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PREFACE

This book is intended for the second course in computer science, the course called
CS 2 by the ACM in its curriculum recommendations. It assumes that the reader has
completed a traditional first course that introduced programming in a high-level lan-
guage, most likely Pascal. In this text we investigate the topics of data structures
and software development.

The material is divided into two parts. Part I (chapters 2 through 11) covers
abstract data types, data structures, recursion, and the analysis of algorithms. This
section can be viewed as a study of “programming in the small” because it treats
issues related to the construction of correct, efficient, and maintainable program
units. Part II (chapters 12 through 15) addresses topics related to the software life
cycle—specification, design, implementation, validation, and maintenance. This
part can be viewed as a study of ““‘programming in the large,” since it looks at issues
related to the construction of software systems made up of hundreds or thousands of
individual units of the type discussed in Part I.

Pictorially, the organization of this book is:

Chapter 1
Introduction
Chapters 2—11 Chapters 12—15
“Programming in the small” “Programming in the large”
Data abstraction, data structures Software development

The placement of the discussion on software development following the data ab-
straction and data structures chapters does not imply that the material must be pre-
sented in that order. We have tried to keep these two sections independent from a
teaching perspective, and the instructor who wishes to reverse the order of presenta-
tion and treat the material on software development first can do so without difficulty.
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PREFACE

The material in Part I of this text is a continuation of ideas begun in CS 1. In
that first course, students focused on the construction of correct, robust, and reliable
program units through a study of algorithm design, structured programming, data
types, elementary data structures, procedural abstraction, empirical testing, and
programming style. In Part I we continue that investigation and present concepts
that permit the design of program units with increased robustness, efficiency, share-
ability, and maintainability. The topics covered include the specification, design,
and implementation of abstract data types (chapter 2) and advanced data structures
such as stacks, queues, strings (chapters 3 and 4), trees (chapters 7 and 8), sets
(chapter 9), and graphs (chapter 10). The topics of sorting and searching are woven
throughout the chapters of Part I, but in chapter 11, we present a separate discussion
on the important topic of external sorting and searching. In chapter 5, we introduce
recursion so that the student can understand and utilize recursively defined data
structures and feel comfortable using recursion as a general problem-solving para-
digm. Finally, in chapter 6, we provide the mathematical tools needed for analyzing
the time and space efficiency of algorithms, including sequential, recursive, and
parallel algorithms.

When presenting the topic of data structures in Part I, we have been guided by
and strongly influenced by the following four principles:

1. A student should first study a data structure in terms of its high-level behavior
before becoming enmeshed in the details of its implementation. It is not that these
implementation details are unimportant. However, the separation of the external and
internal properties of a data structure allows us to look first at the formal properties
of a data type, such as the nature of operations on objects of that type. Only after
these fundamental properties are fully understood do we move on and look at how
this structure can be implemented in a typical high-level language. The tool that
allows us to create this conceptual separation is the abstract data type (abbreviated
ADT), and it is the central theme of Part 1. It is the method used to present the data
structures studied in chapters 2 through 11. We first study a data structure as an
abstract data type, concentrating only on its formal properties and its operations.
Later we look at ways in which this structure can be implemented, and we investi-
gate efficiency issues related to the choice of implementation.

2. One of the shortcomings of computer science has been a resistance to the wide-
spread adoption of formal notation to represent key concepts. For example, in CS 1
it is common to describe the semantics of Pascal statements using natural language.
However, natural language can be imprecise and highly ambiguous, and its use can
lead to inconsistencies, misinterpretations, and incorrect implementations. Just as
the freshman physics major learns to use calculus to express fundamental laws of
physics, so must the CS student learn to use precise notation to express the “laws”
of computer science. Therefore, to describe the behavior of operations on an ab-
stract data type, we use the method of axiomatic semantics, which is a powerful,
albeit complex, technique for describing the actions of operations on data objects.
While this text contains only an introduction (with additional coverage coming in
advanced courses in compilers and formal languages), it should make the student
aware of the importance of precise and accurate notation. In addition to axiomatic
semantics, we also use Big-O notation for the time and space analysis of algo-
rithms (chapter 6), decision tables and finite state automata for the specification
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of software (chapter 13), and a directed graph representation of program design
documents (chapter 14).

3. There are many different data structures that can be covered in a CS 2 course,
from arrays to AVL trees, from heaps to hash tables. Because of the large number of
topics that can be studied, any treatment of this subject should initially provide an
overall structure or classification scheme. If this classification is done well, the stu-
dent will not view the subsequent discussion as a large and apparently unrelated
collection of facts but as an organized and related body of knowledge. (The problem
is identical to the one faced by a biologist teaching a first course. He or she first
presents the well-known taxonomy of living organisms (kingdom, phylum, class,
order, . . . ) rather than immediately presenting a ‘“Noah’s Ark” of animal types.
This latter approach would quickly collapse into chaos.) In chapter 3, before begin-
ning our discussion of data structures, we present a taxonomy of data structures
based on the following four classes: sets, linear types, hierarchical types, and graphs
(Figure 3.1). We then show why all data structures, regardless of what properties
they may possess, fall into one of these four classes, thus giving the student a much
better idea of how these ideas fit together (the “big picture”).

4. Finally, and most controversially, we made the decision not to use a specific
high-level language to present our programming examples. Instead, we have chosen
to use the pseudocode shown in Figure 2—16. While this pseudocode is closely re-
lated to a number of existing languages (especially Modula-2 and Ada), it provides
these capabilities in a much more simplified manner. There will no doubt be those
who ask why we did not select , where the missing word is the name of the
individual’s favorite language, such as Modula-2, Ada, Turbo Pascal, or C+ +. To
completely and accurately describe the abstract data type capabilities of a “‘real”
language, such as Ada packages, would take many pages of language- and system-
specific information. This material would dwell on highly technical syntactic and
semantic details such as semicolons, indentation, reserved words, and programming
environments. But this approach is exactly opposite from what we stress in this
book—that the ideas and concepts we are presenting are language-, system-, and
vendor-independent, and that one can study them at a high level of abstraction with-
out worrying about the specific language into which they will be translated (the very
definition of abstraction!). This is not a book on advanced concepts in Modula-2 or
Ada or but a text on advanced concepts in computer science.

However, computer science is an applied as well as a theoretical discipline, and
it is important for a student to implement the abstract ideas presented in a course. It
is through this hands-on experience that a student can gain a deeper understanding
of these concepts. To support this empirical experience, we have provided a series
of language-specific supplements that are coordinated with the material in the text.
These supplements describe an actual high-level programming language that can
then be used to implement the examples, case studies, and homework assignments.
Alternatively, an instructor could choose to provide this language- and system-
related information through reference manuals, other texts, or locally prepared
handouts. Regardless of the approach, however, it is important to send a message to
the student that this is not just a language course or a programming course, but a
course in computer science. The language that will ultimately be used, so important
in CS 1, is more properly viewed in CS 2 as material supplementary to the central
discussion.
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Part II of the text, chapters 12 to 15, is an overview of the software life cycle. It
focuses on those life cycle phases not stressed in the student’s previous class work.
Four chapters cannot possibly cover software development in great detail, and this
text does not purport to replace a full semester course on the subject of software
engineering. However, many students graduate in computer science without com-
pleting such a course and with little or no introduction to the life cycle of a software
project. Part II of the text provides that needed introduction.

In chapter 12 we overview the eight stages in the software life cycle, from the
initial rough problem statement to finished documentation and ongoing mainte-
nance. Some of these eight stages may be inappropriate for extended discussion in a
CS 2 course, for example, the feasibility study can require a knowledge of econom-
ics, accounting, and marketing as well as computer science. Some software devel-
opment stages have been studied extensively in CS 1, namely coding and debug-
ging. However, the remaining steps in the software life cycle are both highly
appropriate to discuss and generally unfamiliar to students in a second course. They
are presented in the next three chapters.

Chapter 13 discusses the topics of problem specification and the content of the
problem specification document, including functional, error, and performance spec-
ifications. As we mentioned earlier, natural language is not the most precise way to
express user needs. Therefore, in this chapter we look at two formal alternatives to
natural language—decision tables and finite-state automata. These methods can
provide the precision needed to develop high-quality specifications.

Chapter 14 treats the program design phase. Here we use the top-down
problem-solving strategy called divide and conquer to select and specify the pro-
gram units and data structures needed in our solution. The relationships between
these program units will be expressed as a structure chart using a formal notation
based on directed graphs. This chapter also describes the information contained in
the program design document and presents guidelines for evaluating the quality of a
proposed design.

Finally, chapter 15 looks at the two validation and verification (V & V) tech-
niques called empirical testing and formal verification. We review the strengths and
weaknesses of each of these approaches and conclude by describing a third method
called structured walkthroughs. Regardless of which method is used, the goal of all
V.&V techniques is the same—to increase the confidence with which we can assert
the correctness of each individual program unit as well as the correctness of the
software system as a whole.

This is the outline of the text. As the preface clearly shows, it covers a good
deal of material and ranges over many subject areas. However, its central themes
can be clearly and simply stated: To improve the students’ ability to specify, design,
and solve real-world problems and to deepen their understanding and appreciation
of the discipline of computer science.
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