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Learn with confidence with this hands-on undergraduate textbook for CS2 courses. Active
learning and real-world projects underpin each chapter, briefly reviewing programming fun-
damentals then progressing to core data structures and algorithms topics, including recursion,
lists, stacks, trees, graphs, sorting, and complexity analysis. Creative projects and applications
put theoretical concepts into practice, helping students master the fundamentals. Dedicated
project chapters supply further programming practice using real-world, interdisciplinary prob-
lems which students can showcase in their own online portfolios. Example Interview Questions
sections prepare students for job applications. The pedagogy supports self-directed and skills-
based learning with over 250 “Try It Yourself” boxes, many with solutions provided, and over
500 progressively challenging end-of-chapter questions. Written in a clear and engaging style,
this textbook is a complete resource for teaching the fundamental skills that today’s students
need. Instructor resources are available online, including a test bank, solutions manual, and
sample code.

Dan S. Myers is Associate Professor of Computer Science at Rollins College in Winter Park,
Florida, where he has taught Data Structures and Algorithms for 10 years.
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“An intuitive and engaging introduction to foundational content; a terrific source for anyone
looking to dive deeper into computer science!”

Remzi Arpaci-Dusseau, University of Wisconsin-Madison

“This book teaches data structures with an active learning approach. Students will first learn
the constructs, then get hands-on experience by applying what they learned in real projects.
In addition, the try-it-yourself sections are really helpful as simple brain teasers to ensure that
students got the point. Students will be more engaged by learning this way”

Mohammed Farghally, Virginia Tech

“Data Structures and Algorithms in Java by Dan Myers is a carefully crafted book for second-level
CS students, right after learning the rudiments of at least one programming language (be it Python,
C/C++, or Java) and doing basic programming. To fill the gap from simple programming to serious
CS, art, and natural science applications programming, a fundamental course is needed. Often
named ‘Data Structures and Algorithms, this course helps students to learn beyond basic data
structures such as numbers and arrays, and to move to the world of lists, stacks, hash tables, trees,
queues, heaps, and graphs. There are also the fundamental algorithms, such as searching, sorting,
hashing, and binary tree traversal algorithms, which are the building blocks of more complicated
algorithms needed to develop applications programs. Here is an excellent book that skillfully
brings students to serious programming, by providing meaningful explanations, beautiful figures,
and short but to-the-point code fragments. The exercises at the end of every chapter are very
helpful. Fascinating projects every few chapters make even an experienced programmer want to
try, such as particle effects, generative art, fractals, logic puzzles, and specialized search engines.
I strongly urge the CS instructor to consider this book before making commitment to their
often-used textbook”

Cetin Kaya Kog, University of California, Santa Barbara

“With beautifully accessible prose, Professor Myers opens the door wide to a field known for its
formidable jargon and subtle technical detail. This text offers scaffolded, incremental learning as
well as innovative and engaging projects, all well designed and supported by a wealth of diverse
exercises. His rich, interdisciplinary contexts also demonstrate the centrality of algorithms in many
human endeavors”

Trevor Kearns, Greenfield Community College

“I wholeheartedly endorse Data Structures and Algorithms in Java. Its unique project-based
approach effectively merges theory with practical application, making it an invaluable resource for
undergraduate students. The book’s emphasis on hands-on learning through Java programming
projects elevates the understanding and deepens the knowledge of the applicability of data
structures.”

Tajmilur Rahman Md, Gannon University

“Data Structures and Algorithms in Java is a must-read for aspiring programmers. The book
bridges theory and practice seamlessly using real-world projects illustrating key concepts. The
book covers a wide array of data structures from the simple stack to the more complex graph.
The author’s beginner-friendly approach makes it an excellent companion for self-learners and
computer science students alike”

Lilian Blot, University of York

© in this web service Cambridge University Press & Assessment www.cambridge.org



www.cambridge.org/9781009260336
www.cambridge.org

Cambridge University Press & Assessment
978-1-009-26033-6 — Data Structures and Algorithms in Java
Dan S. Myers

Frontmatter

More Information

“The examples of projects offer a fun yet insightful way to boost students’ creativity and enhance
their problem-solving skills following the “Iry It Yourself” approach, ensuring the understanding
of each concept”

Jeong Yang, Texas A&M University-San Antonio

“Dr. Myers carefully balances teaching students the Java they need after an introductory program-
ming course with building more complex projects that students can use in their job portfolios. It
covers the fundamental data structures and algorithms students need to know while immediately
applying those ideas to longer-form projects in areas of student interest.”

Brian Patterson, Oglethorpe University

“A stand-out feature of this book is its project-based approach, which bridges theoretical content
with real-world applications. This method not only enhances students’ understanding of data
structures and algorithms, but also prepares them for technical roles through a variety of creative
projects”

Bailin Deng, Cardiff University

“This book goes beyond the typical scope of a data structures and algorithms textbook. The
carefully described projects are excellent examples of how to structure large programs”

Christian Trefftz, Grand Valley State University

“I have developed many techniques, tools, and examples to facilitate learning in my data structures
classes. Dan Myers’ textbook incorporates many similar strategies - it is conversational, establishes
a foundation for new concepts and techniques then builds upon the foundation. It also incorpo-
rates numerous examples and problems, including historical references, making the material more
interesting. This is a refreshing take on a potentially dry subject””

Dave Rosenberg, Wentworth Institute of Technology

“The project-based approach in the book highlights the real-world applications of topics pre-
sented, and facilitates greater understanding and clarity. The interview questions included under-
score the importance of the concepts beyond the classroom. Several sections introduce new topics
in simple terms along with relevant fun facts which draw the reader in and make the learning
process an engaging one. Highly recommended!”

Omofolakunmi Olagbemi, Hope College

“Professor Myers’ project-based approach not only motivates students but also offers a practical
framework for applying complex concepts effectively. The projects in this text provide context for
decision-making and enhance understanding through practical applications. Each project builds
a solid foundation fostering thoughtful engagement with challenging material”

Michael Penta, Northern Essex Community College
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Preface

Teaching our students how to understand and use algorithms is the heart of the computer
science curriculum. The relevance of algorithms to the modern world may seem obvious, but the
unfortunate reality is that many of our students will finish their data structures and algorithms
coursework with no idea how the material applies to actual software development. This book
fills a gap in the data structures and algorithms literature by offering students and instructors
an engaging and carefully curated text that presents all of the fundamental material of the data
structures and algorithms course while also emphasizing meaningful applications in CS, the
arts, and the natural sciences. Every content-based chapter is paired with at least one significant
project or application illustrating how to use the chapter’s theory in a creative context.

Motivation and Content

This book is aimed at the standard undergraduate “CS2” course that presents the core content
of data structures and algorithms (sorting, lists, trees, complexity analysis, etc.) to students who
have already completed introductory programming. It emerged as a response to real challenges
I've encountered while teaching CS2 over the past 10 years, which I think will resonate with
instructors at a broad range of institutions:

* Review of CS1 material. Many universities expect students to take CS2 as their second
programming-focused course, typically after one semester covering the fundamentals of
programming. Therefore, the CS2 course needs to begin with a review of fundamental
concepts and a deeper presentation of object-oriented programming before introducing
new material. This problem has become more acute in recent years as programs have
shifted their introductory class to Python while keeping the data structures course in
Java.

* Developing students’ project portfolios. Job-market demand for CS graduates remains
high, but competition for the best internships and full-time jobs is intense. Students are
under pressure to develop a portfolio of significant projects that they can showcase in job
and internship applications. Because students now seek internships earlier, there is often
a need to include significant portfolio-ready projects earlier in the curriculum. The CS2
course is an ideal place to incorporate creative projects for early CS majors.

* Relevance. Many data structures resources, including the popular online practice sites,
emphasize abstract puzzle-style problem solving. While solving algorithmic puzzles
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can certainly build students’ skills, they don’t do much to generate enthusiasm for the
subject or show how data structures and algorithms connect to interesting applications.
Professional developers often associate the subject solely with preparing for technical
interviews.

The CS2 course, therefore, needs to do several things: build fundamental programming skills,
teach theoretical content, prepare students for electives, and get students ready for job and
internship applications, while also nurturing their growing engagement with the discipline.
Over the coming years, we will likely see the current emphasis on student success and persis-
tence in the CS1 course continue up to the rest of the computer science curriculum. In addition
to a greater emphasis on active learning, we’ll see a desire for relevance, interdisciplinary
applications, and social awareness throughout the CS major. The content of this book was
designed with those goals in mind. It features:

* coverage of fundamental data structures and algorithms topics, including recursion, lists,
stacks, trees, graphs, sorting, and complexity analysis;

* project-based chapters that apply content in significant software projects, of the kind that
could be major assignments or featured in a student’s resume and portfolio;

* empbhasis on interdisciplinary application areas;
 early review of object-oriented programming for recent CS1 students;

* active learning using reflective questions and solutions integrated throughout the text,
informed by extensive undergraduate teaching experience; and

* an additional section in each theoretical chapter illustrating techniques that frequently
show up in technical interview questions — working through these examples will help
students engage with other technical interview resources.

In return, the book makes a careful trade-off to de-emphasize niche data structures, as well as
limit coverage of advanced topics in algorithm design and analysis that are more likely to be
featured in an upper-level course.

A Project-Based Approach

Every topic includes at least one significant Java programming project illustrating how the
theoretical content can apply to interdisciplinary problems. Some of these examples are time-
tested standards that will be familiar from previous books, but most are new. The goal of these
projects is not only to give students programming practice, but to illustrate how data structures
and algorithms are used to solve interesting problems. Examples include:

* a turtle graphics system using the Java Graphics API and object-oriented techniques
(Chapter 3);

* particle-based graphic effects and artificial life simulations (Chapter 7);

* writing graphical applications to produce recursive generative art and fractal images,
including the famous Mandelbrot set (Chapter 9);

* asmall HTML viewer and web browser (Chapter 11);
* password cracking and hashing (Chapter 14);
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* atext-based search engine for a Shakespeare play (Chapter 16); and

* arecommendation system using random walks on a bipartite graph (Chapter 21).

The theoretical chapters feature smaller application sections that can be covered as part of
a topical lecture. The larger projects are in stand-alone chapters and have been designed to
be extensible, so that instructors can present the basic design of each project, work through
the example code, and then assign modifications to the basic project as homework. The
project chapters are written in a follow-along style that develops each application incrementally.
Laboratory or small discussion sections are an ideal environment for presenting and coding the
initial project solutions.

The projects and examples do not require any specific platform, development environment,
or specialized software libraries. Any desktop or cloud-based editor that can compile and run
Java is suitable for the course. All of the projects use straightforward object-oriented Java
programming and the Java standard library; there are no projects that rely on custom libraries
or elaborate prewritten code that exists outside of the text. After working through the examples
and projects in this book, students will be comfortable writing moderate-sized Java programs
and will be prepared for upper-level courses on object-oriented software design and algorithm
analysis.

Student Background

This book is aimed at early-career computer science students with at least one semester of
programming experience and some familiarity with object-oriented programming. It assumes
that students have seen (but not yet mastered) the core concepts of structured programming -
variables, data types, functions, control structures, I/O, etc. - typically covered in the standard
“CS1” course, and that students are comfortable working with moderate-sized programs that
combine those features into one application.

Students entering without previous Java experience should spend the first weeks of the class
working through the material of Chapters 1 and 2, which introduce the basic elements of Java
and object-oriented programming. Chapter 4 presents one-dimensional and two-dimensional
arrays. After completing those chapters, students should be comfortable writing CS1-level
programs in Java. Students who have already completed a Java course can move a little faster, but
reviewing the core material on object-oriented programming and arrays is still recommended.
This book focuses on using Java to implement data structures and algorithms topics, so it isn't
intended to be a comprehensive guide to all of Java, or to object-oriented software design. For
the most part, Java topics are introduced when they’re required for a project.

Course Design

Instructors have a number of options when designing a class with this book. Covering every
chapter is too much for a one-semester course, so you may prefer to focus on your favorite
examples and projects. Additional resources for instructors, including full implementations of
all projects and major examples, solutions to the end-of-chapter questions, a test bank, and
teaching guide are available online. The text is organized as follows:
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Chapters 1-4 present Java fundamentals. If students have had a previous course in Java,
this can be covered efficiently. Chapter 3, the turtle graphics project, introduces the
graphics framework that will be used throughout the first half of the book, so you should
include it if you plan to use any of the projects from Chapters 4-9.

Chapters 5-7 introduce algorithm analysis, Big-O notation, and lists. This is core content
for any data structures course. Chapters 6 and 7 also demonstrate interfaces and graphical
applications with user input.

Chapter 8 presents recursion. If students have already seen standard recursive examples
in an earlier course, you could cover this material quickly, in preparation for sorting
algorithms in Chapter 10. Chapter 9 is a major project covering recursive art and the
Mandelbrot fractal viewer.

Chapters 10-17 cover the fundamental algorithms and data structures: sorting (10),
stacks (11), backtracking search (12), queues (13), hashing (14), hash tables (15), and
binary search trees (17). These will likely form the core of any CS2 course and you could
realistically expect to spend 10 weeks on this material.

Chapters 18-22 are additional material that may not fit into a one-semester course: self-
balancing trees (18), heaps (19), and graphs (20-22).

The following table shows an example 14-week schedule for a course that starts with a review of
Java and touches on all of the core content. This sequence covers roughly one chapter per week,
with the vision that students will complete one guided project from the text (independently or
in a weekly lab meeting), then complete assigned project extensions or a set of end-of-chapter
questions for further practice.

Week | Topic Chapter | Project

1 Java basics 1 Monte Carlo simulation

2 Java basics cont. 1 Substitution ciphers

3 Objects 2 Card games

4 Graphical applications | 3 DIY turtle graphics

5 Arrays 4 Conway’s Life

6 Algorithm analysis 5 Ch. 5 practice questions

7 Lists 6 Snake game or particle graphics (Ch. 7)
8 Recursion 8 Fractal art (Ch. 9)

9 Sorting 10 Ch. 10 practice questions
10 Stacks 11 Tiny web browser

11 Backtracking search 12 Logic puzzles

12 Hashing 14 Password cracker

13 Hash tables 15 Text search engine (Ch. 16)
14 Trees 17 Ch. 17 practice questions

This book has enough material for a two-course sequence. Many programs have made

the choice to use a “bridge” course that sits between CS1 and CS2, with the goal of helping

students transition between early programming and the full data structures course. With this
model, the bridge course could cover Chapters 1-9, with their projects, at a moderate pace.
The CS2 course would review analysis and recursion and then cover the remaining topics from
Chapters 10-22.
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Self-Teaching

This book can also serve as a useful companion for working software developers who want
to improve their data structures and algorithms knowledge. Many developers without a formal
computer science background find it difficult to bridge the gap between early programming and
upper-level theoretical texts on algorithm analysis intended for graduate students. This book
was created to provide a smooth introduction to important theoretical topics and also serve as
an antidote to the popular view that algorithms are only important for “whiteboard” technical
interviews.

If you are using this book to teach yourself, simply start wherever you feel appropriate and
work through the material at your own pace. If you have no or limited Java experience, you
should definitely start with Chapters 1 and 2. Follow the directions for the example projects
and, if time permits, add a few of the extensions. It isn't necessary, or even desirable, to complete
every project or end-of-chapter question, so don't force yourself and allow yourself to move on
if you become stuck. The sequence of topics and projects given above would also be appropriate
for a self-taught developer. Completing that schedule will equip you with the core knowledge
required for technical interviews and give a solid base for further study in more advanced books.

Responding to Al

ChatGPT was publicly released while I was halfway through writing this book. Although it
remains to be seen how far large-language models will develop, it’s fair to say that they’re already
powerful enough to have a disruptive effect on introductory CS courses. Our traditional model
of assessment — leave class, write some small programs, and run them against test cases — fails
in the face of automated tools that can solve those problems better than most undergraduates.
As teachers, we have to strike a balance between remaining open to Al tools - which are going
to be a key part of professional software development going forward — while still equipping our
students with fundamental skills.

Although it wasn’t originally planned with AI in mind, I believe the approach of this book
is one part of that balance. The presentation here emphasizes context, rooting the discussion
of data structures and algorithms in meaningful larger-scale projects and emphasizing con-
nections across disciplines. Asking students to develop in a hands-on way, by building and
extending the specific solutions given in the text, lessens their ability to rely only on an Al tool.
Ultimately, though, nothing is safe. It seems likely that every piece of public code will eventually
be absorbed into one language model or another, and clever students will always use every tool
at their disposal. Now, at this moment, I see this book as one contribution to a conversation
about how to continue evolving the curriculum and pedagogy of our discipline.

XXvii
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