E it &N ZEHMERI

Lk S A b

Algorithms Design Techniques and Analysis

(774 ] M. H. Alsuwaiyel 3

\\P % F 1Y & At
Wgg| Publishing House of Electronics Industry

=  www.phei.com.cn



B shit BN R R

Bkt Is 5o

(3 tha)

Algorithms Design Techniques and Analysis

[ 451 M.H. Alsuwaivel &

T F I ¥ & ARAL
Publishmg House of Electronics Industry
Jtx{ » BEIJING



AR = B

“ World Scientific Copyright © 1999 by Worid Scientific Publishing
Co. Pte. Lid.

All rights reserved. This book, or parts thereof, may not be reproduced in any form
or by any means, electronic or mechanical, including photocopying, recording or any
information storage and retrieval system now known or o be invented, without written
permission from the Publisher.
A5 3SR TR I World Scientific 2t s, World Scientific 2y ] UL 35 48 S B
R AL 7 bl e ol VR B s b 405 SO B ol AR IS b &
B, RESTal, AHPUTMIE AR TR Wb 2 A BINA.

MR B 500 552 01-2002-5160

BHEMEKE (CIP) BB

BTG SN (R 1 YD) BRSNS (Alsuwaiyel. M. H. ) #.—it
Fe BCOFOWRAREL, 2003.1

BHBE L. Algorithms Design Techniques and Analysis

ISBN 7-5053-8084-2

T, B N B I BER—% 50 IV, TP301.6

PERARASWCIPEER T (2002) 550831175

LM R M

B Rl SR ElLET

kT, T T4 hup://www.pheicomen
i X BT3GR 4. 100036
et DORMAREA2S Bf4: 100036

% W R HFEAE

i A: 850 %1168 1/32 Blsk: 17 8 40 T
i3 R: 200341 ASY1IK 20034F1 H 55 12k BT bl

E {ir: 40.007T

ABECTIEhRAEA S, whARBNE, FOBEBE AR, THEEH, #
EXAKEHKA, BEAR#E, (010) 68279077



H WA E

2K, K -HE K- AKGEPEITENARFER
WEE T ENEIN, REFEAENEINMEDE
ik, HEERELEZ, NABEHERBESHNEL
ZEDSEXERIPHENARBEZ L,

ZFERFEFIMRMFEBH R L RGO H
M.H.Alsuwaiyel 2 51 (Algorithms Design Techniques
and Analysis) , ERUERELHELR, REGE
5 Y2 18I0 052 B 3 4w & I M $5——Lecture Notes Se-
ries on Computing— I — &, BARALPBRAREHGK
FHA, MRPEFRERKET ENARSM, HRRR
s % BRAL R, 855, HeSNmmE EERD
BOw KB EREEALVEENERNEFRRS], B
—REAEREEIBENTS,

ZBY EBELEBNBo KD, BIFEE—8, &£k
BRIREBEPHERERNESERNE HizEEHLE
&, FRFEAXBINCLEIWBIEEHRHEES, Xt
RiEePERFTBILADEIES BB LS BH %
R SLBRIRTE

TR TENPR 2R EE AR SNIEE, A B
g T MNEANEXERAME, A SAEETE LA —
%, HEMthREHN,



BB Bk Al UL B 2 R R 204K B 70 VS K TR 43
H, ABGT IEBNEY, XUEABRAZ -, 21K
) o e AR A B HE A Y E R RN,

A7 — M R U EERIRIH R AN, ik —
PR—PMEFEERR, RESWHERE &,

A EA BRI RE R R BN B A& th Bk
EMO=E, BBEREFAPENT KB kMR AL
Y%,

& gt
2002410 A1H
EHX¥



Preface

The field of computer algorithms has flourished since the early 1960’s when
the first users of electronic computers started to pay attention to the per-
formance of programs. The limited resources of computers at that time
resulted in additional impetus for devising efficient computer algorithms.
After extensive research in this field, numerous efficient algorithms for dif-
ferent problems emerged. The similarities among different algorithms for
certain classes of problems have resulted in general algorithm design tech-
niques. This book emphasizes most of these algorithm design techniques
that have proved their utility in the solution to many problems. It may
be considered as an attempt to cover the most common techniques in the
design of sequential algorithms. Each technique is presented as follows.
First, the context in which that technique can be applied. Second, the spe-
cial characteristics of that technique that set it apart. Third, comparison
with other techniques, whenever possible; finally, and most importantly,
illustration of the technique by applying it to several problems.

. Although the main theme of the book is algorithm design techniques,
it also emphasizes the other major component in algorithmic design: the
analysis of algorithms. It covers in detail the analysis of most of the algo-
rithms presented. Chapter 2 covers most of the mathematical tools that are
helpful in analyzing algorithms. Chapter 11 is an introduction to the field
of computational complexity, and Chapter 12 covers the basics of establish-
ing lower bounds on the solution of various problems. These chapters are
indispensable for the design of efficient algorithms.

The focus of the presentation is on practical applications of the design
techniques. Each technique is illustrated by providing an adequate num-

vii



viii Preface

ber of algorithms to solve some problems that quite often arise in many
applications in science and engineering.

The style of presentation of algorithms is straightforward, and uses
pseudocode that is similar to the syntax of structured programming
languages, e.g. if-then-else, for and while constructs. The pseudocode
is sometimes intermixed with English whenever necessary. Describing a
portion of an algorithm in English is indeed instructive; it conveys the idea
with minimum effort on the part of the reader. However, sometimes it is
both easier and more formal to use a pseudocode statement. For example,
the function of the assignment statement

B[1..n]— A[1..n)

is to replace each entry B[f] with Afi] for all i,1 < i < n. Neither the
for ...end for construct nor plain English is more concise or easier to
state than this notation.

The book is divided into seven parts. Each part consists of chapters
that cover those design techniques that have common characteristics or
objectives. Part 1 sets the stage for the rest of the book, in addition to
providing the background material that is needed in subsequent chapters.
Part 2 is devoted to the study of recursive design techniques, which are
extremely important, as they emphasize a fundamental tool in the field of
computer science: recursion. Part 3 covers two intuitive and natural design
techniques: the greedy approach and graph traversals. Part 4 is concerned
with those techniques needed to investigate a given problem and the pos-
sibility of either coming up with an efficient algorithm for that problem,
or proving its intractability. This part covers NP-completeness, computa-
tional complexity and lower bounds. In Part 5, techniques for coping with
hard problems are presented. These include backtracking, randomization
and finding approximate solutions that are reasonable and acceptable us-
ing a reasonable amount of time, Part 6 introduces the concept of iterative
improvement using two important problems that have received extensive
attention, which resulted in increasingly efficient algorithms: the problem
of finding a maximum flow in a network and the problem of finding a max-
imum matching in an undirected graph. Finally, Part 7 is an introduction
to the relatively new field of computational geometry. In one chapter, the
widely used technique of geometric sweeping is presented with examples of
important problems in that field. In the other chapter, the versatile tool of
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the Voronoi diagram is covered, and some of its applications are presented.

The book is intended as a text in the field of the design and analysis of
algorithms. It includes adequate material for two courses in algorithms.
Chapters 1 through 10 provide the core material for an undergraduate
course in algorithms at the junior or senior level. Some of the material may
be skipped such as the amortized analysis of the union-find algorithms, and
the linear time algorithms in the case of dense graphs for the shortest path
and minimum spanning tree problems. The instructor may find it useful
to' add some of the material in the following chapters such as backtracking,
randomized algorithms, approximation algorithms or geometric sweeping.
The rest of the material is intended for a graduate course in algorithms.

The prerequisites for this book have been kept to the minimum; only
an elementary background in discrete mathematics and data structures are
assumed.

The author is grateful to King Fahd University of Petroleum & Minerals
(KFUPM) for their support and providing facilities for the preparation of
the manuscript. This book writing project has been funded by KFUPM
under Project ics/algorithm/182. The Author would like to thank those
who have critically read various portions of the manuscript and offered
many helpful suggestions, including the students of the undergraduate and
graduate Algorithms courses at KFUPM. Special thanks go to S. Albassam,
H. Almuallim, and S. Ghanta for their valuable comments.

Dhahran, Saudi Arabia M. H. Alsuwaiyel
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