Preface to the Fourth Edition

This fourth edition is designed to provide an introductiondata structures and
algorithms, including their design, analysis, and implatagon. In terms of cur-

ricula based on théEEE/ACM 2001 Computing Curriculum, this book is ap-

propriate for use in the courses CS102 (I/O/B versions),@BILO/B versions),

CS111 (A version), and CS112 (A/I/O/F/H versions). We désciis use for such
courses in more detail later in this preface.

The major changes, with respect to the third edition, arddat@wing:

Added new chapter on arrays, linked lists, and recursion.

Added new chapter on memory management.

Full integration with Java 5.0.

Better integration with the Java Collections Framework.

Better coverage of iterators.

Increased coverage of array lists, including the replacgrotuses of the
class java.util.Vector with java.util. ArrayList .

Update of all Java APIs to use generic types.

Simplified list, binary tree, and priority queue ADTSs.

Further streamlining of mathematics to the seven most ussxtibns.
Expanded and revised exercises, bringing the total nunflyerrdorcement,
creativity, and project exercises to 670. Added exercisgsde new projects
on maintaining a game’s high-score list, evaluating postfid infix expres-
sions, minimax game-tree evaluation, processing stockamaysell orders,
scheduling CPU jobsp-body simulation, computing DNA-strand edit dis-
tance, and creating and solving mazes.

This book is related to the following books:

M.T. Goodrich, R. Tamassia, and D.M. Mouata Sructures and Algo-
rithms in C++, John Wiley & Sons, Inc., 2004. This book has a similar
overall structure to the present book, but uses C++ as therlyinth lan-
guage (with some modest, but necessary pedagogical diffieseequired by
this approach). Thus, it could make for a handy companiork @ cur-
riculum that allows for either a Java or C++ track in the idtrotory courses.

M.T. Goodrich and R. TamassiAlgorithm Design: Foundations, Analysis,
and Internet Examples, John Wiley & Sons, Inc., 2002. This is a textbook
for a more advanced algorithms and data structures cowrsk,as CS210
(T/WIC/S versions) in the IEEE/ACM 2001 curriculum.
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Use as a Textbook

The design and analysis of efficient data structures hasherg recognized as a
vital subject in computing, for the study of data structusegart of the core of ev-
ery collegiate computer science and computer engineergjgrrprogram we are
familiar with. Typically, the introductory courses are peated as a two- or three-
course sequence. Elementary data structures are oftdly brteoduced in the first
programming or introduction to computer science coursethisds followed by a
more in-depth introduction to data structures in the foitaywcourse(s). Further-
more, this course sequence is typically followed at a laténtgn the curriculum
by a more in-depth study of data structures and algorithrmesféal that the central
role of data structure design and analysis in the curriculufually justified, given
the importance of efficient data structures in most softvegstems, including the
Web, operating systems, databases, compilers, and §icisimiulation systems.

With the emergence of the object-oriented paradigm as &medwork of choice
for building robust and reusable software, we have triedite & consistent object-
oriented viewpoint throughout this text. One of the mainaglef the object-
oriented approach is that data should be presented as bwiagwilated with the
methods that access and modify them. That is, rather thgplysiriewing data as
a collection of bytes and addresses, we think of data asnicetaof anabstract
data type (ADT) that include a repertory of methods for performing operaion
the data. Likewise, object-oriented solutions are oftganized utilizing common
design patterns, which facilitate software reuse and robustness. Thus,resent
each data structure using ADTs and their respective impiéattiens and we in-
troduce important design patterns as means to organize timpementations into
classes, methods, and objects.

For each ADT presented in this book, we provide an associdéed inter-
face. Also, concrete data structures realizing the ADTpereided as Java classes
implementing the interfaces above. We also give Java imgheations of funda-
mental algorithms (such as sorting and graph traversatspbsample applications
of data structures (such as HTML tag matching and a photarglbDue to space
limitations, we sometimes show only code fragments in theklamd make the full
source code available on the companion Web bitiy: / /java.datastructures.net.

The Java code implementing fundamental data structurdsgsiiook is orga-
nized in a single Java packaget.datastructures. This package forms a coherent
library of data structures and algorithms in Java specificisigned for educa-
tional purposes in a way that is complementary with the Jasie@ions Frame-
work.
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Web Added-Value Education

This book is accompanied by an extensive Web site:

http://java.datastructures.net

Students are encouraged to use this site along with the boblk]p with exercises
and increase understanding of the subject. Instructorkkameise welcome to use
the site to help plan, organize, and present their courseriabst

For the Student

For all readers, and specifically for students, we include:

e All the Java source code presented in this book.

The student version of thest.datastructures package.

Slide handouts (four-per-page) in PDF format.

A database of hints tall exercises, indexed by problem number.

e Java animations and interactive applets for data strustmd algorithms.
e Hyperlinks to other data structures and algorithms ressurc

We feel that the Java animations and interactive appletsidto® of particular in-

terest, since they allow readers to interactively “playthadifferent data structures,
which leads to better understanding of the different ADTrsadldition, the hints

should be of considerable use to anyone needing a little ¢etiing started on
certain exercises.

For the Instructor

For instructors using this book, we include the followingliidnal teaching aids:

e Solutions to over two hundred of the book’s exercises.

e A keyword-searchable database of additional exercises.
The completanet.datastructures package.

Additional Java source code.

Slides in Powerpoint and PDF (one-per-page) format.

Self-contained special-topic supplements, includinguisions on convex
hulls, range trees, and orthogonal segment intersection.

The slides are fully editable, so as to allow an instructangihis book full free-
dom in customizing his or her presentations.
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A Resource for Teaching Data Structures and Algorithms

This book contains many Java-code and pseudo-code fragnaet over 670 exer-
cises, which are divided into roughly 40% reinforcementreises, 40% creativity
exercises, and 20% programming projects.

This book can be used for courses CS102 (I/0O/B versions)P8810/B ver-
sions), CS111 (A version), and/or CS112 (A/I/O/F/H versioim the IEEE/ACM
2001 Computing Curriculum, with instructional units aslimtd in Table 0.1.

Instructional Unit Relevant Material

PL1. Overview of Programming LanguagesChapters 1 & 2

PL2. Virtual Machines Sections 14.1.1, 14.1.2,& 14.1.3

PL3. Introduction to Language Translation Section 1.9

PLA4. Declarations and Types Sections 1.1,2.4,& 2.5

PL5. Abstraction Mechanisms Sections 2.4,5.1,5.2,5.3,6.1.1,6.2, 6.4,
6.3,7.1,7.3.1,8.1,9.1,9.3,11.6, & 131

PL6. Object-Oriented Programming Chapters 1 & 2 and Sections 6.2.2, 63,

7.3.7,8.1.2,&13.3.1
PF1. Fundamental Programming ConstruciShapters 1 & 2
PF2. Algorithms and Problem-Solving Sections 1.9 & 4.2

PF3. Fundamental Data Structures Sections 3.1, 5.1-3.2,5.3,, 6.1-6.4, 7.1,
7.3,8.1,8.3,9.1-94,10.1,& 13.1

PF4. Recursion Section 3.5

SE1. Software Design Chapter 2 and Sections 6.2.2, 6.3, 7.3.7,
8.1.2,&13.3.1

SE2. Using APIs Sections 2.4,5.1,5.2,5.3,6.1.1,6.2, 6.4,
6.3,7.1,7.3.1,8.1,9.1,9.3,11.6, & 131

AL1. Basic Algorithmic Analysis Chapter 3

AL2. Algorithmic Strategies Sections 11.1.1,11.7.1,12.2.1,12.4.2| &
12.5.2

AL3. Fundamental Computing Algorithmg Sections 8.1.4, 8.2.3, 8.3.5, 9.2, & 9.3/3,
and Chapters 10, 11, & 12
DS1. Functions, Relations, and Sets Sections 4.1, 8.1,& 11.6

DS3. Proof Techniques Sections 4.3, 6.1.4,7.3.3,8.3,10.2,10.3,
10.4, 105, 11.2.1, 11.3, 11.6.2, 13|1,
13.3.1,13.4,&13.5

DS4. Basics of Counting Sections 2.2.3&11.1.5

DS5. Graphs and Trees Chapters 6, 7,9, & 12

DS6. Discrete Probability Appendix A and Sections 9.2.2, 9.4.p,
11.2.1,&11.7

Table 0.1: Material for Units in the IEEE/ACM 2001 Computing Curricatu
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Chapter Listing

The chapters for this course are organized to provide a pgiza path that starts
with the basics of Java programming and object-orientedydemsoves to concrete
structures like arrays and linked lists, adds foundatid@ethniques like recursion
and algorithm analysis, and then presents the fundameati@mkttuctures and algo-
rithms, concluding with a discussion of memory managemnthat (s, the architec-

tural underpinnings of data structures). Specifically,¢hapters for this book are
organized as follows:

> 2 B B P
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. Java Programming Basics

Object-Oriented Design

. Arrays, Linked Lists, and Recursion

Analysis Tools
Stacks and Queues
Lists and lterators
Trees

Priority Queues

Maps and Dictionaries

. Search Trees

. Sorting, Sets, and Selection
. Text Processing

. Graphs

. Memory

Useful Mathematical Facts
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Prerequisites

We have written this book assuming that the reader comesithicertain knowl-
edge. Thatis, we assume that the reader is at least vagualiafavith a high-level
programming language, such as C, C++, or Java, and that e anslerstands the
main constructs from such a high-level language, including

Variables and expressions.

e Methods (also known as functions or procedures).

e Decision structures (such as if-statements and switdbrants).

e lteration structures (for-loops and while-loops).

For readers who are familiar with these concepts, but ndt hitw they are ex-
pressed in Java, we provide a primer on the Java languageapt€hl. Still, this
book is primarily a data structures book, not a Java bookgdahdoes not provide
a comprehensive treatment of Java. Nevertheless, we desuning that the reader
is necessarily familiar with object-oriented design orhnlihked structures, such
as linked lists, for these topics are covered in the coretehapf this book.

In terms of mathematical background, we assume the reasie@miswhat famil-
iar with topics from high-school mathematics. Even so, irafdkr 4, we discuss
the seven most-important functions for algorithm analyisigact, sections that use
something other than one of these seven functions are esadidptional, and are
indicated with a starX). We give a summary of other useful mathematical facts,
including elementary probability, in Appendix A.

About the Authors

Professors Goodrich and Tamassia are well-recognizednasrs in algorithms
and data structures, having published many papers in thik figth applications
to Internet computing, information visualization, comgnusecurity, and geometric
computing. They have served as principal investigatorseueml joint projects
sponsored by the National Science Foundation, the Armyd&elseffice, and the
Defense Advanced Research Projects Agency. They are alge aceducational
technology research, with special emphasis on algorittsmalization systems.
Michael Goodrich received his Ph.D. in Computer SciencenfRurdue Uni-
versity in 1987. He is currently a professor in the DeparthoéiComputer Science
at University of California, Irvine. Previously, he was afassor at Johns Hop-
kins University. He is an editor for thiternational Journal of Computational
Geometry & Applications andJournal of Graph Algorithms and Applications.
Roberto Tamassia received his Ph.D. in Electrical and Ceengitngineering
from the University of Illinois at Urbana-Champaign in 19&®& is currently a pro-
fessor in the Department of Computer Science at Brown UsiiyerHe is editor-
in-chief for theJournal of Graph Algorithms and Applications and an editor for
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Computational Geometry: Theory and Applications. He previously served on the
editorial board ol EEE Transactions on Computers.

In addition to their research accomplishments, the authlss have extensive
experience in the classroom. For example, Dr. Goodrichduaght data structures
and algorithms courses, including Data Structures as hrfraa-sophomore level
course and Introduction to Algorithms as an upper level #®uHe has earned sev-
eral teaching awards in this capacity. His teaching style isvolve the students in
lively interactive classroom sessions that bring out theifion and insights behind
data structuring and algorithmic techniques. Dr. Tamdsagtaught Data Struc-
tures and Algorithms as an introductory freshman-levelrs®wsince 1988. One
thing that has set his teaching style apart is his effectseaf interactive hyper-
media presentations integrated with the Web.

The instructional Web siteglatastructures.net andalgorithmdesign.net, sup-
ported by Drs. Goodrich and Tamassia, are used as referemtegiah by students,
teachers, and professionals worldwide.
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