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INTRODUCTION 
A good source of "random numbers" is important in genetics research and in many other 
applied sciences. There are many algorithms being used today for a wide variety of statistical 
procedures such as testing model effectiveness via simulation studies, estimating distribution 
functions and model parameters such as variances and covariances via Gibbs sampling and 
other techniques, understanding and studying a mathematical or statistical procedure that is 
intractable mathematically, and assessing the reliability of software. In this paper results are 
presented when 18 objective tests were applied to three familiar algorithms for the uniform 

istribution implemented in C. d
 
DESIRABLE QUALITIES FOR RNG'S 
The goal of a good random number generator (RNG) is to produce an almost infinite sequence 
of binary digits or "bits" (i.e. 0110111000100101010...) that seem "random". The user 
transforms the bit sequence into numbers according to any algorithms deemed appropriate to 
create deviates from any distribution. There are many RNG algorithms and since 
mathematical computations are involved the results are not truly random. Possibly the only 
way to achieve true randomness would be to devise a system that samples random events from 

ature, but this does not seem possible currently. n
  
Some desirable properties of a RNG are as follows: 
1. The RNG must be reproducible. Given the same starting state (i.e. seeds) the RNG the 
sequence of numbers produced is always the same. If the results of simulation studies or 
estimation procedures are to be verified the RNG must be reproducible. 
2. The RNG must have a long period. The period of the RNG is the number of times the 
algorithm can be run before the sequence of bits repeats. 
 3. The RNG must be efficient. This can be measured by seeing how many numbers can be 
produced in a fixed amount of time. Integer and bit shift operations will produce the fastest 
RNG's. The amount of memory used does not seem to be a major concern. 
4. Uniform deviates must be independent from each other at least to a satisfactory number of 
dimensions. 
5. The bit sequence must pass objective testing procedures. 
6. The algorithm must be portable. When the RNG is run on different computing platforms, 
he same sequence is produced. t

 
OBJECTIVELY TESTING RNG's 
George Marsaglia (1995) developed a set of tests. These can effectively be applied to the 
sequence of bits produced by an RNG. Eighteen were implemented in C to assess the 
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"randomness" of a very large bit-stream. The bit stream was divided into 32 or smaller bit 
numbers and goodness of fit statistical tests computed resulting in p-values. 
 
The 18 tests used were: 

1. Birthday spacings test 
2. Overlapping 5-permutation test 
3. Binary rank test for 31x31 matrices 
4. Binary rank test for 32x32 matrices 
5. Binary rank test for 6x8 matrices. 
6. Bitstream test. 
7. Overlapping-Pairs-Sparse-Occupancy test . 
8. Overlapping-Quadruples-Sparse-Occ. test  
9. DNA test 

10. Count-1’s test on a byte stream. 
11.  Count-1’s for specific bytes. 
12. Parking lot test. 
13. Minimum distance test. 
14. 3D spheres test. 
15. Squeeze test. 
16. Overlapping sums test. 
17. Runs test. 
18 Craps test. 

For a description of the DIEHARD tests see Marsaglia (1995) or Gentle (1998). 
 
The three algorithms tested for this paper were: 
LC – A simple linear congruential generator that has been around for many years described 
by the equation Xn = 16807*Xn-1 mod (231-1).  
LX – The standard “random” function provided in Linux described as a non-linear additive 
feedback random number generator with large period = 16(231-1). 
MWC1 – A multiply with carry RNG that concatenates two 16-bit parts to form each new 32-
bit number. For each 16-bit stream the nth number is a linear combination of the previous 8 
and the modulus is 216. The period of MWC1 is about 2250. 
Fifty different starting states were used to generate bit sequences. If the RNG passed 38 or 

ore times, then the algorithm passed (P) the test, otherwise it failed (F). m
 
Table 1. Results of running the Marsaglia suite on three RNG’s 
RNG 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 # Failed 
LC F F F F P1 F P1 P1 P1 F P1 F F F F F P F 12 
LX F F F F P1 F P1 P1 P1 F P1 F F F F F P F 12 
MWC1 P P P P P P P P P P P P P P P F2 P P 1 
1 Passed except for bit 1.  2 Marginal failure. 
 
CONCLUSIONS 
The multiply with carry RNG proposed by Marsaglia(1994) was superior to the other two 
common RNG’s tested. Furthermore, when implemented in C using multiplication, bit 
shifting, and the “AND” operation the algorithm was extremely fast and portable. 
 
AVAILABILITY 
The source code for Marsaglia’s test suite and CGIL’s initial implementation of an MWC 
RNG (i.e. MWC1) can be downloaded from ftp://wright.aps.uoguelph.ca/pub/random. 
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