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Preface

The study of data structures, a fundamental component of a computer science educa-
tion, serves as the foundation upon which many other computer science fields are
built. Some knowledge of data structures is a must for students who wish to do work
in design, implementation, testing, or maintenance of virtually any software system.
The scope and presentation of material in Data Structures and Algorithms in Java pro-
vide students with the knowledge necessary to perform such work.

This book highlights three important aspects of data structures. First, a very
strong emphasis is placed on the connection between data structures and their algo-
rithms, including analyzing algorithms’ complexity. Second, data structures are pre-
sented in an object-oriented setting in accordance with the current design and
implementation paradigm. In particular, the information-hiding principle to advance
encapsulation and decomposition is stressed. Finally, an important component of the
book is data structure implementation, which leads to the choice of Java as the pro-
gramming language.

The Java language, an object-oriented descendant of C and C++, has gained pop-
ularity in industry and academia as an excellent programming language due to wide-
spread use of the Internet. Because of its consistent use of object-oriented features
and the security of the language, Java is also useful and natural for introducing data
structures. Currently, C++ is the primary language of choice for teaching data struc-
tures; however, because of the wide use of Java in application programming and the
object-oriented characteristics of the language, using Java to teach a data structures
and algorithms course, even on the introductory level, is well justified.

This book provides the material for a course that includes the topics listed under
CS2 and CS7 of the old ACM curriculum. It also meets the requirements for most of
the courses C,, 202, C[, 202, and C. 204 of the new ACM curriculum.

Most chapters include a case study that illustrates a complete context in which
certain algorithms and data structures can be used. These case studies were chosen
from different areas of computer science such as interpreters, symbolic computation,
and file processing, to indicate the wide range of applications to which topics under
discussion may apply.
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Brief examples of Java code are included throughout the book to illustrate the
practical importance of data structures. However, theoretical analysis is equally im-
portant. Thus, presentations of algorithms are integrated with analyses of efficiency.

Great care is taken in the presentation of recursion because even advanced students
have problems with it. Experience has shown that recursion can be explained best if the
run-time stack is taken into consideration. Changes to the stack are shown when tracing
a recursive function not only in the chapter on recursion, but also in other chapters. For
example, a surprisingly short method for tree traversal may remain a mystery if work
done by the system on the run-time stack is not included in the explanation. Standing
aloof from the system and retaining only a purely theoretical perspective when dis-
cussing data structures and algorithms are not necessarily helpful. This book also in-
cludes comprehensive chapters on data compression and memory management.

The thrust of this book is data structures, and other topics are treated here only as
much as necessary to ensure a proper understanding of this subject. Algorithms are
discussed from the perspective of data structures, so the reader will not find a com-
prehensive discussion of different kinds of algorithms and all the facets that a full
presentation of algorithms requires. However, as mentioned, recursion is covered in
depth. In addition, complexity analysis of algorithms is presented in some detail.

Chapters 1 and 3-8 present a number of different data structures and the algo-
rithms that operate on them. The efficiency of each algorithm is analyzed, and improve-
ments to the algorithm are suggested.

Chapter 1 presents the basic principles of object-oriented programming, an intro-
duction to dynamic memory allocation and the use of pointers, and a rudimentary
introduction to Java.

Chapter 2 describes some methods used to assess the efficiency of algorithms.
Chapter 3 contains an introduction to linked lists.
Chapter 4 presents stacks and queues and their applications.

Chapter 5 contains a detailed discussion of recursion. Different types of recursion are
discussed, and a recursive call is dissected.

Chapter 6 discusses binary trees, including implementation, traversal, and search.
This chapter also includes balanced trees.

Chapter 7 details more generalized trees such as tries, 2— 4 trees, and B-trees.
Chapter 8 presents graphs.
Chapters 9-12 show different applications of data structures introduced in the

previous chapters. They emphasize the data structure aspects of each topic under
consideration.

Chapter 9 analyzes sorting in detail, and several elementary and nonelementary
methods are presented.
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® Chapter 10 discusses hashing, one of the most important areas in searching. Various
techniques are presented with an emphasis on the utilization of data structures.

8 Chapter 11 discusses data compression algorithms and data structures.
® Chapter 12 presents various techniques and data structures for memory
management.

& Chapter 13 discusses many algorithms for exact and approximate string matching,

Appendix A discusses in greater detail big-O notation, introduced in Chapter 2.

B Appendix B gives a proof of Cook’s theorem and illustrates it with an extended
example.

Each chapter contains a discussion of the material illustrated with appropriate
diagrams and tables. Except for Chapter 2, all chapters include a case study, which is
an extended example using the features discussed in that chapter. All case studies have
been tested using the Visual C++ compiler on a PC and the g++ compiler under
UNIX except the von Koch snowflake, which runs on a PC under Visual C++. At the
end of each chapter is a set of exercises of varying degrees of difficulty. Except for
Chapter 2, all chapters also include programming assignments and an up-to-date bib-
liography of relevant literature.

Chapters 1-6 (excluding Sections 2.9, 3.4, 6.4.3, 6.7, and 6.8) contain the core
material that forms the basis of any data structures course. These chapters should be
studied in sequence. The remaining six chapters can be read in any order. A one-
semester course could include Chapters 1-6, 9, and Sections 10.1 and 10.2. The entire
book could also be part of a two-semester sequence.

TEACHING TooLs
Electronic Instructor’s Manual. The Instructor’s Manual that accompanies this text-
book includes complete solutions to all text exercises.

Electronic Figure Files. All images from the text are available in bitmap format for use
in classroom presentations.

Source Code. The source code for the text example programs is available via the au-
thor’s Web site at http://www.mathes.dug.edu/drozdek/DSinjava.

It is also available for student download at course.com. All teaching tools, outlined
above, are available in the Instructor’s Resources section of course.com.
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CHANGES IN THE SECOND EDITION

The new edition primarily extends the old edition by including material on new topics
that are currently not covered. The additions include

Pattern matching algorithms in the new Chapter 13

A discussion of NP-completeness in the form of a general introduction (Section 2.1G),

examples of NP-complete problems (Section 8.12), and an outline of Cook’s theorem

(Appendix B)

New material on graphs (Sections 8.9.1,8.10.1.1,8.10.2.1,and 8.11)

A discussion of a deletion algorithm for vh-trees (Section 7.1.7)

An introduction to Java files (Sections 1.3.1-1.3.6)

Moreover, the tables that list methods from java.util packages have been updated.
There are also many small modifications and additions throughout the book.
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