Erromumber 1 
Erromumber 2 
Erromumber 3 
Erromumber 4 
Erromumber 5 
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(if N is not an integer >O) 
(if R is not an integer >0) 
(if NN is not an integer >O) 
(if U<O or U;>1) 
(if N>R or R>NN-R) 



5.2.5.1 Random Sthyperg 

PROCEDURES USED 
ASELECT 

PROCEDURES USED 
Algol 60 

STATAL 41308 

METHOD AND PERFORMANCE 
See v. 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 

ExAMPLEOFUSE 

Program: 

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

"END" 

Output: 

3 
3 
2 
2 
1 
4 
3 
4 
4 
3 

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; 

A:= O; 
"FOR" I:= 1 "STEP" 1 "UNTIL" N "DO" 
"BEGIN" "IF" ASJ:LECT (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" 
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"END"; 

OUT: RANDOM STHYPERG:= A 

"END" RANDOM STHYPERG; 
"EOP" 
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5.2.5.2 Random Hyperg 

TITLE: Random Hyperg 

AUTHOR: c. van Putten. 

INSTITUTE: Mathematical Centre 

RllcEIVED: 810101 

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

KBY'wORDS 
Random hypergeometric number 

CALLING SEQUENCE 
Heading 
""INTEGER" "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 E;;; 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, o, 0) may yield the following error 
messages: 
Erromumber 1 
Erromumber 2 
Erromumber 3 
Erromumber 4 

(if N > NN or not an integer >O) 
(if R > NN or not an integer >O) 
(if NN is not an integer >O) 
(if u<o or u;;;.1) 
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Random Hyperg 

PROCEDURES USED 

ASELECT 

LANGUAGE 
Algol 60 

STATAL 41308 

METHOD AND PERFORMANCE 

5.2.5.2 

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: 

4 
3 
2 
2 
4 
3 
5 
5 
4 
3 
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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:= O; 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" ASELECTC"U) * NN <= R "THEN" 

"BEGIN" A:= A+ 1; R:= R - 1 "END"; 
NN:= NN - 1; 
"IF" R = NN "THEN" 
"BEGIN" A:= A + N - I; R:= R ·+ I - N; 

"GOTO" OUT 
"END" 

"END"; 

OUT: 

"COMMENT" R CONTAINS THE NUMBER OF RED BALLS OUTSIDE 
THE SAMPLE; 

"IF" CHROW "THEN" "BEGIN" A:= R; N:= NN1 - N "END"; 
RANDOM HYPER&:= "IF" CHCOL "THEN" N - A "ELSE" A 

"END" RANDOM HYPERG; 
"EOP" 

Random Hyperg 
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Random Negbin 

Tm.E: Random Negbin 

AumoR.: C. van Putten 

INSTITIJTE: Mathematical Centre 

RECEIVED: 810101 

BR.IBP DESCRIPTION 

5.2.6.1 

The procedure generates a random number having a negative binomial distri
bution with parameters Kand P. 

KEYwoR.Ds 
Random negative binomial number. 

CAWNG 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 >O,O<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, o, o, 0) may yield the following error 
messages: 
Erromumber 1 
Erromumber 2 
Erromumber 3 

PROCEDURES USED 
ASELECT 
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(if K is not an integer >0) 
(if P<0 or P>1) 
(if u<o or u;;;a.1) 

STATAL 41308 



5.2.6.1 

LANGUAGE 
Algol 60 

METHOD AND PERFORMANCE 

Random Negbin 

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) 

RBFllRBNCE 
[I]. C. van Putten, I. van der Tweel 

()n generating random variables 
STATAL report 2, report SN 9/79 
Mathematical Centre, Amsterdam, 1979 

ExAMPLBOFUSB 

Program: 

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

RANDON NEGBIN(10, .5, U)); 
"END" 

Output: 

21 
22 
21 
16 
19 
22 
23 
19 
18 
18 

SOURCE TEXT 

"CODE" 41325; 
"INTEGER" "PROCEDURE" RANDON NEGBIN (K, P, U); 
"VALUE" K, P; "INTEGER" K; "REAL" P, U; 
"BEGIN" "IF" P = 1 "THEN" RANDON NEGBIN:= K "ELSE" 

"BEGIN" "INTEGER" I, S; "REAL" LNQ; 
LNQ:= LN(1 - P); S:= K; 
"FOR" I:= 1 "STEP" 1 "UNTIL" K "DO" 
S:= S + ENTIER(LN(ASELECT(U)) / LNQ); 
RANDON NEGBIN:= S 

"END" 
"END" RANDON NEGBIN; 

"EOP" 
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Random Pois 

Tm..E: Random Pois 

AU'I'HOR: J.G. Bethlehem 

INSTITUTE: Mathematical Centre 

RECEIVED: 750219 

BRIEF DESCRIPTION 

5.2.7.1 

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

KEYwORDS 
Random Poisson number 

CALLING SEQUENCE 
Heading 
"INTEGER" "PROCEDURE" RANDON POIS (NU, U); 
"VALUE" NU; 
"REAL" MU, U; 
"CODE" 41305; 
Fomuil parameters 
MU: <arithmetic expression>, p~ameter 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: O<NU<700. 

DATA AND RESULTS 
The generated value is assigned to the procedure identifier RANDOM POIS. 
The call TEST RANDOM(41305, MU, u, o, o, o, 0) may yield the following error 
messages: 
Errornumber 1 
Erromumber 2 

PROCEDURES USED 
ASELECT 

LANGUAGE 
Algol 60 
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(if MU<O or MU>700) 
(if u<o or u;;;.1) 
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5.2.7.1 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 D 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, I. van der Tweel 

On generating random variables 
STAT AL report 2, report SN 9 /79 
Mathematical Centre, Amsterdam, 1979 

ExAMPl.B OF USE 

Program: 

"BEGIN" "INTEGER" I; "REAL" U; 
U:= .1986; 
"FOR" I:=1 "STEP" 1 "UNTIL" 10 "DO" 
OUTPUT(61, "("ZD,/")", RANDOM POISC5, U)) 

"END" 

Output: 

7 
1 
6 
4 
4 
6 
5 
4 
2 
4 

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:= O; 
"FOR" I:= I +. 1 "WHILE" SUM < W "DO" 
"BEGIN" TERM:= TERM* MU/ I; SUM:= SUM+ TERM "END"; 
RANDOM POIS:= I - 1 

"END" RANDOM POIS; 
"EOP" 
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Random Poistab 

Tm.E: Random Poistab 

AUTHOR: B.F. Schriever 

INSTITUTE: Mathematical Centre 

RECEIVED: 800429 

BRIEF DESCRIPTION 

5.2.7.2 

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: O<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, M, u, o, o, o, 0) may yield the following error 
messages: 
Erromumber 1 
Errornumber 2 

PROCEDURES USED 

ASELECT 

LANGUAGE 

Algol 60 
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(if MU-.; or MU;;a.256) 
(if u<o or u;;a.1) 
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5.2.7.2 Random Poistab 

METHOD AND PERFORMANCE 
The parameter MU is decomposed according to MU=l!1b1•21 +R, where b1 

e{O, 1> and 0,r;;;;R<2. For each i such that b1 =1, a realisation from a Poisson 
distribution with expectation 21 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, I. van der Tweel 

On generating random variables 
STATAL report 2, report SN 9/79 
Mathematical Centre, Amsterdam, 1979 

ExAMPLEOFUSE 

Program: 

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

RANDOM POISTAB(10, U)i; 
"END" 

Output: 

11 
10 
8 

10 
5 
8 
9 

10 
7 
7 
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Random Poistab 

SoUllCE TEXT 

"CODE" 41326; 
"INTEGER" "PROCEDURE" RANDON POIS TAB(NU, U); 
"VALUE" NU; "REAL" NU, U; 
"BEGIN" 

458 

"ARRAY" TAB[1 : 235]; "INTEGER" S; 

"INTEGER" "PROCEDURE" POISS NUL<NU, U); "REAL" NU, U; 
"BEGIN" "INTEGER" N; "REAL" P; 

N:= -2; P:= EXP(NU); 
"FOR" N:= N + 1 "WHILE" P > 1 
"DO" P:= P * ASELECT(U); 
POISS NUL:= N 

"END" POISS NUL; 

"INTEGER" "PROCEDURE" 
POISS TAB(NU, FIRST, LAST, INDEXNU); 
"INTEGER" NU, FIRST, LAST, INDEXNU; 
"BEGIN" "INTEGER" N; "REAL" V, P, CUNPROB; 

V:= ASELECT(U); 
"IF" V <= TABCINDEXNU - 1l "THEN" 
"BEGIN" N:= "INDEXNU; 

"FOR" N:= N - 1 "WHILE" V <= TAB[N - 1] 
"AND" N > FIRST + 1 "DO"; 

"IF" N >FIRST+ 1 "THEN" 
POISS TAB:= NU -- INDEXNU + N 

"ELSE" 
"BEGIN" P:= TAB[FIRSTJ; 

CUNPROB:= TAB[FIRST + 1] - P; 
N:= NU - INDEXNU +FIRST+ 2; 
"FOR" N:= N - 1 
"WHILE" V <= CUNPROB "AND" N > 0 "DO" 
"BEGIN" P:= P * N / NU; 

CUNPROB:= CUNPROB - P 
"END"; 
POISS TAB:= N 

"END" 
"END" 
"ELSE" 
"BEGIN" N:= INDEXNU - 1; 

"FOR" N:= N + 1 
"WHILE" V > TAB[Nl "AND" N < LAST "DO"; 
"IF" N < LAST "THEN" 

POISS TAB:= NU - INDEXNU + N 
"ELSE" 
"BEGIN" P:= TAB[LASTJ; CUNPROB:= TAB[LAST - 1]; 

N:= NU - INDEXNU + LAST - 2; 
"FOR" N:= N + 1 
"WHILE" V > CUNPROB "AND" N < 500 "DO" 
"BEGIN" P:= NU* P / (N + 1); 

CUNPROB:= CUNPROB + P 
"END"; 
POISS TAB:= N 

5.2.7.2 



5.2.7.2 

"END" 
"END"; 

"END" P0ISS TAB; 

S:=0; 
"IF" NU>= 128 "THEN" 
"BEGIN" 

TAB[164]:= +3.8120098644196"-004; 
TAB[165l:= +1.3778499806580"-003; 
TAB[166l:= +1.8861179625800"-003; 
-TAB[167] := +2. 5568221036718"-003; 
TAB[168l:= +3.4328438389742"-003; 
TAB[169l:= +4.5654780017880"-003; 
TAB[170l:= +6.0152497301878"-003; 
TAB[171l:= +7.8525841978626"-003; 
TAB[172l:= +1.0158258823963"-002; 
TAB[173l:= +1.3023563213680"-002; 
TAB[174l:= +1.6550091693334"-002; 
TAB[175]:= +2.0849097839967"-002; 
TAB[176l:= +2.6040350545319"-002; 
TAB[177l:= +3.2250447239579"-002; 
TAB[178l:= +3.9610561840180"-002; 
TAB[179l:= +4.8253632196854"-002; 
TAB[180l:= +5.8311023157355"-002; 
TAB[181l:= +6.9908735255956"-002; 
TAB[182l:= +8.3163263368645"-002; 
TAB[183l:= +9.8177242115765".;.002; 
TAB[184l:= +1.1503504281428"-001; 
TAB[185l:= +1.3379850793956"-001; 
TAB[186]:= +1.5450302118123"-001; 
TAB[187l:= +1.771541125-9094"-001; 
TAB[188l:= +2.0172478801841"-001; 
TAB[189l:= +2.2815374982277"-001; 
TAB[190l:= +2.5634464241404"-001; 
TAB[191l:= +2.8616641308912"-001; 
TAB[192l:= +3.1745482822364"-001; 
TAB[193]:= +3.5001513015227"-001; 
TAB[194l:= +3.8362576440121"-001; 
TAB[195l:= +4.1804305387204"-001; 
TAB[196]:= +4.5300664952492"-001; 
TAB[197l:= +4.8824554908055"-001; 
TAB[198l:= +5.2348444863617"-001; 
TAB[199l:= +5.5845017842780"-001; 
TAB[200l:= +5.9287797391494"-001; 
TAB[201l:= +6.2651734660467"-001; 
TAB[202]:= +6.5913734436441"-001; 
TAB[203l:= +6.9053102641889"-001; 
TAB[204l:= +7.2051902121720"-001; 
TAB[205l:= +7.4895208295190"-001; 
TAB[206l:= +7.7571261164337"-001; 
TAB[207h= +8.0071514939891"-001; 
TAB[208l:= +8.2390590905622"-001; 
TAB[209l:= +8.4526142874066"-001; 
TAB[210l:= +8.6478647530928"-001; 
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TAB[211J:= +8.8251134027939"-001; 
TAB[212]:= +8.9848868335102"-001; 
TAB[213l:= +9.1279008134522"-001; 
TAB[214l:= +9.2550243511782"-001; 
TAB[215l:= +9.3672437499986"-001; 
TAB[216l := +9.4656278804712"-001; 
TAB[217l:= +9.5512956947603"-001; 
TAB[218l:= +9.6253867773887"-001; 
TAB[219l:= +9.6890354926668"-001; 
TAB[220l:= +9.7433490630374"-001; 
TAB[221l:= +9.7893897054709"-001; 
TAB[222l:= +9.8281607727832"-001; 
TAB[223l:= +9.8605966983778"-001; 
TAB[224l:= +9.8875564287422"-001; 
TAB[225l:= +9.9098199480108"-001; 
TAB[226l:= +9.9280874510004"-001; 
TAB[227l:= +9.9429807018454"-001; 
TAB[228]:= +9.9550461202516"-001; 
TAB[229l:= +9.9647591614842"-001; 
TAB[230l:= +9.9725295944702"-001; 
TAB[231l:= +9.9787073300120"-001; 
TAB[232l:= +9.9835885037734"-001; 
TAB[233l:= +9.9874215727394"-001; 
TAB[234l:= +9.9904132363226"-001; 
TAB[235l:= +2.9916635832062"-004; 
S:= S + P0ISS TAB (128,164,235,198); MU:= MU - 128 

"END"; 
"IF" MU>= 64 "THEN" 
"BEGIN" 

TAB[112l:= +5.4212965801156"-004; 
TAB[113l:= +1.41701'98450894"-003; 
TAB[114l:= +2.2431821811069"-003; 
TAB[115l:= +3.4727298440162"-003; 
TAB[116l:= +5.2611628082474"-003; 
TAB[117l:= +7.8047119129324"-003; 
TAB[118l:= +1.1343562841191"-002; 
TAB[119l:= +1.6162423679673"-002; 
TAB[120l:= +2.2587571464318"-002; 
TAB[121J:= +3.0979601223857"-002; 
TAB[122]:= +4.1721399316074"-002; 
TAB[123]:= +5.5201302804350"-002; 
TAB[124l:= +7.1791953251461"-002; 
TAB[125l:= +9.1825946244196"-002; 
TAB[126l:= +1.1556993793930"-001; 
TAB[127l:= +1.4319931009360"-001; 
TAB[128l:= +1.7477573541280"-001; 
TAB[129l:= +2.1022996735015"-001; 
TAB[130]:= +2.4935187845342"-001; 
TAB[131J:= +2.9178920575189"-001; 
TAB[132]:= +3.3705568820359"-001; 
TAB[133l:= +3.8454839110379"-001; 
TAB[134]:= +4.3357311667811"-001; 
TAB[135l:= +4.8337601249961"-001; 
TAB[136l:= +5.3317890832110"-001; 
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TAB[137l:= +5.8221560574534"-001;. 
TAB[138J:= +6.2976634264158"-001; 
TAB[139J:= +6.7518794206484"-001; 
TAB[140J:= +7.1793768269851"-001; 
TAB[141J:= +7.5758961603988"-001; 
TABC142J:= +7.9384281223770"-001; 
TAB[143J:= +8.2652174965546"-001; 
TAB[144J:= +8.5556969402680"-001; 
TAB[145J:= +8.8103638498250"-001; 
TAB[146J:= +9.0306163121444"-001; 
TAB[147J:= +9.2185650799904"-001; 

.TAB[148J:= +9.3768377265976"-001; 
TAB[149J:= +9.5083890172840"-001; 
TAB[150J:= +9.6163285378473"-001; 
TAB[151J:= +9.7037732127340"-001; 
TAB[152J:= +9.7737289526433"-001; 
TAB[153J:= +9.8290026236828"-001; 
TAB[154J:= +9.8721430498600"-001; 
TAB[155J:= +9.9054079567918"-001; 
TAB[156J:= +9.9307526477874"-001; 
TAB[157J:= +9.9498357092430"-001; 
TAB[158J:= +9.9640370573030"-001; 
TAB[1.59J: = +9. 9744840259906"-001; 
TAB[160J:= +9.9820818214000"-001; 
TAB[161J:= +9.9875454046156"-001; 
TAB[162J:= +9.9914306193467"-001; 
TAB[163J:= +3.8852147311420"-004; 
S:= S + P0ISS TAB (64,112,163,136); MU:= MU - 64 

"END"; 
"IF" MU>= 32 "THEN" 
"BEGIN" 

TAB[ 74]:= +7.3173973442918"-004; 
TAB[ 75]:= +1.3916672870287"-003; 
TAB[ 76]:= +2.7690597283076"-003; 
TAB[ 77]:= +5.2177574016927"-003; 
TAB[ 78J:= +9.3418797989703"-003; 
TAB[ 79]:= +1.5940475634614"-002; 
TAB[ 80]:= +2.5995478812736"-002; 
TAB[ 81]:= +4.0620937980915"-002; 
TAB[ 82]:= +6.0969402910554"-002; 
TAB[ 83]:= +8.8100689483409"-002; 
TAB[ 84]:= +1.2282873629667"-001; 
TAB[ 85]:= +1.6557094775913"-001; 
TAB[ 86]:= +2.1622838356649"-001; 
TAB[ 87]:= +2.7412259591775"-001; 
TAB[ 88]:= +3.3800586471912"-001; 
TAB[ 89J:= +4.0614801810724"-001; 
TAB[ 90]:= +4.7648830547560"-001; 
TAB[ 91J:= +5.4682859284397"-001; 
TAB[ 92J:= +6.1503735635269"-001; 
TAB[ 93]:= +6.7923383965502"-001; 
TAB[ 94J:= +7.3792776724572"-001; 
TAB[ 95]:= +7.9010014732632"-001; 
TAB[ 96]:= +8.3522220577444"-001; 
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TAB[ 97J:= +8.7321972867810"-001; 
TAB[ 98J:= +9.0439718336828"-001; 
TAB[ 99J:= +9.2933914712043"-001; 
TAB[100J:= +9.4880604565870"-001; 
TAB[101J:= +9.6363796835452"-001; 
TABC102J:= +9.7467567826769"-001; 
TAB[103J:= +9.8270310365908"-001; 
TAB[104J:= +9.8841149504852"-001; 
TAB[105J:= +9.9238254992812"-001; 
TABC106J:= +9.9508624686743"-001; 
TABC107J:= +9.9688871149363"-001; 
TAB[108J:= +9.9806583124952"-001; 
TAB[109J:= +9.9881918789330"-001; 
TAB[110J:= +9.9929188225802"-001; 
TAB[111J:= +4.7269436471777"-004; 
S:= S + POISS TAB (32,74,111,91); NU:= NU - 32 

"END"; 
"IF" NU>= 16 "THEN" 
"BEGIN" 

TAB[ 46J:= +9.8334736138684"-004; 
TAB[ 47J:= +1.3837850247629"-003; 
TAB[ 48J:= +4.0060446551275"-003; 
TAB[ 49J:= +9.9997809531040"-003; 
TAB[ 50J:= +2.1987253549056"-002; 
TAB[ 51J:= +4.3298315941861"-002; 
TAB[ 52J:= +7.7396015770348"-002; 
TAB[ 53J:= +1.2699267006634"-001; 
TAB[ 54J:= +1.9312154246098"-001; 
TAB[ 55J:= +2.7451092386977"-001; 
TAB[ 56J:= +3.6752735976553"-001; 
TAB[ 57J:= +4.6674489138768"-001; 
TAB[ 58J:= +5.6596242300982"-001; 
TAB[ 59J:= +6.5934362924244"-001; 
TAB[ 60J:= +7.4234914589364"-001; 
TAB[ 61J:= +8.1224852833677"-001; 
TAB[ 62J:= +8.6816803429126"-001; 
TAB[ 63J:= +9.1077337216136"-001; 
TAB[ 64J:= +9.4175907243052"-001; 
TAB[ 65J:= +9.6331434218297"-001; 
TAB[ 66J:= +9.7768452201794"-001; 
TAB[ 67J:= +9.8688143711232"-001; 
TAB[ 68J:= +9.9254107717040"-001; 
TAB[ 69J:= +9.9589493794557"-001; 
TAB[ 70J:= +9.9781142981709"-001; 
TAB[ 71J:= +9.9886880464275"-001; 
TAB[ 72J:= +9.9943273788310"-001; 
TAB[ 73J:= +5.6393324035520"-004; 
S:= S + POISS TAB (16,46,73,58); NU:= NU - 16 

"END"; 
"IF" NU>= 8 "THEN" 
"BEGIN" 

TAB[ 26J:= +2.6837010232201"-003; 
TAB[ 27J:= +3.0191636511226"-003; 
TAB[ 28J:= +1.3753967744003"-002; 
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.TAB[ 29]:= +4.2380111991685"-002; 
TAB[ 30]:= +9.9632400487048"-002; 
TAB[ 31]:= +1.9123606207963"-001; 
TAB[ 32]:= +3.1337427753641"-001; 
TAB[ 33]:= +4.5296080948703"-001; 
TAB[ 34]:= +5.9254734143764"-001; 
TAB[ 35]:= +7.1662425872706"-001; 
TAB[ 36]:= +8.1588579255860"-001; 
TAB[ 37]:= +8.8807599898154"-001; 
TAB[ 38]:= +9.3620280326350"-001; 
.TAB[ 39]:= +9.6581929820625"-001; 
TAB[ 40]:= +9.8274300960210"-001; 
TAB[ 41l:= +9.9176898901322"-001; 
TAB[ 42]:= +9.9628197871878"-001; 
TAB[ 43]:= +9.9840573858022"-001; 
TAB[ 44]:= +9.9934963185198"-001; 
TAB[ 45]:= +9.4389327175133"-004; 
S:= S + POISS TAB (8,26,45,34); MU:= MU - 8 

"END"; 
"IF" MU>= 4 "THEN" 
"BEGIN" 

TAB[ 12]:= +1.8315638888734"-002; 
TAB[ 13]:= +1.8315638888734"-002; 
TAB[ 14]:= +9.1578194443672"-002; 
TAB[ 15]:= +2.3810330555355"-001; 
TAB[ 16]:= +4.3347012036671"-001; 
TAB[ 17]:= +6.2883693517987"-001; 
TAB[ 18]:= +7.8513038703040"-001; 
TAB[ 19]:= +8.8932602159742"-001; 
TAB[ 20]:= +9.4886638420715"-001; 
TAB[ 21]:= +9.7863656551200"-001; 
TAB[ 22]:= +9.9186775720306"-001; 
TAB[ 23]:= +9.9716023387948"-001; 
TAB[ 24]:= +9.9908477085272"-001; 
TAB[ 25]:= +1.9245369732436"-003; 
S:= S + POISS TAB (4,12,25,17); MU:= MU - 4 

"END"; 
"IF" MU>= 2 "THEN" 
"BEGIN" 

TAB[ 1l:= +1.3533528323661"-001; 
TAB[ 2]:= +1.3533528323661"-001; 
TAB[ 3]:= +4.0600584970984"-001; 
TAB[ 4]:= +6.7667641618306"-001; 
TAB[ 5]:= +8.5712346049856"-001; 
TAB[ 6]:= +9.4734698265630"-001; 
TAB[ 7]:= +9.8343639151939"-001; 
TAB[ 8]:= +9.9546619447376"-001; 
TAB[ 9]:= +9.9890328103215"-001; 
TAB[ 10]:= +9.9976255267175"-001; 
TAB[ 11l:= +8.5927163959755"-004; 
S:= S + POISS TAB (2,1,11,4); MU:= MU - 2 

"END"; 
"IF" MU> 0 "THEN" S:= S + POISS MUL ( MU,U ); 

FINISH: RANDOM POIS TAB:= S 
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"END" RANDON POIS TAB; 
"EOP" 
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5.2.7.3 

Tm.E: Random Poistabsam 

AUTHOR: B.F. Schriever 

INSTITUTE: Mathematical Centre 

RECEIVED: 800414 

BRIEF DEScRIPTION 

Random Poistabsam 

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 

SAMPLE[1 :K] and size of the sample; 
SAMPLE: <integer array identifier>, output parameter, integer array of 

dimension C1 :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: O<MU<256, K integer >O, and O..;U<1. 

DATA AND RESULTS 

After a procedure call, SAMPLEC1l, ••• ,SAMPLECKJ contain the generated sam
ple. The call TEST RANDOM( 41327, MU, K, U, 0, 0, 0) may yield the following 
error messages: 
Erromumber 1 
Erromumber 2 
Erromumber 3 

(if MUE;O or MU>256) 
(if K is not an integer >O) 
(if U<O or U>1) 
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P!tOCEDURES USED 
ASELECT 

LANGUAGE 

Algol 60 

STATAL 41308 

METHOD AND PERFORMANCE 

5.2.7.3 

Each drawing SANPLECIJ 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" SANPLEC1 : 10]; 
U:= .1986; 
"FOR" I:= 1 "STEP" 1 "UNTIL" 10 "DO" 
"BEGIN" RANDON POISTABSAN(10, 10, SAMPLE, U); 

OUTPUT(61, 11 ( 1110CZD2B),/11 ) 11 , SAMPLE) 
"END" 

"END" 

Output: 

12 5 11 9 8 12 9 9 4 10 
1? 13 9 4 10 10 6 8 13 16 
8 13 13 11 14 12 3 9 7 13 

11 11 7 13 8 2 12 11 6 11 
9 12 9 10 10 11 8 10 7 8 

11 17 12 8 7 10 2 14 14 8 
6 13 8 7 8 15 10 10 14 16 

10 9 13 14 11 9 14 10 7 11 
14 8 11 13 11 8 11 15 9 8 
9 8 10 4 14 9 5 12 6 8 

SoURCE TEXT 

"CODE" 41327; 
"PROCEDURE" RANDON POISTABSAN(NU, SANPLESIZE, S, U); 
"VALUE" NU, SANPLESIZE; 
"INTEGER" "ARRAY" S; 
"REAL" NU, U; 
"INTEGER" SANPLESIZE; 
"BEGIN" 
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"ARRAY" TABC1 : 235]; "INTEGER" K; 

"PROCEDURE" SNPL POISS NUL(NU, SANPLESIZE, S, U); 
"INTEGER""ARRAY" S; "INTEGER" SANPLESIZE; "REAL" MU, U; 
"BEGIN" "INTEGER" K, N; "REAL" P; 

"FOR" K:= 1 "STEP" 1 "UNTIL" SANPLESIZE "DO" 
"BEGIN" N:= -2; P:= EXP(NU); 
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"FOR" N:= N + 1 "WHILE" P > 1 ''DO" 
P:= P * ASELECT(U); 

S[Kl:= S[KJ + N 
"END"; 

"END" SMPL POISS MUL; 

"PROCEDURE" SNPL POISS TAB 
(MU, SAMPLESIZE, S, FIRST, LAST, INDEXMU); 
"INTEGER" "ARRAY" S; 
"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 <= TABCINDEXMU - 1] "THEN" 
"BEGIN" N:= INDEXMU; 

"FOR" N:= N - 1 "WHILE" V <= TAB[N - 1] 
"AND" N >FIRST+ 1 "DO"; 

"IF" N >FIRST+ 1 "THEN" 
S[Kl:= S[Kl + MU - INDEXMU + N 

"ELSE" 
"BEGIN" P:= TAB[FIRSTJ; 

CUMPROB:= TAB[FIRST + 1] - P; 
N:= MU - INDEXMU +FIRST+ 2; 
"FOR" N:=N - 1 "WHILE" V <= CUMPROB 
"AND" N > 0 "DO" 
"BEGIN" P:= P * N / MU; 

CUMPROB:= CUNPROB - P 
"END"; 
S[Kl:= S[Kl + N 

"END" 
"END" 
"ELSE" 
"BEGIN" N:= INDEXMU - 1; 

"FOR" N:= N + 1 "WHILE" V > TAB[Nl 
"AND" N < LAST "DO"; 
"IF" N < LAST "THEN" 

S[KJ:= S[Kl + MU - INDEXMU + N 
"ELSE" 
"BEGIN" P:= TAB[LASTJ; 

CUMPROB:= TAB[FIRST + 1]; 
N:= MU - INDEXMU + LAST - 2; 
"FOR" N:= N + 1 "WHILE" V > CUMPROB 
"ANDII N < 500 "DO" 
"BEGIN" P:= MU* P / (N + 1); 

CUMPROB:= CUMPROB + P 
"END"; 

S[Kl:= S[Kl + N 
"END" 

"END" 
"END" 

"END" SMPL POISS TAB; 

"FOR" K:= 1 "STEP" 1 "UNTIL" SAMPLESIZE "DO" S[Kl:= O; 
"IF" MU>= 128 "THEN" 
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"BEGIN" 
TAB[164J:= +3.8120098644196"-004; 
TAB[165J:= +1.3778499806580"-003; 
TAB[166J:= +1.8861179625800"-003; 
TAB[167J:= +2.5568221036718"-003; 
TAB[168J:= +3.4328438389742"-003; 
TAB[169J:= +4.5654780017880"-003; 
TAB[170J:= +6.0152497301878"-003; 
TAB[171J:= +7.8525841978626"-003; 
TAB[172J:= +1.0158258823963"-002; 
TAB[173J:= +1.3023563213680"-002; 
TAB[174J:= +1.6550091693334"-002; 
TAB[175J:= +2.0849097839967"-002; 
TAB[176J:= +2.6040350545319"-002; 
TAB[177J:= +3.2250447239579"-002; 
TAB[178J:= +3.9610561840180"-002; 
TAB[179J:= +4.8253632196854"-002; 
TAB[180J:= +5.8311023157355"-002; 
TAB[181J:= +6.9908735255956"-002; 
TAB[182J:= +8.3163263368645"-002; 
TAB[183J := +9.8177242115765"-002; 
TAB[184J:= +1.1503504281428"-001; 
TAB[185J:= +1.3379850793956"-001; 
TAB[186J:= +1.5450302118123"-001; 
TAB[187J := +1. 7715411259094"-001; 
TAB[188J:= +2.0172478801841"-001; 
TAB[189J:= +2.2815374982277"-001; 
TAB[190J:= +2.5634464241404"-001; 
TAB[191J:= +2.8616641308912"-001; 
TAB[192J:= +3.1745482822364"-001; 
TAB[193J:= +3.5001513015227"-001; 
TAB[194J:= +3.8362576440121"-001; 
TAB[195J:= +4.1804305387204"-001; 
TAB[196J:= +4.5300664952492"-001; 
TAB[197J:= +4.8824554908055"-001; 
TAB[198J:= +5.2348444863617"-001; 
TAB[199J:= +5.5845017842780"-001; 
TAB[200J:= +5.9287797391494"-001; 
TAB[201J:= +6.2651734660467"-001; 
TAB[202J:= +6.5913734436441"-001; 
TAB[203J:= +6.9053102641889"-001; 
TAB[204J:= +7.2051902121720"-001; 
TAB[205J:= +7.4895208295190"-001; 
TAB[206J:= +7.7571261164337"-001; 
TAB[207J:= +8.0071514939891"-001; 
TAB[208J:= +8.2390590905622"-001; 
TAB[209J:= +8.4526142874066"-001; 
TAB[210J:= +8.6478647530928"-001; 
TAB[211J:= +8.8251134027939"-001; 
TAB[212J:= +8.9848868335102"-001; 
TAB[213J:= +9.1279008134522"-001; 
TAB[214J:= +9.2550243511782"-001; 
TAB[215J:= +9.3672437499986"-001; 
TAB[216J:= +9.4656278804712"-001; 
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. TAB[217l:= +9.5512956947603"-001; 
TAB[218l:= +9.6253867773887"-001; 
TAB[219l:= +9.6890354926668"-001; 
TAB[220l:= +9.7433490630374"-001; 
TAB[221l:= +9.7893897054709"-001; 
TABC222l:= +9.8281607727832"-001; 
TABC223l:= +9.8605966983778"-001; 
TAB[224l:= +9.8875564287422"-001; 
TAB[225l:= +9.9098199480108"-001; 
JAB[226l:= +9.9280874510004"-001; 
.TABC227l:= +9.9429807018454"-001; 
TAB[228l:= +9.9550461202516"-001; 
TAB[229l:= +9.9647591614842"-001; 
TAB[230l:= +9.9725295944702"-001; 
TAB[231l:= +9.9787073300120"-001; 
TAB[232l:= +9.9835885037734"-001; 
TAB[233]:= +9.9874215727394"-001; 
TAB[234l:= +9.9904132363226"-001; 
TAB[235l:= +2.9916635832062"-004; 
SMPL P0ISS TAB (128,SAMPLESIZE,S,164,235,198); 
MU:= MU - 128 

"END"; 
"IF" MU >= 64 "THEN"· 
"BEGIN" 

TAB[112l:= +5.4212965801156"-004; 
TAB[113l:= +1.4170798450894"-003; 
TAB[114l:= +2.2431821811069"-003; 
TAB[115]:= +3.4727298440162"-003; 
TAB[116l:= +5.2611628082474"-003; 
TAB[117l:= +7.8047119129324"-003; 
TAB[118l:= +1.1343562841191"-002; 
TAB[119]:= +1.6162423679673"-002; 
TAB[120l:= +2.2587571464318"-002; 
TAB[121l:= +3.0979601223857"-002; 
TAB[122]:= +4.1721399316074"-002; 
TAB[123l:= +5.5201302804350"-002; 
TAB[124l:= +7.1791953251461"-002; 
TAB[125l:= +9.1825946244196"-002; 
TAB[126l:= +1.1556993793930"-001; 
TAB[127l:= +1.4319931009360"-001; 
TAB[128l:= +1.7477573541280"-001; 
TAB[129l:= +2.1022996735015"-001; 
TAB[130l:= +2.4935187845342"-001; 
TAB[131l:= +2.9178920575189"-001; 
TAB[132l:= +3.3705568820359"-001; 
TAB[133l:= +3.8454839110379"-001; 
TABC134l:= +4.3357311667811"-001; 
TAB[135]:= +4.8337601249961"-001; 
TAB[136l:= +5.3317890832110"-001; 
TABC137l:= +5.8221560574534"-001; 
TAB[138l:= +6.2976634264158"-001; 
TAB[139l:= +6.7518794206484"-001; 
TAB[140l:= +7.1793768269851"-001; 
TAB[141l:= +7.5758961603988"-001; 
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.TABC142J:= +7.9384281223770"-001; 
TABC143J:• +8.2652174965546"-001; 
TABC144J:• +8.5556969402680"-001; 
TABC145J:= +8.8103638498250"-001; 
TABC146J:• +9.0306163121444"-001; 
TABC147J:= +9.2185650799904"-001; 
TABC148J:• +9.3768377265976"-001; 
TABC149J:= +9.5083890172840"-001; 
TABC150J:• +9.6163285378473"-001; 
TABC151J:= +9.7037732127340"-001; 
TABC152J:• +9.7737289526433"-001; 
TABC153J:= +9.8290026236828"-001; 
TABC154J:= +9.8721430498600"-001; 
TABC155J:= +9.9054079567918"-001; 
TAB[156J:= +9.9307526477874"-001; 
TABC157J:= +9.9498357092430"-001; 
TABC158J:= +9.9640370573030"-001; 
TABC159J:= +9.9744840259906"-001; 
TABC160J:• +9.9820818214000"-001; 
TABC161J:= +9.9875454046156"-001; 
TAB[162J:= +9.9914306193467"-001; 
TABC163J:= +3.8852147311420"-004; 
SNPL P0ISS TAB (64,SMPLESIZE,S,112,163,136); 
NU:= NU - 64 

"END"; 
"IF" NU>= 32 "THEN" 
"BEGIN" 

TAB[ 74J:= +7.3173973442918"-004; 
TAB[ 75J:= +1.3916672870287"-003; 
TAB[ 76J:= +2.7690597283076"-003; 
TAB[ 77J:= +5.2177574016927"-003; 
TAB[ 78J:= +9.3418797989703"-003; 
TAB[ 79J:= +1.5940475634614"-002; 
TAB[ 80J:= +2.5995478812736"-002; 
TAB[ 81J:= +4.0620937980915"-002; 
TAB[ 82J:= +6.0969402910554"-002; 
TAB[ 83J := +8.8100689483409"-002; 
TAB[ 84J:= +1.2282873629667"-001; 
TAB[ 85J:= +1.6557094775913"-001; 
TAB[ 86J:= +2.1622838356649"-001; 
TAB[ 87J:= +2.7412259591775"-001; 
TAB[ 88J:= +3.3800586471912"-001; 
TAB[ 89J:= +4.0614801810724"-001; 
TAB[ 90J:= +4.7648830547560"-001; 
TAB[ 91J:= +5.4682859284397"-001; 
TAB[ 92J:= +6.1503735635269"-001; 
TAB[ 93J:= +6.7923383965502"-001; 
TAB[ 94J:= +7.3792776724572"-001; 
TAB[ 95J:= +7.9010014732632"-001; 
TAB[ 96J:= +8.3522220577444"-001; 
TAB[ 97J:= +8.7321972867810"-001; 
TAB[ 98J:• +9.0439718336828"-001; 
TAB[ 99J:= +9.2933914712043"-001; 
TABC100J:= +9.4880604565870"-001; 
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. TAB[101l:• +9.6363796835452"-001; 
. TABC102J:= +9.7467567826769"-001; 

TABC103J:= +9.8270310365908"-001; 
TAB[104J:= +9.8841149504852"-001; 
TAB[105J:= +9.9238254992812"-001; 
TAB[106J:= +9.9508624686743"-001; 
TAB[107J:• +9.9688871149363"-001; 
TABC108J:= +9.9806583124952"-001; 
TABC109J:= +9.9881918789330"-001; 
TABC110J:= +9.9929188225802"-001; 
TAB[111J:= +4.7269436471777"-004; 
SNPL P0ISS TAB (32,SANPLESIZE,S,74,111,91); 
NU:= NU - 32 

"END"; 
"IF" NU>= 16 "THEN" 
"BEGIN" 

TAB[ 46]:= +9.8334736138684"-004; 
TAB[ 47]:= +1.3837850247629"-003; 
TAB[ 48]:= +4.0060446551275"-003; 
TAB[ 49]:= +9.9997809531040"-003; 
TAB[ 50]:= +2.1987253549056"-002; 
TAB[ 51l:= +4.3298315941861"-002; 
TAB[ 52]:= +7.7396015770348"-002; 
TAB[ 53]:= +1.2699267006634"-001; 
T~C 54]:= +1.9312154246098"-001; 
TAB[ 55]:= +2.7451092386977"-001; 
TAB[ 56]:= +3.6752735976553"-001; 
TAB[ 57]:= +4.6674489138768"-001; 
TAB[ 58]:= +5.6596242300982"-001; 
TAB[ 59]:= +6.5934362924244"-001; 
TAB[ 60]:= +7.4234914589364"-001; 
TAB[ 61l:= +8.1224852833677"-001; 
TAB[ 62]:= +8.6816803429126"-001; 
TAB[ 63]:= +9.1077337216136"-001; 
TAB[ 64]:= +9.4175907243052"-001; 
TAB[ 65]:= +9.6331434218297"-001; 
TAB[ 66]:= +9.7768452201794"-001; 
TAB[ 67]:= +9.8688143711232"-001; 
TAB[ 68]:= +9.9254107717040"-001; 
TAB[ 69]:= +9.9589493794557"-001; 
TAB[ 70]:= +9.9781142981709"-001; 
TAB[ 71l:= +9.9886880464275"-001; 
TAB[ 72]:= +9.9943273788310"-001; 
TAB[ 73]:= +5.6393324035520"-004; 
SNPL P0ISS TAB (16,SMPLESIZE,S,46,73,58); 
NU:= NU - 16 

"END"; 
"IF" NU>= 8 "THEN" 
"BEGIN" 

TAB[ 26]:= +2.6837010232201"-003; 
TAB[ 27]:= +3.0191636511226"-003; 
TAB[ 28]:= +1.3753967744003"-002; 
TAB[ 29]:= +4.2380111991685"-002; 
TAB[ 30]:= +9.9632400487048"-002; 
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TAB[ 31J:• +1.9123606207963"-001; 
TAB[ 32J:= +3.1337427753641"-001; 
TAB[ 33J:• +4.5296080948703"-001; 
TAB[ 34J:= +5.9254734143764"-001; 
TAB[ 35J:• +7.1662425872706"-001; 
TAB[ 36J:= +8.1588579255860"-001; 
TAB[ 37J:• +8.8807599898154"-001; 
TAB[ 38J:• +9.3620280326350"-001; 
TAB[ 39J:= +9.6581929820625"-001; 
TAB[ 40J:• +9.8274300960210"-001; 
TAB[ 41J:• +9.9176898901322"-001; 
TAB[ 42J:= +9.9628197871878"-001; 
TAB[ 43J:• +9.9840573858022"-001; 
TAB[ 44J:= +9.9934963185198"-001; 
TAB[ 45J:• +9.4389327175133"-004; 
SNPL POISS TAB (8,SANPLESIZE,S,26,45,34); 
NU:• NU - 8 

"END"; 
"IF" NU>= 4 "THEN" 
"BEGIN" 

TAB[ 12J:= +1.8315638888734"-002; 
TAB[ 13J:• +1.8315638888734"-002; 
TAB[ 14J:= +9.1578194443672"-002; 
TAB[ 15J:• +2.3810330555355"-001; 
TAB[ 16J:• +4.3347012036671"-001; 
TAB[ 17J:= +6.2883693517987"-001; 
TAB[ 18J:• +7.8513038703040"-001; 
TAB[ 19J:• +8.8932602159742"-001; 
TAB[ 20J:= +9.4886638420715"-001; 
TAB[ 21J:= +9.7863656551200"-001; 
TAB[ 22J:• +9.9186775720306"-001; 
TAB[ 23J:= +9.9716023387948"-001; 
TAB[ 24J:= +9.9908477085272"-001; 
TAB[ 25J:= +1.9245369732436"-003; 
SNPL POISS TAB (4,SANPLESIZE,S,12,25,17); 
NU:• NU - 4 

"END"; 
"IF" NU>= 2 "THEN" 
"BEGIN" 

TAB[ 1J:= +1.3533528323661"-001; 
TAB[ 2J:• +1.3533528323661"-001; 
TAB[ 3J:= +4.0600584970984"-001; 
TAB[ 4J:= +6.7667641618306"-001; 
TAB[ 5J:• +8.5712346049856"-001; 
TAB[ 6J:= +9.4734698265630"-001; 
TAB[ 7J:= +9.8343639151939"-001; 
TAB[ BJ:= +9.9546619447376"-001; 
TAB[ 9J:• +9.9890328103215"-001; 
TAB[ 10J:= +9.9976255267175"-001; 
TAB[ 11J:= +8.5927163959755"-004; 
SNPL POISS TAB (2,SANPLESIZE,S,1,11,4); NU:= NU - 2 

"END"; 
"IF" NU> 0 "THEN" SNPL POISS NUL ( NU,SANPLESIZE,S,U ); 

"END" RANDON POISTABSAN; 
"EOP" 
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5.2.7.4 Random Poissorsam 

TITLE:. 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 CLB:UBJ, 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: O<MU<7OO, LB, UB integers, UB>LB>O, and 0o;;;U<1. 

DATA AND RESULTS 
After a procedure call, SAMPLE[LB] <SAMPLE[LB+1] < .... ..; SAMPLE[UB] con
tain the sample. 
The call TEST RANDOM(41329, LB, UB, MU, u, o, 0) may yield the following 
error messages: 
Erromumber 1 

Erromumber 2 

(if the array segment SAMPLE[LB], ... ,SAMPLE[UB] is 
not declared in the main program) 
(if LB is not an integer >O} 
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Erromumber 3 
Errornumber 4 
Erromumber 5 

PROCEDURES USED 
ASELECT 
OPEN SCRATCH 
CLOSE SCRATCH 

LANGUAGE 

Algol 60 

(if UB is not an integer >LB) 
(if MU<O or MU>700} 
(if u <O or u;;..1) 

STATAL 41308 
STATAL OSCR 
STATAL CSCR 

MEnlOD AND PERFORMANCE 

5.2.7.4 

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 
[I]. C. van Putten, I. van der Tweel 

On generating random variables 
STATAL report 2, report SN 9/79 
Mathematical Centre, Amsterdam, 1979 

ExAMPLEOFUSE 

Program: 

"BEGIN" "INTEGER" I; "REAL" U; 
"INTEGER" "ARRAY" SAMPLEC1 : 10]; 
U:= .1986; 
RANDOM POISSORSAM(SAMPLE, 1, 10, 3, U); 
OUTPUT(61,"("10(ZD,2B),/")", SAMPLE) 

"END" 

Output: 

0 1 2 2 2 3 3 3 4 7 
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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("C"RANDOM POISSORSAM")", 1, LBS); 
"IF" UBS< UB "THEN" 
STATAL ERROR("("RANDOM POISSORSAM")", 1, UBS); 

SAMPLESIZE:= UB - LB+ 1; 
LNOBS:= LN(ASELECTCU)) / SAMPLESIZE; LNMU:= LNCMU); 
SCR:= OPEN SCRATCH("("SC41329")"); 
CUMPROBARG:= 1; SUMLNARG:= O; ARG:= O; ADDRESS:= 1; 
LNCUMPROBARG:= -MU;. 
"FOR" ARG:= ARG + 1 "WHILE" LNCUMPROBARG < LNOBS "DO" 
"BEGI.N" STORE ITEMCSCR, ADDRESS, LNCUMPROBARG); 

SUMLNARG:= SUMLNARG + LN(ARG); 
CUMPROBARG:=CUMPROBARG + EXP~LNMU * ARG - SUMLNARG); 
LNCUMPROBARG:= LN(CUMPROBARG) - MU; 

"END"; 
"IF" ARG = 1 "THEN" 
"BEGIN" 

"FOR" I:= LB "STEP" 1 "UNTIL" UB "DO" SAMPLEU]:= 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 OBS: 

"IF" LNOBS > LNCUMPROBARG "THEN" 
"BEGIN" SAMPLE[Il:= ARG; I:= I - 1; 

"IF" SAMPLESIZE = 1 "THEN" "GOTO" END PROC; 
SAMPLESIZE:= SAMPLESIZE - 1; 
LNOBS:= LNOBS + LN(ASELECT(U)) / SAMPLESIZE; 
"GOTO" NEXT OBS; 

"END"; 
"END"; 
"FOR" I:= I "STEP" -1 "UNTIL" LB "DO" SAMPLE[!]:= O; 

"END" "ELSE" 
"BEGIN" SAMPLE[UB]:= ARG:= ARG - 1; 

ADDRESS:= ADDRESS - 1; 
FETCH ITEM(SCR, ADDRESS, LNCUMPROBARG); 
ADDRESS:= ADDRESS - 2; 
I:= UB - 1; 
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"FOR" SANPLESIZE:= SAIIPLESIZE - 1 
"STEP" -1 "UNTIL" 1 "DO" 
"BEGIN" LNOBS:= LNOBS + LN<ASELECT(U)) / SAIIPLESIZE; 

NEXT CLASS: 
"IF" LNOBS > LNCUIIPROBARG "THEN" 
"BEGIN" SAIIPLECIJ:= AR&; I:= I - 1 "END" 
"ELSE" "IF" ARG = 1 "THEN" 
"BEGIN" "FOR" I:= I "STEP" -1 "UNTIL" LB "DO" 

SAIIPLECIJ := O; 
"GOTO" END PROC 

"END" "ELSE" 
"BEGIN" ARG:= ARG - 1; 

FETCH ITEll(SCR, ADDRESS, LNCUIIPROBARG); 
ADDRESS:= ADDRESS - 2; 
"GOTO" NEXT CLASS; 

"END" 
"END"; 

"END"; 
END PROC: RETURN(SCR); 
"END" RANDOii POIS SORSAII; 

"EOP" 
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5.2.7.5 Random Poishisto 

Tm.I!: Random Poisbisto 

Aumo1t: C. van Putten 

INSTITUTE: Mathematical Centre 

RECEIVED: 800401 

BIUEF 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.). 

KBYwOllDS 
Sorted random Poisson sample in histogram 

CALLING SEQUENCE 

Heading 
"PROCEDURE" RANDOM POISHI.STO (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: <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; 
K: <integer arithmetic expression>, size of the sample; 
SAMPLE: < integer array identifier> output parameter, integer array of 

dimension CLB:UBJ, which at exit contains the histogram; 
u: <real variable>, value used to generate a random number. 

After a call of RANDON POISHIST0, u contains a new value which is 
used in the next call of RANDON P0ISHIST0 unless the program 
assigns a new value to u. 

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

DATA AND llESULTS 
After a procedure call, SAMPLE CIJ contains the number of times the value I is 
observed in the sample, I=LB+1, ••• ,UB-1. SANPLE[LB] contains the number 
of times a value <LB is observed, and SAMPLECUBJ contains the number of 
times a value >UB is observed. 
The call TEST RANDOM(413Z8, LB, UB, K, MU, u, 0) may yield the following 
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error messages: 
Errornumber 2 
Erromumber 3 
Erromumber 4 
Erromumber 5 
Erromumber 6 

PllOCEDUlll!S USBD 
ASELECT 

LANGUAGE 
Algol 60 

(if LB is not an integer >O) 
(if ua is not an integer >LB) 

(if K is not an integer >0) 
{if NU<O or NU>700) 
(if U<O or U>1) 

STATAL 41308 

METHOD AND PERFORMANCE 
See v. Putten & v.d. Twee1 (1979). 

RBFmlBNCB 
[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 USB 

Program: 

"BEGIN" "INTEGER" I; "REAL" U; 
"INTEGER" "ARRAY" HIST1, HIST2[0: 9]; 
"FOR" I:.•O "STEP" 1 "UNTIL" 9 "DO" 
"BEGIN" HIST1Cil:• O; HIST2[Il:• 0 "END"; 
U:• .1986; 
RANDON POISHISTO(HIST1, 0, 9, 100, 3, U); 
U:• .1986; 
RANDON POISHISTO(HIST2, O, 6, 100, 3, U); 
"FOR" I:•0 "STEP" 1 "UNTIL" 9 "DO" 
OUTPUT(61,"("3(ZD,2B),/")", I, HIST1Cil, HIST2Cil) 

"END" 
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Output: 

0 4 4 
1 17 17 
2 21 21 
3 25 25 
4 16 16 
5 9 9 
6 7 8 
7 0 0 
8 0 .0 
9 1 0 

SoUllCE TEXT 

"CODE" 41328; 
"PROCEDURE" 
RANDON POIS HISTO(OBS, LB, UB, SANPLE SIZE, NU, U); 
"VALUE" LB, UB, SMPLE SIZE, NU; 
"INTEGER" LB, UB, SANPLE SIZE; 
"REAL" NU, U; "INTEGER" "ARRAY" OBS; 
"BEGIN" "INTEGER" AR&, NAXAR6, COUNTAR6, LB1; 

"REAL" LNNU, LNOBS, SUNLNARG, CUNPROBARG, LNCUNPROBAR6; 
"ARRAY" LNCUNPROB[LB + 1 : UB - 1J; 

LNOBS:• LN(ASELECT(U)) / SANPLE SIZE; LNNU:= LN(NU); 
CUNPROBARG:= 1; SUNLNARG:= O; 
"FOR" ARG:• 1 "STEP" 1 "UNTIL" LB "DO" 
"BEGIN" SUNLNAR6:= SUNLNAR6 + LNCAR6); 

CUNPROBARG:• CUNPROBARG + EXP(LNNU * AR& - SUNLNARG) 
"END"; 
ARG:= LB; LNCUNPROBAR6:• LN(CUNPROBAR6) - NU; 
"IF" LNCUNPROBAR6 >• LNOBS "THEN" 
"BEGIN" OBS[LBJ:= SANPLE SIZE; NAXAR6:= LB; 

"GOTO" END PROC 
"END"; 
"FOR" AR&:• AR&+ 1 
"WHILE" AR6 < UB "AND" LNCUNPROBARG < LNOBS "DO" 
"BEGIN" LNCUNPROBCARGJ:= LNCUNPROBAR6; 

SUNLNAR6:• SUNLNAR6 + LN(ARG); 
CUNPROBARG:•CUNPROBARG + EXP(LNNU * AR6 - SUNLNARG); 
LNCUNPROBAR6:= LN(CUNPROBAR6) - NU 

"END"; 
"IF" LNCUNPROBAR6 >= LNOBS "THEN" 
"BEGIN" AR&:• AR6 - 1; 

LNCUNPROBARG:= LNCUNPROB[AR6J 
"END"; 
NAXAR6:• ARG; 
"IF" SMPLE SIZE<= ARG - LB "THEN" 
"BEGIN" COUNTAR6:• 1; 

"FOR" SANPLE SIZE:= SANPLE SIZE - 1 
"STEP" -1 "UNTIL" 1 "DO" 
"BEGIN" LNOBS:•LNOBS + LN(ASELECT(U)) / SANPLE SIZE; 

NEXT CLASS: 
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"IF" LNOBS > LNCUMPROBARG ."THEN" 
COUNTARG:• COUNTARG + 1 

"ELSE" "IF" ARG •LB+ 1 "THEN" 
"BEGIN" OBSCARGJ:• COUNTARG; ARG:• LB; 

OBS[LB]:• SAMPLE SIZE; "GOTO" END PROC; 
"END" "ELSE" 
"BEGIN" OBSCARG]:= COUNTARG; COUNTARG:• O; 

ARG:• ARG - 1; 
LNCUMPROBARG:• LNCUMPROB[ARGJ; 
"GOTO" NEXT CLASS 

"END" 
"END"; 
OBS[ARGJ:• COUNTARG; 

"END" "ELSE" 
"BEGIN" "PROCEDURE" EXHAUST ARG; 

"BEGIN" COUNTARG:• O; 
NEXT OBS: "IF" LNOBS > LNCUMPROBARG "THEN" 

"BEGIN" COUNTARG:• COUNTARG + 1; 
"IF" SAMPLE SIZE• 1 "THEN" 
"BEGIN" OBSCARG]:• COUNTARG; 

"GOTO" END PROC 
"END"; 
SAMPLE SIZE:• SAMPLE SIZE - 1; 
LNOBS:•LNOBS + LN(ASELECT(U)) / SAMPLE SIZE; 
"GOTO" NEXT OBS; 

"END"; 
OBS[ARG]:• COUNTARG;

"END" EXHAUST ARG; 

"IF" ARG • UB "THEN" EXHAUST ARG; 
LB1:• LB+ 1; 
"FOR" ARG:• ARG - 1 "STEP" -1 "UNTIL" LB1 "DO" 
"BEGIN" LNCUMPROBARG:• LNCUMPROB[ARG]; 

EXHAUST ARG 
"END"; 
OBS[LBJ:• SAMPLE SIZE; 

"END"; 
END PROC: 

"FOR" ARG:• ARG - 1 "STEP" -1 "UNTIL" LB, 
MAXARG + 1 "STEP" 1 "UNTIL" UB 

"DO" OBSCARGJ :• O; 
"END" RANDOii 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 
[l ]. 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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TniE: . Random Unif 

AUTHOR: J.G. Bethlehem 

INSTITUTE: Mathematical Centre 

RllcEIVED: 750219 

BRIEF DESCRIPTION 

5.3.1.1 

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

KEYWORDS 
Random uniform number 

CALLING SEQUENCE 
Heading 
"REAL" "PROCEDURE" RANDON UNIF(A, B, U); 
"VALUE" A, B; 
"REAL" A,·a, U) 
"CODE" 41302; 
Formal parameters 
A: <arithmetic expression>, lower bound of the interval; 
a: <arithmetic expression>, upper bound of the interval; 
u: <real variable>, value used to generate a random number. 

After a call of RANDON UNI F, u contains a new value which is used in the 
next call of RANDON 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 RANDON UNIF. 
The call TEST RANDON(41302, A, B, u, o, o, 0) may yield the following error 
messages: 
Erromumber 2 
Erromumber 3 

PROCEDURES USED 
ASELECT 

LANGUAGE 
Algol 60 
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(if B<A) 
(if U<0 or U>1) 

STATAL 41308 



5.3.1.1 Random Unif 

MEmot> AND PERFORMANCE 

The generated value is equal to D * CB-AH A, 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, I. van der Tweel 
On generating random variables 
STATAL report 2, report SN 9/79 
Mathematical Centre, Amsterdam, 1979 

ExAMPLEOFUSE 

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)) 

"END" 

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; 

"EOP" 
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Tril.E: Random Norm 

AUTHOR.: J.G. Bethlehem 

INSTITUTE: Mathematical Centre 

REcmvm>: 750219 

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

KEYW'OR.DS 
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 >O and 0<U<1. 

DATA AND :RESULTS 
The generated value is assigned to the procedure identifier RANDOM NORM. 
The call TEST RANDOM(41303, MU, SIGMA, u,o, o, 0) may yield the following 
error messages: 
Erromumber 2 
Erromumber 3 

PROCEDURES USED 
ASELECT 
PHINV 
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(if U<0 or U>1} 

STATAL 41308 
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5.3.2.1 

LANGUAGE 
Algol 60 

METHOD AND PERFORMANCE 

Random Norm 

The generated value is equal to MU+SIGMA * PHINV (D), where PHINV is the 
inverse of the standard normal cumulative distribution function and D 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; 

R:= ASELECT(U); "IF" R = 1 "THEN" R:= ASELECT(U); 
RANDOM NORM:= MU+ SIGMA* PHINV(R); 

"END" RANDOM NORM; 
"EOP" 
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Tri'LE: · Random Binorm 

AUTHOR: E. Opperdoes 

INSTITUTE: Mathematical Centre 

REcmvm>: 760901 

BRIEF DESCRIPTION 
The procedure generates two random numbers having normal distributions 
with mean and standard deviation (NU1, SIGNA1 > and (NU2, SIGNA2), respec
tively, and with correlation RHO. 

KEYwORDS 
Random bivariate normal numbers 

CAILING SEQUENCE 
Heading 
"PROCEDURE" RANDON B.INORN (X1, X2, NU1, NU2, SIGNA1, SIGNA2, RHO, U); 
"VALUE" NU1, NU2, SIGNA1, SIGNA2, RHO; 
"REAL" NU1, NU2, SIGNA1, SIGNA2, 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; 
NU1: <arithmetic expression>, mean of the normal distribution of the 

first random number; 
NU2: <arithmetic expression>, mean of the normal distribution of the 

second random number; 
SIGNA1: <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 >O,-1,s;;RHO <1, and Ois;;U<1. 



5.3.2.2 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 
error messages: 
Errornumber 5 
Erromumber 6 
Errornumber 7 
Erromumber 8 

PROCEDURES USED 
ASELECT 

LANGUAGE 

Algol 60 

(if SI6MA1 <0) 
(if SI6MA2 <0) 
(if RHO <-1 or RH0>1) 
(if u<o or u;;;a,,1) 

STATAL 41308 

METHOD AND PERFORMANCE 

The random numbers X1 and X2 are generated by X1 =MU1 +SIGMA1 * V1 and 
X2=MU2+SI6MA2*(RHO+V1 +SQRT(1-RH02 >•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*tr*D) and V2=SQRT (-2•LN(D))• 
SIN( 2*tr*D), 
where D is a random number 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 

ExAMPLEOFUSE 

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(-ZD.6D,2B),/")", X1, X2) 
"END" 

"END" 
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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 

SoURCB TEXT 

"CODE" 41333; 
"PROCEDURE" 

7.769493 
8.832660 

10.874865 
9.569410 

10.832780 
11.194067 
10.402234 
10.304066 
11.159442 
10.193551 

RANDOM BINORMCX1, X2, MU1, MU2, SIGMA1, SIGMA2, RHO, U); 
"VALUE" MU1, MU2, SIGMA1, SIGMA2, RHO; 
"REAL" X1, X2, MU1, MU2, SIGMA1, SIGMA2, RHO, U; 
"BEGIN" "REAL" ANGLE, RADIUS, V1, V2; 

ANGLE:= 6.2831853071796 * ASELECT(U); 
RADIUS:= SQRTC-2 * LN(ASELECT(U))); 
V1:= RADIUS* SIN(ANGLE); V2:= RADIUS* COS(ANGLE); 
X1:= MU1 + SIGMA1 * V1; 
X2:= MU2 + SIGMA2 *(RHO* V1 + SQRT(1 - RHO* RHO) 

* V2); 
"END" RANDOM BINORM; 

"EOP" 
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5.3.2.3 

Tm.B: Random Multinom 

AUTHOR: E. Opperdoes 

INSTITIJTE: Mathematical Centre 

REcEIVED: 760901 

BRIEF DESCRIPTION 

Random Multinorm 

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. 

KBYwORDS 

Random multivariate normal sample 

CALUNG SEQUENCE 
Heading 
"PROCEDURE" RANDOM MULTI,.ORM (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 

tLB:UB, 1 :Nl 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 SAM

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 MUt1l, ••• ,MUtNl; 
SIGMA: <array identifier>, vector containing either the lower triangular 

part (diagonal included) of the covariance matrix, row by row, in 
SIGMA[1l, SI6MA[2], •• • , SIGMA[N •<N+1) / 2], 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 DECOMPOSED should be "FALSE". 
H SIGMA contains the result of a Choleski decomposition of the 
covariance marix then the value of DECOMPOSED should be "TRUE"; 

u: <real variable>, value used to generate a random number. After 
a call of RANDOM MULTI NORM, u contains a new value which is used 
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in the next call of RANDON NUL TI NORN unless the program assigns a 
new value to u. 

Conditions: LB, UB and N integers, LB E.; 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 
SANPLEU, 1l, ••• ,SANPLEU, Nl contains one drawing of the multivariate nor
mal distribution, I=LB, ••• ,UB. 
The call TEST RANDON(41309, LB, UB, N, u, 0, 0) may yield the following 
error messages: 
Erromumber 2 
Errornumber 3 
Erromumber 4 
Erromumber 8 

(if LB is not an integer) 
(if UB is not an integer ;;.Le) 
(if N is not an integer >O) 
(if u<o or u;;.1) 

In a call of RANDON NULTINORN 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 DECOM
POSED is "FALSE" is 10-14 . 

PROCEDURES USED 

VECVEC 
CHLDEC1 
STATAL3 ERROR 
ASELECT 
PHINV 

LANGUAGE 
Algol 60 

NUNAL 34010 
NUNAL 34311 
STATAL 40100 
STATAL 41308 
STATAL 41501 

METHOD AND PERFORMANCE 
H DECOMPOSED ="FALSE", a Choleski decomposition is performed on the 
covariance matrix SIGMA. This produces a lower triangular matrix Q such that 
SIGNA=QQ'. 
H DECOMPOSED ="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 i.i.d. normal 
samples with the matrix Q and adding this to the vector NU. 
See v. Putten & v.d. Tweel (1979). 
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5.3.2.3 

REFERENCE 
[1]. C. van Putten, I. van der Tweel 

On generating random variables 
STATAL report 2, report SN 9/79 
Mathematical Centre, Amsterdam, 1979 

ExAMPLEOFUSE 

Program:· 

"BEGIN" "REAL" "ARRAY" SAMPLE[1:10, 1:3J, MEAN[1:3J, 
COY[1:6J; "REAL" U; 
INARRAY(60, MEAN); 
INARRAY(60, COY); 
U:=.1986; 

RANDOM MULTINORM 
(SAMPLE, 1, 10, 3, MEAN, COY, "FALSE", U); 
OUTPUT(61, "("10(3(-2ZD.4D, 2B),I>")", SAMPLE) 

"END" 

Input: 

1.0 1.0 1.0 
1.0 
0.8 1.0 

-0.2 -0.5 1.0 

Output: 

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 

Random Multiilorm 
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Random Multinorm 

SoUitCE TEXI' 

"CODE" 41309; 
"PROCEDURE" RANDOM MULTINORM(SAMPLE, LOW, UPP, DIMENSION, 

MEAN VECTOR, COY DEC, DECOMPOSED, U); 
"VALUE" LOW, UPP, DIMENSION, MEAN VECTOR, DECOMPOSED; 
"ARRAY" SAMPLE, MEAN VECTOR, COY DEC; 
"INTEGER" LOW, UPP, DIMENSION; 
"BOOLEAN" DECOMPOSED; 
"REAL" U; 
"BEGIN" "INTEGER" SAMPLING, SHIFT, I; 

"REAL" RADIUS, ANGLE, TWO PI, UNIF01; 
"BOOLEAN" DIMENSION ODD; 
"ARRAY" AUX[2: 3], X[1 : DIMENSION]; 

"IF" "NOT" DECOMPOSED "THEN" 
"BEGIN" AUX[2]:= "-14; CHLDEC1(COV DEC, DIMENSION, AUX); 

"IF" AUX[3] "" DIMENSION "THEN" 
STATAL3 ERROR("("RANDOM MULTINORM")", 6, AUX[3]) 

"END"; 

"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 * LN(ASELECT(U))); 

ANGLE:= TWO PI* ASELECT(U); 
X[I - 1]:= RADIUS* SIN(ANGLE); 
X[Il:= RADIUS* COS(ANGLE) 

"END"; 
"IF" DIMENSION ODD "THEN" 
"BEGIN" UNIF01:= ASELECT(U); 

"IF" UNIF01 = 1 "THEN" UNIF01:= ASELECT(U); 
X[DIMENSION]:= PHINV(UNIF01) 

"END"; 

"COMMENT" COMPUTE THE REQUIRED MULTINORMAL SAMPLE; 
SHIFT:= O; 
"FOR" I:= 1 "STEP" 1 "UNTIL" DIMENSION "DO" 
"BEGIN" SAMPLE[SAMPLING, Il:= 

VECVEC(1, I, SHIFT, X, COY DEC)+ 

SHIFT:= SHIFT+ I 
"END" 

MEAN VECTORU]; 

"END" SAMPLING; 
"END" RANDOM·MULTINORM; 

"EOP" 
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5.3.3.1 Random Chisq 

Tm.E: . Random Cbisq 

AumoR.: C. van Putten 

INSTITUTE: Mathematical Centre 

RECEIVED: 810101 

BR.IEF 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" RANDON CHISQ CDF, 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 RANDON CHISQ, u contains a new value which is used in 
the next call of RANDON CHISQ unless the program assigns a new value to 
u. 

Conditions: DF integer >O, and O<U<1. 

DATA AND RESULTS 
The generated value is assigned to the procedure identifier RANDON CHISQ. 
The call TEST RANDON(41315, DF, u, o, o, o, 0) may yield the following error 
messages: 
Erromumber 1 
Erromumber 2 

PROCEDURES USED 
RANDON GAMMA 

LANGUAGE 
Algol 60 

(if DF is not an integer >O) 
(if u<o or u;;a,1) 

STATAL 41313 
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Random Chisq 5.3.3.1 

METHOD AND PERFORMANCE 
The generated value is equal to a random number having a gamma distribu
tion with parameters ALPHA=DF/2 and SIGNA=2. 
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,/")", RANDON 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 

SoUllCE TEXT 

"CODE" 41315; 
"REAL" "PROCEDURE" RANDON CHISQ(DF,U); 
"VALUE" DF; "REAL" U; "INTEGER" DF; 
RANDON CHISQ:= RANDON GANNA(DF / 2, 2, U); 

"EOP" 
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5.3.4.1 Random Exp 

Trru!: . . 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. 

KEYW'ORDS 
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 >O 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, o, o, 0) may yield the following 
error messages: 
Erromumber 1 
Erromumber 2 

PROCEDURES USED 
ASELECT 

LANGUAGE 
Algol 60 

(if LAMBDA -.;O} 
(if u<o or u;;;.1) 

STATAL 41308 
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Random Exp 5.3.4.1 

METHOD AND PERFORMANCE 

The generated value is equal to -LN<D>I LAMBDA, where Dis a random number 
which is uniformly distributed on the interval (0, 1 ]. 
See v. Putten & v.d. Tweel (1979). 

RllFBRBNCB 
[l ]. C. van Putten, I. van der Tweel 

On generating random variables 
STATAL report 2, report SN 9/79 
Mathematical Centre, Amsterdam, 1979 

E'xAMPLB OF USE 

Program: 

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

SoUllCB TEXT 

"CODE" 41304; 
"REAL" "PROCEDURE" RANDON EXP(LANBDA, U); "VALUE" LAMBDA; 
"REAL" LAMBDA, U; 
RANDON EXP:= -LN(ASELECT(U)) / LAMBDA; 

"EOP" 
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5.3.5.1 Random Logistic 

1iTLE: Random Logistic 

AumoR: 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~ . 

Conditions: SCALE>O, 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, o, 0, 0) may yield the following 
error messages: 
Erromumber 2 
Erromumber 3 

PROCEDURES USED 
ASELECT 

LANGUAGE 

Algol 60 

(if SCALE <0} 
(if u<o or u;;.o) 

STATAL 41308 
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Random Logistic 5.3.5.1 

M:JmlOD AND PERFORMANCE 

The generated value is equal to LOC-SCALE*LN(1/D-1 ), when D is a random 
number which is uniformly distributed on (1,0). 
See v. Putten & v.d. Tweel (1979). 

REFERENCE 

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

ExAMPLEOFUSE 

Program: 

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

RANDON 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 

SoURCB TEXT 

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

V:=ASELECT(U); "IF" V = 1 "THEN" V:= ASELECT(U); 
RANDON LOGISTIC:= LOC - SCALE* LN (1 / V - 1) 

"END" RANDON LOGISTIC; 
"EOP" 
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5.3.6.1 Random Gamma 

Random Gamma 

AumoR: C. van Putten 

INSTITUTE: Mathematical Centre 

REcmvEo: 810101 

BRIEF DESCRIPTION 

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

K.EYwORDS 
Random gamma number 

CALLING SEQUENCE 

Heading 
"REAL" "PROCEDURE" RANDOM GAMMA <ALPHA, SIGMA, U); 
"VALUE" ALPHA, SIGMA; 
"REAL" ALPHA, SIGMA, U; . 
"CODE" 41:513; 
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 >O, and 0,s;;;U<1. 

DATA AND RESULTS 
The generated value is assigned to the procedure identifier RANDOM GAMMA. 
The call TEST RANDOM(41313, ALPHA, SIGMA, u, o, o, 0) may yield the follow
ing error messages: 
Erromumber I 
Erromumber 2 
Erromumber 3 

PROCEDURES USED 
ASELECT 

(if ALPHA,;;;O} 
(if SCALE <0) 
(if U<0 or u;..1) 

STATAL 41308 
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Random Gamma 

LANGUAGE 

Algol 60 

METHOD AND PERFORMANCE 

The random number is generated according to the rejection method. 
See v. Putten & v.d. Tweet (1979). 

REFERENCE 
(1 ]. C. van Putten, I. van der Tweet 

· 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,/")", RANDON GANNA(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" RANDON GANNA(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); 

V1:= U1 ** (1 / ALPHA); 

500 

V2:= U2 ** (1 / (1 - ALPHA)); 
W:= V1 + V2; 
"IF" W > 1 "THEN" "GOTO" NEXT1 "ELSE" Y:= V1 / W; 
RANDON GANNA:= -LN(ASELECT(U)) * Y * SIGMA 

"END" "ELSE" 
"BEGIN" "REAL" A, B, C, U1, U2, V, X; 

5.3.6.1 



5.3.6.1 Random Gamma 

A:= 1 / SQRT(ALPHA * 2 - 1); B:= ALPHA - LN(4); 
C:= ALPHA+ SQRT(ALPHA * 2 - 1); 

NEXT2: U1:= ASELECT(U); U2:= ASELECT(U); 
"IF" U2 = 1 "THEN" U2:= ASELECT(U); 
V:= A* LN(U2 / (1 - U2)); X:= ALPHA* EXP(V); 
"IF" B + C * V - X < LN(U1 * U2 * U2) "THEN" 

"GOTO" NEXT2 
"ELSE" RANDOM GAMMA:= X * SIGMA 

"END" 

"END" RANDOM GAMMA; 
"EOP" 
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Random Beta 

TiTLE: . Random Beta 

AUlHOR: c. van Putten 

INSTITUTE: Mathematical Centre 

RECEIVED: 810101 

BRIEF DESCRIPTION 

5.3.7.1 

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

Kl!YwORDS 

Random beta number 

CALUNG SEQUENCE 

Heading 
"REAL" "PROCEDURE" RANDON BETA (ALPHA1, ALPHA2, U); 
"VALUE" ALPHA1, ALPt!A2; 
"REAL" ALPHA1~ ALPHA2, U; 
"CODE" 41314; 
Formal parameters 
ALPHA1: <arithmetic expression>, first shape parameter of the beta dis

tribution; 
ALPffA2: <arithmetic expression>, second shape parameter of the beta 

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

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

Conditions: ALPHA 1, ALPHA2>0 and 0<U<1. 

DATA AND RESULTS 
The generated value is assigned to the procedure identifier RANDON BETA. 
The call TEST RANDON(41314, ALPHA1, ALPHA2, u, o, o, 0) may yield the fol
lowing error messages: 
Erromumber 1 
Erromumber 2 
Errornumber 3 

PROCEDURES USED 
ASELECT 
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(if ALPHA1 <0) 
(if ALPHA2 <0) 
(if u<o or u;;;.1) 

STATAL 41308 



5.3.7.1 

LANGUAGE 
Algol 60 

METHOD AND PERFORMANCE 
The generated value is equal to 
CD1*1/ALPHA1)/(D1••1/ALPHA1+D2**1/ALPHA2), 

Random Beta 

where (D1, D2) is the first pair, in a sequence of random numbers uniformly 
distributed on CO, 1 J, such that D1 **1 / ALPHA 1 + D2 **1 / ALPHA2 ,s;;; 1. 
See v. Putten & v.d. Tweel (1979). 

REFERENCE 
[l ). C. van Putten, I. van der Tweel 

On generating random variables 
STATAL report 2, report SN 9/79 
Mathematical Centre, Amsterdam, 1979 

ExAMPLEOFUSE 

Program: 

"BEGIN" "INTEGER" I; "REAL" U; 
U:= .1986; 
"FOR" I:= 1 "STEP" 1 "UNTIL" 10 "DO" 
OUTPUTC61, "C"2ZD.6D,/")", RANDOM BETAC5, 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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Random Beta 

SOURCE TEXT 

"CODE" 41314; 
"REAL" "PROCEDURE" RANDON 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); 
V1:= U1 ** (1 / ALPHA1); V2:= U2 ** (1 / ALPHA2); 
W:= V1 + V2; 

. "IF" W > 1 "THEN" "GOTO" NEXT 
"ELSE" RANDON BETA:= V1 / W; 

"END" RANDON BETA; 
"EOP" 
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5.3.8.1 

Tm.E: Random Cauchy 

AUTHOR: c. van Putten. 

INSTITUTE: Mathematical Centre 

RECEIVED: 810101 

BRIEF DESCRIPTION 

Random Cauchy 

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

KfilrwORDS 

Random Cauchy number 

CALLING SEQUENCE 

Heading 
"REAL" "PROCEDURE" RANDOM CAUCHY (LOC, SCALE, U); 
"VALUE" 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>O, 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, o, o, O) may yield the following error 
messages: 
Erromumber 2 
Erromumber 3 

PROCEDURES USED 
ASELECT 

LANGUAGE 
Algol 60 

(if SCALE oe;;O) 
(if U<O or U>1) 

STATAL 41308 
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Random Cauchy 5.3.8.1 

METHOD AND PERFORMANCE 
The generated value is equal to LOC-SCALE* COS(w*D)/SIN(w*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 

ExAMPLEOFUSE 

Program: 

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

"END" 

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" 
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5.3.9.1 Random Weibull 

Tm.E: .· Random Weibull 

AUTHOR: c. van Putten 

INSTITUTE: Mathematical Centre 

RllcEIVED: 810101 

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

KEYW'ORDS 

Random Weibull number 

CALLING SEQUENCE 

Heading 
"REAL" "PROCEDURE" RANDON WEIBULL (LOC, SCALE, ALPHA, U); 
"VALUE" LOC, SCALE, ALPH~; 
"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 RANDON WEIBULL, u contains a new value which is used in 
the next call of RANDON WEIBULL unless the program assigns a new value 
to u. 

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

DATA AND RESULTS 
The generated values is assigned to the procedure identifier RANDON WEIBULL. 
The call TEST RANDON(41319, LOC, SCALE, ALPHA, u, o, 0) may yield the fol
lowing error messages: 
Erromumber 2 
Erromumber 3 
Errronumber 4 

PROCEDURES USED 
ASELECT 

(if SCALE <0) 
(if ALPHA <0) 
(if u<o or u ;;;.1) 

STATAL 41308 
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Random Weibull 

LANGUAGE 

Algol 60 

METHOD AND PERFORMANCE 

5.3.9.1 

The generated value is equal to LOC + SCALE•CC-LN(D)) **(1/ALPHA)) where 
Dis a random.number which is uniformly distributed on co, 1l. 
See v. Putten & v.d. Tweel (1979). 

REFilRBNCB 
[I). C. van Putten, I. van der Tweel 

On generating random variables 
STATAL report 2, report SN 9/79 
Mathematical Centre, Amsterdam, 1979 

ExAMPLB OF USE 

Program: 

"BEGIN" "INTEGER" I; "REAL" U; 
U:= .1986; 
"FOR" I:= 1 "STEP" 1 "UNTIL" 10 "DO" 
OUTPUT(61, 11 ( 11-ZD.6D,/11 ) 11 , 

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 WEIBULLCLOC, SCALE, ALPHA, U); 
"VALUE" LOC, SCALE, ALPHA; "REAL" LOC, SCALE, ALPHA, U; 
RANDOM WEIBULL:= 

LOC +SCALE* (-LN(ASELECT(U))) ** (1 / ALPHA); 
"EOP" 
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5.3.10.1 Random Laplace 

Tm.E: Random Laplace 

AUTHOR: c. van Putten 

INSTITU1E: mathematical Centre 

RECEIVED: 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" RANDOIII LAPLACE (LOC, SCALE, U); 
"VALUE LOC, SCALE; 
"REAL" LOI;, 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 > 0 and O =e;;; u < 1 

DATA AND RESULTS 
The generated value is assigned to the procedure identifier RANDOM LAPLACE. 
The call TEST RANDOM(41320, LOC, SCALE, u, o, o, 0) may yield the following 
error messages: 
Erromumber 2 
Erromumber 3 

PROCEDURES USED 
ASELECT 

(if SCALE E;;; 0) 
(if u < 0 or u ~ 1) 

STATAL 41308 

509 



Random Laplace 

LANGUAGE 
Algol 60 

METHOD AND PERFORMANCE 

5.3.10.1 

The generated value is equal to LOC+SCALE*LNC2•D> when D < 1 /2, and equals 
LOC-SCALE*LNC2•<1-D)) when D > 1/2, where Dis 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 

ExAMPLEOFUSE 

Program: 

"BEGIN" "INTEGER" I; "REAL" U; 
U:= .1986; . 
"FOR" I:= 1 "STEP" 1 "UNTIL" 10 "DO" 
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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5.3.11.1 Random Gumbel 

Tm.E: Random Gumbel 

AUTHOR: c. van Putten 

INSTITUTE: Mathematical Centre 

REcEIVED: 810101 

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" RANDON GUMBEL (LOC, SCALE, U); 
"VALUE" 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 RANDON GUMBEL, u contains a new value which is used in 
the next call of RANDON GUMBEL unless the program assigns a new value to 
u. 

Conditions: SCALE > 0 and 0 =i;;; u < 1. 

DATA AND RESULTS 
The generated value is assigned to the procedure identifier RANDON GUMBEL. 
The call TEST RANDON(41321, LOC, SCALE, u, 0, o, 0) may yield the following 
error messages: 
Erromumber 2 
Erromumber 3 

PROCEDURES USED 
ASELECT 

LANGUAGE 
Algol 60 

(if SCALE ,s;;; 0) 
(if u < 0 or u ;;;.,, 1) 

STATAL 41308 
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MBIHOD AND PERFORMANCE 
The generated value is equal to LOC*SCALE+LN(-LN<D», where Dis a random 
number which is uniformly distributed in <O, 1J. See v. Putten & v.d. Twee!. 

REFERENCE 
[I]. C. van Putten, I. van der Twee! 

On generating random variables 
STATAL report 2, report SN 9/79 
Mathematical Centre, Amsterdam, 1979 

ExAMPLE OF USE 

Program: 

"BE6IN" "INTEGER" I; "REAL" U; 
U:= .1986; 
"FOR" I:= 1 "STEP" 1 "UNTIL" 10 "DO" 
OUTPUT(61, "("-2ZD.6D,/")", 

RANDOM GUMBEL(O, 1, U)); 
"END" 

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. CDC-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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Triu!: . Tabulate 

AUTHOR.: H. Elffers 

INSTITUTE: Mathematical Centre 

REcmvm: 740130 

BR.IEF DESCR.IPTION 
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: <string>, identifying text, heading of the table; 
F: <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, PRECPOST> 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: 
<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, Y the second 
argument; 

TEXTX: <string>, label for the first argument; 
TEXTY: <string>, label for the second argument; 
CHN: <integer arithmetic expression>, channel number via which the 

output is written to file; 
LINES: <integer arithmetic expression>, number of lines per page; 
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POS: <integer arithmetic expression>, number of positions per line; 

CALLING SEQUENCE F 
Heading 
"REAL" "PROCEDURE" F(X, Y); 
"VALUE" X, Y; "REALII X, Y; 
Formal parameters 
x: <arithmetic expression>, first argument; 
Y: <arithmetic expression>, second argument. 

DATA AND RESULTS 
TABULATE generates a table of values of the function FCX, 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: 
Erromumber I (if, given length of text, there is no room for LINES 

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

PROCEDURES USED 
STATAL3 ERROR 

LANGUAGE 
Algol 60 

.on channel CHN) 
(if PRER <O) 
(if POSTR <O) 
(if PRER+POSTR=O or PRER+POSTR >24) 
(if STEPY=O) -

(if SIGN ({UPPY-LOWY)*STEPY><O) 
(if PREY+ POSTY >24) 
(if STEPX=O) 
(if SIGN( (UPPX-LOWX)*STEPX)<O) 
(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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Ex:AMPLE OF USE 

Program: 

"BEGIN" "REAL" "PROCEDURE" F(X,Y>; 
"VALUE" X,Y; "REAL" X,Y; 
F:= 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 I 
Y-VALUEI--------=------=----------=----------I 
-1.0 I 0.00 0.64 0.96 0.96 0.64 0.00 I 
-0.6 I -0.64 0.00 0.32 0.32 0.00 -0.64 I 
-0.2 I -0.96 -0.32 0.00 -0.00 -0.32 -0.96 I 
0.2 I -0.96 -0.32 0.00 0.00 -0.32 -0.96 I 
0.6 I -0.64 0.00 0.32 0.32 0.00 -0.64 I 
1.0 I 0.00 0.64 0.96 0.96 0.64 0.00 I 

============================================== 
============================================== 

SoUllCE TEXT 

"CODE" 40200; 
"PROCEDURE" TABULATE(NAIN TEXT,FUNCTION,PRE R,POST R, 

FRON V,WITH V,TO V,PRE V,POST V,TEXT V, 
FRON H,WITH H,TO H,PRE H,POST H,TEXT H, 

CHANNEL,NUNBER OF LINES,NUNBER OF POSITIONS); 
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"VALUE" PRE R,POST R,FRON V,WITH V,TO V,PRE V,POST V, 
FRON H,WITH H,TO H,PRE H,POST H, 
CHANNEL,NUNBER OF LINES,NUNBER 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,NUNBER OF LINES,NUNBER OF POSITIONS; 
"REAL" FRON V,WITH V,TO V,FRON H,WITH H,TO H; 
"COMMENT" PROVISIONAL VERSION, NOTHING IS GUARANTEED; 
"COMMENT" USERS COMMENT SEE DESCRIPTION; 
"CONNENT" SUFFIX V STANDS FOR VERTICAL ARGUNENT, 

H HORIZONTAL ARGUNENT, 
R RESULT, 
L LENGTH, 

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

6.1 



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=O 
"THEN" FORMAT("("*,N,//,XB,N,11 ( 11 : 11 ) 11 ,XCXB-XZD), 

B, "("I")",/")", 
TEXTHBLANK,NUMBER OF COLUMNS,ARGHBLANK,PREH-1) 

"ELSE" FORMAT("("*,N,//,XB,N,11 ( 11 : 11 ) 11,X(XB-XZD.XD), 
B,"("I")",/")",TEXTHBLANK,NUMBER OF COLUMNS, 
ARGHBLANK,PREH-1,POST H); 

"PROCEDURE" ARG V LAYOUT; 
"IF" POST V = 0 
"THEN" FORMAT("("/,XB-XZDXB,"("I")"")", 

LEFTARGVBLANK,PRE V-1,RIGHTARGVBLANK) 
"ELSE" FORMAT("("/,XB-XZD.XDXB,"("I")"")", 

LEFTARGVBLANK,PRE V-1,POST V,RIGHTARG V BLANK); 

"PROCEDURE" TEXT V LAYOUT; 
FORMAT("( "XB,N,XB, "("I")" ,X(N), "-("I")"")", 

LEFTTEXTVBLANK,RIGHTTEXTVBLANK, 
ACTUAL LENGTH-LEFTCOLUMNL-2); 

"PROCEDURE" TEXT V LISTCITEM);"PROCEDURE" ITEM; 
"BEGIN""INTEGER" POS; 

ITEMCTEXT V); 
"FOR" POS:= LEFTCOLUMNL+3 "STEP" 1 
"UNTIL" ACTUAL LENGTH "DO" 
ITEM("("=")"); 

"END" TEXT V LIST; 

"PROCEDURE" RESULT OVERFLOWCRESULT>; 
"VALUE" RESULT; "REAL" RESULT; 
"BEGIN" OUTPUT(CHANNEL,"C"//, 

"("RESULT DOES NOT FIT IN GIVEN FORMAT, RESULT=")" 
,N,JJ, 
"("* THE PROCEDURE TABULATE IS LEFT HERE*")", 
///")", RESULT>; 
"GOTO" EXIT TABULATE; 

"END" RESULT OVERFLOW; 

"PROCEDURE" RESULT LAYOUT; 
"IF" POST R=O 
"THEN" FORMAT("( "XCXB-XZD) ,B, "("I")'"')", 

NUMBER OF COLUMNS,RESULTBLANK,PRE R-1) 
"ELSE" FORMATC"C"XCXB-XZD.XD),B,"("I")"")", 

NUMBER OF COLUMNS,RESULTBLANK,PRE R-1,POST R); 
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"PROCEDURE" UNDERLINE LAYOUT; 
FORIIAT("("/,X(N),/")",ACTUAL LENGTH); 

"PROCEDURE" UNDERLINE LIST(ITEM);"PROCEDURE" ITEM; 
"BEGIN" "INTEGER" POS; 

"FOR" POS:= 1 "STEP" 1 "UNTIL" ACTUAL LENGTH "DO" 
ITEM("("=")"); 

"END" UNDERLINE LIST; 

·"PROCEDURE" GROUP OF COLUIINS(FIRST H,LAST H); 
"VALUE" FIRST H,LAST H; "INTEGER" FIRST H,LAST H; 
"BEGIN""INTE6ER" FIRST V,LAST V; 

"PROCEDURE" TEXT AND H LIST(ITEM); "PROCEDURE" ITEM; 
"BEGIN""INTE&ER" RUN H; 

ITEM(IIAIN TEXT); ITEM(TEXT H); 
"FOR" RUN H:= FIRST H "STEP" 1 "UNTIL" LAST H 
"DO" 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" AR& V LISTCITEM); "PROCEDURE" ITEM; 
ITEM(WITH V•RUN V+FROM V); 

"PROCEDURE" RESULT LIST(ITEM); "PROCEDURE" ITEM; 
"BE6IN""INTEGER" RUN H; 

"REAL" RESULT; 
"FOR" RUN H:= FIRST H "STEP" 1 
"UNTIL" LAST H "DO" 
"BEGIN" RESULT:= 

FUNCTION(RUN 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; 

OUTLIST(CHANNEL,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 
"DO" 
"BEGIN" 

OUTLIST(CHANNEL,ARG V LAYOUT,ARG V LIST); 
OUTLISTCCHANNEL,RESULTLAYOUT,RESULT LIST); 

"END"; 

OUTLIST(CHANNEL,UNDERLINE LAYOUT, 
UNDERLINE LIST); 
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· "END" 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" PREDIGITSCA,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; 
"SEGIN'"'INTEGER" I; I:= 0; 

"FOR" A:= A, A* 10 "WHILE" I< 14 "DO" 
"IF" ABSCA - ENTIER(A)) < "-13 
"THEN" "GOTO" EXIT LOOP 
"ELSE" I:= I+ 1; 

EXIT LOOP: 
POSTDIGITS:= I; 

"END" POSTDIGITS; 

"INTEGER" "PROCEDURE" MAXCA,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" 
"ELSE" 
"BEGIN" "IF" POST< POSTNEED 

"THEN" MESSAGE(4+ERROR, POSTNEED); 
"IF" POST< 0 "THEN" POST:= O; 
"IF" PRE< PRENEED "THEN" 
"BEGIN" MESSAGE(S + ERROR, PRE); 
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PRE:= PRENEED 
"END"; 

"END"; 

CHECK ON NAXINUN FORMAT: 
"IF" PRE+ POST> 24 "THEN" 
"BEGIN" "IF" PRE> PRENEED ! POST> POSTNEED "THEN" 

''BEGIN" NESSAGE(ERROR + 21, PRE + POST); 
PRE:= PRENEED; 
"IF" POSTNEED < POST "THEN" POST:=POSTNEED; 

"END"; 
"IF" PRE+ POST> 24 "THEN" 

NESSAGE(ERROR+22, PRE+ POST); 
"END"; 

"END" INFER FORMAT; 

"PROCEDURE" NESSAGE(NUNBER,SCAPEGOAT>; 
"VALUE" NUNBER,SCAPEGOAT; 

"INTEGER" NUNBER,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 FATALCTEXT,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 FRON PROCEDURE TABULATE,")", 
"(" CALLED WITH NAINTEXT: ")",N,"(" *")"")", 

NAINTEXT>; 
NO ERRORS:= "FALSE"; 

"END"; 

"GOTO" ERRORCNUNBERl; 

E1: STATAL3 ERROR("("TABULATE")", 3, SCAPEGOAT); 
E2: STATAL3 ERROR("("TABULATE")", 4, SCAPEGOAT); 
E3: STATAL3 ERROR("("TABULATE")", 5, SCAPEGOAT>; 
E4: NON FATAL("("INFORNATION LOST BEHIND CONNA, 

NEEDED POST V =")", "TRUE"); 
E5: NON FATAL("("PRE VIS TOO SMALL, PRE V =")", 

"TRUE"); 
E6: NON FATAL( 

"("INFORMATION LOST BEHIND CONNA, NEEDED POST H =")" 
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,"TRUE"); 
E7: NON FATAL("("PRE HIS TOO SMALL, PRE H =")", 

"TRUE"); 
ES: STATAL3 ERROR("("TABULATE")", 19, SCAPEGOAT); 
E9: NON FATAL< 

"("VERTICAL RANGE TRUNCATED ON INTEGER CODING")", 
II FALSE"); 

E10: NON FATAL< 
"("HORIZONTAL RANGE TRUNCATED ON INTEGER CODING")", 

"FALSE"); 
E11: STATAL3 ERROR("("TABULATE")", 6, SCAPEGOAT); 
E12: STATAL3 ERROR("("TABULATE")", 12, SCAPEGOAT); 
E13: STATAL3 ERROR("("TABULATE")", 7, SCAPEGOAT>; 
E14: STATAL3 ERROR("("TABULATE")", 13, SCAPEGOAT>; 
E15: STATAL3 ERROR("("TABULATE")", 1, SCAPEGOAT>; 
E16: NON FATAL< 

"("TOO GREAT NUMBER OF LINES=")", "TRUE"); 
E17: STATAL3 ERROR("("TABULATE")", 18, SCAPEGOAT>; 
E18: NON FATAL( 

"("TOO GREAT NUMBER OF POSITIONS=")", 
"TRUE"); 

E19: NON FATALC"("TOO GREAT NUMBER OF COLUMNS ASKED:")" 
,"TRUE");· 

E20: STATAL3 ERROR("("TABULATE".)", 20, SCAPEGOAT>; 
E21: NON FATAL< 

"("SPECIFIED/INFERRED PRE V+POST V > 24, PRE V+POST V =")" 
,"TRUE"); -

E22: STATAL3 ERROR("("TABULATE")", 8, SCAPEGOAT>; 
E23: NON FATAL( 

"("SPECIFIED/INFERRED PRE H+POST H > 24, PRE V+POST V =")" 
,"TRUE"); 

E24: STATAL3 ERROR("("TABULATE")", 14, SCAPEGOAT>; 
E25: STATAL3 ERROR("("TABULATE")", 17, SCAPEGOAT>; 

EXIT MESSAGE: 

"END" MESSAGE; 

"BOOLEAN" NO ERRORS; 

INITIALIZE: 
NO ERRORS:= "TRUE"; 

HANDLING OF FORMAT PARAMETERS: 
"IF" PRE R + POST R = 0 "THEN" NESSAGE(3,0); 
"IF" PRE R < 0 "THEN" NESSAGE(1,PRE R) "ELSE" 
"IF" PRE R = 0 "THEN" PRE R := 1; 
"IF" POST R < 0 "THEN" NESSAGE(2,POST R); 
"IF" PRE R + POST R > 24 
"THEN" NESSAGE(3, PRE R + POST R); 
MAX RESULT:= 10 ** PRE R - .5 * 10 ** (-POST R); 
INFER FORNAT(PRE V, POST V, FRON V, WITH V, TO V, 0); 
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. INFER FORNAT(PRE H, POST H, FRON H, WITH H, TO H, 2); 

CHECK OF RANGE PARANETERS: 
"IF" WITH V = 0 "THEN" NESSAGE (11,0); 
"IF" WITH H = 0 "THEN" NESSAGE(12,0); 
"IF" (TO V - FRON V) * WITH V < 0 "THEN" NESSAGE(13,0); 
"IF" (TOH - FRON H) * WITH H < 0 "THEN" NESSAGE(14,0); 

PREPARATION OF LAYOUT: 

CHECK OF SIZE PARANETERS: 
"IF" CHANNEL<= 0 "OR" CHANNEL= 60 
"THEN" NESSAGE(25,CHANNEL); 
NUNBER OF COLUNNS:= O; 
SYSPARAN(CHANNEL,5,LOCAL); 
"IF" LOCAL= 0 "THEN" 
"BEGIN" NESSAGE(8, CHANNEL); LOCAL:= 135 "END" "ELSE" 
LOCAL:= LOCAL - 1; 
"IF" NUNBER OF POSITIONS= 0 "THEN" 

NUNBER OF POSITIONS:= LOCAL 
"ELSE" 
"IF" NUNBER OF POSITIONS< 0 "THEN" 
"BEGIN" NUNBER OF COLUNNS:= - NUNBER OF POSITIONS; 

NUNBER OF POSITIONS:= LOCAL; 
"END" 
"ELSE" 
"IF" NUMBER OF POSITIONS> LOCAL "THEN" 
"BEGIN" NESSAGE(18,NUNBER OF POSITIONS); 

NUNBER OF POSITIONS:= LOCAL; 
"END"; 

SYSPARAM(CHANNEL, 7, LOCAL); 
"IF" LOCAL= 0 "THEN" 
"BEGIN" NESSAGE(17, CHANNEL>; LOCAL:= 60 "END"; 
LOCAL:= LOCAL+ 

ENTIER(-CHLENGTH(NAIN TEXT)/NUNBER OF POSITIONS)-5; 
"IF" LOCAL< 1 "THEN" NESSAGE(15,0); 
"IF" NUNBER OF LINES< 1 "THEN" NUNBER OF LINES:= LOCAL 
"ELSE" "IF" NUMBER OF LINES> LOCAL & LOCAL> 0 "THEN" 
"BEGIN" NESSAGE(16, NUMBER OF LINES); 

NUNBER OF LINES:= LOCAL; 
"END"; 

EQUALIZING TEXT AND NUNBER FORMATS IN LEFT COLUNN: 
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LEFTCOLUNNL:= TEXTHL:= CHLENGTH(TEXT H); 
TEXTVL:= CHLENGTH(TEXT V); 
"IF" TEXT VL > LEFTCOLUNNL "THEN" LEFTCOLUNNL:= TEXT VL; 
ARGVL:= ("IF" POST V = 0 "THEN" 1 "ELSE" POST V + 2) 

+ PRE V; 
"IF" ARGVl >= LEFTCOLUNNL "THEN" LEFTCOLUMNL:= ARGVL+1; 
RIGHTARGVBLANK:= LEFTCOLUNNL - ARGVL; 
LEFTARGVBLANK:= RIGHTARGVBLANK "DIV" 2; 
RIGHTARGVBLANK:= RIGHTARGVBLANK - LEFTARGVBLANK; 

6.1 



6.1 

TEXTHBLANK:= LEFTCOLUNNL - TEXTHL; 
RIGHTTEXTVBLANK:= LEFTCOLUNNL - TEXTVL; 
LEFTTEXTVBLANK:= RIGHTTEXTVBLANK "DIV" 2; 
RIGHTTEXTVBLANK:= RIGHTTEXTVBLANK - LEFTTEXTVBLANK; 

EQUALIZING NUMBER FORMATS IN OTHER COLUMNS: 
COLUNNL:= 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 > COLUNNL "THEN" COLUNNL:= RESULTL; 
ARGHBLANK:= COLUNNL - ARGHL + 1; 
RESULTBLANK:= COLUNNL - RESULTL + 1; 

DETERMINING OVERALL LENGTH: 
"IF" NUMBER OF COLUMNS= 0 "THEN" 
NUMBER OF COLUMNS:= 
(NUMBER OF POSITIONS - 3 - LEFTCOLUNNL) "DIV" COLUNNL; 
"IF" NUMBER OF COLUMNS= 0 "THEN" 
NESSAGE(2O,NUNBER OF POSITIONS); 
ACTUAL LENGTH:= 
NUMBER OF COLUMNS* COLUNNL + LEFTCOLUNNL + 3; 
"IF" ACTUAL LENGTH> .NUMBER OF POSITIONS 
& NUMBER OF COLUMNS> 0 "THEN" 
"BEGIN" NESSAGE(19, NUMBER OF COLUMNS); 

NUMBER OF POSITIONS:= 0; 
"GOTO" CHECK OF SIZE PARAMETERS; 

"END"; 

INTEGER CODING OF RANGE: 
"IF" WITH H = 0 ! WITH V • 0 "THEN" 
"GOTO" FINISHING OF ERROR CHECKS; 
ITOV:= ENTIER((TO V - FRON V)/WITH V); 
"IF" FRON V + ITOV * WITH V ,_ TO V "THEN" MESSAGE( 9, O); 
ITOH:= ENTIER((TO H - FRON H)/WITH H); 
"IF" FRON H + ITOH * WITH H ,_ TO H "THEN" NESSAGE(10, 0); 

FINISHING OF ERROR CHECKS: 
"IF"" NO ERRORS "THEN" 
"BEGIN" LOCAL:= ACTUAL LENGTH; 

OUTPUT(CHANNEL,"("///, 
"("TABLE IS PRODUCED WITH THE")", 
"("(POSSIBLY CHANGED) PARAMETERS:")" 
,I,"(" PRE V :")",B9ZD,/ 
,"(" POST V :")",B9ZD,/ 
,"(" PRE H :")",B9ZD,/ 
,"(" POST H :")",B9ZD,/ 
,"(" NUMBER OF LINES :")",B9ZD,/ 
,"(" NUMBER OF POSITIONS:")",B9ZD,/")", 
PRE V,POST V, PRE H,POST H,NUNBER OF LINES, 
NUMBER OF POSITIONS); 
ACTUAL LENGTH:= NUMBER OF POSITIONS; 
OUTLIST(CHANNEL,UNDERLINE LAYOUT,UNDERLINE LIST); 
ACTUAL LENGTH:= LOCAL; 

Tabulate 
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"END"; 

PRODUCTION OF TABLE: 
LAST H:= -1; 
"FOR" FIRST H:= LASTH + 1 "WHILE" FIRST H <= ITOH "DO" 
"BEGIN" LASTH:= LASTH + NUNBER OF COLUMNS; 

"IF" LASTH > ITOH "THEN" 
"BEGIN" LASTH:= ITOH; 

NUNBER OF COLUMNS:= LAST H - FIRST H + 1; 
ACTUAL LENGTH:= 
NUNBER 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> 0 "THEN" SYSPARAM(CHANNEL,4,LOCAL-1) "ELSE" 

OUTPUT(CHANNEL,"("///11 )"); 

SYSPARAM(CHANNEL,5,LOCAL); 
"IF" LOCAL> 0 "THEN" SYSPARAM(CHANNEL,2,LOCAL-1); 

"END" TABULATE; 
"EOP" 
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6.2 Triangle 

Tm.E: . Triangle 

AumoRS: R. Wiggers, E. Opperdoes 

INSTITUTE: Mathematical Centre 

RECEIVED: 740601 

BRIEF DESCRIPTION 
The procedure prints the lower triangular part of a square matrix. 

KBYwORDS 
Printing a lower triangular matrix 

CALIJNG 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 :U], where 

U=NROW•CNROW+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 
[1 :NROWl, 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: 
Erromumber 1 (if CHN <0 or CHN=60) 
Erromumber 4 (if NROW=O) 
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hOCEDURES USED 
STATAL ERROR 

LANGUAGE 
Algol 60 

STATAL 40100 

METHOD AND PERFORMANCE 

6.2 

In the case that NROW>O, the output is in floating point format +. 4D" + DDB and 
on each page 11 columns and 50 rows are printed. If NROW<O, the output is in 
fixed format -Z.4D2B 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" R[1:4J; 
"ARRAY" A[1:10J; 

"FOR" I:=1 "STEP" 1 "UNTIL" 4 "DO" RCIJ:= 2 * I; 
INARRAY(60, A); 

CHANNEL<71, "("E")" ,61); 
TRIANGLE(71, "("NATRIX IN FIXED FORNAT")", A, -4, R); 
TRIANGLE(71, "("NATRIX IN FLOATING-POINT FORNAT")", 

A, 4, R) 
"END" 

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 .7475 .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, I); 
"IF" N < - 1 "OR" N = 1 "OR" N > 31 
"THEN" OUTPUT (CHANNEL, "( 11 / 11 ) 11 ) 

"ELSE" 
"BEGIN" M:= N + I - 1; 

"IF" N = - 1 "OR" M > 59 "THEN" 
OUTPUT (CHANNEL,"("*")") 

"ELSE" 

Triangle 

527 



Triangle 

"BEGIN" SYSPARAM (CHANNEL, 4, M); 
OUTPUT (CHANNEL,"("/")") 

"END" 
"END" 

"END" CARRIAGE; 

"PROCEDUR,:" NUMBER; 
"BEGIN" PAGE:= PAGE+ 1; 

OUTPUT (CHANNEL, "("58,"("PAGE:")",BZD,/")", PAGE); 
"END" NUMBER; 

"PROCEDURE" NAME; OUTPUT (CHANNEL, 11 ( 1188,N")", TEXT>; 

"PROCEDURE" HEADING; 
"BEGIN" "INTEGER" I; 

"IF" CORRM "THEN" OUTPUT (CHANNEL, "("58")") 
"ELSE" OUTPUT (CHANNEL, 11 ( 113811 ) 11 ); 

"FOR" I:= IMIN "STEP" 1 "UNTIL" IMAX 
"DO" "IF" CORRM 

"THEN" OUTPUT (CHANNEL, "("8ZD")", VARNR [I]) 
"ELSE" OUTPUT (CHANNEL, "("10ZD")", VARNR [I]) 

"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,I); 
"IF" I> 0 "THEN" OUTPUT(CHANNEL, "("/")"); 
CORRM:= SIZE< O; SIZE:= ABS (SIZE); 
PAGE:= O; 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, "("/")") 
"END"; 
NAME; 
"IF" SIZE<= COUNT "AND" LINENUMBER < 56 - NK 
"THEN" OUTPUT (CHANNEL,"("/")") 
"ELSE" NUMBER; 
IMAX:= "IF" SIZE> COUNT "THEN" COUNT "ELSE" SIZE; 

AGAIN: 
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K:= IMIN - 1 - (IMIN - 1) // 50 * 50; 
CARRIAGE CK+ K // 10 + 1); HEADING; 
OUTPUT (CHANNEL,"("/")"); 
"FOR" J:= IMIN "STEP" 1 "UNTIL" SIZE "DO" 
"BEGIN" OUTPUT (CHANNEL, "("/,2ZD,5B")", VARNR CJ]); 

MAXI:= "IF" J < IMAX "THEN" J "ELSE" IMAX; 
PJ:= (J - 1) * J / 2; 
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"FOR" I:= IMIN "STEP" 1 "UNTIL" MAXI 
"DO" 
"BEGIN" X:= MATRIX [PJ + Il; 

"IF" CORRM "THEN" 
"BEGIN" "IF" X = .9999"9 "THEN" 

OUTPUT ( CHANNEL, "( '"'(" ")"" )") 
"ELSE" OUTPUT (CHANNEL, "("-Z.4DBB")", X) 

"END" 
"ELSE" OUTPUT (CHANNEL, "("+.4D"+DDB")", X) 

"END"; 
. "IF" J // 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" 
"END"; 
CARRIAGE("IF" SIZE// 10 * 10 = SIZE "THEN" 1 "ELSE" 2); 
HEADING; "IF" IMAX = SIZE "THEN" "GOTO" READY; 
IMIN:= IMIN +·COUNT;· IMAX:= IMAX + COUNT; 
"IF" IMAX > SIZE "THEN" IMAX:= SIZE; NEW; "GOTO" AGAIN; 

READY: 
"END" TRIANGLE; 

"EOP" 

Triangle 
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Tm.E: Rectangle 

AUTHORS: R. Wiggers, E. Opperdoes 

INSTITUTE: Mathematical Centre 

RECEIVED: 750201 

BRIEF DESCRIPTION 
The procedure prints (a rectangular part of) a matrix. 

KBYwORDS 
Printing a matrix 

CALLING SEQUENCE 
Heading 
"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: <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>, to contain the matrix; 
LR: <integer arithmetic expression>, smallest index of rows to be 

printed; 
UR: <integer arithmetic expression>, largest index of rows to be 

printed; 
LC: <integer arithmetic expression>, smallest index of columns to be 

printed; 
uc: <integer arithmetic expression>, largest index of columns to be 

printed; 
COLNR: <array identifier>, a one-dimensional array COLNR[LC:UC], which 

contains labels for the columns of matrix; 
FORMAT: <integer arithmetic expression>, code for printing format of the 

elements of COLNR; 
ROWNR: <integer array identifier>, a one-dimensional array ROWNR [LR:UR], 

which contains integer labels for the rows of the matrix; 
PAGE: <integer arithmetic expression>, starting value of the page number

ing. 
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DATA AND RESULTS 
Il FORMAT=2, the elements of COLNR are printed in format 11ZD, and if FOR
MAT=1, the format +.4D"+2D2B 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: 
Erromumber 1 (if CHN <0 or CHN=60) 
Erromumber 4 (if LR >UR) 
Erromumber 6 (if LC >UC) 

PROCEDURES USED 
STATAL3 ERROR 

LANGUAGE 
Algol 60 

STATAL 40100 

METHOD AND PERFORMANCE 
On each page 11 columns and 50 rows are printed. H the matrix cannot be 
printed on one pag~, it is printed in parts, with each part on a new page. 

ExAMPLE OF USE 

Program: 

"BEGIN" "INTEGER" I, J; "INTEGER" "ARRAY" R[1:12J; 
"REAL" "ARRAY" M[1:12, 1:3J, C[1:3J; 
"FOR" J :=1, 2, 3 "DO" C[JJ := J * 10; 
"FOR" I:=1 "STEP" 1 "UNTIL" 12 "DO" R[IJ:= 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"♦02 +.1373"+03 +.1990"+04 
6 +.1533"+03 +.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 

SoURCBTEXT 

"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; 
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"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" J:= L "STEP" 1 "UNTIL" U 
"DO" OUTPUT (CHANNEL, "("+.4D"+DD,2B")", COLNR CJ]); 
OUTPUT (CHANNEL, 11 ( 11 / 11 ) 11 ) 

"END" 
"ELSE" 
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"IF" HEADINGCODE = 2 "THEN" 
"BEGIN" "INTEGER" J; 

OUTPUT (CHANNEL, "("/,3B")"); 
"FOR" J:= L "STEP" 1 "UNTIL" U 
"DO" OUTPUT (CHANNEL, "("11ZD")", COLNR [Jl>; 
OUTPUT (CHANNEL, 11 ( 11 / 11 ) 11 ) 

"END"; 

"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,I); 
"IF" I> 0 "THEN" OUTPUT(CHANNEL, 11 ( 11 / 11 ) 11 ); 

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, 11 ( 113/11 ) 11 ) 

"ELSE" OUTPUT (CHANNEL,"("*")"); 

"END"; 
NAME; 
"IF" MM< 11 "AND" 

LINENUNBER <= 
("IF" HEADINGCODE = 1 "OR" HEADINGCODE = 2 

"THEN" 57 "ELSE" 59) - NK 
"THEN" OUTPUT (CHANNEL, 11 ( 11 / 11 ) 11 ) 

"ELSE" NUMBER; 
L:= LOWHOR; 

IN: U:= "IF" UPPHOR - L > 9 "THEN" L + 9 "ELSE" UPPHOR; 
HEADING; 
"FOR" I:= LOWVERT "STEP" 1 "UNTIL" UPPVERT "DO" 
"BEGIN" OUTPUT (CHANNEL, "("/,2ZD,5B")", ROWNR [IJ); 

"FOR" J:= L "STEP" 1 "UNTIL" U 
"DO" 
OUTPUT (CHANNEL, "("+.4D"+DD,BB")", MATRIX [I, Jl); 
"IF" I// 10 * 10 = I "THEN" 
"BEGIN" OUTPUT (CHANNEL, 11 ( 11 / 11 ) 11 ); 

"IF" I// 50 * 50 = I "AND" I< UPPVERT "THEN" 
"BEGIN" NEW; HEADING "END"; 

"END" 
"END"; 
"IF" U < UPPHOR "THEN" 
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"BE~IN" NEW; L:= U + 1; "GOTO" IN l'END"; 
RECTANGLE:= PAGE; 

"END" RECTANGLE; 
"EOP" 
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'nTLE: Printpc 

AumoR: R. Kaas 

INSTITUTE: Mathematical Centre 

REcEIVED: 740701 

BRIEF DESCRIPTION 

Printpc 

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" ·1, J, LX, UX, LY, UY, CHN; 
"REAL" XI, YJ, CODE; 
"BOOLEAN" SORTED; 
"CODE" 47001; 
Formal parameters 
CHN: <integer arithmetic expression>, channel number via which the 

output is written to file; 
XI: <arithmetic expression>, observations of the first sample, 

depending on the Jensen parameter I; 
1: <integer variable>, index of the first sample, Jensen parameter 

for XI; 
LX: <integer arithmetic expression>, smallest index of the first sam

ple; 
ux: <integer arithmetic expression>, largest index of the first sam

ple; 
Y J: <arithmetic expression>, observations of the second sample, 

depending on Jensen parameter J; 
J: <integer variable>, index of the second sample, Jensen parame

ter for YJ; 
LY: <integer arithmetic expression>, smallest index of the second 

sample; 
UY: <integer arithmetic expression>, largest index of the second 

sample; 
SORTED: <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 
H the smallest sample size (i.e. NIN(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: 
Erromumber l (if CHN <0 or CHN=60) 
Erromumber 4 (if LX >UX) 

Erromumber 8 (if LY >UY) 

PROCEDURES USED 
VEC QSORT 
STATAL3 ERROR 

LANGUAGE 
Algol 60 

STATAL 11020 
STATAL 40100 

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 
[I]. D. Quade, 

The pairchart, 
Statistica Neerlandica, 21, (1973), pp. 29-45. 

ExAMPLE OF USE 

Program: 

"BEGIN" 
"ARRAY" X, Y[1 :7]; "INTEGER" J, K; 
INARRAY(60,X); INARRAY(60,Y); 
CHANNELC71, "("E")", 61 ); 
PRINTPC(71, X[Jl, J, 1, 7, Y[Kl, K, 1, 7, "TRUE", 1) 

"END" 
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Input: 

1 2 7 9 10 12 
2 3 4 6 8 10 11 12 

Output: 

PAIRCHART WITH PROBLEM: 1 

+ + + + + + + + 
I 
I 

+ + + + + + +----+ 
I I 
I I 

+ + + + +----+----+----+ 
I I 
I I 

+ + + + +----+ + + 
I 
I 

+ + + +----+ + + + 
I 
I 

+----+- + + + + 
I 
I 
+ + + + + + + + 
I 
I 
+ + + + + + + + 

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" ID, I; "REAL" T; I:= LOW; 
"FOR" ID:= I "WHILE" I<= UPP "DO" 
"BEGIN" T:= AU]; 

"FOR" I:= I+ 1 "WHILE" ("IF" I<= UPP 
"THEN" A[IJ=T 
"ELSE" "FALSE") "DO"; 

FRCIOJ := I - ID 

Printpc 

537 



Printpc 

. "END" 
"END" FREQTAB; 

"PROCEDURE" FORMAT; 

"BEGIN" "INTEGER" MAX, MIN; MIN:= "IF" M<N "THEN" M 
"ELSE" N; 

MAX:= MN-MIN; 
"IF" MAX<27 
"THEN" "BEGIN" A:= 4; WSL:= N>M; N:= MIN "END""ELSE" 
"IF" MAX<45 
"THEN" "BEGIN" A:= 2; WSL:= N>M; N:= MIN "END""ELSE" 
"IF" MIN<27 
"THEN" "BEGIN" A:= 4; WSL:= M>N; N:= MAX "END'"'ELSE" 
"IF" MIN<45 
"THEN" "BEGIN" A:= 2; WSL:= M>N; N:= MAX "END""ELSE" 
"BEGIN" OUTPUT( 61, "C" Ill, 

"("SAMPLES TOO LARGE FOR PAIRCHART OVER LINEPRINTER")" ")"); 
"GOTO" EXIT 
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"END"; 
M:= MN-N; B:= A/2 

"END" FORMAT; 

"PROCEDURE" STRPL; 
"IF" A=4 "THEN" OUTPUT( KN, 11 ( 1111 ( 11----+11 )"")") 

"ELSE" OUTPUT( KN,"(""("--+")"")"); 

"PROCEDURE" BPL; 
"IF" A=4 "THEN" OUTPUT( KN,"(""(" +")"")") 

"ELSE" OUTPUT( KN, "C '"' C ~• +") '"')"); 

"IF" KN<= 0 "OR" KN= 60 "THEN" 
STATAL3 ERRORC"C"PRINTPC")", 1, KN); 

"IF" XLOW > XUP "THEN" 
STATAL3 ERRORC"C"PRINTPC")", 4, XLOW); 

"IF" YLOW > YUP "THEN" 
STATAL3 ERRORC"C"PRINTPC")", 8, YLOW); 

N:= XUP-XLOW + 1; M:= YUP-YLOW + 1; MN:= M + N; 
NMAX:= "IF" N>M "THEN" N "ELSE" M; 
FORMAT; 

"BEGIN" "ARRAY" XOBS[1:NJ, YOBSC1:Ml; 
"INTEGER" J, K, N1, N2, Q1, Q2, FX, FY, I, SGN, Q; 
"INTEGER" "ARRAY" XFRC1:Nl, YFRC1:Ml, 

PRXC1:N,1:2l, PRYC1:M,1:2]; 

IX:= XLOW; IV:= YLOW; I:= O; 
"IF" WSL "THEN" 
"BEGIN" "FOR" I:= I+ 1 "WHILE" IX<= XUP "DO" 

"BEGIN" YOBSCIJ:= XI; IX:= IX + 1 "END"; I:= 0; 

"FOR" I:= I+ 1 "WHILE" IV<= YUP "DO" 
"BEGIN" XOBS[Il:= YI; IV:= IV + 1 "END" 
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. "END" "ELSE" 

NEXTOBS: 

"BEGIN" "FOR" I:= I+ 1 "WHILE" IX<= XUP "DO" 
"BEGIN" XOBS[Il:= XI; IX:= IX + 1 "END"; I:= O; 
"FOR" I:= I+ 1 "WHILE" IY<= YUP "DO" 
"BEGIN" YOBS[Il:= YI; IY:= IY + 1 "END" 

"END"; 

"IF" "NOT" SORTED "THEN" 
"BEGIN" VEC QSORT(XOBS, 1, N); 

VEC QSORT(YOBS, 1, N) "END"; 
.FREQTAB( XOBS, 1, N, XFR); 
FREQTAB( YOBS, 1, N, YFR); 

"FOR" K:= 1 "STEP" 1 "UNTIL" N "DO" PRX[K,2]:= NN; 
"FOR" K:= 1 "STEP" 1 "UNTIL" N "DO" PRY[K,2]:= NN; 
J:= K:= O; 

SGN:= SIGN( XOBS[K + 1] - YOBS[J + 1]); 
FX:= XFR[K + 1]; FY:= YFR[J + 1]; 

"IF" SGN=-1 "THEN" 
"BEGIN" 

"FOR" Q:= 1 "STEP" 1 "UNTIL" FX 
"DO" PRX[K + Q,1l:= J; 
K:= K + FX 

"END" "ELSE" "IF" SGN=1 "THEN" 
"BEGIN" 

"FOR" Q:= 1 "STEP" 1 "UNTIL" FY 
"DO" PRY[J + Q,1]:= K; 
J:= J + FY 

"END" "ELSE" 
"BEGIN" "FOR" Q:= 1 "STEP" 1 "UNTIL" FX "DO" 

"BEGIN" PRX[K + Q,1l:= J; 
PRX[K + Q,2]:=J + FY "END"; 

"FOR" Q:= 1 "STEP" 1 "UNTIL" FY "DO" 
"BEGIN" PRY[J + Q,1l:= K; 

PRY[J + Q,2]:=K + FX "END"; 
J:= J + FY; K:= K + FX; 

"END"; 
"IF" K<N I J<N 
"THEN" "GOTO" NEXTOBS "ELSE" "IF" K<N "THEN" 
"BEGIN" 
"FOR" Q:=K+1 "STEP" 1 "UNTIL" N 
"DO" PRX[Q,1l:= N "END" 
"ELSE" "IF" J<N "THEN" 
"FOR" Q:= J + 1 "STEP" 1 "UNTIL" N 
"DO" PRY[Q,1]:= N; 
OUTPUT( KN,"("*")"); 
"IF" CODENR > 0 "THEN" 
OUTPUT( KN, "('"'("PAIRCHART WITH PROBLEM:")", 7ZD, 

///")", CODENR ); 
SYSPARAN( KN, 8, 66); 

"FOR" Q:= N "STEP" -1 "UNTIL" 1 "DO" 
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"BEGIN" OUTPUT( KN,"("/, "("+II)"")"); 
"FOR" K:= 1 "STEP" 1 "UNTIL" M "DO" 
"IF" PRY[K,1J=Q ! PRYCK,2J=Q 
"THEN" STRPL "ELSE" BPL; 
"FOR" K:= 1 "STEP" 1 "UNTIL" B "DO" 
"BEGIN" SYSPARAM( KN, 2, PRXCQ,1J•CA + 1)); 

OUTPUT( KN, "('"'("I")"")"); 
"IF" PRXCQ,2J<MN "THEN" 
"BEGIN" SYSPARAM( KN, 2, PRXCQ,2J•CA + 1)); 

OUTPUT( KN, "('"'("I")"")") 
"END" 

"END" 
"END"; 

LAST LINE: 
OUTPUT( KN,"(" I,"("+")"")"); 
"FOR" K:= 1 "STEP" 1 "UNTIL" M "DO" 
"IF" PRYCK,1J=O "THEN" STRPL "ELSE" BPL; 

SYSPARAM( KN, 8, 60); 
"END"; 

EXIT: 
"END" PRINTPC; 

"EOP" 
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6.5 Plotpc 

Tm.E: · Plotpc 

AUTHOR: R. Kaas 

INmTUTE: Mathematical Centre 

REcBIVED: 74070} 

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, Kolmogotov-Smirnov's and other test 
statistics are easily computed using a pairchart. 

KEYwoms 
Pairchart via a plotter 

CALLING SEQUENCE 
Heading . 
"PROCEDURE" PLOTPC (GRFILE, XI, I, LX, UX, YJ, J, LY, UY, SORTED, CODE); 
"VALUE" C.ODE, LX, UX, LY, UY; 
"INTEGER" I, J, LX, UX, LY, UY; 
"REAL" XI, YJ, CODE; 
"BOOLEAN" SORTED; 
"STRING" GRFILE; 
"CODE" 47002; 
Formal parameters 
GRFILE: <string>, name of the file on which the plot must be written as 

a maingraph. H the string GRFILE is empty, then the name of this 
file is "GRFILE". 

XI: <arithmetic expression>, observations of the first sample, 
depending•on the Jensen parameter 1; 

I: <integer variable>, index of the first sample, Jensen parameter 
for XI; 

LX: <integer arithmetic expression>, smallest index of the first sam
ple; 

ux: <integer arithmetic expression>, largest index of the first sam
ple; 

Y J: <arithmetic expression>, observations of the second sample, 
depending on the Jensen parameter J; 

J: <integer variable>, index of the second sample, Jensen parame
ter for YJ; 

LY: <integer arithmetic expression>, smallest index of the second 
sample; 

UY: <integer arithmetic expression>, largest index of the second 
sample; 

SORTED: <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 CODE<O, the identification is suppressed. 

DATA AND RESULTS 
The paircbart 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: 
Erromumber 4 (if LX >UX} 
Erromumber 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 comer. 

RBFmlBNCBS 
[I]. D. Quade, 

The pairchart, 
Statistica Neerlandica, 21, (1973), pp. 29-45 

[2]. Graphics, SARA publikatie 11 
Stichting Academisch Rekencentrum Amsterdam, Amsterdam, 1977 
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ExAMPiE OF USE 

Program: 

"BEGIN" 
"ARRAY" X[1:12l, Y[1:15l; "INTEGER" J, K; 
INARRAY(60, X); INARRAY(60, Y); 
PL0TPC("("")", X[J], J, 1, 12, Y[K], 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: 

PAIRCHART WITH PROBLEM: 1 

, , , 
, , , 

, , , 
, , , 

, , , 

Plotpc 

, , , 
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SoURCE TEXT 

"CODE" 47002; 
"PROCEDURE" PLOTPC(GRFILE, XI, IX, XLOW, XUP, YI, IY, YLOW, 

YUP, SORTED, CODENR); 
"VALUE" XLOW, XUP, YLOW, YUP, CODENR, SORTED; 
"INTEGER" XLOW, XUP, YLOW, YUP, IX, IY; 
"BOOLEAN" SORTED; 
"REAL" XI, YI, CODENR; "STRING" GRFILE; 

"BEGIN" "INTEGER" N, N, NNAX, I, J, K, SGN, FX, FY; 
. "ARRAY" XOBS[1 :XUP - XLOW + 1l, YOBS[1 :YUP - YLOW + 1J; 

"INTEGER" "ARRAY" XFR[1:XUP-XLOW+1J, YFR[1:YUP-YLOW+1l; 
"REAL" EPS, DASH, TEPS, FACT, LINETHICKNESS; 
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"PROCEDURE" HORTHICK(A, B, C); 
"VALUE" A, B, C; 
"REAL" A, B, C; 

"BEGIN" "REAL" ANE, BNE, BPE, CPE; 
ANE:= A - EPS; BNE:= B - EPS; 
BPE:= B + EPS; CPE:= C + EPS; 
PLOT(ANE, BPE, 3); PLOT(CPE, BPE, 2); 
PLOT(CPE, BNE, 3); PLOT(ANE, BNE, 2); 

"END" HORTHICK;. 

"PROCEDURE" VERTTHICK(A, B, C); 
"VALUE" A, B, C; 
"REAL" A, B, C; 

"BEGIN" "REAL" ANE, BNE, CPE, APE; 

ANE:= A - EPS; BNE:= B - EPS; CPE:= C + EPS; 
APE:= A+ EPS; 
PLOT(ANE, BNE, 3); PLOT(ANE, CPE, 2); 
PLOT(APE, CPE, 3); PLOT(APE, BNE, 2); 

"END" VERTTHICK; 

"PROCEDURE" FREQTAB<A, LOW, UPP, FR); 
"VALUE" LOW, UPP; 
"ARRAY" A; 
"INTEGER" "ARRAY" FR; 
"INTEGER" LOW, UPP; 

"BEGIN" "INTEGER" IO, I; "REAL" T; 
"FOR" I:= LOW, I "WHILE" I<= UPP "DO" 
"BEGIN" T:= ACIJ; IO:= I; 

"FOR" I:= I+ 1 "WHILE" ("IF" I<= UPP 
"THEN" ACIJ=T 
"ELSE" "FALSE") "DO"; 

FRCIOJ:= 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); 
N:= XUP-XLOW+1; M:= YUP-YLOW+1; 
NMAX:= "IF" N>N "THEN" N "ELSE" M; 
IX:= XLOW; IY:= YLOW; I:= O; 
"FOR" I:= 1+1 "WHILE" IX<= XUP "DO" 
"BE&IN" XOBSUJ:= XI; IX:= IX+1 "END"; 
I:= O; 
"FOR" I:= 1+1 "WHILE" IY<= YUP "DO" 
"BEGIN" YOBS[IJ:= YI; IY:= IY+1 "END"; 
"IF" "NOT" SORTED "THEN" 
"BEGIN" VEC QSORT(XOBS, 1, N); 

VEC QSORT(YOBS, 1, M) "END"; 
FREQTAB( XOBS, 1, N, XFR); 
FREQTAB( YOBS, 1, M, YFR); 

K:= EQUIV(GRFILE); 
"IF" K = EQUIV("("")") 
"THEN" K:= EQUIV("("GRFILE")"); 
PLOTS(O, O, K * 4096); 
FACT:= 12 / NMAX; FACTOR(FACT); 
"IF" CODENR > 0 "THEN" 
"BEGIN" SYMBOUO, N + 1.5, 0.5, 80, O, -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 

"DO" 
SYMBOL(999, 999, 0.5, K, O, -1); 
NUMBER(999, 999, 0.5, CODENR, 0, 

"END"; 

"IF" CODENR = ENTIER(CODENR) 
"THEN" -1 "ELSE" 4); 

PLOT(O, O, 3); 

K:= J:= O; 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(XOBSCK + 1] - YOBSCJ + 1]); 
FX:= XFRCK + 1]; FY:= YFR[J + 1]; 

"IF" SGN = 1 "THEN" 
"BEGIN" HORTHICK(J, K, J + FY); J:= J + FY "END" 
"ELSE" 
"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, 
o, 3); 

RECT(J - EPS, K - EPS, FY + TEPS, FX + TEPS, 
o, 3); 

K:= K + FX; J:= J + FY; DASHP(J, K, DASH); 

Plotpc 
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"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, O, N, M, 0, 3); 

NEXT1: 
SGN:= SIGN(XOBS[K + 1J - YOBS[J + 1J); 
FX:= XFR[K + 1J; FY:= YFR[J + 1J; 

"IF" SGN = 1 "THEN" 
"BEGIN" J:= J + FY; PLOT(J, K, 2) "END" "ELSE" 

"IF" SGN = -1 "THEN" 

"BEGIN" K:= K + FX; PLOT(J, K, 2) "END" "ELSE" 

"BEGIN" RECT(J, K, FY, FX, O, 3); 
K:= K + FX; J:= J + FY; DASHP(J, K, DASH); 

"END"; 

"IF" K < N "AND" J < M "THEN" "GOTO" NEXT1 
"ELSE" PLOT(M, N, 2); 

'!END"; 
"END" PLOTPC; 
"EOP" 
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6.6 Scatterprint 

TrnB: 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); 
"VALUE" 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 I; 
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 
(XI, YI), for I=L, L+1, ••• ,u on a lattice of P-9 horizontal and PP-6 verti
cal positions, numbered o, 1, ••• , P-1 o and o, 1, ••• , PP-7 respectively. Here 
P and PP are the boundaries of horizontal and vertical control, to be specified 
on the channel card (see CDC, 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 G are constructed such that 
(1) F (XMIN) = 6 (YMIN) = 0. 
(2) F (XMAX) < P-10 and G (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 
MIN{XI: 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 Y-axis from G(YMIN) to G(YMAX), in which the points 
<F<XI>, &<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<O> and G(1 )-G(O). 

(4) 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. 

(5) 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.e. 1 cm on the x-axis represents the same 
difference in x as I 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=O 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 Y-axis 5 digits. 
Specifying of XLAYOUT=O (YLAYOUT=O) results in rounding off the 
number to be printed to an integer, if possible in the tolerated number 
of digits. 
Specification of LAYOUT<O 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 XMAX and YMIN equals YMAX, repeated evaluations of 
XI (YI> for the same I must give the same results. H not, a not 
intended scatterdiagram may be produced, without any alarm, or an 
ALGOL runtime error may occur. 

C) P;.a.20 and pp;.a.10. 
Hnot, a message is given and SCATTERPRINT terminates. 

D) P;.a.45+ MAX (25, LENGTH(XTEXT>,LENGTH(YTEXT)). 
H 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: 
H almost nothing is known of the scatterdiagram to be produced, a safe choice 
for the parameters is XMIN=YMIN=XMAX=YMAX=SCALE=O 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 SYSPARAN, smaller than 120. 

The following error message may appear: 
Erromumber 14 (if CHN <0 or CHN =60} 

PllOCBDURBS USED 
STATAL3 ERROR 

LANGUAGE 
Agol 60 

STATAL 40100 

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 (XNIN-XNAX) and (YNIN-YNAX). 
The print of a picture takes about 2 central processor seconds. 

REFERENCE 
[1]. ALGOL 60 reference manual, version 5, 

Control Data Corporation, 1979. 

F.xAMPLE OF USE 

Program: 

"BEGIN" 
"INTEGER" J; "ARRAY" H, S[1:10l; 
INARRAY(60, S); INARRAY(60, H);; 
CHANNEL<71, "("E")", 61); 
SCATTERPRINT(S[Jl, 20, 50, "("STRENGTH")", H[Jl, 45, 100, 

"("HARDNESS")", J, 1, 10, 11, 23, 71, 1) 
"END" 

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: 
+1---1-1--1----1---1---1---1--1---1-1--1--1----1---1---1---1----1---1----1---1---1----1----1----1• 

101 + 

99 + * 
97 + * 
95 + 
93 + 
91 + 2 

-♦ * 17 + 
15 + 
83 + 
81 + • 
79 + 
77 + 
75 + 
73 + * 
71 + * 
69 + 
67 + 
65 + 
63 + 
61 + 
59 + * 
57 + 
55 + 
53 + 
fl + * 
49 + 
47 + 
45 + • 

+ 1--1---1---1----1---1--1---1----1---1----1----1----1----1---1----1----1----1----1---1----1----1----1----1----1 • 
m u ~ a ~ ~ " ~ ~ u ~ u ~ 

FI&. 1, CONTAINING 10 OBSERVATIONS 
HOR. : STREHTH, ONE UNIT • 1 / 4 . 
VERT.: HARDNESS, ONE UNIT • . 2 

SoURCE TEXT 

"CODE" 47000; 
"PROCEDURE" SCATTERPRINTCXI, 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, XIUN, 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, 11 ( 11 / 11 ) 11 ) 

"ELSE" "IF" RHOPRIME = 0 "THEN" 
"BEGIN" SYSPARAM(CHANNEL,1,RHO); 

"IF" RHO> 0 "THEN" OUTPUT(CHANNEL,"("*")"); 
"END" 
"ELSE" OUTPUT(CHANNEL,"("*")"); 

"END" NEWPAGE IF NECESSARY; 
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"PROCEDURE" INFER(ZI, ZMIN, ZMAX); "REAL" ZI, ZMIN, ZMAX; 
"BEGIN" I:= LB; 

ZMIN:= ZMAX:= ZI; 
"FOR" I:= LB+ 1 "STEP" 1 "UNTIL" UB "DO" 
"IF" ZI > ZMAX "THEN" ZMAX:= ZI "ELSE" 
"IF" ZI < ZMIN "THEN" ZMIN:= ZI; 

"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; 
E-RRORS:= O; 

NEWPAGE IF NECESSARY(CHANNEL); 
"IF" WIDTH< 10 ! DEPTH< 10 "THEN" 
"BEGIN" OUTPUT(CHANNEL, 

"("5/"(" LACK OF SPACE FOR PROCEDURE SCATTERPRINT")", 
"(" NUMBER ")",-5ZD, "(" ON CHANNEL ")",-5ZD, 
/"(" CHECK HORIZONTAL AND VERTICAL CONTROL ON")", 
"(" THIS CHANNEL")", 
/"(" MINIMA ARE: HORIZONTAL 20 POSITIONS,")"/, 
"(" 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: 
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"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); 



6.6 

YMAX:= -ENTIER(-YMAX) "END"; 

"IF" XMIN >= XMAX ! YNIN >= YMAX "THEN" 
"BEGIN" OUTPUT(CHANNEL, 

"("5/"("ERROR IN PROCEDURE SCATTERPRINT NUMBER: ")", 
-10ZD, /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< 0 "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(YFAC); 
"IF" XINTSCALE "THEN" ROUND(XFAC); 
"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" 0 "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" 0 "ELSE" 8 - EXPX) 

Scatterprint 
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"ELSE" XLAYOUT - EXPX; 

"BEGIN" "INTEGER" "ARRAY" POINT[O:WIDTH1,0:DEPTH1l; 

"PROCEDURE" UP AND DOWN; 
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"BEGIN" 
"PROCEDURE" UADLAYOUT; 
FORMAT("("7B"("+I")",XC"C"----I")"),XC"("-")"), 

"("+")"/")", WIDTH1 // 5, 
WIDTH1 - WIDTH1 // 5 * 5); 

"PROCEDURE" UADDUMMYCITEM); "PROCEDURE" ITEM;; 

OUTLIST(CHANNEL, UADLAYOUT, UADDUMMY); 
"END" UP AND DOWN; 

"PROCEDURE" BODY; 
"BEGIN" 

"PROCEDURE" BODYLAYOUT; 
FORMATC"("XC-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" ITEMCCD / YFAC + YMIN) * EXPO); 

"FOR" B:= 0 "STEP" 1 "UNTIL" WIDTH1 "DO" 
OUTCHARACTER(CHANNEL,"(" •23456789?")", 

POINT[B,DJ + 1); 
ITEM("("+")"); 

"END" 
"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")" 
, "("NEXT SCATTERPRINT FALL OUTSIDE")", 
"(" SPECIFIED RANGE*")"//, 
"("ERRORNUMBER JENSENVARIABLE I")", 
Z1B"("XI")",Z1B"("YI")"//")"); 

OUTPUT(CHANNEL,"("+9ZDBB,+14ZDBB,N,N,/")", 
ERRORS,I,XI,YI); 
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· "END" "ELSE" 
"BEGIN" REPETITION:= POINT[HOR, VERTJ; 

"IF" REPETITION< 10 "THEN" 
POINT[HOR, VERTJ:= REPETITION+ 1 

"END" 

"END" COUNT; 

"INTEGER" "PROCEDURE" TRUE(BOOLEAN); 
"VALUE" BOOLEAN; "BOOLEAN" BOOLEAN; 

TRUE:= "IF" BOOLEAN "THEN" 1 "ELSE" 0; 

"PROCEDURE" DOWN; 
"BEGIN" 

"PROCEDURE" DOWNLAYOUT; 
"BEGIN" HLIM(1, WIDTH1 + 10); 

FORMAT("("-7ZD,X(B-7ZD), 
/"("FIG.")"-5ZD, 
"(", CONTAINING ")"5ZD"(" OBSERVATIONS")", 
X("(", COMPARABLE SCALES")"), 
/"("HOR. : 11 ) 11,N ")", 
WIDTH1 // 10, 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 'I= 0 "THEN" 
"BEGIN" FORMAT("(""("* "")"-XZD")", 

-ENTIER(-LN(ABS(EXPX)) * LN10INV)); 
ITEM(EXPX); 

"END"; 
FORMAT("("N,N,X(5ZD),X(.7D"+3D),/"("VERT.: ")" 
,N")", TRUE(XINTSCALE & XFAC > "-7), 
TRUEe"<XINTSCALE & XFAC > "-7))); 
ITEM("(", ONE UNIT=")"); 
"IF" XINTSCALE & XFAC > 1 "THEN" 
"BEGIN" ITEM("(" 1 /")"); ITEM(XFAC) "END" 
"ELSE" 
"BEGIN" ITEM("("")"); ITEM(1/XFAC) "END"; 
ITEM(YTEXT>; 
"IF" EXPY 'I= 0 "THEN" 

"BEGIN" FORMAT("('"'(" * 1111 ) 11-XZD")", 
-ENTIER(-LN(ABS(EXPY)) * LN10INV)); 

ITEM(EXPY); 
"END"; 
FORMAT("("N,N,X(5ZD),X(.7D"+3D),/")", 
TRUE(YINTSCALE & YFAC > "-7), 
TRUEe"<YINTSCALE & YFAC > "-7))); 
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ITEM("(", ONE UNIT=")"); 
"IF" YINTSCALE & YFAC > 1 "THEN" 
"BEGIN" ITEM("(" 1 /")"); ITEM(YFAC) "END" 
"ELSE" 
"BEGIN" ITEM("("")"); ITEM(1/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" POINT[J,KJ:= O; 
"FOR" I:= LB "STEP" 1 "UNTIL" UB "DO" 
COUNT((XI - XMIN) * XFAC, (YI - YMIN) * YFAC); 

"END"; 

NEWPAGE IF N~CESSARY(CHANNEL); 
UP AND DOWN; 
BODY; 
UP AND DOWN; 
DOWN; 

ABANDONING SCATTERPRINT: 
NEWPAGE IF NECESSARY(CHANNEL); 

"END" SCATTERPRINT; 
"EOP" 
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Tm.I!: . Histo 

AumoR: J. Bethlehem 

INSTITU1E: Mathematical Centre 

RBCBIVBD: 750601 

BRIEF DBSCRIPIION 

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; 
11STRING" 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, 

FREQUJ 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 I has length FREQCIJ, 
I=L, •• • ,U. 
The following error messages may appear: 
Erromumber 1 (if CHN <0 or CHN =60) 
Erromumber 3 (if some FREQUJ <O) 
Erromumber 4 (if L >U) 

PROCEDURES USED 
STATAL3 ERROR 

LANGUAGE 
Algol 60 

STATAL 40100 

557 



Histo 6.7 

METIIOD AND PERFORMANCE 

The total number of observations and the largest frequency, MAX, are com
puted. 
If MAX ;;;-100, the scale is transformed. 

ExAMPLEOFUSE 

Program: 

"BEGIN" 
"INTEGER" "ARRAY" A[0:15]; 
ININTARRAY(60, A); 
CHANNEL<71, "("E")", 61); 
HIST0(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 -■ OF ITEIIS: 582 

EXAIIPLE 

0 10 20 30 40 50 60 70 80 

0 --

10 

•-
: 

15 •-
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SoURCB .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/,20B,"("0")",10(9ZD),/,20B,"("+")", 

10("("---------+")"),2/")"); 

"PROCEDURE" LIST(ITEM); "PROCEDURE" ITEM; 
"BEGIN" "INTEGER" I; 

ITEM<TEXT>; 
"FOR" I:= 1 "STEP" 1 "UNTIL" 10 "DO" 
ITEN(I * 10 * FACTOR) 

"END" LIST; 

"IF" CH<= 0 "OR" CH= 60 
"THEN" STATAL3 ERROR("("HISTO")", 1, CH); 
"IF" LOW> UPP 
"THEN" STATAL3 ERROR("("HISTO")", 4, UPP - LOW); 
SUN:= MAX:= 0; 
"FOR" I:= LOW "STEP" 1 "UNTIL" UPP "DO" 
"BEGIN" AI:= AU]; "IF" AI> MAX "THEN" MAX:= AI; 

"IF" AI> 0 "THEN" SUN:= SUM+ AI "ELSE" 
"IF" AI< 0 
"THEN" STATAL3 ERROR("("HISTO")", 3, AI>; 

"END"; 
FACTOR:= "IF" MAX> 100 "THEN" 
2 ** ENTIER(LN((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); SYSPARAN(CH, 1, J); 
"IF" I> 0 "OR" J > 0 "THEN" OUTPUT(CH, "("*")"); 
OUTPUT(CH, "(""("TOTAL NUMBER OF ITENS:")",7ZD,/")", 

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:= ENTIER(A[I] /FACTOR+ .5); 

AI10:= AI// 10; 
"IF" I// 5 * 5 = I 
"THEN" OUTPUT(CH, "("-13ZD5B")", I) 
"ELSE" OUTPUT(CH, "("20B")"); 
OUTPUT(CH, 11 ( 1111("+") 1111 )"); 

"FOR" J:= 1 "STEP" 1 "UNTIL" AI10 "DO" 

Histo 
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OUTPUT( CH, "("''( "---------+")"" )"); 
AI10:= 10 * AI10 + 1; "IF" AI>= AI10 "THEN" 
"FOR" J := AI10 "STEP" 1 "UNTIL" AI "DO" 
OUTPUT(CH, 11 ( 1111 ( 11- 11 ) 1111 ) 11 ); 

OUTPUT(CH, "("/,208,11 ( 11 : 11 ) 11,/11 ) 11 ) 

"END"; 
SYSPARAN(CH, 8, PAGEHEIGHT); SYSPARAN(CH, 6, PAGEWIDTH) 

"END" HISTO; 
"EOP" 

560 

6.7 



6.8 Probprint 

TITLE: Probprint 

AumoR: E. Opperdoes 

INSTITUTE: Mathematical Centre 

REcEIVED: 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 

CAWNG SEQUENCE 

Heading 
"PROCEDURE" PROBPRINT (CHN, OBS, 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" OBS; 
"CODE" 41004; 
Formal parameters 
CHN: <integer arithmetic expression>, channel number via which the 

output is written to file; 
oas: <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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printed; 
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 oes is also used as an output parameter and contains at exit the 
sorted observations. SORTED obtains the value "TRUE". 
H the empirical cumulative distribution function of the sample resembles the 
theoretical one, a straight line occurs in the probability print. For a more 
de1ailed plot, use PLOTDIST (section 6.9.). 
The following error messages may appear: 
Erromumber l (if CHN <0.or CHN =60) 

Erromumber 4 (if L >U) 
Erromumber 11 (if NPOINTS <0) 

Erromumber 14 (if CODE <O) 

PROCEDURES USED 
VEC QSORT 

STATAL3 ERROR 
SCATTERPRINT 

LANGUAGE 

Algol 60 

STATAL 11020 

STATAL 40100 

STATAL 47000 

METHOD AND PERFORMANCE 
Probprint prints a probability plot, consisting of the points CEINVCP>, 
TINVCP», for all P specifi.ed in the cases 1, 2, or 3 below. Here EINV is the 
inverse of the empirical cumulative distribution function of the sample, and 
TINY the inverse of the theoretical cumulative distribution function, given in 
INVX. The values of P are determined by the values of A and e. 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 CDFX. In this case the theoretical 
quantiles are equidistant. 
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Case 3: A> B. 
P=E(OBS(K)) for K=1, ••• ,N. Here OBS(1 )<OBS(2) < · · · <OBS(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 CDFX may have a dummy value, in case 3 both CDFX and NPOINTS 
may have dummy values. 

The procedure needs about 55000B+4•<u-L+1 > CM-words. 

REFERENCE 
[l]. M.B. Wilk and R. Gnanadesikan, 

Pobability plotting methods for the analysis of data, 
Biometrika 55, (1968), pp. 1-17. 

ExAMPLEOFUSE 

Program: 

"BEGIN" 
"REAL" X; "BOOLEAN" SORTED; "ARRAY" S[1:25J; 
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, O, O, 1) 

"END" 

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: 
+1--1-1---1--1---1--1---1--1---1---1---1---1-1---1----1---1----1----1----1----1----1----1----1----1-

~ · . 
1914 + 
1906 + 
1821 + 
1751 + * 
1673 + 
1595 + * 
1517 + ~· . 1362 + 
1284 + • 
1206 + • 
1121 + • 
1050 + 
m+ • 
895 + * 
~7• tt 

m+ • 
661 + • 
584 + • 
506 + 2 
m+ • 
ffl+ 2 
m+ • 
195 + 2 
117 + • 
D+ ** 

-59 + * * 
-117 + • 
~95• 2 ~· . 
-350 + • • ~· . -506 + 2 
-584 + * 
-661 + • ~· . -117 + •• 
-895 + • 
-973 + • 

-1050 + 
-1128 + * 
~206• • 
~284• • 
-1362 + 
-149 + • 
-1517 + 
~ffl• • 
-1673 + 
-1751 + • 
-1128 + 
-1906 + 
-1984 + 
-~• * 

+l---1---1--1---1--1--1--1--1---1---1--1---1---1---1--1---1----1----1---1--1---1----1----1----I· 
-~ -1732 -1402 -1072 -742 -412 -12 247 577 907 1237 1567 1197 

fl&. 1, CONTA1NlN6 50 OBSERVATIONS 
HOR. : RANDOii SAIIPLE * " 3, ONE UNIT • .3299066"-001 
VERT.: NOIUIAL QUANTILES* " 3, ONE UNIT• .77IOl17"'-001 

SoURCE TEXT 

"CODE" 47004; 
"PROCEDURE" PROBPRINT (CHANNEL, OBS, L, U, TEXT OBS, 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" OBS; 
"STRING" TEXT OBS, TEXT TH; 
"BEGIN" "INTEGER" SUM, DIFF U, NOBS, POINTER, K; 

"REAL" LAST, NEXT, MIN XY, MAX XY; 
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"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" NUNBER < 0 "THEN" 
STATAL3 ERROR ("("PROBPRINT")", 14, NUNBER); 

"BEGIN" "REAL" "ARRAY" A, F [L: Ul; 

"REAL" "PROCEDURE" ECDFINV <ALFA); 
"VALUE" ALFA; "REAL" ALFA; 
"BEGIN" POINTER:= POINTER - 1; 

"FOR" POINTER:= POINTER+ 1 
"WHILE" F [POINTER]< ALFA "DO"; 
ECDFINV:= A [POINTER] 

"END" ECDFINV; 

"IF" "NOT" SORTED "THEN" 
"BEGIN" VEC QSORT (OBS, L, U); 

SORTED:= "TRUE" "END"; 
NOBS:= U - L + 1; SUN:= 0; A [Ll:= LAST:= OBS [Ll; 
DIFF U:= L; 
"FOR" K:= L + 1 "STEP" 1 "UNTIL" U "DO" 
"BEGIN" NEXT:= OBS [Kl; SUN:= SUN+ 1; 

"IF" NEXT> LAST "THEN" 
"BEGIN" F [D-IFF Ul:= SUN/ NOBS; 

DIFF U:= DIFF U + 1; 
A [DIFF Ul:= LAST:= NEXT 

"END" 
"END"; 
F [DIFF Ul:= 1; 
POINTER:= L; DIFF U:= DIFF U - 1; 
"IF" NIN= NAX "THEN" 
"BEGIN" "INTEGER" K, J; 

"REAL" "ARRAY" H, v·c1 : NPOINTS]; 
K:= NPOINTS + 1; 
"FOR" J:= 1 "STEP" 1 "UNTIL" NPOINTS "DO" 
"BEGIN" X:= J / K; V [J]:= CDFINV X; 

H [Jl:= ECDFINV (X) 
"END"; 
NIN XY:= "IF" V [1] < H [1] 

"THEN" V [1] "ELSE" H [1]; 
NAX XY:= "IF" V [NPOINTS] > H [NPOINTS] 

"THEN" V [NPOINTS] "ELSE" H [NPOINTS]; 
SCATTERPRINT(H [Jl, NIN XY, NAX XY, TEXT OBS, 

V [Jl, NIN XY, NAX XY, TEXT TH, J, 1, 
NPOINTS, O, 44, CHANNEL, NUNBER) 

"END" "ELSE" 
"IF" NIN< NAX "THEN" 
"BEGIN" "INTEGER" K; "REAL" STEP; 

"REAL" "ARRAY" O, P [1 : NPOINTS]; 
STEP:= (NAX - NIN)/ NPOINTS; NIN:= NIN - STEP; 
"FOR" K:= 1 "STEP" 1 "UNTIL" NPOINTS "DO" 
"BEGIN" X:= P [Kl:= NIN+ K * STEP; 

0 [Kl:= ECDFINV (CDF X) 
"END"; 
NIN XY:= "IF" 0 [1] < P [1] 
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"THEN" 0 [1] "ELSE" P [1]; 
MAX XY:= "IF" 0 [NPOINTS] > P [NPOINTS] 

"THEN" 0 [NPOINTS] "ELSE" P [NPOINTSJ; 
SCATTERPRINT(O [K], MIN XY, MAX XY, TEXT OBS, 

P [KJ, MIN XY, NAX XY, TEXT TH, K, 1, 
NPOINTS, O, 44, CHANNEL, NUMBER) 

"END" "ELSE" 
"BEGIN" "INTEGER" J; "REAL" "ARRAY" T [L: DIFF UJ; 

"FOR" J:= L "STEP" 1 "UNTIL" DIFF U "DO" 
"BEGIN" X:= F [J]; T [JJ:= CDFINV X "END"; 
NIN XY:= "IF" A [L] < T [L] 

"THEN" A [L] "ELSE" T [LJ; 
NAX XY:= "IF" A [DIFF U] > T [DIFF U] 

"THEN" A [DIFF U] "ELSE" T [DIFF UJ; 
SCATTERPRINT(A [J], NIN XY, MAX XY, TEXT OBS, 

T [JJ, NIN XY, NAX XY, TEXT TH, J, L, 
DIFF U, 0, 44, CHANNEL, NUMBER) 

"END" 
"END" 

"END" PROBPRINT; 
"EOP" 
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Tm.E: · Plotdist 

AUTHORS: AJ. van Es, C. van Putten, I. van der Tweel 

INmTUTB: 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>, VCLVl, ••• ,vcuvl 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: UNI FORM, 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 UB. If no 
enlargement is desired LB should be taken equal to o and UB 
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MODE: 

PART: 

SIZE: 

OPTION: 

BETA: 

SORTED: 

PAR: 

IDENT: 
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equal to 1; 
<integer arithmetic expression>, if MODE=-1 the jumps of the 
empirical distribution function are connected by straight lines. If 
NODE>O symbols with integer representation mode (see table 1) are 
plotted at the jumps; 
<integer arithmetic expression>, if PART=O all jumps of the 
empirical distribution function are plotted. If PART>O 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 SIZE 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 SIZE 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 =DO: 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 
WEIBULL3r 
<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 SIZE. If w and H denote the width and 
height of the plot (in mm), respectively, then it is o~s•w if H<210 
and o.s• w•210/H otherwise. 



6.9 Plotdist 

Table l - integer representation of some symbols (for the complete table see 
SARA publicatie 11, Graphics, CALCOMP, p.8) . 

2 I::,. 

3 + 
4 X 

11 * 

DATA AND RESULTS 
The empirical distribution function of the sample vtLVl, ••• ,vtuvl 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-L0C)/SCALE) **C). 
WEIBULL2: 

When LOC is known to be equal to o, PAR should have the value o. 

Then the empirical distribution function of the sample 
-LN(V[LVJ), ••• , -LN(VtUVl> is plotted in a Gumbel probability plot. 
When the value of c is known, PAR should be equal to c (and hence 
PAR>O). Then the emperical distribution function of V[LV], ••• ,V[UV] 

is plotted in a Weibull (fixed c) probability plot. 
WEIBULL3: 

When the value of LOC is known, PAR should be made equal to LOC. 

Then the emperical distribution function of 
-LN(V[LV]-LOC), ••• ,-LN(V[UV]-LOC) is plotted in a Gumbel proba
bility plot. 
When PAR equals o, 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 
NUIIIBER CALCOMP 
PLOT CALCOMP 
PLOTS CALCOMP 
SCALE CALCOMP 
SYIIIBOL CALCOMP 
VECINDQSORT STATAL 11021 
LOGGAMMA STATAL 40400 
PHI STATAL 41500 
PHIINV STATAL 41501 
ZEROIN NUMAL 34150 

LANGUAGE 
Algol 60 

REFERENCES 
[l] AJ. van & & C. van Putten 

Probability plots 
Statal Report 3 
Mathematical Centre, Amsterdam, 1983 

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

ExAMPLEOFUSE 

Program: 

"BEGIN" 
"ARRAY" V[1:20J; 
INARRAY(60, V); 
PLOTDIST("("")", V, 1, 20, "("NORMAL")", O, 1, -1, O, 

100100, 11, 0.90, "FALSE", O, 
"("SAMPLE FROM A STANDARD NORMAL DISTRIBUTION")"); 

"END" 

Input: 

-0.80 1.58 0.02 0.83 
-1.05 0.20 -1.07 0.09 
1.39 1.18 -0.73 -0.04 

-0.10 -1.40 -2.22 -1.05 
0.56 -0.34 1.23 0.45 
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Output: 

.9980 

.9950 

.9900 

.9800 

.9600 

:BB88 
.8000 
• '1000 
.6000 
.sooo 
.4000 
.3000 
.2000 

.0900 
:8!88 
,0200 

:8818 
.0020 

L 
HC 
NORNAL PROBABILITY PLOT 
Of 20 OBSERVATIONS 
WITH 901. CONFIDENCE BAND 

-320 .oo -160 .oo 0 .oo 
OBSERVATIONS ■ 100 

160.00 

SANPLE FRON A STANDARD NORNAL DISTRIBUTION 
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SoURCB 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; 
"STJlING" TYPE, IDENT, GRFILE; 
"BEGIN" 

"INTEGER" I, NUV, ILV, INUV, SUB; 
"REAL" XMIN, XMAX, MIN, MAX, YMIN, YMAX, FACTOR, MEAN, 

STDDEV, DUNIT1, DUNIT2, YFACTOR, YFDUNIT1, YFDUNIT2, 
SWIDTH, CHARHEIGHT, XSCALE, YSCALE, XSHIFT, YSHIFT, 
XCONT, YCONT, YPOS, SIZEX, SIZEY, DELTA; 

"BOOLEAN" UNIFORM, NORMAL, EXP1, EXP2, GUMBEL, LAPLACE, 
CAUCHY, WEIBULL2, WEIBULL3, SPECIAL, CONFBAND, ESTLINE; 

"INTEGER" "ARRAY" IND [LV: UV]; 
"ARRAY" F [LV-1 : UV], HL, HU [LV: UV], 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 0 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; 
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"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(Y), 3); 

"PROCEDURE" PLTEXT(X, Y, TEXT); "VALUE" X, Y; 
"REAL" X, Y; "STRING" TEXT; 
"BEGIN" "INTEGER" I, C, L; 

L:= LENGTH(TEXT); 
"IF" L > 0 "THEN" 
"BEGIN" "PROCEDURE" IEQU(I, C); "VALUE" I; 

"INTEGER" I, C; 
"BEGIN" STRINGELEMENTCTEXT, I, 
"(" !"#$ 1'O*+,-./0123456789:;<=>?li")" 
"("ABCDEFGHIJKLMNOPQRSTUVWXVZC\l' ")", 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) 
"END" 

"END" 
"END" PLTEXT; 

"PROCEDURE" PLFRAME(X1, Y1, X2, Y2, XCM, YCM); 
"VALUE" 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 * ~ + 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> 0 "THEN" 

DIST:= 1 - EXP(-X ** PAR) "ELSE" 
"IF" SPECIAL "THEN" DIST:= OWNDIST(X); 

"REAL" "PROCEDURE" DISTINV(PROB); 
"VALUE" PROB; "REAL" PROB; 
"IF" UNIFORM 

DISTINV:= PROB "ELSE" 
"IF" NORMAL 

DISTINV:= PHINV(PROB) 
"IF" EXP1 "OR" EXP2 

"THEN" 

"THEN" 
"ELSE" 

"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 := TAN(PROB); 
"END" "ELSE" 

"IF" WEIBULL2 "AND" PAR> 0 "THEN" 
DISTINV:= (-LN(1 - PROB)) ** (1 / PAR) "ELSE" 

"IF" SPECIAL "THEN" DISTINV:= OWNINV(PROB); 

"PROCEDURE" VERTAXIS(FRON,TO,OTHER); 
"VALUE" FRON,TO,OTHER; 
"REAL" FRON,TO,OTHER; 
"BEGIN" "INTEGER" P; 
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"REAL" LOW, HIGH, HEIGHT, LEVEL, K, LN10; 

"PROCEDURE" NARK(S); "VALUE" s; "REAL" s; 
"BEGIN" 

"IF" S > HIGH "THEN" "GOTO'' ENDAXIS "ELSE" 
"IF" S >= LOW "THEN" 
"BEGIN" "REAL" INVS; "INTEGER" ZEROS, S10000; 

INVS:= DISTINV(S); 
"IF" INVS > LEVEL "THEN" 
"BEGIN" 

SYNBOL(XCE(OTHER - 1.3 / XSCALE * YFACTOR), 
YCE(INVS), CHARHEIGHT, 46, O, -1); 

S10000:= S * 10000; 
ZEROS:= 3 - ENT(LN(S10000) / LN10 + .000005); 
"FOR" ZEROS:= ZEROS "STEP" -1 "UNTIL" 1 "DO" 
SYMBOL(999, 999, CHARHEIGHT, 48, O, -1); 
NUMBER(999, 999, CHARHEIGHT, S10000, 0, -1); 
LEVEL:= INVS +HEIGHT+ .05 / YSCALE "END"; 
PLUP(OTHER,INVS); 
PLOT(OTHER + .2/XSCALE*YFACTOR,INVS) 

"END" 
"END" NARK; 

HEIGHT:= CHARHEIGHT / YSCALE; LEVEL:= -YSHIFT / YSCALE; 
"IF" FRON< TO 
"THEN" "BEGIN" LOW:= FRON; HIGH:= TO "END" 
"ELSE" "BEGIN" LOW:= TO; HIGH:= FRON "END"; 

LOW:= DIST(LOW); HIGH:= DIST(HIGH); 
PLUP(OTHER,TO); PLOT(OTHER,FRON); 
LN10:= LN(10); 
"FOR" K:= .0001, .001, .01 "DO" 
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"FOR" P:= 1 "STEP" 1 "UNTIL" 9 "DO" 
"BEGIN" "REAL" S; 

h= 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); 

PLUP(OTHER,INVP); 
PL_OT(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" S; 
S:= 1 - P * K; MARK(S) 

"END"; 
ENDAXIS: 

"END"*** VERTAXIS ***i 

"PROCEDURE" PLOTLINE(X1,Y1,X2,Y2,XMIN,YMIN,XMAX,YMAX); 
"VALUE" X1,Y1,X2,Y2,XMIN,YMIN,XMAX,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" "ELSE" 
"IF" X1 = X2 "THEN" 
"BEGIN" "IF" XMIN <= X1 "AND" X1 <= XMAX "THEN" 

"BEGIN" PLUP(X1,YMIN); PLOT(X1,YMAX) "END" 
"END" "ELSE" 
"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" C > 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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PLUP(B,Y1 + R * (B - X1)); 
PLOT(C,Y1 + R * (C - X1)) 

"END" 
"END" 

"END"*** PLOTLINE ***; 

"PROCEDURE" NONENTS<I,VI,LV,UV,NEAN,STDDEV); 
"VALUE" LV,UV; "INTEGER" I,LV,UV; "REAL"VI,NEAN,STDDEV; 
"BEGIN" "INTEGER" NV; 

·NV:= UV - LV + 1; 
NEAN:= 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)) 
"END" 

"END"*** MONENTS 'fr**; 

"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 ")'"')"); 

"&OTO" EOP 
"END" "ELSE" 
"IF" WEIBULL3 "AND" PAR= 0 "THEN" 

PAR:= WEIBULL3 PARANETER(V,LV,UV); 
"IF" WEIBULL2 "AND" PAR= 0 "OR" WEIBULL3 "THEN" 
"BEGIN" "REAL" A; 

"FOR" I:= LV "STEP" 1 "UNTIL" UV "DO" 
"BEGIN" 

V[IJ:= -LN(V[IJ - PAR); 
"IF" <I<=((UV+LV)/2)) "THEN" 
"BEGIN" A := INDCIJ; 

IND[IJ := IND[UV+LV-IJ; 
IND[UV+LV-IJ := A 

"END"; 
"END"; 
MONENTS(I,V[IJ,LV,UV,NEAN,STDDEV); 
GUMBEL:= "TRUE" 

"END" 
"END"*** TRANSFORM DATA***; 
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"REAL" "PROCEDURE" WEIBULL3 PARANETER(V,LV,UV); 
"VALUE" LV,UV; "INTEGER" LV,UV; "ARRAY" V; 
"BEGIN" 

"REAL" THETA, THETA1, NIN, Q, Q1, QUANTILE, MEDIAN; 
"INTEGER" N, NG2, NO, I; 
"BOOLEAN" NULNEG; 
"REAL""PROCEDURE" F<THETA); 
"VALUE" THETA; "REAL" THETA; 
"BEGIN" "REAL" L; L := LOGGANNA(1+THETA); 

"IF" L>700 "OR" THETA>700/LN(N) "THEN" 
OUTPUT(61,"("/, 
"("THE ESTIMATED VALUE OF THETA IS TOO LARGE")" ,I, 
"("LOGGANNA IS: ")",+4ZD.2D,/,"("THETA IS:")", 
+4ZD.2D")", L,THETA) 
"ELSE" F := (NIN - QUANTILE+ (QUANTILE - NEAN) / 
N **THETA)* EXP(L) + (NEAN - NIN)* 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 := O; 
NULNEG:= F(XL) < O; 
"IF" NULNEG "THEN" 
"BEGIN" 

L1: NSTEP:= NSTEP + 1; 
"IF" NSTEP > 18 "THEN" 
"BEGIN" OUTPUT(61,"("/, 

''("THETA ESTIMATE NOT FOUND IN [.001,262.144] 11 ) 11") 11 ); 

"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( 61, 11 ( 11 /, 

"("ZEROIN DID NOT FIND THETA ESTIMATE INC")", 
3ZD.3D, 11 ( 11 , 11 ) 11, 3ZD.3D, 11 ( 11] 11 ) 1111 ) 11, LBOUND, 
UBOUND) 

"END" 
"END" 

"END"; 
XL:= XR:= UBOUND; 

L: NSTEP:= NSTEP + 1; 
"IF" NSTEP > 18 "THEN" 
"BEGIN" OUTPUT( 61, "("/, 

"("THETA ESTIMATE NOT FOUND INC 11 ) 11, 3ZD.3D, 
11 ( 11 , 262.144]11 ) 11 11 ) 11 , UBOUND); 
"IF" NULNEG 
"THEN" "BEGIN" XL:= XL1; NULNEG:= "FALSE" "END" 
"ELSE" "GOTO" EOP 

"END" "ELSE" 
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"BEGIN" XR:= XR*2; 
"IF" F(XR) > 0 
"THEN" "BEGIN" XL:= XR; "GOTO" L "END"; 
LBOUND:= XL; UBOUND:= XR; 
"IF" "NOT" ZEROIN(XL, XR, F(XL>, TOLX) "THEN" 
"BEGIN" OUTPUT(61, 11 ( 11/, 

"("ZEROIN DID NOT FIND THETA ESTINATE IN [ 11 ) 11 , 

3ZD~3D, "(", ")", 3ZD.3D, "("]")'"')", 
LBOUND, UBOUND ); 
"IF" NULNE6 
"THEN" "BEGIN" XL:= XL1; NULNE6:= "FALSE" "END" 
"ELSE" "GOTO" EOP 

"END" 
"END" 

"END" ESTINATE; 

NIN:= V[IND[LVll; N := UV-LV+1; NO:= ENT(.4*N); 
QUANTILE:= V[IND[NO]]; 
"IF" ABS(QUANTILE-NEAN)/(NEAN-NIN) < .1 "THEN" 
"BEGIN" NO:= ENT(.9•N>; QUANTILE:= V[IND[NOll "END"; 
OUTPUT(61,"("/,"("INFORNATION WEIBULL3 PARANETER ••• ")" 
,4/, "("I IS :")",3ZD,/, 
"("RESULTING NO IS:")",3ZD,/")",I,NO); 
Q := N0/(N+1); Q := -LN(1-Q); 
"IF" N0=1 "THEN" 

"BEGIN" OUTPUT(61,"(""("NO = 111 ) 11,/11 ) 11 ); 

"GOTO" EOP "END"; 
ESTINATE <THETA, THETA*"-5, THETA1, NULNEG); 
Q := NIN - (NEAN-NIN)/(N**THETA-1); 
"IF" NULNE6 "THEN" 
"BEGIN" Q1:= NIN - (NEAN-NIN)/(N**THETA1-1); 

NG2:= N//2; 
NEDIAN:= "IF" NG2•2 = N 

"THEN" (V[IND[NG2ll+V[IND[NG2+1]])/2 
"ELSE"V[IND[NG2+1ll; 

"IF" ABS( Q1 + (NEAN-Q1)*(LN(2))**THETA1/ 
EXP(LOGGANNA(1+THETA1)) - NEDIAN) < 
ABS( Q + (NEAN-Q)•(LN(2))**THETA/ 
EXP(L06GANNA(1+THETA)) - NEDIAN) "THEN" 

"BEGIN" Q:= Q1; THETA:= THETA1 "END" 
"END"; 
WEIBULL3 PARANETER := "IF" Q < NIN 

"THEN" Q "ELSE" NIN - 1/N; 
"IF" Q >= NIN "THEN" 
OUTPUT(61,"("4/, 

"("SINCE THE ESTINATE OF THE LOCATION PARANETER")" 
,/,"("IS LARGER THAN THE NININUN OF THE SANPLE IT")" 
,/,"("CANNOT BE USED. THE LOCATION PARANETER USED")" 
,/,"("INSTEAD IS THE SANPLE NININUN NINUS 1/N. 11 ) 1111 ) 11 ); 

"END"*** WEIBULL3 PARANETER ***; 

"PROCEDURE" COORDINATES(X,F,HL,HU,NUV); 

"INTEGER" NUV; "ARRAY" X,F,HL,HU; 
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"BEGIN'' "INTEGER" I,PREVI,M; 
"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 I SQRT(N) "ELSE" 
"IF" BETA= 0.99 "THEN" KRIT:= 14 / SQRT(N) "ELSE" 
"BEGIN" KRIT:= O; 

OUTPUT(61, 11 ( 11//, 11 ( 11BETA IS NOT EQUAL TO 0.90, 0.95 
OR 0.99 11 ) 1111 ) 11 ); 

CONFBAND:= "FALSE" 
"END" KRIT; 

"REAL" "PROCEDURE" H(S,U,K); 
"VALUE" S,U,K; "INTEGER" S; "REAL" U,K; 
H:= (U + K * K / 2 + S * K * SQRT(U * (1 - U) + K * 

K / 4)) / (1 + K * K); 

"IF" V[LVJ <= V[UVJ 
"THEN""BEGIN" "FOR" I:=LV "STEP" 1 

"UNTIL" UV "DO" INDUJ:=I "END" 
"ELSE" "FOR" I:=LV "STEP" 1 

"UNTIL" UV "DO" IND[IJ :=LV+UV-I; 
"IF" "NOT" SORTED "THEN" VECINDQSORT(V,IND,LV,UV); 
"IF" WEIBULL2 "OR" WEIBULL3 
"THEN" TRANSFORM DATA(V,LV,UV,PAR); 
X[LVJ := V[IND[LVJJ; F[LV-1] := O; 
M := LV; PREVI := LV; 
"FOR" I:=LV "STEP" 1 "UNTIL" UV "DO" 
"BEGIN" P := VUND[IJJ; 

"IF" X[MJ < P "THEN" 
"BEGIN" 

F[MJ := F[M-1] + I - PREVI; 
X[ll+1J := P; 
II:= M+1; PREVI :=I; 

"END" 
"END"; 
NUV := II; II:= UV - LV + 1; 
F[NUVJ := II; K := KRIT(M); 
"FOR" I:=LV "STEP" 1 "UNTIL" NUV "DO" 
"BEGIN" 

P := (F[IJ-0.3)/(M+0.4); F[IJ := DISTINV(P); 
"IF" CONFBAND 
"THEN" "BEGIN" HL[Il:= H(-1,P,K); 

HU[IJ:= H(+1,P,K) "END" 
"ELSE" "BEGIN" HL[IJ:= 0; HU[IJ:= 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" FCIJ >= 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" ff* BOUNDS***; 

"PROCEDURE". YNINNAX(F,HL,HU,L,U,YNIN,YNAX); 
"VALUE" L,U; 
"INTEGER" L,U; 
"REAL" YNIN,YNAX; 
"ARRAY" F,HL,HU; 
"BEGIN" "REAL" FF,HH; 

FF:= F[LJ; HH:= HL[LJ; 
"IF" HH <• 0 "THEN" YNIN:= FF "ELSE" 
"BEGIN" HH:= DISTINV(HH); 

YNIN:= "IF" FF< HH "THEN" FF "ELSE" HH 
"END"; 
FF:• F[UJ; HH:= HU[UJ; 
"IF" HH >= 1 "THEN" YNAX:= FF "ELSE" 
''BEGIN" HH:= DISTINV(HH); 

YNAX:= "IF" FF> HH "THEN" FF "ELSE" HH 
"END" 

"END"*** YNINNAX ***; 

"PROCEDURE" INITPLOT(X,L,U,XMIN,XNAX,YMIN,YNAX,MIN,MAX, 
FACTOR,SUB); 

"VALUE" L,U,YNIN,YNAX; "INTEGER" L,U,SUB; "ARRAY" X; 
"REAL" XNIN,XNAX,YMIN,YNAX,NIN,MAX,FACTOR; 
"BEGIN" "INTEGER" I,E,NINT,CHL; 
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"REAL" DUN1,DUN2,HULP; "ARRAY" DUNRIJ[1:4J; 

XNIN:= X[LJ; XNAX:• X[UJ; 
HULP := -ENT(LN(XMAX-XMIN)/LN(10)) + 2; 
FACTOR:= 10.0 ** HULP; E := 10 ** ABS(HULP); 
SUB:= -ENT( ABS(XMIN)*FACTOR/1000) * 1000 * 

SIGN(XMIN); 
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SIZEX := "IF" SIZE=O "THEN" 21.6 "ELSE" "IF" SIZE<=5 
"THEN" 59.4 / 1.414213562 ** (SIZE-2) 
"ELSE" ENTCSIZE/1000) / 10; 

SIZEY := "IF" SIZE=O "THEN" 15.8 "ELSE" "IF" SIZE<=5 
"THEN" 42 / 1.414213562 ** (SIZE-2) 
"ELSE" SIZE / 10 - SIZEX * 1000; 

"IF" SIZEY>72.5 
"THEN" 

"BEGIN" 
OUTPUT(61,"("/, 

"("THE PLOTSIZE SUGGESTED BY THE PARAMETER")", 
"(" SIZE IS TOO LARGE FOR THE PLOTTER.")",/")"); 

"GOTO" EOP 
"END" 

"ELSE" 
"BEGIN" I:= EQUIV(GRFILE); 

"IF" I= 0 "THEN" I:= EQUIV("("GRFILE")"); 
PLOTS(O, O, I* 4096); 

"END"; 
YFACTOR:= "IF" SIZEY <= 21 "THEN" 1 "ELSE" SIZEY/21; 
DUNRIJ[1J := XNIN*FACTOR+SUB; 
DUNRIJ[2J := XNAX*FACTOR+SUB; 
SCALE(DUNRIJ,SIZEX - 3•YFACTOR,2,1); 
NIN:= DUNRIJ[3J; DELTA:= DUNRIJ[4J; 
"IF" DELTA>= 100 

"THEN" "BEGIN" FACTOR:•FACTOR/10; 
SUB:=SUB/10; 
"IF" HULP > 0 
"THEN" E:=E/10 
"ELSE" E:=E•10 

"END" 
"ELSE" "IF" DELTA<= .01 

"THEN" "BEGIN" FACTOR:=FACTOR*10; 
SUB:•SUB*10; 

"END"; 

"IF" HULP >= 0 
"THEN" E:=E•10 
"ELSE" E:=E/10 

"IF" E "- 1 "OR" SUB"- 0 "THEN" 
"FOR" I:= L "STEP" 1 "UNTIL" U 
"DO" X[IJ:= X[IJ *FACTOR+ SUB; 
XNIN:= X[LJ; XNAX:= X[UJ; 
"IF" DELTA>= 100 "OR" DELTA<= .01 "THEN" 

"BEGIN" DUNRIJ[1l:•XNIN; 

"END"; 

DUNRIJ[2J:=XNAX; 
SCALE(DUNRIJ,SIZEX-3*YFACTOR,2,1); 
NIN:=DUNRIJ[3J; DELTA:=DUNRIJ[4J 

PLOT CALCONP(2*YFACTOR, 1.5*YFACTOR, -3); 
NINT:= -1; MAX:= NIN; 
"FOR" NINT:= NINT + 1 "WHILE" MAX< XNAX 
"DO" MAX:= MAX+ DELTA; 
DUNIT1:= (MAX - NIN)/(SIZEX - 3*YFACTOR); 
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· DUNIT2:= (YNAX - YNIN)/(SIZEY - 2•YFACTOR); 
YFDUNIT1:= YFACTOR*DUNIT1; YFDUNIT2:= YFACTOR•DUNIT2; 
PLFRANE(NIN - 2•YFDUNIT1,YNIN - 1.5•YFDUNIT2, 
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MAX+ YFDUNIT1, YNAX + .5•YFDUNIT2, SIZEX, SIZEY); 
AXIS(O, O, O, -1, SIZEX - 3•YFACTOR, O, 

NIN, DELTA); 
PLOT CALCONPC-2•YFACTOR, -1.5•YFACTOR, -3); 
CHARHEI&HT:= 0.2 * YFACTOR; 
YPOS:= YNIN; 
CHL:= CHLENGTH(IDENT); 
"IF" CHL > 0 "THEN" 

· 11BEGIN" "IF" CHL < SIZEX•5/YFACTOR "THEN" 
PLTEXT((NIN + NAX)/2 - (.1•CHL + .35)•YFDUNIT1, 

YNIN - 1.4•YFDUNIT2, IDENT) 
"ELSE" 
OUTPUT(61, "("/, 

"("PLOT IDENTIFICATION IS TOO LONG, LENGTH =11 ) 11 , 

3ZD.DB, "("CN")"")", CHL*YFACTOR/5) 
"END"; 
DUN1:• YPOS - YFDUNIT2; 
"IF" WEIBULL2 "AND" PAR= 0 "THEN" 

PLTEXT(NIN, DUN1, 11 ( 11-LN(OBSERVATIONS) ")") "ELSE" 
"IF" WEIB~LL3 "THEN" 
"BE&IN" PLTEXT(NIN, DUN1, 11 ( 11-LN(OBSERVATIONS ")"); 

SYNBOL(999, 999, CHARHEIGHT, 
"IF" PAR>= 0 "THEN" 45 "ELSE" 43, 0, -1); 

NUNBER(999, 999, CHARHEIGHT, ABS(PAR), 0, 3); 
"FOR" I:= 32, 41 
"DO" SYNBOLC999, 999, CHARHEIGHT, I, O, -1>; 

"END" "ELSE" 
PLTEXT(NIN, DUN1, "("OBSERVATIONS")"); 

"IF" 1!1=1 "THEN" 
"BEGIN" "FOR" I:= 32, 

"IF" FACTOR> 1 "THEN" 42 "ELSE" 47, 
"IF" E >= 0 "THEN" 32 "ELSE" 45 

"DO" SYNBOLC999, 999, CHARHEIGHT, I, 0, -1); 
NUNBER(999, 999, CHARHEIGHT, ABS(E), O, -1); 

"END"; 
"IF" SUB "- 0 "THEN" 

"BEGIN" "FOR" I:=32,32, 
"IF" SUB >O "THEN" 43 "ELSE" 45 

"DO" SYNBOLC999,999,CHARHEIGHT,I,0,-1); 
NUNBER(999, 999, CHARHEIGHT,ABS(SUB), O, -1); 

"END"; 
PLUP(NIN, YPOS); PLOT(NIN - YFDUNIT1/2, YPOS); 
VERTAXIS(YNIN, YNAX, NIN - YFDUNIT1/2); 
SWIDTH:= .3•YFDUNIT1; PLUP(NIN + SWIDTH, YNAX); 
PLOT(NIN, YNAX); 
PLOT(NIN + SWIDTH, YNAX - .225•YFDUNIT2); 
PLOT(NIN, YNAX - .45•YFDUNIT2); 
PLOT(NIN + SWIDTH, YNAX - .45•YFDUNIT2); 
PLTEXT(NIN, YNAX - .75•YFDUNIT2, "("NC")"); 
DUN1:= YNAX - 1.2•YFDUNIT2; 
"IF" EXP1 "OR" EXP2 
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"THEN" PLTEXT(MIN, DUM1, "("EXPONENTIAL")") 
"ELSE" 
"IF" WEIBULL2 "OR" WEIBULL3 
"THEN" PLTEXT(MIN, DUM1, "("WEIBULL")") 
"ELSE" PLTEXT(MIN, DUM1, TYPE); 
PLTEXT(XCONT, YCONT, "(" PROBABILITY PLOT")"); 
PLTEXT(MIN,YMAX - 1.5•YFDUNIT2, "("OF")"); 
NUMBER(999, 999, CHARHEIGHT, UV-LV+1, O, -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 ***; 

"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" "INTEGE~" 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(X[Ul,FCUJ); 
"FOR" I:= U-1 "STEP" -1 "UNTIL" L 
"DO" PLOT(X[IJ,F[Il) 

"END" "ELSE" 
"IF" PART> 0 "THEN" 
"BEGIN" "REAL" NEWX,STEPX; 

NEWX:= XMAX; STEPX:= (XMAX - XMIN) / PART; 
PLUP(NEWX,F[Ul); 
"FOR" I:= U "STEP" -1 "UNTIL" L "DO" 
"BEGIN" "IF" XU]<= NEWX "THEN" 

"BEGIN" PLOT(NEWX,F[Il); NEWX:= NEWX - STEPX; 
I:= I + 1 

"END" 
"END" 

"END" 
"END" "ELSE" 
"IF" PART= 0 "THEN" 
"BEGIN" "FOR" I:= U "STEP" -1 "UNTIL" L "DO" 

SYMBOL(XCE(X[Il), YCE(F[Il), CHARHEIGHT, MODE, 0, -1); 
"END" "ELSE" 
"IF" PART> 0 "THEN" 
"BEGIN" "REAL" NEWX,STEPX; 

NEWX:= XMAX; STEPX:= (XMAX - XMIN) / PART; 
"FOR" I:= Li "STEP" -1 "UNTIL" L "DO" 
"BEGIN" "IF" XU]<= NEWX "THEN" 

"BEGIN" SYMBOL(XCE(NEWX), YCE(F[IJ), 
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CHARHEIGHT, MODE, O, -1); 
NEWX:= NEWX - STEPX; I:= I+ 1 

"END" 
"END" 

"END"; 
"IF" CONFBAND "THEN" 
"BEGIN" PLUP(X[LJ,DISTINV(HL[LJ)); 

"FOR" I:= L + 1 "STEP" 1 "UNTIL" U "DO" 
PLOT(X[IJ,DISTINV(HLCIJ)); 
PLUP(X[UJ,DISTINV(HUCUJ)); 
"FOR" I:= U - 1 "STEP" -1 "UNTIL" L "DO" 
PLOT(XCIJ,DISTINV(HUCIJ)) 

"END" 
"END"*** PLOTPICTURE ***; 

"PROCEDURE" LEAST SQUARES LINE (N); 
"VALUE" N; 
"INTEGER" N; 
"BEGIN" "REAL""ARRAY" XX,YY[1:9J; "INTEGER" I,J; 

"REAL" XMEAN, YMEAN, A, B, C; 

XMEAN := YMEAN :=A:= B := O; 
"FOR" I:=1 "STEP" 1 "UNTIL" 9 "DO" 
"BEGIN" 

J := LV + ENT(I*N/10) + 2; 
"IF" J>NUV+1 "THEN" J := NiJV + 1; 
"FOR" J :=J-1 "WHILE" F[JJ>=DISTINV( I/1O) "DO"; 
J:= J+1; YYCIJ := FCJJ; 
"IF" ((LV<J "AND" J<ILV) "OR" (NUV >J "AND" J>INUV)) 
"THEN" XXCIJ := XCJJ*FACTOR + SUB "ELSE" XXCIJ := XCJJ; 
XMEAN := XMEAN + XX[IJ; 
YMEAN := YMEAN + YYCIJ 

"END"; 
XMEAN := XMEAN/9; YMEAN := YMEAN/9; 
"FOR" I:=1 "STEP" 1 "UNTIL" 9 "DO" 

"BEGIN" 
C := XXCIJ - XMEAN; 
A:= A+ YYCIJ * C; 
B := B + C * C 

"END"; 
B := A/B; A:= YMEAN - B * XMEAN; 
"COMMENT" THE LEAST SQUARES LINE IS GIVEN BY A+ BX; 
PLOTLINE (O,A,1,A+B,MIN,YMIN,MAX,YMAX) 

"END"*** LEAST SQUARES LINE***; 

"BEGIN" "INTEGER" I; I:= EQUIV<TYPE); 
UNIFORM :=I= EQUIV("("UNIFORM")"); 
NORMAL :=I= EQUIV("("NORMAL")"); 
EXP1 :=I= EQUIV("("EXP1")"); 

584 



6.9 

EXP2 
GUMBEL 
LAPLACE 
CAUCHY 

WEIBULL2 
WEIBULL3 
SPECIAL 

:=I= EQUIV("("EXP2")"); 
:=I= EQUIV("("GUMBEL")"); 
:=I= EQUIV("("LAPLACE")"); 
:=I= EQUIV("("CAUCHY")"); 

:= I = EQUIV("("WEIBULL2")"); 
:= I = EQUIV("("WEIBULL3")"); 
:= J'. = EQUIV("("SPECIAL")"); 

"IF" "NOT" (UNIFORM "OR" NORMAL "OR" EXP1 "OR" EXP2 

"TH.EN" 
"BEGIN" 

"OR" GUMBEL "OR" LAPLACE "OR" CAUCHY 
WEIBULL2 "OR" WEIBULL3 "OR" SPECIAL) 

OUTPUT(61,"("/,"("DISTRIBUTIONTYPE 1111 ) 11,N, 

"OR" 

11 ( 1111 NOT ALLOWED!")",/")", TYPE); 
"GOTO" EOP 

"END"; 
"END"; 

CONFBAND:= OPTION// 10 = 1; 
ESTLINE:= OPTION - OPTION// 10 * 10 = 1; 
MONENTS(I,V[Il,LV,UV,MEAN,STDDEV); 
COORDINATES(X,F,HL,HU,NUV); 
BOUNDS(NUV,ILV,INUV,F); 
YMINMAX(F,HL,HU,ILV,INUV,YMIN,YMAX); 
INITPLOT(X,ILV,INUV,XMIN,XMAX,YMIN,YMAX,MIN,MAX, 

FACTOR,SUB); 
PLOTPICTURE(X,F,HL,HU,ILV,INUV,XMIN,XMAX); 

"IF" ESTLINE "THEN" 
"BEGIN" MEAN:= MEAN* FACTOR+ SUB; 

STDDEV:= STDDEV * FACTOR; 
XMIN := X[LVl; XMAX := X[NUVl; 
"IF" ILV>LV "THEN" XMIN := XMIN*FACTOR + SUB; 
"IF" INUV<NUV "THEN" XMAX := XMAX*FACTOR + SUB; 
MIN:= X[ILVl; MAX :=X[INUVl; 
"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); 
PLOTLINE(A - H,O,A + H,1,MIN,YMIN,MAX,YMAX) 

"END" "ELSE" 
"IF" NORMAL "THEN" 

PLOTLINE(MEAN,0,MEAN + STDDEV,1,MIN,YMIN,MAX,YMAX) 
"ELSE" 
"IF" EXP1 "THEN" 

PLOTLINE(O,O,MEAN,1,MIN,YMIN,MAX,YMAX) "ELSE" 
"IF" EXP2 "THEN" 
"BEGIN" "INTEGER" N; 

N:= UV - LV + 1; 
PLOTLINE((N * XMIN - MEAN)/ (N - 1),0,MEAN,1,MIN, 
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"END" "ELSE" 
"IF" GUMBEL "THEN" 
"BEGIN" "REAL" PI,NEAN6,STDDEV6; 

PI:= 3.141592653589; 
STDDEVG:= STDDEV * SQRT(6) / PI; 

YNIN,NAX,YNAX) 

NEANG:= MEAN - 0.5772156649 * STDDEVG; 
PLOTLINE(NEANG,0,NEANG + STDDEVG,1,NIN,YNIN,NAX,YNAX) 

"END" "ELSE" 
"IF" LAPLACE "THEN" 
PLOTLINE(NEAN,O,NEAN + STDDEV / SQRT(2),1,NIN, 

YNIN,NAX,YNAX) 
"ELSE" 
"IF" WEIBULL2 "AND" PAR> 0 "OR" CAUCHY "OR" SPECIAL 
"THEN" LEAST SQUARES LINE (NUV) 

"END"; 

EOP: 

"END"****** PLDIST ******; 
"EOP" 
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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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AUTHOR: c. van Putten 

INSTITUTE: Mathematical Centre 

REcl!IVED: 760501 

BRIEF DESCRIPTION 
The procedure computes the logarithm of the gamma function. 

KEY'WORDS 

Logarithm of the gamma function 

CALIJNG SEQUENCE 
Heading 
"REAL" "PROCEDURE" LOGGAMNA (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 LOGGANMA. 
The following error message may appear: 
Errornumber 1 (if x ..; 0) 

PROCEDURES USED 
STATAL3 ERROR 

LANGUAGE 
Compass 

STATAL 40100 

METHOD AND PERFORMANCE 
The algorithm is basically that of CACM ALO. 309. 
For arguments greater than 7 a slight modification of CACM ALO. 309 is used. 
For smaller arguments the recurrent relation LOGGANMA C T + 1 > - LOGGANNA 
<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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Ex.AMPLE OF USE 

Program: 

"BEGIN" 
OUTPUT(61, "("3(3Z.6D,/)")", 

LOGGANNA( 4), 
LOGGANMA(10), 
LOGGAMMA(47)) 

"END" 

Output: . 

1.791759 
12.801827 

132.952575 

SoUR.CE TEXT 

Loggamma 

The procedure is written in COMPASS; an equivalent ALGOL 60 text is given. 

"CODE" 40400; 
"REAL" "PROCEDURE" LOGGANMA(T>; "VALUE" T; "REAL" T; 
"BEGIN" "COIIIENT" ADOPTED FROM CACM ALGORITHM 309; 

"REAL" "PROCEDURE" LGM(II); "VALUE" II; "REAL" II; 
"BEGIN" "ARRAY" CC1:20J; 

"REAL" 112, PRESUM, CONST, DEN, SUM; 
"INTEGER" I; 

cc 1J:= +8.3333333333333"-002; 
cc 2J:= -2.11n1m1n1a"-003; 
cc 3]:= +7.9365079365080"-004; 
cc 4]:= -5.9523809523810"-004; 
cc 5]:= +8.4175084175084"-004; 
cc 6]:= -1.9175269175269"-003; 
cc 7]:= +6.4102564102564"-003; 
CC BJ:= -2.9550653594771"-002; 
cc 9]:= +1.7964437236883"-001; 
CC10J:= -1.3924322169059"+000; 
CC11J:= +1.3402864044168"+001; 
CC12J:= -1.5684828462600"+002; 
CC13J:= +2.1931033333333"+003; 
CC14J:= -3.6108771253725"+004; 
CC15J:= +6.9147226885131"+005; 
CC16J:= -1.5238221539407"+007; 
CC17J:= +3.8290075139142"+008; 
CC18J:= -1.0882266035784"+010; 
CC19J:= +3.4732028376500"+011; 
CC20J := -1.2369602142271"+013; 
CONST:= +9.1893853320467"-001; 
"COMMENT'; CONST = LN(SQRT(2 * PI)); 
DEN:= II; 112:= II* W; 
PRESUM:=(W - .5) * LN(II) - II+ CONST; 
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"FOR" I:= 1 "STEP" 1 "UNTIL" 20 "DO" 
"BEGIN" SUN:= PRESUN + CUJ / DEN; 

"IF" SUN= PRESUN "THEN" "GOTO" UIT; 
DEN:= DEN* W2; PRESUN:= SUM 

"END"; 
UIT: LGM:= SUN 

"END" OF PROCEDURE L6N; 

"IF" T <= 0 "THEN" STATAL3 ERROR("("LOGGAMMA")", 1, T); 
"IF" T > 7 "THEN" LOGGANNA:= LGN(T) "ELSE" 
"BEGIN" "REAL" F; F:= T; 

"FOR" T:= T + 1 "WHILE" T < 7 "DO" F:= F * T; 
L066ANNA:=LGM(T)-LN(F) 

"END"; 
"END" LOGGAMMA; 

"EOP" 
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7.2 Incomplete Beta 

Tm.E: ·. Incomplete Beta 

AUTHOR: R. Kaas 

INmTUTE: Mathematical Centre 

REcmvm: 750201 

BRIEF DESCRIPTION 
The procedure computes the incomplete beta function ratio with parameters 
ALPHA1 and ALPHA2. 

KEYW'ORDS 
Incomplete beta function ratio 

CALLING SEQUENCE 
Heading 
"REAL" "PROCEDURE" INCOMPLETE BETA CX, 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: 
Erromumber 2 (if ALPHA1 <;0) 
Erromumber 3 (if ALPHA2<0) 
Erromumber 4 (if EPS <0) 

PROCEDURES USED 
STATAL3 ERROR 

LANGUAGE 
AJgol 60 

STATAL 40100 

METHOD AND PERFORMANCE 
The function is computed as follows: 
H 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 ALO. 179. 
The precision of the result is determined by the parameter EPS. 

REFBRBNCES 
[1] M. Abramowitz & I.A. Stegun 

Handbook of mathematical functions 
Dover Publications, New York, 1970 

[2] Collected algorithms from CACM, 
Association for computing macbjnery, 
New York, 1975 

ExAMPLEOFUSE 

Program: 

"BE&IN" 
OUTPUT(61, "("3CZ.6D,I>")", 

INCOMPLETE BETA(.5, 5.0, 5.0, "-10), 
INCOMPLETE BETA(.1, 6.2, 8.3, "-10), 
INCOMPLETE BETA(.6, 8.1, 3.2, "-10)) 

"END" 

Output: 

.500000 

.000778 

.185051 

SoUllCE TEXT 

"CODE" 40401; 
"REAL" "PROCEDURE" INCOMPLETE BETA(X, P, Q, EPSILON); 
"VALUE" X, P, Q, EPSILON; "REAL" X, P, Q, EPSILON; 
"BEGIN" "REAL" INC; 

592 

"REAL" "PROCEDURE" NINIB(X, P, Q); 
"VALUE" X, P, Q; "REAL" X, P, Q; 
"BEGIN" 

"REAL" FINSUN, INFSUN, TEMP, TERN, 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"; 
FINSUN:= 0; TERN:= 1; TEMP:= 1 - X; 
QRECUR:= INDEX:= Q; 
"FOR" INDEX:= INDEX - 1 "WHILE" INDEX> 0 "DO" 
"BEGIN" QRECUR:= INDEX; 

TERN:= TERN* (QRECUR + 1) / 
(TEMP* (P + QRECUR)); 

FINSUN:= FINSUN + TERN 
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. "END"; 
INFSUM:= TERM:= 1; INDEX:= 0; 
"FOR" INDEX:= INDEX+ 1 
"WHILE" <TERM/ INFSUM) > EPSILON "DO" 
"BEGIN" TERM:= TERM* X * (INDEX - QRECUR) * 

(P + INDEX - 1) /(INDEX* (P + INDEX)); 
INFSUM:= INFSUM + TERM 

"END"; 
TEMP:= X ** P * (INFSUM * EXP(L06GAMMA(QRECUR + P) -
L06GAMMA(QRECUR) - LOGGAMMA(P + 1)) + FINSUM * 
(1 - X) ** Q * EXP(LOGGAMMACP + Q) - L06GAMMA(P) -

·L066AMMA(Q + 1))); 
MINIB:= "IF" ALTER "THEN" 1 - TEMP "ELSE" TEMP 

"END"; 

"REAL" "PROCEDURE" MAXIBCX, P, Q); 
"VALUE" X; "REAL" X, P, Q; 
"BEGIN" "REAL" L1, L2, PCUM; 

"IF" Q < P 
"THEN" MAXIB:= 1 - MAXIB(1 - X, Q, P) "ELSE" 
"BEGIN" PCUM:= 0; L1:= LN(X); L2:= LN(1 - X); 

"FOR" P:= P - 1 "WHILE" P >= 250 "DO" 
PCUM:= PCUM + EXP(LOGGAMMACP + Q) -
LOGGAMMA(P + 1) - LOGGAMMA(Q) + P*L1 + Q•L2); 
P:= P + 1; 
"FOR" Q:= Q - 1 "WHILE" P + Q >= 500 "DO" 
PCUM:= PCUM - EXP(LOGGAM"ACP + Q) - LOGGAMMA(P) 
- LOG6AMMA (Q + 1) + P * L1 + Q * L2); 
Q:= Q + 1; 
MAXIB:= MINIBCX, 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" 0 "ELSE" 

"IF" X >= 1 "THEN" 1 "ELSE" 
"IF" P + Q > 500 "THEN" MAXIBCX, P, Q) 
"ELSE" MINIBCX, P, Q); 
INCOMPLETE BETA:= "IF" INC< 0 "THEN" 0 "ELSE" 

"IF" INC> 1 "THEN" 1 "ELSE" INC 
"END" INCOMPLETE BETA; 

"EOP" 
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WilcoxonsW 

AUTHOR: R. Kaas 

INSTITUTB: Mathematical Centre 

RECBIVBD: 760901 

BRIEF DESCRIPTION 

7.3 

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. 

KEYwoms 
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 
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) 
Erromumber 4 (if LY>UY) 

PROCEDURES USED 
VEC QSORT 
STATAL3 ERROR 

LANGUAGE 
Algol 60 

STATAL 11020 
STATAL 40100 

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 

ExAMPLB OF USE 

Program: 

"BEGIN" "ARRAY" A[1:8], 8[1:6], C[1:10l; "REAL" D; 

INARRAY(60, A); INARRAY(60, B); INARRAY(60, C); 
0UTPUT(61, "("3(2ZD,I>")", 

"END" 

Input: 

WILC0X0NS W<A, 1, 8, B, 1, 6, "TRUE", D), 
WILC0X0NS W(A, 1, 5, C, 1,10, "TRUE", D), 
WILC0X0NS W(B, 1, 4, C, 1, 9, "TRUE", D)) 

8 11 14 16 18 19 22 25 
9 10 12 16 17 22 
6 9 10 11 13 14 15 19 21 23 
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Output: 

60 
48 
30 

SoUllCB TEXT 

"CODE" 40000; 
"INTEGER" "PROCEDURE" WILCOXONS WCX, XLOW, XUPP, Y, 

.YLOW, YUPP, SORTED, D); 
"VALUE" XLOW, XUPP, YLOW, YUPP, SORTED; 
"INTEGER" XLOW, XUPP, YLOW, YUPP; "BOOLEAN" SORTED; 
"REAL" D; "REAL" "ARRAY" X, Y; 
"BEHN" "INTEGER" W, I, J, NNU, NNU, TNU, MTOT; 

"REAL" A, B, NIN; 
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"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 QSORTCY, YLOW, YUPP) 
"END"; 
W:= O; D:= O; NTOT:= XUPP - XLOW + 1; 
I:= XLOW; J:= YLOW; A:= X[IJ; B:= Y[JJ; 
"FOR" NIN:= "IF" A< B "THEN" A "ELSE" B 

"WHILE" I<= XUPP I J <= YUPP "DO" 
"BEHN" NNU:= I; NNU:= J; 

"FOR" A:= X[IJ "WHILE" A= NIN I I< XUPP, 
A "WHILE" A= NIN I I= XUPP "DO" I:= I+ 1; 

"FOR" B:= Y[JJ "WHILE" B =NINI J < YUPP, 
B "WHILE" B =NINI J = YUPP "DO" J:= J + 1; 

NNU:= I - NNU; NNU:= J - NNU; 
TNU:= NNU + NNU; D:= D + TNU * TNU * TNU; 
W:= W + NNU * (2 * NTOT - NNU); NTOT:= NTOT - NNU 

"END"; 
"IF" I<= XUPP "THEN" 
"BEGIN" NIN:= A; NNU:= 1; 

"FOR" I:= I+ 1 "STEP" 1 "UNTIL" XUPP "DO" 
"BEGIN" A:= XtIJ; 

"IF" A= NIN "THEN" NNU:= NNU + 1 "ELSE" 
"BEGIN" D:= D + NNU * NNU * NNU; 

NNU:= 1; NIN:= A 
"END" 

"END"; D:= D + NNU * NNU * NNU 
"END"; 
"IF" J <= YUPP "THEN" 
"BEGIN" NIN:= B; NNU:= 1; 

"FOR" J:= J + 1 "STEP" 1 "UNTIL" YUPP "DO" 
"BEGIN" B:= Y[JJ; 

"IF" B = NIN "THEN" NNU:= NNU + 1 "ELSE" 
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"BEGIN" D:= D + NNU * NNU * NNU; 
NNU:= 1; NIN:= B 

"END" 
"END"; D:= D + NNU * NNU * NNU 

"END"; 
WILCOXONS W:= W 

"END" WILCOXONS W; 
"EOP" 

Wilcoxons W 
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Limit 

Tm.E: Limit 

AUTHOR: E. Opperdoes 

INSTITUTE: Mathematical Centre 

RECEIVED: 760901 

BRIJW DESCRIPTION 

7.4 

The procedure computes asymptotic distribution function of the Cramer-von 
Mises' test statistic 

KEY'WORDS 
Asymptotic distribution Cramer-von Mises' test statistic 

CALLING SEQUENCE 
Heading 
"REAL11 "PROCEDURE" LIMIT (X); 
"VALUE" X; 
"REAL" X· I -

"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 NUNAL 35191 

METHOD AND PERFORMANCE 
The distribution function is computed using a formula in Anderson and Dar
ling (1952), and has a precision of 10-6• 

REFERENCE 
(1) T.W. Anderson & D.A Darling 
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Asymptotic theory of certain goodness of fit criteria based on stochas
tic processes 
Ann. of Matk Stat., 23 (1952), pp. 193-212. 



7.4 

ExAMPLEOFUSE 

Program: 

"BEGIN" 
OUTPUT(61, "("3(2ZD.5D,/)")", 

LIMIT(0.1>, 
LIMIT(0.2), 
LIMIT(0.5)) 

"END" 

Output: 

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; 
"BEGIN" "REAL" KA, KA1; 

BESS KA01(0.25, X, KA, KA1);
BESS:= KA* EXP(-X) 

"END" BESS; 

INV16X:= 1 / 16 / X; J4P1:= 5; A:= 0.5; 
TOL:= 0.5"-6; J:= 1; 
FACTINV:= 4 * ARCTAN(1) * SQRT (X); 
SUM:= BESS(INV16X); 
TERM:= 0.5 * SQRT(5) * BESS(25 * INV16X); 
"FOR" J:= J + 1 "WHILE" TERM>= TOL "DO" 
"BEGIN" SUM:= SUM+ TERM; 

"IF" SUM> FACTINV "THEN" 
"BEGIN" LIMIT:= 1; "GOTO" EXIT "END"; 
A:= A* (1 - 0.5 / J); J4P1:= J4P1 + 4; 
TERM:= A* SQRT (J4P1) * BESS(J4P1 * J4P1 * INV16X); 

"END"; 
SUM:= SUM/ FACTINV; 
LIMIT:= "IF" SUM<= 0 "THEN" 0 "ELSE" 

"IF" SUM>= 1 "THEN" 1 "ELSE" SUM; 
EXIT: 

"END" LIMIT; 
"EOP" 

Limit 
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Bound 

. 
1iTLE: Bound 

AUTHOR: A Nonymous 

INSTITUTE: Mathematical Centre 

Rocmvm>: unknown 

BRIEF DESCRIPTION 

7.5 

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 

CAil.ING SEQUENCE 
Heading 
"REAL" "PROCEDURE" BOUND <T, N, ALPHA, TOL, TEXT>; 
"VALUE" T, N,ALPHA, TOL; 
"INTEGER" T, N; 
"REAL" 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 BOUND. If 
no upper bound can be found, an error message, refering to erromumber O in 
the procedure with name given in the string TEXT, appears. 

PROCEDURES USED 
ZEROINDER 
LOGGAMMA 
STATAL3 ERROR 
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NUMAL 34453 
STATAL 40400 
STATAL 40100 
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LANGUAGE 

Algol 60 

METHOD AND PERFORMANCE 

The procedure computes a zero P of the function 

l: [J!.]pK(1-P)N-K_ALPHA 
K=O K 

using derivatives. 

SoURCE TEXT 

IIALGOL" 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" A[0: TJ; 

"REAL" "PROCEDURE" LOW ARG(X); "VALUE" X; "REAL" X; 
"BEGIN" "REAL" X1, Q, S; "INTEGER" I; 

S:= 0; X1:= 1 - X; Q:= X / X1; 
"FOR" I:= 0 "STEP" 1 "UNTIL" T "DO" 

S:= S * Q + ACIJ; 
LOW ARG:= Q **NT* X1 ** N * S 

"END" LOW ARG; 

"REAL" "PROCEDURE" HIGH ARG(X); "VALUE" X; "REAL" X; 
"BEGIN" "REAL" Q, S; "INTEGER" I; 

S:= O; Q:= (1 - X) / X; 
"FOR" I:= T "STEP" -1 "UNTIL" 0 "DO" 

S:= S * Q + A[IJ; 
HIGH ARG:= X ** N * S 

"END" HIGH ARG; 

NT:= N - T; N1:= N + 1; NT1:= NT - 1; 
Y:= AK:= ACOJ:= 1; 
"FOR" K:= 1 "STEP" 1 "UNTIL" T "DO" 
"BEGIN" AK:= ACKJ:= AK* (N1 - K) / K; 

Y:= Y + AK 
"END"; 
LOG CONST:= 

LOG6ANMA(N1) - LOGGAMMA(T + 1) - LOGGAMMA(NT); 
Y:= (0.5) ** N * Y; 
"IF" Y > ALPHA "THEN" 
"BEGIN" X:= O; Y:= 0.5; 

"IF" ZEROINDER(X, Y, LOW ARG(X) - ALPHA, 
"IF" X = 0 "THEN" 0 "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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"ELSE" STATAL3 ERROR(TEXT, 0, X) 
"END" "ELSE" 
"BEGIN" X:= 0.5; Y:= 1; 

"IF" ZEROINDER(X, Y, HIGH AR6(X) - ALPHA, 
"IF" X = 1 "THEN" 0 "ELSE" 
EXP(L06 CONST+ NT1 * LN(X) + T * LN(1 - X)), 
ABS(X) * TOL + TOL) 

"THEN'' BOUND:= (X + Y) / 2 
"ELSE" STATAL3 ERROR<TEXT, O, X) 

"END"; 
"END'' BOUND; 
"EOP" 
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7.6 Inverse 

1in.B: . · Inverse 

AUTHORS: P. van der Tweel, J.M. Buhrman 

INmTUTE: Mathematical Centre 

RECEIVED: 760501 

BRIEF DESCRIPTION 
The procedure computes the argument x, for which a user provided continuous 
distribution function DISTR has a given value PROB. 

KEYwORDS 
Inverse continuous distribution function 

CAUJNG SEQUENCE 
Heading 
"REAL" "PROCEDURE" INVERSE ex, DISTR, PROB, TOLX); 
"VALUE" PROB, TOLX; 
"REAL" X, DISTR, PROB, TOLX; 
"CODE" 40001; 
Formal parameters 
x: <real variable>, estimate of INVERSE ex, DISTR, PROB, TOLX) 

and Jensen parameter for DISTR 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) 
Erromumber 3 (if PROB ..;;10-14 or PROB ;;.1-10-14) 

PROCEDURES USED 
STATAL3 ERROR STATAL 40100 
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Inverse 

LANGUAGE 
Algol 60 

MEmOD AND PERFORMANCE 

7.6 

An interval containing a zero of the function DISTR cx>-PROB is computed. 
On this interval the procedure ZEROIN from Dekker (1970) is used to determine 
the zero. 

RBFmu3NCE 
[1] T.J. Dekker 

A/go/ 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; 

OUTPUTC61, "C"3C+Z.6D,/)")", 
INVERSECX1, LOGISTICCX1, 1, 2), .100, 

ABSCX1) * "-10), 
INVERSECX2, FISHER CX2, 10, 18), .338, 

ABSCX2) * "-10), 
INVERSECX3, NORMAL CX3, 10, 12), .250, 

ABSCX3) * "-10)) 
"END" 

Output: 

-3.394449 
+.762042 

+1.906123 

SoUltCE TEXT 

"CODE" 40001; 
"REAL" "PROCEDURE" INVERSECX, FX, PROB, TOLX); 
"VALUE" PROB, TOLX; "REAL" X, FX, PROB, TOLX; 
"BEGIN" "REAL" Y, H, F1, F2; 
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"BOOLEAN" "PROCEDURE" ZEROINCX, Y, FX, TOLX); 
"REAL" X, Y, FX, TOLX; 
"BEGIN" "INTEGER" EXT; 

"REAL" C, FC, B, FB, A, FA, D, FD, FDB, FDA, W, NB, 
TOL, N, P, Q, DW; 
DW:= NINREAL; B:= X; FB:= FX; A:= X:= Y; FA:= FX; 

INTERPOLATE: C:= A; FC:= FA; EXT:= 0; 
EXTRAPOLATE: "IF" ABSCFC) < ABSCFB) "THEN" 



7.6 

. "BEGIN" "IF" C ~ A "THEN" 
"BEGIN" D:= A; FD:= FA "END"; 
A:= B; FA:= FB; 8:= X:= C; 
FB:= FC; C:= A; FC:= FA 

"END" INTERCHANGE; 
TOL:= TOLX; N:= (C + 8) * 0.5; NB:= N - B; 
"IF" ABS(NB) > TOL "THEN" 
"BEGIN" "IF" EXT> 2 "THEN" W:= NB "ELSE" 

"BEGIN" TOL:= TOL * SIGN(NB); 
P:= (8 - 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"; "IF" P < 0 "THEN" 
"BEGIN" P:= -P; Q:= -Q "END"; 
W:= "IF" P < DW "OR" P <= Q * TOL "THEN" TOL 
"ELSE" 
"IF" P <NB* Q "THEN" P / Q "ELSE" NB 

"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 = NB "THEN" 0 "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 

"END" "ELSE" 
INVERSE:= "IF" ZEROIN(X, Y, FX - PROB, TOLX) 
"THEN" X "ELSE" 
STATAL3 ERROR("("INVERSE")", 0, PROB) 

"END" 
"END" INVERSE; 

"EOP" 

Inverse 
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Truncate Left 

Tm..E: . Truncate Left 

AUTHOR.: H. Elffers 

INSTJ.TCJTB: Mathematical Centre 

RECEIVED: 750205 

BRIEF DESCRIPTION 

7.7 

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. 

KEYwORDS 
Left-sided truncated distribution function 

CALLING SEQUENCE 
Heading 
"REAL" "PROCEDURE" TRUNCATE LEFT ex, LEFT, Y, DISTR); 
"VALUE" 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: 
Erromumber 2 (if DISTR (LEFT) ;>1) 

PROCEDURES USED 
STATAL3 ERROR 

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. 

Ex.AMPLE OF USE 

Program: 

"BEGIN" "REAL" Z; 

"CONNENT" 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 TR~NCATED FISHER DISTRIBUTION 
WITH 7 AND 9 DEGREES OF FREEDOM AND ARGUMENT 16.32; 

OUTPUT(61, "("3(Z.6D,I>")", 
TRUNCATE LEFT(11.61, 3.59, Z, CHISQ (Z, 11)), 
TRUNCATE LEFT( 1.74, 0.65, Z,-STUDENT(Z, 18)), 
TRUNCATE LEFT(16.32, 4.562, Z, FISHER (Z, 7, 9))) 

"END" 

Output: 

.598476 

.811170 

.990156 

SoUB.CE 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:= 0 "ELSE" 
"BEGIN" JENSEN:= LEFT; DISTR LEFT:= DISTRIBUTION; 

"IF" 1 - DISTR LEFT<= 0 "THEN" 
STATAL3 ERROR("("TRUNCATE LEFT")", 2, DISTR LEFT); 
JENSEN:= ARG; 
TRUNCATE LEFT:= (DISTRIBUTION - DISTR LEFT) 

/ (1 - DISTR LEFT) 
"END" 

"END" TRUNCATE LEFT; 
"EOP" 
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Truncate Right 

-
Tm.E: Tnmcate Right 

AUTHOR: H. Elffers 

INmTUTE: Mathematical Centre 

RECEIVED: 750205 

BRIEF DESCRIPTION 

7.8 

The procedure computes the probability that a random varia,ble with a . 
specified continuous distribution function DISTR is not larger than a given 
value x, provided that it is not larger than a given value RIGHT. · ' 

KEYW'ORDS 
Right-sided truncated distribution function 

CAU.ING SEQUENCE 

Heading 
"REAL" "PROCEDURE" TRUNCATE RIGHT (X, RIGHT, Y, DISTR); 
"VALUE" X, RIGHT; , 
"REAL" X, RIGHT, Y, DISTR; 
"CODE" 40403; 
Formal parameters 
x: <arithmetic expression>, argument of the .truncated distributio:Q 

function; ., 
RIGHT: <arithmetic expression>, truncation point; 
v: <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 RIGHT. 
The following error message may appear: 
Errornumber 2 (if DISTR (RIGHT><O) 

PROCEDURES USED 
STATAL3 ERROR 

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. H this is not the case results 
are meaningless, and even a run time error of the operating system may occur. 

ExAMPLEOFUSE 

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 NORMALC3, 1.78) DISTRIBUTION 
WITH ARGUMENT -1.4, 
AT 2.5 RIGHT SIDED TRUNCATED LOGNORMAL(2.1, .5) 
DISTRIBUTION WITH ARGUMENT 2.23; 

OUTPUTC61, "("3CZ.6D,I>")", 
TRUNCATE RIGHT(1.88, 2.54, Z, PHI (Z)), 
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 

SoUR.CE 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 

"END" 
"END" TRUNCATE RIGHT; 

"EOP" 
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Truncate Twosided 

. 
Tm.I!: Tnmcate Twosided 

AumoR: H. Elffers 

INmTUTE: Mathematical Centre 

REcmvm>: 750205 

BRIEF DESCRIPTION 

7.9 

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. 

KBYwORDS 
Two-sided truncated distribution function 

CALLING SEQUENCE 
Heading 
"REAL" "PROCEDURE" TRUNCATE TWOSIDED (X, LEFT, RIGHT, Y, DISTR); 
"VALUE" 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; 
v: <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: 
Erromumber 2 (if RIGHT <LEFT) 
Erromumber 3 (if DISTR(RIGHT) .s.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: 

1
0 if X<LEFT 
(DISTR(X)-DISTR(LEFT)) /(DISTR(RIGHT)-DISTR(LEFT)) 

if LEFT<X<RIGHT or LEFT<X<RIGHT 
1 if X>RIGHT or LEFT=X=RIGHT 

Warning: 

DISTR must be a continuous distribution function. H 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, Z, 

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, Z, 

CAUCHY(Z, 12.27, 9.12))) 
"END" 

Output: 

.891169 

.934925 

.349957 
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Truncate Twosided 

SoURCB TEXT 

"CODE" 40404; 
"REAL" "PROCEDURE" TRUNCATE TWOSIDED 

(ARG, LEFT, RIGHT, JENSEN, DISTRIBUTION); 
"VALUE" ARG, LEFT, RIGHT; 
"REAL" AR&, 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! CARG = LEFT & AR6 = 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:= AR&; 
TRUNCATE TWOSIDED:= (DISTRIBUTION - DISTR LEFT)/ 

(DISTR RIGHT - DISTR LEFT) 
"END" 

"END" TRUNCATE TWOSIDED; 
"EOP" 
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7 .10 Statal 3 Error 

TrnE: . Statal 3 Error 

AUTHOR.: H. EUfers 

INmTUTB: Mathematical Centre 

RllcEIVED: 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. 

KBYwORDS 
Error message 

CALLING SEQUENCE 

Heading 
"REAL" "PROCEDURE'' STATAL3 ERROR <TEXT, ERNUM, WVAL>; 
"VALUE" ERNUM, WVAL; 
"INTE&ER" ERNUM; 
"REAL" WVAL; 
"STRING" TEXT; 
"CODE" 40100; 
Formal parameters 
TEXT: <string>, name of the procedure involved; 
ERNUM: <integer arithmetic expression>, erromumber, 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 erromumber 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 
ALGMESS 

STATAL 11010 
STATAL 11017 

613 



Statal 3 Error 

LANGUAGE 
Algol 60 

ExAMPLB OF USE 

Program: 

"BEGIN" 
OUTPUT(61,"("Z.6D")", BIN(5, 10, -2.14)) 

"END" 

Output: 

************************************************************ 
* * STATAL3 ERROR MESSAGE: 

* * NAME OF THE PROCEDURE 
* ERROR NUMBER 
* VALUE CAUSING THE ERROR: 
* EXECUTION IS TERMINATED 
* 

BIN 
3 
-2.14000000000000"+000 

* 
* 
* 
* 
* 
* 
* 
* 

* IN GENERAL THE ERROR NUMBER IS EQUAL TO THE NUMBER OF * 
* THE PARAMETER IN THE PARAMETERtIST. * 
* FOR FURTHER INFORMATION SEE THE DESCRIPTION OF THE * 
* PROCEDURE IN THE STATAL REFERENCE MANUAL. * 
* * 
************************************************************ 

SoUllCB 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")"); 
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ALGMESS<TEXT>; 
OUTPUT(61, 11 ( 113/,60( 11 ("*") 11 ),/, 11 ("*")",588,"("*")",/, 
"("* STATAL3 ERROR MESSAGE:")",358,"("*")",/, 
"("*")",588,"("*")",/, 
"("* NAME OF THE PROCEDURE : ")",N")", TEXT>; 
SYSPARAM(61, 2, 59); 

OUTPUT(61, "('"'("*")",I,"("* ERROR NUMBER :")" 
,2ZD,30B,"("*")",/,"("* VALUE CAUSING THE ERROR:")" 
,N")",ERRORNUMBER, VALUE); SYSPARAM(61, 2, 59); 

OUTPUT(61, "(""("*")",/,"("* EXECUTION IS TERMINATED")" 
,348,"("*")",/,"("*")",588,"("*")",/, 
"("* IN GENERAL THE ERROR NUMBER")", 
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7 .1 O Statal 3 Error 

"CIIIS EQUAL TO THE NUMBER OF *")",/ 
"("* THE PARAMETER IN THE")", 
"("PARAMETERLIST. *")",/ 
"("* FOR FURTHER INFORMATION SEE")", 
"("THE DESCRIPTION OF THE *")",/ 
"("* PROCEDURE IN THE STATAL REFERENCE")", 
"("MANUAL. *")",/ 
"( "*")" ,58B, "("*")" ,/ ,60("( "*")" )" )"); 
STATAL3 ERROR:= 0; 
STOP 

"END" STATAL3 ERROR; 
"EOP" 
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Channel Cards 

Tm.E: Channel Cards 

AUTHOll: A. Nonymous 

INSTITUTE: Mathematical Centre 

RECEIVED: unknown 

BRIEF DESCRIPTION 
The procedure reads channel cards via the channel FROM. 

KllYwOllDS 
Channel cards 

CAU.ING SEQUENCE 
Heading 
"PROCEDURE" CHANNEL CARDS (FROM); 
"VALUE" FRON; 
"INTEGER" FROM; 
"ALGOL" CCARDS; 
Formal parameters 

7.11 

FRON: <integer arithmetic expression>, channel number from which 
the channel cards must be read. 

DATA AND llBSULTS 
The channel FROM 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 
identifter exeeds 7 cbaracters 
duplicate option on channel card 
(first) channel already defined 
second channel not defined 
CHANNEL, END nris.1ing 
conflicting options on channel card 
Dlegal options on channel card 

PllOCBDURBS USED 
ALGMESS 

LANGUAGE 
Algol 60 

616 

STATAL 11017 



7.11 

RBFBRBNCB 
[1] ALGOL 60 reference manual, version 3, 

Control Data Corporation, 1972. 

SoUR.CB TEXT 

"ALGOL" CCARDS; 
."PROCEDURE" CHANNEL CARDS(FRON); 
"VALUE" FRON; "INTEGER" FRON; 

Channel Cards 

"BEGIN" "INTEGER" CHN1, CHN2, I, CURRENT, FILE NAME, OPTION, 
P, PP, K, PFRON; 

"INTEGER" "ARRAY" C[1 : 73]; 

"PROCEDURE" ERROR(NESS); "STRING" NESS; 
"BEGIN" 

OUTPUT(61, "("/,N,/,"("JOB ABORT")",3/")", NESS); 
ALGNESS(NESS); 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 NUNBER<I); "INTEGER" I; 
"BEGIN" "INTEGER" NUMBER; 

NUMBER:= O; 
"IF" I> 73 "THEN" "GOTO" END WHILE; 

WHILE: CURRENT:= C[Il; 
"IF" DIGIT "THEN" 
"BEGIN" 

NUMBER:= NUMBER* 10 +CURRENT// 2 ** 42 - 27; 
I:= I+ 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:= O; 
"IF" I> 73 "THEN" "GOTO" END WHILE; 
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Channel Cards 

. SHIFT:= 1; LENGTH:= O; 
WHILE: CURRENT:= C[IJ; 

"IF" ALPHA "THEN" 
"BEGIN" NANE:= NANE +CURRENT// SHIFT; 

SHIFT:= SHIFT* 64; I:= I+ 1; 
LENGTH:= LENGTH+ 1; 
"IF" LENGTH> 7 "THEN" 
ERROR("("IDENTIFIER EXCEEDS 7 CHARACTERS")"); 
"IF" I<= 73 "THEN" "GOTO" WHILE 

"END"; 
END WHILE: IDENTIFIER:= NANE 

''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:= CCIJ; 
"IF" LETTER "THEN" 
"BEGIN" STRING:= STRING+ CURRENT// SHIFT; 

SHIFT:= SHIFT* 64; I:= I+ 1; 
"IF" I <=- 73 "THEN" "GOTO'' WHILE 

"END"; 
END WKILE: LETTERSTRING:= STRING 

"END" LETTERSTRING; 
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"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")"); 
CHANNEL(CHN1, "("8")", "("ILF")", FILE NAME); 
"GOTO" NEW CHANNEL CARD 

"END" BINARY SEQUENTIAL; 

"PROCEDURE" 10 CHANNEL; 
"BEGIN" "INTEGER" FL; 

"IF" CHEXIST(CHN1) "THEN" 
ERROR("("CHANNEL ALREADY DEFINED")"); 
K:= ABS(K); "IF" PP= -1 "THEN" PP:= O; 
"IF" PP= 0 "THEN" 
FL:= "IF" P = 80 "THEN" 138 "ELSE" 80 
"ELSE" 
FL:= "IF" P = -1 "THEN" 137 "ELSE" P + 1; 
"IF" P = -1 "THEN" 
P:= "IF" PP= 0 "THEN" 80 "ELSE" 136; 
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7.11 

· CHANNEL(CHN1, "("C")", "("ILF")", FILE NAME, 
"("P")", P, "("PP")", PP, "("K'i)", K, "("FL")" 
, FU; 

"GOTO" NEW CHANNEL CARD 
"END" 10 CHANNEL; 

EOF(FROM, CHANNEL END); 
SYSPARAM(FROM; 5, PFROM); SYSPARAM(FROM, 6, 80); 

NEW CHANNEL CARD: 
INPUT(FROM, "("H,72(A)")", C); 
OUTP0T(61, "("H,72<A),/")", C); 

"IF" C[1] 'Ii= EQUIV("("CHANNEL, 11 ) 11 ) "THEN" 
ERROR("("CHANNEL,END MISSING")"); 

"IF" C[2] = EQUIV("("E")") 
"AND" C[3J = EQUIV("("N")") 
"AND" C[4J = EQUIV("("D")") 

"THEN" "GOTO" CHANNEL END; 

I:= 2; CHN1:= POSITIVE NUMBER(I); 
"IF" CHN1 = 0 "THEN" SYNTAX ERROR; 
"IF" CURRENT 'Ii= EQUIV("("=")") "THEN" SYNTAX ERROR; 

I:= I+ 1; 
"IF" I> 73 "THEN" SYNTAX ERROR; 
CURRENT:= CCI]; 
"IF" DIGIT "THEN" 
"BEGIN" CHN2:= POSITIVE NUMBER<I); 

"IF" CHN2 = 0 "THEN" SYNTAX ERROR; 
CHANNEL EQUATE CARD 

"END"; 

FILE NAME:= IDENTIFIER(!); 
"IF" FILE NAME= 0 "THEN" SYNTAX ERROR; 
"IF" CURRENT= EQUIV("("")") "THEN" BINARY SEQUENTIAL 
"ELSE" 
"IF" CURRENT 'Ii= EQUIV("(",")") "THEN" SYNTAX ERROR; 

P:= PP:= -1; K:= -2; 
OPTIONS: I:= I+ 1; 

"IF" I> 73 "THEN" SYNTAX ERROR; 
OPTION:= LETTERSTRING(I); 
"IF" OPTION= 0 "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" "ELSE" 
"IF" OPTION= EQUIV("("K")") "THEN" 
"BEGIN" "IF" K = -2 "THEN" K:= POSITIVE NUMBER( I) 

Channel Cards 
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"ELSE" DUPLICATE OPTION 
"END" "ELSE" 
"IF" OPTION= EQUIV("("A")") "THEN" 
"BEGIN" "IF" "NOT" (PP= -1 "AND" P = -1 "AND" K = -2) 

"THEN" 
ERROR("("CONFLICTING OPTIONS ON CHANNEL CARD")"); 
BINARY SEQUENTIAL; 

"END" "ELSE" 
"IF" OPTION 't: EQUIV("("R")") "THEN" 
ERROR("("ILLEGAL OPTION ON CHANNEL CARD")"); 
11IF" CURRENT= EQUIV("(",")") "THEN" "GOTO" OPTIONS 

·"ELSE" 
"IF" CURRENT= EQUIV("("")") "THEN" IO CHANNEL 

"ELSE" SYNTAX ERROR; 

CHANNEL END: SYSPARAM(FROM, 6, PFROM); 
"END" CHANNEL CARDS; 
"EOP" 

620 

7.11 



7.12 

Tm.E:· Open Scratch 

AUTHOR: A. Nonymous 

INSTITUTB: Mathematical Centre 

RBcmvED: unknown 

BRIEF DESCRIPTION 
The procedure opens a scratch file. 

KBYwORDS 

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 

Open Scratch 

A channel number, which is not already in use, is assigned to the procedure 
identifier OPEN SCRATCH. 
The following error message may appear: 
Errornumber I (if NAME is not a file identifier) 

PROCEDURES USED 
STATAL3 ERROR 

LANGUAGE 
Algol 60 

SoURCB TEXT 

"ALGOL" OSCR; 

STATAL 40100 

"INTEGER" "PROCEDURE" OPEN SCRATCH(NAME); "STRING" NAME; 
"BEGIN" "INTEGER" CHN, L, C; 

"COMMENT" IS NAME AN IDENTIFIER?; 
L:= LENGTH(NANE); 
"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" 

621 



Open Scratch 

"BEGIN" STRING ELENENT(NANE, L, 
11 ( 11ABCDEFGHIJKLNNOPQRSTUVWXYZ11 ) 11 

11 ( 11012345678911 ) 11 , C); 
"IF" C = 0 "THEN" 
STATAL ERROR("("OPEN SCRATCH")", 1, 0); 

"END"; 
"CONNENT" LOOK FOR A CHANNEL AND DEFINE ONE.; 
CHN:= O; 
"FOR" CHN:= CHN + 1 "WHILE" CHEXIST(CHN) "DO"; 
CHANNEL<CHN, "("W")", "("LFN")", NANE); 
OPEN(CHN, "("IO")"); OPEN SCRATCH:= CHN 

"END" OPEN SCRATCH; 
"EOP" 
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7.13 

TITLE: Oose Scratch 

AUTHOR: A. Nonymous 

INsrITUTE: Mathematical Centre 

RECEIVED: unknown 

BRIEF DESCRIPTION 
The procedure closes a scratch file. 

KEYW'ORDS 
Scratch file 

CALIJNG SEQUENCE 

Heading 
"PROCEDURE" CLOSE SCRATCH (FILENR); 
"VALUE" FILENR; 
"INTEGER" FILENR; 
"ALGOL" CSCR; 
Formal parameters 

Close Scratch 

FILENR: <integer arithmetic expression>, channel number of the scratch 
file. 

SoURCETEXT 

"ALGOL" CSCR; 
"PROCEDURE" CLOSE SCRATCH(FILENR); 
"VALUE" FILENR; "INTEGER" FILENR; 
RETURN(FILENR); 
"EOP" 
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Algmess 

Tm.E: Algmess 

BRIEF DESCRIPTION 
The procedure writes the string MESS as a message in the dayfile. 

CAWNG SEQUENCE 
Heading 
"PROCEDURE" ALGMESS (MESS); 
"STRING" MESS; 
"CODE" 11017; 
Formal parameters 
MESS: <string>, text to be written in dayfile. 

LANGUAGE 
Compass 

SoURCB TEXT 

7.14 

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" A[1 : 40]; 
"PROCEDURE" AMESS(A); . 
"INTEGER" "ARRAY" A; "FORTRAN" AMESS; 

N:= LENGTH(TEXT); I:= 0; 
"FOR" I:= I+ 1 "WHILE" I<= N "DO" 
"BEGIN" STRINGELEMENTCTEXT, I, 

"("ABCDEFGHIJKLMNOPQRSTUWXYZ")" 
"("0123456789+-•/OS= ,.")", AI>; 
AU]:= "IF" Al= 0 "THEN" 45 "ELSE" Al 

"END"; 
"FOR" I:= I "STEP" 1 "UNTIL" 40 "DO" AU]:= 45; 
AMESSCA) 

"END" ALGMESS; 
"EOP" 
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7.15 Exit 

Tm.E: 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" 1.1010; 

SoURCB TEXT 

"CODE" 11010; 
"PROCEDURE" EXIT; 
STOP; 
"EOP" 
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Available 7 .16 

Trn,E: Available 

BRIEF DESCRIPTION 
The procedure returns the number of unused CM-words, i.e. the space available 
for array storage. 

CAl.uNG SBQUBNCE 
Heading 
"INTEGER" "PROCEDURE" AVAILABLE; 
"CODE" 11011; 

SoURCE TEXT 

"CODE" 11011; 
"INTEGER" "PROCEDURE" AVAILABLE; 
AVAILABLE:= MAXIMUMFIELDLENGTH - PROGRAMSIZE - SCALARSTACK 

- HEAPSIZE - 100; 
"EOP" 
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