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(Generation of n—space Uniform Pseudorandom

Numbers Based on Computations in Finite Fields)
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One of the most important randomness criteria for a seguence of
pseudo-random numbers seems to depend upon properties of the joint
distribution of n consecutive numbers. The idea of this article is to
generate a sequence of n-dimensional vectors uniformly distributed in
n-space unit cube for a suitably high value of n. If we have such a
sequence of vectors
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of period T, for any divisor k of n (1 < k < n) the sequence comprising
the components of vectors
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u={uy, Ugos =+« 5 Ugpy Uqqs U =oe 5 Uqg,
is k-space equidistributed, that is, the distribution of all (Tn/k)
k-tuples of . the sequence is uniform in k-space unit cube. If k does not
divide n and divides T, it is required to test seperately the k-space
uniformity of the sequence u. However, if n has many divisors, we may
expect that it should be also k-space equidistributed even for such k.

The generation method is as follows:

Given a 1large prime p and an integer n, we can find by probabilistic

algorithms an irreducible polynomial of degree n,
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n-1 n-2

g{x) = a X +a, 5 X + ...+ oAy,

n-1

over Zp and a primitive element, f(x), in the finitg field F:Zp[x]/[g(x)].
If f(x) is linear, say,

f(x) = cx + d
each element except 0 in F

_ n-1 n-2 ._’
hi(x) = bi,n—] X + bi,n-2 X + o+ bi,O (i=0,1,2,...)

is generated by the following recurrence formulae modulo p

bi+1,j = c aj bi,n—1 + C bi

bi+1,0 = c aj bi,n—1

+d by (1 <3< n=1)
, B

33_1 J

+ d bi,O
with an arbitrary non-zero polynomial ho(x) of degree n-1 (or less). The
sequencé of coefficients of (1/p)hi(x) would Dbehave as a sequence of
pseudo-random vectors equidistributed in n-space unit cube with a period
of 1length T:pn_1. We may use a primitive irreducible polynomial as g(x),
but the author feels that the corresponding recurrence formulae are too
simple to generate sufficiently random sequences.

The computer algebra systems (REDUCE, MACSYMA etc) may be much useful

for us to find an irreducible polynomial and a "linear" primitive element.
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