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1. Introduction and Aim

Random number sequences are essential to modern digital communications. Although no true
random sequences can be created many techniques exist to generate pseudo random sequence.
In this assignment the aim is to study the real world performance of some methods of generating
random sequences. Random sequences are not always evenly distributed but can be created to
resemble some real world scenarios for example; Gaussian white noise. In this study a sequence
of a normal and uniform distribution are considered.

A practical algorithm for achieving a uniform distribution was described by Wichman and Hill
(1982). This algorithm persisted for its high degree of portability originally written in BASIC but
easily implemented in any language. They further described how to improve the algorithm for
machines supporting longer integer words.

The Marsaglia polar method (Marsaglia and Bray) is a particularly robust and flexible method to

achieve a normal, or Gaussian, distribution. It is easily adjusted to a specific mean and standard
deviation.

2. Method and Implementation

The random number generators where implemented in C++ and the results saved in a text file.
This file was subsequently imported into Microsoft Excel for processing.

The implementation of the Wichman-Hill generator in C++ is shown next. The method makes use
of the long integer word method to make maximum use of modern 64-bit computing.

#include "stdafx.h"
#include <cstdlib>
#include <iostream>
#include <fstream>
#include <iomanip>
#include <ctime>
#include <cmath>

using namespace std;

double myRandom(long long int *s1,long long int *s2,long long int *s3);

int _tmain(int argc, TCHAR* argV][])

{
long long int N1 = time(NULL);
long long int N2 = time(NULL);
long long int N3 = time(NULL);
double TheRandom1 = 0;




ofstream myfile;
myfile.open("RandomNumbers.txt");

for (size_ti=0;i<100001; i++)

{
TheRandoml1 = myRandom(&N1, &N2, &N3);
cout <<i<<"="<< TheRandoml<<endl;
myfile << TheRandom1l << endl;

myfile.close();
system("pause");
return O;

}

double myRandom(long long int *s1,long long int *s2,long long int *s3)

{

double value;

*sl = ((171 * *s1) % 30269);
*s2 = ((172 * *s2) % 30307);
*s3 = ((170 * *s3) % 30323);

value = fmod((double(*s1) / 30269
+ double(*s2) / 30307
+ double(*s3) / 30323), 1);
return value;

}

The C++ Implimentation of the Marsaglia polar method is shown below for a Random sequence
centered about 0.5 with a Standard deviation of 0.2.

#include "stdafx.h"
#include <cstdlib>
#include <iostream>
#include <fstream>
#include <iomanip>
#include <ctime>
#include <cmath>

using namespace std;
double generateGaussianNoise(const double &mean, const double &variance);

int _tmain(int argc, TCHAR* argV][])
{
const double N1 = 0.5;
const double N2 =0.2;
double TheRandom1l = 0;




ofstream myfile;
myfile.open("RandomNumbers.txt");

for (size_ti=0;i<100001; i++)

{
TheRandom1 = generateGaussianNoise(N1,N2);
cout << j << "=" << TheRandom1 << endl;
myfile << TheRandom1l << endl;

}

myfile.close();
system("pause");
return O;

double generateGaussianNoise(const double& mean, const double &variance)
{

static bool hasSpare = false;

static double spare;

if (hasSpare)
{
hasSpare = false;
return mean + variance * spare;

}

hasSpare = true;

static double u, v, s;

do

{
u = (rand() / ((double)RAND_MAX)) * 2.0 - 1.0;
v = (rand() / ((double)RAND_MAX)) * 2.0 - 1.0;
Ss=u*u+v?*y,

} while ((s >=1.0) || (s == 0.0));

s = sqrt(-2.0 * log(s) / s);
Spare =v *s;
return mean + variance *u * s;




3. Results

The results are summarized in the table that follows. Just a extract of the random sequence is
shown to give a feel as the actual data analyzed is several pages long.

Table 1 Results

Marsaglia Number Number Theoretical
Wichman- | polar Wichman- | Theoretical | Number normal
Hill method Hill Uniform Marsaglia distribution

87.64150247

0 0 0 0
99.18677196

0.927457 0.394958 0.01 998 1000 98
111.9726515

0.340299 0.605742 0.02 1004 1000 124
126.0910996

0.162264 1.01412 0.03 1008 1000 109
141.6351887

0.652309 0.378277 0.04 966 1000 124
158.6982592

0.201039 0.44228 0.05 1013 1000 159
177.3729642

0.010192 0.652662 0.06 981 1000 163
197.7502079

0.070783 0.644846 0.07 1005 1000 173
219.9179799

0.829083 0.610642 0.08 945 1000 227
243.9600929

0.053226 0.452781 0.09 1013 1000 234
269.9548326

0.349237 0.552008 0.1 956 1000 241
297.9735303

0.511001 0.870837 0.11 1025 1000 299
328.0790739

0.607357 0.523844 0.12 1000 1000 307
360.3243717

0.078096 0.35312 0.13 943 1000 323
394.7507915

0.29463 0.451274 0.14 1032 1000 406
431.3865941

0.885187 0.450728 0.15 1030 1000 444
470.2453869

0.419639 0.453325 0.16 1055 1000 421
511.3246228

0.373043 0.55195 0.17 1012 1000 466
554.6041734

0.596329 0.494225 0.18 992 1000 542
600.0450035

0.180888 0.721653 0.19 991 1000 564
647.5879783

0.624384 0.998318 0.2 1013 1000 591
697.1528322

0.867925 0.804088 0.21 1029 1000 673
748.6373282

0.021331 0.820229 0.22 1048 1000 722
801.9166367

0.055373 0.304076 0.23 1025 1000 756
856.8429602

0.537443 0.595709 0.24 951 1000 870
913.2454269

0.015183 0.363633 0.25 965 1000 877




970.9302749

0.786959 0.090223 0.26 930 1000 913
1029.681344

0.013325 0.38184 0.27 956 1000 978
1089.260885

0.047 0.528725 0.28 1001 1000 1065
1149.410703

0.764209 0.618362 0.29 1000 1000 1163
1209.853623

0.875259 0.62642 0.3 952 1000 1177
1270.295282

0.425412 0.538347 0.31 1008 1000 1272
1330.426249

0.971251 0.118029 0.32 1072 1000 1243
1389.924431

0.672561 0.623542 0.33 1021 1000 1295
1448.457764

0.19375 0.574484 0.34 1034 1000 1393
1505.687161

0.047413 0.525093 0.35 987 1000 1410
1561.269667

0.977937 0.271941 0.36 1020 1000 1568
1614.861798

0.060884 0.455118 0.37 985 1000 1579
1666.123014

0.20876 0.186729 0.38 1018 1000 1614
1714.719275

0.625676 0.584977 0.39 1021 1000 1656
1760.326634

0.466049 0.431876 0.4 995 1000 1753
1802.634812

0.926011 0.587785 0.41 979 1000 1803
1841.350702

0.423872 0.607874 0.42 1030 1000 1901
1876.201735

0.863091 0.811611 0.43 1007 1000 1896
1906.939077

0.367252 0.199392 0.44 1007 1000 1752
1933.340584

0.651029 0.290655 0.45 1062 1000 2031
1955.21347

0.748855 0.318475 0.46 1061 1000 1983
1972.396655

0.019918 0.453293 0.47 1000 1000 1897
1984.762737

0.252745 0.346721 0.48 1018 1000 1948
1992.21957

0.310867 0.53157 0.49 1011 1000 1967
1994.711402

0.576258 0.420937 0.5 990 1000 2015
1992.21957

0.700775 0.31169 0.51 1010 1000 1925
1984.762737

0.582219 0.309177 0.52 999 1000 1917
1972.396655

0.535639 0.655461 0.53 954 1000 1955
1955.21347

0.319835 0.838095 0.54 971 1000 1950
1933.340584

0.892406 0.651097 0.55 991 1000 2090
1906.939077

0.295454 0.601366 0.56 1005 1000 1947
1876.201735

0.569801 0.485169 0.57 973 1000 1856




1841.350702

0.906445 0.209849 0.58 1027 1000 1947
1802.634812

0.49547 0.83431 0.59 1021 1000 1835
1760.326634

0.015129 0.456738 0.6 943 1000 1750
1714.719275

0.554343 0.488044 0.61 1003 1000 1748
1666.123014

0.544759 0.627739 0.62 946 1000 1687
1614.861798

0.470423 0.559755 0.63 1031 1000 1631
1561.269667

0.536145 0.404241 0.64 1012 1000 1659
1505.687161

0.388374 0.785501 0.65 1026 1000 1618
1448.457764

0.948221 0.169196 0.66 1001 1000 1439
1389.924431

0.787388 0.79428 0.67 968 1000 1432
1330.426249

0.934454 0.636449 0.68 1013 1000 1349
1270.295282

0.472088 0.699584 0.69 963 1000 1300
1209.853623

0.015457 0.117783 0.7 1043 1000 1160
1149.410703

0.129124 0.391589 0.71 1001 1000 1209
1089.260885

0.021584 0.414472 0.72 1018 1000 1102
1029.681344

0.54412 0.434099 0.73 990 1000 1048
970.9302749

0.885988 0.76668 0.74 911 1000 1020
913.2454269

0.917608 0.501954 0.75 1013 1000 955
856.8429602

0.835499 0.555986 0.76 970 1000 948
801.9166367

0.039792 0.747471 0.77 981 1000 817
748.6373282

0.04534 0.348064 0.78 970 1000 707
697.1528322

0.043442 0.298647 0.79 1030 1000 743
647.5879783

0.889512 0.595688 0.8 964 1000 677
600.0450035

0.168961 0.497265 0.81 1027 1000 582
554.6041734

0.629672 0.352655 0.82 958 1000 585
511.3246228

0.480908 0.882973 0.83 976 1000 495
470.2453869

0.274704 0.509215 0.84 959 1000 538
431.3865941

0.634409 0.71596 0.85 1010 1000 476
394.7507915

0.123287 0.279495 0.86 990 1000 437
360.3243717

0.211462 0.475026 0.87 1039 1000 358
328.0790739

0.516525 0.353906 0.88 1022 1000 385
297.9735303

0.583228 0.748039 0.89 983 1000 282




269.9548326

0.505156 0.563266 0.9 1069 1000 290
243.9600929

0.606144 0.406546 0.91 974 1000 275
219.9179799

0.524288 0.402471 0.92 1007 1000 257
197.7502079

0.944008 0.768128 0.93 1023 1000 202
177.3729642

0.044251 0.479091 0.94 1019 1000 190
158.6982592

0.490418 0.255851 0.95 964 1000 205
141.6351887

0.097635 0.50278 0.96 1056 1000 154
126.0910996

0.553283 0.808028 0.97 1007 1000 130
111.9726515

0.82921 0.374662 0.98 1063 1000 125
99.18677196

0.863145 0.16434 0.99 992 1000 101
87.64150247

0.607904 0.604683 1 939 1000 101
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Plotted below Are the first 100 Elements of each sequence, it is clear from the trend line that
the longer the sequence gets the closer it gets to the expected average.

First 100 Random values and a trend line

» showing a distribution about 0.5
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Figure 1 Wichmann-Hill Sequence

First 100 Random values and a trend line
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Figure 2 Marsaglia Sequence
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Below is shown the distributions of the sequences compared to the distributions produced by
the built in functions of Microsoft Excel. It is clearly demonstrated that, although grainy, the
sequences are a close resemblance to the expected distribution.

Distribution of Random Numbers
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Figure 3 Experimental uniform distribution compared to the theoretical. Experimental mean
of 0.50039
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Figure 4 Experimental normal distribution (mean 0.01047, standard deviation 0.040089)
compared to Theoretical (Mean 0.5, Standard deviation 0.2)
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4. Discussion and Conclusion

It is clear from this study that both methods are indeed very useful for use in the real word. They
closely resemble the expected distributions. Further it is clear from these results that the longer
the sequence the closer it resembles the statistically expected distribution.
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