
B
IB

LI
O

TH
E

Q
U

E
   

 D
U

   
 C

E
R

IS
T



Handbook of 
ALGORITHMS and 

DATA STRUCTURES 

B
IB

LI
O

TH
E

Q
U

E
   

 D
U

   
 C

E
R

IS
T



INTERNATIONAL COMPUTER SCIENCE SERIES 

Consulting editors A D McGeltrick 
University of Strathclyde 

J van Leeuwen 
University of Utrecht 

B
IB

LI
O

TH
E

Q
U

E
   

 D
U

   
 C

E
R

IS
T



Handbook of 
ALGORITHMS and 

DATA STRUCTURES 

G. H. Gonnet 

ADDISON-WESLEY PUBLISHING COMPANY 

London· Reading, Massachusetts· Menlo Park, California· Amsterdam 
Don Mills, Ontario' Manila· Singapore· Sydney' Tokyo 

B
IB

LI
O

TH
E

Q
U

E
   

 D
U

   
 C

E
R

IS
T



© 19R4 Addison-Wesley Publishers Limited 

All rights reserved. No part of this publication may be reproduecd, stored in a 
rctrieval system, or transmittcd in any form or by any rncans. e1ectronic, mcchanicaL 
photocopying, recording or otherwise, without prior written permission of the 
publisher. 

Set by the author on an APS-5 photoseller using output generated by troff, the UNIX 
tcxt-proeessing system (UNIX is a trademark of Bell Laboratories) 

Cover illustration produced by John Vinee using PICASO, the computer graphies 
system at Middlesex Polyteehnie 

Printed in Finland by OTA V A. Member of Finnprint 

~l,'~!lBnm 

British Library Cataloguing in Publication Data 
Gonnet, G. H. 

Handbook of algorithms and data structures. 
1. Electronie digital computers-Programming 
2. Algorithms 
1. Title 
OO! .6' 42 OA 70.6 

ISBN 0-201-142IX-X 

Library of Congress Cataloging in Publication Data 
Gonnet, G. H. (Gaston H.) 

Handbook of algorithms and data structures. 
(International computer science series) 
Bibliography: p. 
1 ncludes index. 
1. E\cctronie digital computers-programming.~f . j Cl 91'A: 

2. Algorithms. 3. Data structures (Computer sci \t~* .... 1 }\f U 1 
1. T1\le. Il. Senes. . ,. ", ',/ 

" .' OA 7hn.G6-'h 19R4 001.M'2 R3- 3\11, - .. ", _': 

";'-,,-

ISBN 0-201-1421R-X' 

ABCDEFR9R7654 

B
IB

LI
O

TH
E

Q
U

E
   

 D
U

   
 C

E
R

IS
T



To my boys: Miguel, Pedro, Julio and Ignacio 
and my girls: Araina and Marte 

B
IB

LI
O

TH
E

Q
U

E
   

 D
U

   
 C

E
R

IS
T



B
IB

LI
O

TH
E

Q
U

E
   

 D
U

   
 C

E
R

IS
T



Preface 

Computer Science has been, throughout its evolution, more an art than a 
science. My favourite example which iIIustrates this point is to compare a major 
software project (Iike the writing of a compiler) with any other major project 
(Iike the construction of the CN tower in Toronto). 1 t would be absolutely 
unthirikable to let the tower fall down a few times while its design was being 
debugged: even worse would be to open it to the public before discovering sorne 
other fatal flaw. Yet this mode of operation is being used everyday by almost 
everybody in software production. 

Presently it is very difficult to "stand on your predecessor's shoulders", most 
of the time we stand on our predecessor's toes, at best. This handbook was 
written with the intention of making available to the computer scientist, 
instructor or programmer the wealth of information which the field has 
generated in the last 20 years. 

Most of the results are extracted from the given references. In sorne cases 
the author has completed or generalized sorne of the se results. Accuracy is 
certainly one of our goals, and consequently the author will cheerfully pay 
$2.00 for each first report of any type of error appearing in this handbook. 

Many people helped me directly or indirectly to complete this project. 
Firstly 1 owe my family hundreds of hours of attention. Ali my students and 
colleagues had sorne impact. In particular 1 would Iike to thank M. C. Momard, 
N. Ziviani, J. 1. Munro, P. A. Lanson, D. Rotem and D. Wood. Very special 
thanks go to F. W. Tompa who is also the coauthor of chapter 2. The source 
material for this chapter appears in a joint paper in the November 1983 
Communications of the ACM. 

Montevideo 
December 1983 

G. H. Gonnet 
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