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ABSTRACT

Two of the more common tests for the statistical
properties of pseudorandom number generators are the
frequency test and the serial correlation test.
This paper reports the results of frequency and
serial correlation tests of random number generators
available on two classes of microcomputers: the IBM
PCs (the IBM PG, the 1IBM PGC-XT, and the IBM
portable) and the IBM PC compatible machines (the
Compaq, the Olivetti/AT&T, the Sperry/Leading Edge,
the ITT, and the IBM PC-AT). It is shown that the
generators on the IBM compatibles perform better
than the IBM generators.

INTRODUCTION

One important feature of microcomputers which has
not been subject to much scrutiny is their ability
to generate pseudorandom numbers. The use of a
"random number generator" ranges from educational
software with the smaller home computers to involved
computer simulation projects with the larger
personal computers. It is important, therefore,
that a random number generator be capable of
generating numbers that behave Mstatistically'" as
truly random numbers.

Two of the more common tests for the statistical
properties of pseudorandom number generators are the
frequency test and the serial correlation test.
These tests are often used as 'screening" devices.
This 1is, the passing of these tests is only a
minimum requirement, and the tests are '"intended
primarily to catch the main class of unacceptable

generators” [1, p. 34]. Consequently, a generator
which  does not  pass the tests is deemed
unacceptable, and no further tests for the

"goodness'" of the generator are performed.

This paper reports the results of frequency and
serial correlation tests of random number generators
available in BASIC on two classes of microcomputers:
the IBM PC (the IBM PC, the IBM PC-XT, and the IBM
portable) and the IBM PC compatibles (the Compag,
the Olivetti/AT&T, the Sperry/Leading Edge, the ITT,
and the IBM PC-AT). The results suggest that the
generators on the IBM compatible machines perform
better than the generators on the IBM machines.

THE STATISTICAL TESTS

The research of Hull and Dobell [1] is a fundamental

source regarding the analysis of random number
generators. The discussion herein is consistent
with that research in terms of development and
notation.
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The test procedure is based on blocks of

numbers. For a given block, fi(i

=1,2,...,10)
the number of numbers u which
condition (i - 1)/10 < u < 1i/10.

statistic is computed for the block
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and this statistic 'for a truly random sequence is

distributed approximately as Xz” with 9 degrees of
freedom [1, p. 34]. This statistic is computed for
each of 50 consecutive blocks, and we let

Fi(i = 1,2,...,10) be the number of the resulting 50

values of Xi which are between the (i - 1) and i

deciles for the chi-square distribution with 9
degrees of freedom. The chi-square statistic for the
frequency test is then
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For the scrial correlation test, fi' is the number of

numbers u which satisfy (i - 1)/10 < u < if10 and

which are followed by a number v which satisfies
(j - 1)/10 < v < j/10. A chi-square statistic is
computed
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and for a truly random sequence it is known [2][3]
"that X2 - Xi is distributed approximately as X2 with

2 2
{1, p. 35].

The X2 - X1
statistic is computed for each of the 50 consecutive
blocks, and we let 51(i = 1,2,...,10) be the number

2 2
of X2 - X1
between the (i - 1) and i deciles for the chi-square
distribution with 90 degrees of freedom. The chi-
square statistic for the serial correlation test is
then

90 degrees of freedom"

of the resulting 50 values which are
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with the hypothesis that they

Generators are acceptable if the "values of X% and X

are not inconsistent
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are drawn at random from the X2 distribution with 9
{11 Thus, a
acceptable at the 99% level if the values of Xlzz. and

degrees of freedom" generator is

Xg do not exceed 21.7.

THE GENERATORS AND THE TESTS

Some observations are in order before the results of
the tests are discussed. The IBM PG, the IBM PC-XT,
and the IBM portable all have the same generator.
The IBM PC~AT generator, however, differs from its
corporate siblings. In fact, the generator on the
IBM PC-AT is the same generator as that of the IBM
PC compatibles. Thus, in this paper, the IBM PC-AT
has been included with the group of IBM compatibles.

There are problems related to the wuse of the
generators with both classes of microcomputers.
Specifically, the RANDOMIZE statement and the RND

function do not work as described in the BASIC
manuals which accompany the microcomputers, and this
can lead to a variety of problems in attempting to
use the generators. For example, Modianos et. al.

[4] have noted problems with the random number
generator on the 1IBM PC. Furthermore, it 1is
interesting to note that an example program, in the

BASIC manual for the IBM PCs, which illustrates the
use of the RANDOMIZE statement does not even yield
the same results as shown in the manual when the
program is run on an IBM PC.

The problems with the use of the generators will not
be discussed in this paper. However, it should be
noted that the problems are of such significance
that they can invalidate the results of analyses in
which the analyst is not aware of the drawbacks of
RANDOMIZE and RND. Specifically, the user cannot be
assured that the RANDOMIZE statement reseeds the
generator in the manner that the analyst expects.
Thus, it is possible that many studies are flawed by
the way in which the RANDOMIZE statements are used.

The research reported herein recognizes that wmany
analysts may be unaware of the problems with
RANDOMIZE and RND. Consequently, although results

are presented for fifty different generator seeding
processes, the exact seed values are reported for
only nine of the seeding processes, These nine
processes resulted from seeding by using a single
RANDOMIZE statement at the beginning of the program.
The other 41 processes resulted from seeding by
using the RANDOMIZE statement in a manner that is
consistent with the literature, but which results in
bizarre seeding which is not the type of seeding
that the analyst would expect to occur. For this
reason, the actual seed values are not reported for
these 41 runs. That is, the actual seed values are
not of importance in these runs; instead, it is the
behavior of the generators on the two classes of
machines, under the exact same sort of seeding
processes, that is of interest.

For those who are aware of the problems with the use
of the generators, and who are concerned with using
seeds which yield numbers which pass the fundamental
screening tests for randomness, results for nine
specific seeds are also presented.
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RESULTS

The first 41 seeding processes are similar to those
which were used successfully to test random number
generators for specific seeds on other microcomputers
[5][6]. Although the processes are consistent with
the literature regarding the use of generators with
IBM PCs and compatibles, the processes result in
bizarre seeding because of the vagaries of RANDOMIZE
and RND. The results of frequency and serial
correlation tests for these processes for the two
classes of microcomputers are shown in Table 1. For
the frequency test on the IBM PC, the chi-square
values ranged from 4.4 to 23.6. Processes 25 and 37
resulted in chi-square wvalues of 23.6 and 22.8,
respectively. These were the only two processes
which resulted in chi-square values greater than the
critical value of 21.7 at the 99% level. Serial
correlation chi-square values for the IBM ranged from

3.2 to 28. The value of 28 occurred with seeding
process 31, which was the only process which
resulted in a chi-square value greater than the

critical value of 21.7.

TABLE 1: Results of the Seeding Processes
IBM PCs IBM PC COMPATIBLES
Seeding Serial Serial
Process Frequency Correlation Frequency Correlation

1 10.8 11.6 7.2 8
2 8 6 18.8 12.4
3 8.4 8.4 9.2 18.4
4 12.4 16 10.4 15.6
5 10.8 10.8 8 5.6
6 8 10.4 9.6 16.4
7 5.2 9.6 11.6 3.6
8 7.6 13.2 8 14
9 12 9.6 6 11.6
10 7.2 9.2 9.2 5.2
11 4.4 9.6 4.4 6.4
12 6.8 8.8 6 14.8
13 10.8 13.6 4.4 6.8
14 10 9.6 8 14.8
15 9.2 7.6 4 10.8
16 8 6 6 8
17 7.2 3.2 6.4 9.6
18 7.2 9.2 4.8 5.2
19 10.8 6.8 5.2 9.6
20 11.6 16.4 5.6 8
21 4.4 10.4 15.2 9.6
22 8.4 3.6 5.6 1.6
23 5.6 12 14.8 10
24 8.8 3.6 10.4 9.2
25 23.6 13.2 8.8 10.8
26 12 6.4 10.8 14.8
27 4.4 13.2 12 7.6
28 14.8 13.6 11.2 13.2
29 9.6 7.2 8 16
30 8 16.4 4.8 14
31 5.6 28 12 2.8
32 8.8 11.6 17.2 6
33 7.6 6 9.6 5.6
34 10.4 7.6 6.4 2
35 7.2 12 7.6 9.2
36 14.8 5.6 2.8 8
37 22.8 11.2 6 3.2
38 5.2 5.6 9.2 2.4
39 12.8 12.8 11.2 3.2
40 6.4 14.8 16.4 7.2
41 14.8 5.6 6 2
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For the frequency test on the IBM PC compatibles,
the chi-square values range from 2.8 to 18.8. All
seeding processes passed the test, based on a
critical value of 21.7. Similarly, all seeding
processes passed the serial correlation test, with
chi-square values ranging from 1.6 to 18.4.

The results of the nine tests with specific seed
values are shown in Table 2. The seeds were 1, 2,
5, 100, 199, 1000, 9000, 9999, and 10000. The
frequency test results for the IBM PCs ranged from
4.4 to 30.8. The seed of 2 resulted in the chi-
square value of 30.8, and this was the only seed
which resulted in a chi-square value greater than
the critical value of 21.7. Serial correlation
values for the IBM PCs ranged from 7.2 to 1&4.4;
thus, all seeds passed the test.

TABLE 2: Results for Specific Seeds

IBM PCs IBM PC COMPATIBLES
Seeding Serial Serial
Process Frequency Correlation Frequency Correlation
1 10.4 9.2 4.4 4
2 30.8 12 11.6 3.6
5 11.6 14.4 6.4 16.8
100 16 14 3.6 9.6
199 9.2 13.2 11.2 10
1,000 6.4 13.6 11.6 4
9,000 17.6 10.8 6.4 11.6
9,999 5.2 7.2 10.8 6.4
10,000 4.4 11.6 11.2 8

The frequency test results for the nine specific
seeds with the IBM PC compatibles ranged from 3.6 to

11.6, and all of the seeds passed the test.
Similarly, all of the seeds passed the serial
correlation test with serial correlation values

ranging from 3.6 to 16.8.

CONCLUSIONS

The results of the 50 seeding processes suggest that
the generators on the IBM PC compatibles perform
better than the generators on the IBM PCs. Not only
did the IBM PC compatibles fail no test (whereas the
IBM PCs failed both frequency and serial correlation
tests), but the range of chi-square values, and the
lower and upper chi-square values for those ranges
for the frequency and serial correlation tests are
smaller than the respective values for the tests on
the IBM PCs. Furthermore, it is interesting that
the IBM PC-AT has the same (seemingly better)
generator as the IBM PC compatibles, whereas the IBM
PC, the IBM PC-XT, and the IBM portable share a
different generator.

Finally, it should be noted that a program that is
written on an IBM PC compatible machine can be
expected to yield different results when run on an
IBM PC if the program uses the random number
generator. More importantly, seeding processes
which yield numbers which pass statistical tests for
randomness on the IBM PC compatible machines may
result in numbers which fail those tests when the
program is run on an IBM PG. For example, if the
seed of 2 were used in a program, the numbers
generated on the IBM PG compatibles would pass
statistical tests for frequency (numbers uniformly
distributed over the interval) and first order
serial correlation. However, if that same program
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were run on one of the machines in the IBM PC class,
the resulting numbers are not random because they do
not pass the frequency test—-they are not uniformly
distributed over the interval.
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