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1. Introduction: what for? 

A random number generator (RNG) is a soft/hardware to generate a sequence of 
numbers that appears to be random. Random numbers are necessary to simulate 
probabilistic events in computer simulation. Such a simulation is called Monte Carlo 
methods. 
There are other important applications: e.g. cryptography and randomized algorithms, 

which we omit here. 
 
2. How to generate 

Requirements to RNG are (1) randomness (2) generation speed, and (3) reproducibility. 
Physical generators pick up noises from electric devices, and transform them into 
random numbers. Their shortcomings are cost, speed and irreproducibility. In 
simulations in nuclear physics, 1012 of random numbers are often consumed. To 
reproduce one simulation (e.g. for optimization, for examinations by other research 
groups), one needs to record all the generated numbers. 
An effective reproducible approach is called a Pseudorandom Number Generator 

(PRNG). 
PRNG generates a sequence of numbers by a recursion formula, which is used as a 

random  
number sequence. 
The essential problems of PRNG are (1) how to choose the recursion and its parameter, 

and (2) how to qualify it to be feasible for the simulation. There is no commonly accepted 
answers: the answer depends on each researcher of PRNG. This is because: there is no 
satisfactory definition of randomness feasible for PRNG. 
 

3. Gap between definition and practice 
It is paradoxical to define randomness of one fixed sequence of finite length. For 

example, the probabilities to obtain 3141592653 or 1234567890 as a random sample of 
10 digits numbers are both 10-10. Which is more random? 
One of the reasonable definitions is due to Kolmogorov: “A number sequence of finite 

length is random if there is no computer program shorter than the sequence itself that 
generates the sequence.” In other words, if a sequence admits no shorter description 
than recording the sequence itself, then it is random. This is brilliant, but no computer 
can generate such a sequence. 
A more practical definition is called “computationally secure PRNG.” If one gives 

an initial seed to the PRNG, then the PRNG effectively generates a sequence. On the 
other hand, without knowing the initial seed, one can not make any guess about the 
next number in a feasible time, from the sequence generated so far. Such a PRNG is 

 satisfactory, since no computer program can reveal its non-randomness. Such a PRNG 
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 is proved to exist, under a big hypothesis that “factorization of big numbers does not 
have an effective algorithm.” 
 

4. Theoretical evaluation and Mersenne Twister 
A more classical and practical approach is to focus on some mathematical structures 

of a PRNG sequence, to score the structures and to select preferable recursion and 
parameters by the scores. Mersenne Twister PRNG (MT) proposed by the speaker 
and Nishimura [MT] has excellent scores, and now widely believed to be one of the best 
generators. 
A typical theoretical score is the period of PRNG. Some of commonly used PRNGs  

have period 231, which is too short for modern computers (used up in a few minutes).  
Mersenne Twister has period 219937 － 1. 
Another important score is the dimension of equidistribution. A PRNG is said to be 

k-dimensionally equidistributed if the generated numbers are uniformly distributed in a    
k-dimensional cube through a whole period, that is, if every consecutive k numbers have 
no  relation. For example, a sequence of bits 0001011100010111… with period 8 is  
3-dimensionally equidistributed, since the overlapped 3-tuples 000, 001, 010, 101, 011, 
111, 110, 100 constitute all the possible 3-bit patterns in a period. 
The dimension of equidistribution of MT is 623, far higher than 20 of some widely used 

GFSR generator. Most significant bits of MT has even higher dimension of 
equidistribution, for example, at 3-bit precision it is 6240. 

To realize such good scores, MT utilizes an unusual number system introduced by 
Galois in the 19th century based on 1 + 1 = 0. In the usual binary number system, we 
have carry and 110 × 11 = 110 + 1100 = 10010. MT is based on the number system 
without carry, that is 110 × 11 = 110 + 1100 = 1010, called “the polynomial ring over the 
two element field” in mathematics. MT uses geometry of this number system to compute 
the dimension and the period. Computations in this number system in a binary computer 
is much faster, and algorithms are much more efficient than the usual number system. 

The recursion formula of MT is carefully selected to be efficient in binary computers, 
and at the same time to have good scores. MT is even faster than classical PRNGs. 

 
5. Conclusion 

Because of the absence of a good definition of pseudorandomness, the evaluation of 
PRNG   is difficult and consequently poor PRNGs are still being used. 
Using mathematics of a non-standard number system which fits to the binary 

computers, 
MT realized very fast generation and excellent theoretical assurance. 

An open problem is how to define theoretical scores which measure 
pseudorandomness. Those used in selecting MT are empirically meaningful and useful, 
but no rigid justifications exist. 

 
6. Reference  
[MT] M. Matsumoto and T. Nishimura “Mersenne Twister: a 623-dimensionally 
equidistributed uniform pseudorandom number generator” 
ACM Transactions on Modeling and Computer Simulation 8. (Jan. 1998) 3--30. 
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html 


