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Introduction

Thisworksheet is intended to get you thinking about how to write programs. Learning the
syntax of a programming language isthe easy part! Desgning well crafted solutionsto
problems iswhat programming isreally about. Unfortunately, this cannot really be taught,
you learn through experience, practice and exposure to other peoples code.

These tests become more difficult to program as you progress. The intention hereisfor you
to practice your programming.

We are going to be using the stdlib rand() function and writing programs to assessits quality.
The quality of random numbers has always been a source of concern. Nowadays, we
generally use pseudo-random computer generated numbers and these are vitd to fie ds such
as neural networks, evolutionary computing & encryption. These numbersare not truly
random, but rather a set of these numbers should display the property of randomness. The
testsyou are going to implement were suggested by Kendall & Babbington-Smith over a
series of papers published in 1938/39. These tests obviously predate computer generated
random numbers, but are ways of ng the randomness of a set of numbers. Generally
speaking, the rand() function is poor, and better (e.g. random() ) functions are used. For more
information see the manual page for random().

The stdlib rand() functionis generally regarded as of poor qudlity, however thatis realy
irrelevant to this discussion. To obtain adescription of the function you can type: man -s3
rand, (man s3c rand would be needed on Solaris). Section 3 of the manual contains details of
the standard C library functions. Y ou can lookup definitions of all functions using the
manual .

The manual page is copied overleaf, (generated using man2html, my comments in the funny
font).



RAND The Name of the Page

NAME
rand, srand - random number generator. The functions this page refers to-

SYNOPSIS
#include <stdlib.h> The required C header file
int rand(void); Function prototypes) giving the returnw

value type ond arguument (if any) type.
void srand(unsigned int seed);

DESCRIPTION What the function does and how to-
wse it

The rand() function returns a pseudo-random integer between 0 and RAND_MAX.

The srand() function sets its argument as the seed for a new sequence of pseudo-random

integersto be returned by rand(). These sequences are repeatable by calling srand() with the

same seed value.
If no seed value is provided, the rand() function is automatically seeded with avalue of 1.

RETURN VALUE Explanation of return values

The rand() function returns a value between 0 and RAND_MAX. The srand() returnsno
value.

NOTES Addittonal Info-

The versions of rand() and srand() in the Linux C Library use the same random number
generator as random() and srandom(), so the lower-order bits should be as random as the
higher-order bits. However, on older rand() implementations, the lower-order bits are much
less random than the higher-order bits.

So; on limuw rand & randowr owe
the soume

In Numerical Recipesin C: The Art of Scientific Computing (William H. Press, Brian P.
Flannery, Saul A. Teukolsky, William T. Vetterling; New Y ork: Cambridge Universty Press,
1992 (2nd ed., p. 277)), the following comments are made:
"If you want to generate arandom integer between 1 and 10, you should always do it by
using high-order bits, asin
j=1+(int) (10.0*rand()/(RAND_MAX+1.0));
and never by anything resembling
J=1+(rand() % 10);
(which uses lower-order bits)."

A reference (link to-online version

from my welrpage if yowre interested)



Random-number generation isacomplex topic. The Numericd Recipesin C book (see
reference above) provides an excellent discussion of practical random-number generation
issues in Chapter 7 (Random Numbers).

For amore theoretical discussion which also covers many practical issues in depth, please see
Chapter 3 (Random Numbers) in Donald E. Knuth's The Art of Computer Programming,
volume 2 (Seminumerical Algorithms), 2nd ed.; Reading, Massachusetts. Addison-Wesley
Publishing Company, 1981.

More references!

CONFORMING TO
SVID 3,BSD 4.3, 1SO 9899 Stondowds this conforms to-

SEE ALSO
random(3), srandom(3), initstate(3), setstate(3) Related Pages

We want to generate random numbers in the range 0-9 inclusive, however the random
number generator generates numbers over therange 0 to RAND _MAX. RAND_MAX will
be defined in stdlib.h. Y ou should not replace it with a constant since its value may vary with
implementation.

We need to rescale this value. The manual page haswarned us of the correct way to do this.
If we divide by RAND MAX and multiple by 10, then we would generate values 0-10. In
order to ensure that we generate numbers less than 10, we need to divide by
(RAND_MAX+1). Just to complicate issues, we wish to peform the arithmetic using floating
point, and then truncate the result to an integer, our code will therefore look something like
this:.

random number = (int) (10.0*rand()/(RAND MAX+1.0)) ;
Y ou are not expected to know enough of C to be able to implement all of the testsyet. You

should however be able to work out the programlogic necessary to implement them.
Remember, the tests get harder as you progress.

You ar e expected to solve these over the next few weeks!

Get your lab tutor to initial your wor ksheet next to each example
to prove you've completed it.




The Tests.

1. Mean Test.
Calculate the mean of 1000 random numbers. the result should be close to 4.5.

2. Frequency Test.

Tabulate the percentage of each digit O through 9 in 10,000 generated
numbers. These should each be close to 10%

3. Odd-Even Test.

Repeat test 2 but this time divide the numbers into odd and even. There should
be roughly 50% in each category.

4. Serial Test.
Generate 10,000 pairs of numbers. Tabulate thefrequency of each pair, e.g.
00, 01,02 &99. Thistime we would expect roughly 1 % in each category.

5. Gap Test.

Pick adigit. Count the number of numbers generated between successive
occurrences of that digit. Tabulate these asagap of 0,1,2,3,4,5 or greater than
5. Thistime the distribution should be 10.0000%, 9.0000%, 8.1000%,
7.2900%, 6.5610%, 5.9049%, and 53.1441% respectively (to 4 d.p.).

6. Poker Test.

Generate digits four at atime. Tabulate the setsas all the same (e.g. 4444), 3
digitsthe same (e.g. 4443, 3444 or 4344), two pairs (e.g. 4334, 4433) one par
(e.g. 4324 or4342), or noneidenticd. Intheory we would expect frequencies
of 1, 36, 27, 432 & 504 respectively for athousand sets of numbers (i.e. 4000
digits).

7. Maximum Test.

Take athousand groups of 3digits. Count the number of setswhere the
middle digit is higher than the first and last (e.g. 253). In theory, we should
expect 28.5% of setsto be of thistype.

8. Coupon collector's Test.

Count how many digits have to be generated to produce at least one of each
possible digit. Obviously, the minimum is 10. (Expected result unknown)

9. Process a file of random ASCII digits.

Generate afile of 4000 random ASCII digits, separated by spaces. Repeat the
poker test reading the numbers from the file.

10. Process a file of random numbers.

Generate afile of 4000 random [0-9] integers, (i.e. binary data). Repeat the
poker test reading the numbers from the file, without using scanf().

Tested

Date




