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Random Number Generators

George Marsaglia

Professor Emeritus of Statistics

Florida State University

The author discusses some promising new random number generators, as well as formulates the mathe-

matical basis that makes them random variables in the same sense as more familiar ones in probability and

statistics, emphasizing his view that randomness exists only in the sense of mathematics. He discusses the

need for adequate seeds that provide the axioms for that mathematical basis, and gives examples from Law

and Gaming, where inadequacies have led to difficulties. He also describes new versions of the widely

used Diehard Battery of Tests of Randomness.
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Introduction

In 1985 I was invited to give the keynote address

“A current view of random number generators”

at Statistics and Computer Science: XVI Sympo-

sium on the Interface. An article based on that

address was published in the Proceedings of that

conference,[5]. Judging from newsgroups and

citations, the article seems to have been widely
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read, although such proceedings are often difficult

to access. Availability of the file keynote.ps in the

CDROM [6], stat.fsu.edu/pub/diehard, may have

made the article easier to get. Two other postscript

files in that CDROM provide more detail on topics

of the present article: mwc1.ps and monkey.ps.

In this article I will update that “cur-

rent” view, dwelling at some length on what

I see as more important kinds of RNGs,

particularly Multiply-With-Carry (MWC) and

Complimentary-Multiply-With-Carry (CMWC),

because they have simple implementations, are

very fast, can have incredibly long periods and

pass tests randomness at least as well as, and often

better than, other kinds of RNGs.

But first I will provide a summary discus-

sion of congruential RNGs, because they remain

the most common kind, and of xorshift RNGs,

because they are as fast and simple as congruen-

tial but better behaved in tests of randomness. I

will list all 648 of the full-period, 32-bit xorshift

RNGs. There will also be a short description of

lagged Fibonacci RNGs. These have diminished

in importance, because MWC and CMWC RNGs

provide far far longer periods for the same effort,

and have better performance on tests.
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