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To the memory of
Abu Ja’far Mohammed ben Musa
from whose description as
al-Khwarazmi (the native of Khwarazm)
the word Algorithm is derived

A’LGORIsM, n. /. Arabick words, which are ufed to imply
A'LcorrTHM: § tre fix operations of arithmetick, or the fci-
ence of numbers. Dss,

Dr Samuel Johnson’s definition of algorithm has been reproduced in facsimile from his
Dictionary of the English Language, (1755 )



AR, 7 B SE BEPDFIE U7 M) : www. ertongbook. com



Foreword

It gives me great satisfaction to introduce this collection of algorithms from
Applied Statistics. It comes with a scholarly introduction describing the history
of algorithms, which stretches back to a time long before a group of us began
the algorithm section of Applied Statistics in 1968. We began tentatively, and
we made inevitable mistakes, some of which are tactfully alluded to in the book;
what I suspect none of us realized at the beginning were the difficulties that
beset the production of a good algorithm. It is hard to get the code right, to
ensure that the algorithm is efficient and well structured, that it adheres to the
language standard, that all kinds of potential misuse are trapped, and that the
description is clear and accurate. The whole exercise is iterative and, as the
editors show, not even the scrutiny of past editors and referees (to whom all
of us, users and authors alike, owe so much) has avoided further scrutiny and
amendment in preparing the algorithms for reproduction in book form. (Doubtless
some energetic individuals will soon be doing their best to prove that all is still
not yet perfect — I predict that they will have a hard job.)

Statisticians have become major users of packages, and packages depend
heavily on reliable and tested algorithms. The writer of a one-off program for
a particular analysis is equally in need of such modules as the algorithms represent;
they may be black boxes but the contents must be of top quality. To the extent
that increasing numbers of people are now learning statistics from running
programs rather than from reading books, the executable algorithm has become
part of a new and powerful form of literature, with its own style and perhaps
eventually its own masterpieces. The editors have made their careful selection
— can you see which may eventually become classics?

J. A. Nelder

President (1985/86)

The Royal Statistical Society
London:



The algorithms contained in this book are available in machine-readable
form from the publisher. Please address all enquiries to:

Ellis Horwood Limited, Market Cross House, Cooper Street,
Chichester, England, PO19 1EB




Preface

A police electronics engineer admitted in the Johannesburg Magistrates’ Court
yesterday that, by applying unerring logic, a winning number could be determined
in an electronic computerised card game played in a Hillbrow casino. . . . Col R.D.
Hull said the electronic computerised machines have an algo rhythm, which is a
series of rhythmic manipulations to determine the outcome of a game. The algo
rhythm is a “mathematical recipe for numbers” which is the key to the game.
The programmer knows the key.
Johannesburg Star
(Acknowledgement to Computer Weekly where we first saw this quoted.)

Applied Statistics, one of the journals published by the Royal Statistical
Society, has included an Algorithms Section for the last 16 years, and the total
number of algorithms published exceeds 200. The time has come for an anthology
of them, which we now present.

Algorithms are the building blocks of computer programs, each designed to
perform a specific purpose, and to be slotted into a program at will. At its
best an algorithm should be so well tested, known to be efficient and always to
give the correct results, that it can be used simply as a ‘black box’ whose inner
workings can be ignored, and need not be understood, provided that one thor-
oughly understands its purpose, how to feed it with input and how to handle
its output. But even the blackest of boxes needs its construction to be fully
specified so that further copies of it can be made, and so that experts can
suggest improvements. It is the aim of both the journal and this book that the
algorithms presented should fulfil all such requirements.
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As more fully described in Chapter 1, the book does not simply reproduce
what has previously appeared in the journal. Corrections and improvements have
been made, some previously published as separate entities but now fully incor-
porated, others new to the book, if further study has shown them to be desirable.

All who write computing instructions know the fascination of pitting one’s
wits against the pure logic of a machine that does what you told it, not what
you meant to tell it. It is humbling as well as fascinating, and we have been
humbled often enough to be aware that our aim, for which we have tried so
hard, of a book that is free from ‘bugs’ has almost certainly not been achieved.
We ask readers to let us know of any discovered.

ALGORISMS AND ALGORITHMS

Dr R A Griffiths and Mr W R Good (Radcliffe Infirmary, Oxford OX2 6HE) and
Mr J G Griffith (Jesus College, University of Oxford) write: We note the use in a
recent series of articles of the neologism ‘algorithm’. The Oxford English Dictionary
describes this as a ‘recent pseudo-etymological perversion’ in which ‘algorism’ is learn-
edly confused with ’apifuéc, ‘number’. ‘Algorism’ is, of course, from the Arabic and
without Greek derivation. ‘Algorithm’ could only be a fusion of ’dAyos (pain) and
>apBude (number) and would presumably denote ‘measurement or counting of pain’.

(British Medical Journal, 23 June 1984)

There are many words in the English language that started life as a ‘recent
pseudo-etymological perversion’. The exact point at which any such word
passes the boundary, and becomes correct usage, is difficult to determine, but
we have no doubt at all that algorithm did so many years ago, and it would be
inexcusable affectation to refuse to use it.

Can any word still be a neologism if it appeared in Dr Johnson’s dictionary,
admittedly not with the current meaning, but with both spellings allowed?
He knew only one spelling for ‘arithmetick’, but Boswell’s hope that ‘the auth-
ority of the great Master of our language will stop that curtailing innovation,
by which we see critic, public, &c., frequently written instead of critick, publick,
&c.’ remained unsatisfied. Those who think ‘algorithm’ an incorrect spelling
must therefore regard ‘arithmetic’ as even more so.

Since Dr Johnson’s day ‘algorithm’ has come to mean a recipe for computing
operations. Even if it is this meaning that is objected to as neologistic, it goes
back nearly half a century at least, as the Supplement to the Oxford English
Dictionary shows by quoting a reference to ‘Euclid’s algorithm’ from 1938.

Algorism has never taken on this new meaning but remains defined as ‘The
Arabic, or decimal, system of numeration’. Why should anyone be expected
to take an almost unknown word with the wrong meaning, when a better-known
word with the right meaning is available?

UNSELECTED ALGORITHMS

To those algorithm authors whose contributions have not been selected for
the book we should like to give assurance that lack of space is the reason.
No-one should assume that the absence of a given algorithm implies in any way
that it lacks merit.
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