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THE CREATIVE PROJECT 

The creative project is a computer program to 

generatE~ random numbers on a digital computer. The project 

grew out of a need by the Computer Center of Ball State 

University to provide for its users a program in its own 

library to generate random numbers. 

The author has found research and experimentation 

in this area an interesting and rewarding experience. 

Currently experiments and developments in this field are 

scattered throughout the computer industry. for the need 

for fast, efficient generators on today's machines is great. 

The author feels that this creative project will be of 

value to the Ball State Computer Center in establishing a 

good random number generator for current use as well as 

collecting valuable information and a good bibliography to 

provide a basis for further study. 
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INTRODUCTION 

Handom numbers are useful in many different 'kinds 

of probl'sms, such as in probability and statistics. Suppose, 

for exam"ole, that a shrewd gambler decided to investigate 

the probability of drawing a particular poker hand. Of 

course, :a mathematician could compute this figure analytically. 

But the poor gambler was a high school dropout. Being shrewd, 

however, he drew a large number of hands, shuffled the cards 

after each, and counted how often a particular poker hand 

turned up. 

This simple experiment could have been simulated by 

using a table of random numbers, with each card associated 

with the numbers in such a way that the cards are equally 

represented. Each poker hand could then be simulated by a 

large number of draws from the table. 

Tnis method hardly seems worthwhile for such a simple 

problem. But for larger and more involved problems which 

often are beyond the scope of theoretical methods, the use

fulness of such a method is apparent. 

In this paper the author first presents some of the 

developments that led to the use of random numbers for solving 

various types of problems similar to the one above. With the 

increasing need for good random number sequences followed an 
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even greater need for simple, fast processes to generate 

random numbers for computer use. It is to these processes 

that the major portion of this paper is devoted. The author 

hopes that through this paper, the reader may gain some 

insight into random number generation on computers from the 

very first generator to the generators presently in use. 



- BACKGROUND INFORMATION 

With the arrival of electronic computing devices in 

the early forties. artificial sampling techniques, as they 

were called, became desirable.()2; p. 15) It was at this 

time that Von Neumann. Ulam. and Metropolis among others 

used artificial sampling in the calculations connected with 

the cons.truction of the first nuclear weapons. The technique 

became Hnown as The Monte Carlo Method. ()2; p. 15) 

The Monte Carlo Method has been used on many problems 

in numerical analysis, the physical and biological sciences, 

and scientific research. With this method nuclear physicists 

determine neutron paths and geneticists construct artificial 

populations.C)l; p. 28) It has also been used in traffic 

congestion and telephone exchange studies, war games and other 

games of strategy, operations research, nuclear reactor design, 

statistical mechanics, and population growth studies, to name 

a few.(); p. 48) 

Random sequences of numbers are an indispensable part 

of the Monte Carlo Method. Consequently a great amount of 

work has been done in analyzing the sequences required. 

According to Lehmer, machine generated sequences are "a vague 

notion embodying the idea of a sequence in which each term is 

unpredictable to the uninitiated. n (15; p. 240) However, 

studies of machine generated sequences have been broken down 

into two main categories. 

) 
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The first category or sequences are ~nose wnicn have 

all of the more common proper~1es or randomly generated 

sequences as determ1ned by statistical tests. They are 

called "pseudo-random" and are in general use in most com

puter centers as a subroutine. (13; p. 6) 

The second category are those sequences which are not 

random at all, but are effectively random or superrandom in 

certain specific and useful applications. That is, their 

uniformi.ty is better than would be expected of a randomly 

generated sequence. Such sequences are called "quasirandom. tt (13; p. 6 

With such a need for random numbers, it is not hard 

to imagine that processes to generate sequences of random 

numbers have attained a great deal of importance and attention. 

Sequences of random numbers have been obtained in many 

interesting ways. Some early methods used ordinary dice, 

special 10-sided dice, roulettes, and other dice-like methods 

to obtain random sequences. Other methods used tables of 

random numbers. In 1927 the British statistician Tippett 

compiled the first usable table of this kind from census 

reports.(32 ; p. 16) The largest table of this kind was pub-

lished by the RAND Corporation in 1955, called "A Million 

Random Digits and 100 000 Normal Deviates," available on 

punched cards.(32 ; p. 16) The table was compiled in a com-

pletely automatic way by monitoring a random-frequency pulse 

source. 

Other physical devices have also been used to produce 

random sequences using electronic or radioactive noise as a 
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source. ERNIE (Electronic Random Number Generator Indicator 

Equipment) is one such machine and uses electrical noise in 

neon tubes as a primary source of randomness. (32; p. 26) 

ERNIE is used for drawing monthly prizes for Premium Savings 

Bonds in Great Britain. Many other devices have been pro

posed, but very few have actually been inserted on-line as an 

actual part of a computer system. (32; p. 17) 

With the arrival of the computer, none of the previous 

methods of generating sequences of random numbers seemed de

sirable. The computer quite often consumed such large quan

tities of numbers at such rapid rates that reading a table 

from storage or tape became totally inadequate. Likewise, 

to monitor a physical device connected on-line was too slow, 

and the sequences generated were not reproducible. Calcula

tions could not be identically repeated or reproduced as 

required in debugging. 

Consequently, arithmetic generators have become 

increasingly more desirable. They are generally based on a 

recurrence relation of the type 

xn+l = f( xn ' xn_l ,"', xn_m); m~O 

and require a vector of initial values chosen at random from 

a table.(32; p. 17) They are generally fast and reproducible. 

However, computer generated sequences from arithmetic proce

dures are deterministic and finite. That is, each new random 

number is uniquely determined by the previous ones. At some 

point a number that has already occurred will be reproduced, 

thus forming a closed cycle, or period. 
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For example suppose a problem requires a sequence of 

random numbers with uniform distribution on the interval [0, 1), 

or .0000000000 to .9999999999 on a ten-digit decimal machine. 

It is evident that the total number of different random numbers 

that can be generated can not exceed 1010 • Therefore, the 

longest sequence possible could contain no more than 1010 

different numbers before it repeated itself. If a large quan-

tity of random numbers is required, then a generator producing 

sequences of maximum length is desirable. 

One of the first purely deterministic procedures used 

to generate random sequences was the Mid-Square Method, pro

posed by Von Neumann in the 1940's.(32 ; p. 31) In this method, 

each new number is produced by taking the middle n-digits of 

the square of the previous n-digit number. For example let 

Xo = 2189 be the initial value. 

2 
Xo = 04 791 721 Xl = 7917 

2 
Xl = 62 678 889 x2 = 6788 

2 46 076 944 0769 x2 = x3 = 

and so on. 

But this method can suffer from a short period. In 

fact, even the worst is possible. 

x~ = 12 250 000 

2 
xn+l = 06 250 000 

= 2500 

= 2500. (3; p. 49) 

Such endless repetition will eventually occur usually with a 

period much shorter than the largest machine integer. 



- 7 

Another early additive method to generate random 

numbers was the simple Fibonacci generator 

x
n
+

l 
= xn + x

n
_

j 
(mod p) for j;>1.(32 ; p. 33) 

This method led to the development of the types of congruential 

generators that are primarily in use today. 

Before congruential generators are presented, it is 

necessary to decide what sort of criterion is needed to judge 

the worth or the desirability of a certain procedure. For one 

reason or another, all of the aforementioned procedures for 

producing random sequences have an undesirable characteristic. 

In practice it is necessary that sequences possess four very 

basic characteristics. 

First, simple and short generating procedures are 

desirable. (32; p. 18) On most computers the availability of 

fast memory space is limited, thus making the use of tables 

of random numbers uneconomical and slow. However, since some 

computers have a large scale fast main memory and quick access 

to secondary memory, other types of generators, including 

tables, may prove desirable. 

Second, long periods are necessary. (32; p. 18) If 

vast amounts of random numbers are required, it is natural 

that the sequence possess a sufficiently long period. 

A third desirable characteristic is reproducibility.(32 ; p. 18) 

In order to have control over a certain number of calculations, 

it may be desirable to reproduce the sequence. In debugging 

a program, reproducing the sequence may be necessary to pin

point the source of error. 
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~rhe fourth absolutely necessary characteristic is 

statistical acceptability~32; p. 19) In order for a sequence 

to perform well for a certain class of problems, it must pass 

statistical tests specifically designed to indicate sequences 

with undesirable characteristics. 

With these conditions in mind, the methods of con

gruential generation can now be studied for their desirability. 
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CONGRUENTIAL GENERATORS 

There are two basic methods of congruential generation 

called mixed congruential and multiplicative congruential. 

Both methods are based on the congruence relation 

where 

1. 

2. 

3. 

4. 

x. = ax. l+c (mod p) J. J.-

x is a positive integer called the starting 
v~lue or initial value 

a is an integer called the multiplier 

c is an integer 

P is a positive integer and greater than xo ' a, 
and c in magnitude 

5. {x.} is the resulting(fe<tuenc23~f non-negative 
J.ntegers less than P. j p. ) 

The sequence {xi/P~ will provide random numbers in the 

interval [0,1) • 

For example, let Xo = 0, a = 5. c = 5, and P = 8. 

The resulting sequence produced from 

x. J. = 5 (x. 1+1) J.- (mod 8) 

is Xl = 5, x2 = 6, x) = 3, x4 = 4, x5 = 1. x6 = 2, x7 = 7, 

x8 = 8. The sequence then repeats with a period of 8. 

Periods and Parameters 

The periods and the parameters of the mixed and multi

plicative congruential generators have been analyzed quite 

thoroughly. It may prove interesting to present some of the 

mathematical theory involved so that those so inclined may 

enjoy the structure of these two methods. 

9 
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The mixed congruential method (where c is any integer) 

has its full period P provided 

1. c is relatively prime to P 

2. a = 1 (mod M) if M is a prime factor of P 

3. a = 1 (mod 4) if 4 is a factor of p.(15; p. 233) 

By choosing P to be a power of 2 for a binary machine 

(2d), it is only necessary to require that c be odd and a = 1 

(mod 4). With P a power of 10 on a decimal machine, c should 

not be divisible by 2 or 5 and a = 1 (mod 20). 

The multiplicative congruential method (where c = 0) 

has maximum period (but not p) provided 

1. Xo is relatively prime to P 

2. a is a primitive element modulo p.(6; p. 105} 

To say a is a primitive element mod P, 

1. a must be a primitive root mod M for all odd 
prime factors M of P 

2. aM- l I 1 (mod M2) if M is an odd prime and M2 
is a factor of P 

3. a = + 3 (mod 8) if 8 is a factor of P 

4. a = -1 (mod 4) if P is even but P i 0 (mod 8).(6; p. 105) 

The sequence generated has maximal period of length 1 

(p) where 

if M f. 2 

if M = 2 and e> 3 

and 
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In practice, excellent test results are possible by 

choosing Xo to be odd and a = + 3 (mod 8). For binary machines 

it is common to choose a to be an odd power of 5. say 513 • For 

decimal machines it is suggested that a be a power of 3 where 

the power is relatively prime to 10, as in 317 • Such multipliers 

ensure maximum period. (15; p. 237) 

Both methods can be made faster by using "shift-and

add" operations. The multipliers 2s+1 and 10s+1, s>l. are 

used for the mixed methods and 2s +3 and 10s+3 for the multi

plicative methods.(15; p. 237) Only one shift and one add 

operation is needed followed by the addition of c for the 

mixed method. The multiplicative method involves one more 

operation. 

Comparing Both Methods 

In theory the mixed methods seem to have more advantages 

over the mUltiplicative. They have longer periods. they can 

be used with any initial value, and they are generally faster 

than the fastest multiplicative generators. It is also easy 

to ensure that their periods are equal to p.(l; p. 132) However, 

the statistical behavior of mixed generators is rather poor. 

Most mixed generators associated with fast multipliers, as 

just described, are completely unacceptable. 
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In contrast, mUltiplicative generators do not possess 

any of the inherent wea'knesses of the mixed generators according 

to the experimental evidence by Hull and DObell.(14; p. 33) 

The mUltiplicative methods generally provide good statistical 

results. With newer machines, multiplicative methods have 

even proven to be faster in a few cases. On the IBM 7094, for 

instanCE!, multiplicative generators are even faster than the 

fastest mixed generators. (14; p. 40) 

According to Coveyou and Macpherson, "there is at 

present no method of generation of pseudo-uniform sequences 

better than the simple multiplicative congruence method with 

a carefully chosen multiplier."(5; p. 119) However, both mixed 

and multiplicative generators are completely deterministic. 

for knowing anyone number in the sequence uniquely determines 

the next number. In fact, both methods have also been analyzed 

to determine exactly the length of the period of the sequences. 

With this in mind the user may be tempted to disregard such 

deterministic procedures. But imagine the time and trouble 

involved in debugging if the sequence could not be exactly 

reproduced. It would also be impractical to rely on a genera

tor for which little or nothing was known about the period. 

In light of these advantages, the mixed and multiplicative 

congruential methods both seem to satisfy the four basic 

requirements desirable for good random number generators. 



MORE RANDOM NUMBER GENERATORS 

Lehmer in 1949 proposed the first multiplicative 

generator which produced sequences of more than five million, 

eight de!cimal digit numbers on the ENIAC computer. (15, p. 247) 

He first proposed the mUltiplier a = 23 with the modulus 

P = 108+1 giving the resulting congruence relation 

xi +1 = 23xi (mod (108+1»). 

Since that time much research and testing has resulted 

in a variety of experiments which report favorably or unfavor

ably on the multipliers tested. Many tables have been compiled 

outlining the various good and bad multipliers. Van Gelder 

has compiled such a group of tables where he reports his statis

tical findings on a number of multipliers. 

The more recent reports of random number generation 

have proposed to mix two or more congruential generators in 

hopes that the resulting sequence produced may prove to behave 

better statistically than any of the individual generators. 

Maclaren and Marsaglia have suggested one such composite 

generator for the IBM 7094 computer.(18; p. 85) The method 

involves two different generators where the first generator 

is used to shuffle the sequence produced by the second 

generator. In this manner, they hope to avoid the poor 

distribution of n-tuples (U 1, ••• , Un) of uniform random 

numbers Ui which seems to be prevalent in most congruential 

generators. 

13 
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The two generators tested were 

(1) xk+1 = (217+3) xk (mod 235 ) 

(2) Yk+l = (27+1) Yk+1 (mod 235 ) 

where Xo = 1 and YO = O. First 128 storage locations were 

:filled with xl' • • • , x128 random numbers :from the :first 

generato1r (1). To get iS j , the jth random number to be used, 

they used the :first seven bits o:f Yj as an index to :fetch one 

of the 128 random numbers in storage. The generator (1) was 

then used to refill that location with the next random number 

in the sequence. 

The time to generate a random number by this process 

was about double the time required by a single congruential 

generator. However, it did produce sequences of random numbers 

with better statistical properties. 

There have been many other methods proposed using this 

same kind of principle and involving two or more congruential 

generators, but they all are basically the same. With the high 

speeds of some modern computers, the fastest generators may no 

longer be considered the best. The future of random number 

generation may very well turn out to be composite generators 

using tables of random numbers. 

Although congruential generators have been given the 

greatest amount of attention, other methods of attaining random 

sequences for computer use have been suggested. One such method 

involves using a table of random numbers on a machine with fast, 



15 
buffered input.(18; p. 84) It is only natural to expect that 

the tabl'e used should contain none of the undesirable charac-

teristics associated with some numerically generated sequences. 

The only apparent disadvantages are the time required to read 

in such a table and the possibility of exhausting the table. 

Maclaren and Marsaglia suggest a method which overcomes both 

of these problems. (18; p. 84) 

On a machine with buffered input, the time problem can 

be overcome by using two blocks of core storage to hold random 

numbers. While random numbers are being processed from one 

block, the other block can be refilled using a fast input 

device, such as tape. The authors go on to describe a method 

to avoid the possibility of exhausting the table. 

Maclaren and Marsaglia describe in detail a generator 

using the above method for use on the IBM 7094.(18; p. 84) 

The results of tests using RAND's table of 1 000 000 random 

digits on punched cards were quite satisfactory. 

Another method for generating random numbers involves 

addition and subtraction only. Miller and Prentice have done 

an extensive study of such methods. They feel the big advantage 

of such methods is that they are considerably faster than con

gruential generators, which should be expected. 

Taussky and Todd have tried additive methods before 

but without much success.(23; p. 341) Green, Smith, and Klem 

had moderate success with the Fibonacci-like generator 

x. = x. +x. (mod 2r) (j>n) (23; p. 341) 
J J-1 J-n ' • 
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Sequences of this type passed most of the tests applied to 

them, but failed some of the more sensitive run tests, explained 

later in this paper. 

Miller and Prentice claim that the following third 

order recurrence 

Xj = x j _2+x j _
3 

(mod p) , P prime, 

was very successful at generating pseudo-random sequences. (23; p. 341) 

If P can not be written in the form c2+23d2 (c, d integral), 

it is possible that the resulting sequence could have a period 

of order p2. That is, P = 2003 provides sequences with a period 

of approximately four million random numbers. (23; p. 341) How-

ever, P = 2342 = 222 + 23(9)2 gives a period of only 2346.(23; p. 341) 

Long periods are not the only criterion for a good generator, 

but certainly are desirable compared to the length of sequences 

of random numbers that are sometimes required. 

The method of generation is very easy, involving only 

the addition of two numbers and the simple reduction modulo P. 

The redu.ction is easily handled by subtracting P from the sum, 

testing for sign, and re-adding P if the sum is negative. (23; p. 341) 

For exarr~le, suppose 

x. 2 = 3, x
j
_

3 = 6 and P = 7 (prime) I 
J-

x. 
J = 3+6 (mod 7) 

---)~Xj = 2, «3+6)-7 = 2 and 2>0), 

but 

x. 2 = 1, x. 3 = 3 and P = 71 J- J-

Xj = 1+3 (mod 7) 

~x. = 4 (3+1)-7 = -3 and -3<0), J 
then x. = -3+7 = 4. 

J 
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This simple method provides the pseudo-random numbers with no 

multiplication or division. 

After thorough testing the two authors confirm that 

satisfactory pseudo-random numbers can be generated by this 

method provided only every fourth term is used and P is a 

prime not of the form c2+23d2 .(23; p. 345) It is possible to 

use every term in the sequence if pseudo-random numbers are 

required for four or more independent processes. Otherwise 

this method proves sensitive to the various run tests applied 

by the two authors. 



STATISTICAL TESTS 

In the beginning of random number generation on com

puters, rnany procedures were used to test the statistical 

properties of the resulting sequences. Most of the tests 

had little to do with the actual uses of random sequences. 

In some cases, the sequences passed many of the tests but 

still gave a distribution of some simple function f(U l , U2 , ••• , Un) 

of several uniform random variables which was far from the 

correct distribution. (18; p. 86) In some installations 

generators were used that have since been proven anything 

but random. 

'rhe two most commonly used tests of generated sequences 

of random numbers are the chi-square test on the distribution 

of the Ui' uniformly distributed random numbers, and the 

serial test which is explained later.(18; p. 86) These two 

tests are necessary, but hardly sufficient. One limitation 

is that they give no information on the behavior of n-tuples 

(U l , •.. , Un) mentioned earlier. That is, pairs (U l , U2) 

may behave very well while triples (U l , U2 , U
3

) behave very 

badly. Marsaglia goes so far as to claim that all multipli

cative congruential generators suffer from this defect that 

can not be removed by adjusting the starting value, multiplier, 

or modulus. (19; pp. 25-28) 

The serial test is a special kind of frequency test.(32 ; p. 70: 

In the frequency test the sequence of random numbers is divided 

into equal, non-overlapping intervals and the amount of numbers 

18 
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in each interval is observed. This gives some insight into the 

distribution of the sequence. An ideal distribution would 

give uniformly distributed numbers implying that the given 

process may be truly random. 

This scheme may be extended to two successive numbers 

over the two-dimensional square, or three successive numbers 

over the three-dimensional cube and so on. The two-dimensional 

test is called the serial test.(32; p. 70) 

A test closely related to the serial test is the serial 

correlation test based on the correlation between Un and Un+k , 

where k is the lag in the generation order (k = 1,2, .•• ).(32; p. 70) 

Dieter and Ahrens have derived exact expressions for the serial 

correlations of sequences of pseudo-random numbers. (32; p. 70) 

They have run extensive tests on two generators and provide a 

full report of their findings. 

Another interesting test used frequently is the poker 

test.(32 ; p. 70) In this test each random number in the sequence 

is assigned one of five different values by some rule. Then 

each successive group of five values in the sequence is studied 

against combinations of interest in poker. Such combinations 

include bust (abcde), pair (aabcd). two pairs (aabbc), three 

of a 'kind (aaabc). full house (aaabb). four of a kind (aaaab), 

and five of a kind (aaaaa).(32 ; p. 71) 

'l~he gap test is another important test which counts 

the number of digits that appear between repetitions of a 

particular digit.(32 ; p. 71) There are many variations of 

this test. 
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~rhere are also many different kinds of run tests. 

Some involve analyzing the number of random numbers that occur 

between ::lome maximum and minimum points, while others study 

runs of random numbers above and below some median point.(32 ; p. 72) 

The runs up and down test has been developed extensively by 

Downham. 

Some of the other tests used frequently include the 

coupon collector's test, d2~test, tests based on order statis

tics, and some visual tests.(32 ; p. 73) 

Jnfortunately statistical tests of sequences of random 

numbers does not guarantee that the generator is a good one 

for general purpose use. According to Hull and Dobell, "no 

finite class of tests can guarantee the general suitability 

of a finite sequence of numbers." Furthermore, "given a set 

of tests, there will always exist a sequence of numbers which 

passes these tests but which is completely unacceptable for 

some particular application.,,(14; p. 34) 

The best thing to do is test the sequence to be used 

for a certain problem by trying it out on a similar problem 

for which the answer is known. In this way the user may 

acquire some insight into the suitability of the generator to 

provide a good sequence of random numbers for the particular 

problem in question. 

In a real situation true randomness is usually not an 

essential requirement. In general purpose use only a few of 

the more basic properties of random numbers are needed and all 
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others ~Lre immaterial. Therefore if a random number generator 

passes the tests required for a particular group of problems, 

it should provide satisfactory answers as long as it is clear 

from thE~ start what tests were passed and what tests were not 

passed or even attempted. 
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DESCRIPTION OF THE PROJECT 

The actual computer program to generate pseudo-random 

numbers is a subroutine written in FORTRAN. Before describing 

the subroutine, it may be instructive to discuss the basic 

algorithm in order to better understand the entire process. 

The basic method of generating pseudo-random numbers 

in FORTRAN is largely a result of developments by Marsaglia 

and Bray.(21; p. 757) By taking advantage of the way integers 

are hand.led by FORTRAN, the programmer may generate random 

integers, by means of the single instruction I = I*K. This 

single instruction is convenient and usually faster than 

machine language subroutines. It may be adjusted by the 

choice of multipliers or may be used in several different 

combinations. 

On the IBM 360 computer integers are stored as thirty

two binary digits. Multiplication of two integers produces 

another thirty-two binary digit integer which is the ordinary 

product modulo 232• That is, consider a stored thirty-two 

'bitt integer I. I is considered positive or negative according 

to the following relation 

M(I) = if 0<1<231 

if 231<I~232_1. 

If the positive integer I is uniformly distributed over the 

interval O~I~232_1, then the function M(I) will be uniform 

over its range _231 to 231_1.(21; p. 757) Furthermore, the 

22 
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instruction I = I*K will produce a new random integer in the 

interval _23l<I<:23l_1 just as if the new integer were pro

duced from the congruential generator 

32 xi+l = KXi (mod 2 ). 

The methods are effectively equivalent. Uniform random numbers 

can be obtained from the sequence '[Xi/23:J. as described pre

viously. That is, if _23l<:I~23l_1t then ~I/232} = -~<:U~~. 
Therefore, by using the two instructions 

I = I*K 

U = .5+FLOAT (I) * .2328306E-09, 

the random integer I in the interval _23l~I~23l_1 may be 

transformed to the uniform pseudo-random number U on the 

interval O<.u<1. 

The choices of the initial value and the multiplier 

are the two main concerns for any multiplicative congruential 

random number generator. As explained above, using this one

line method of generation in FORTRAN is just like using a 

multiplicative congruential generator. The first condition 

is to choose the initial value of I to be odd. Other re-

searchers also suggest that I be relatively large. The 

second condition is to choose K = ~ 3 (mod 8). By choosing 

parameters in this manner, Marsaglia and Bray suggest that 

satisfactory test results are possible.(2l; p. 757) 

The following FORTRAN statements make up the proposed 

subroutine to generate uniform pseudo-random numbers on the 

IBM 360 computer. 
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SUBROUTINE RANDl (U, I) 

K = 5**13 

ENTRY RAND (U, I) 

I = I*K 

U = .5+FLOAT (I) * .2328306E-09 

RETURN 

END 

Definition 

The user must first select the initial value I to be 

a positive, odd integer. The first call to the subroutine 

is through RANDl (U, I). The subroutine then calculates the 

next integer in the random sequence from I and returns U, the 

uniform pseudo-random number to be used. Each subsequent call 

to the subroutine after the initial call is through RAND (U, I). 

Usage 

The initial call must be 

CALL RANDl (U, I) 

with I chosen prior to the call. All other calls are through 

the statement 

CALL RAND (U, I). 

Each call returns both the next integer I and the respective 

uniform pseudo-random number U in the sequence. 



- THE FUTURE OF RANDOM NUMBER GENERATORS 

Even though random number generators provide fairly 

good seC:1,uences for well chosen parameters, there are many 

problems for which the existing methods do not provide satis

factory sequences. In a recent article, Marsaglia states and 

proves a theorem which suggests that the "lattice structure" 

of all congruential random number generators renders them 

unsatisfactory for general Monte Carlo use.(20; p. 8) with 

this prc,blem together with the other limitations mentioned 

earlier, the future of random number generation for computer 

use may well lie in other methods. As Halton says, "the 

more exa.ct theoretical discussions tending to cast doubt on 

pseudo-random number generation may well revive a search to 

construct and test efficient 'true random generators.,,,(l); p. )2) 
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