
Preface

This text is a basic introduction to those areas of discrete mathematics of interest to
students of mathematics. Introductory courses on this material are now standard at
many colleges and universities. Usually these courses are of one semester’s duration,
and usually they are offered at the sophomore level.

Very often this will be the first course where the students see several real proofs.
The preparation of the students is very mixed, and one cannot assume a strong back-
ground. In particular, the instructor should not assume that the students have seen a
linear algebra course, or any introduction to number systems that goes beyond col-
lege algebra.

In view of this, I have tried to avoid too much sophistication, while still retain-
ing rigor. I hope I have included enough problems so that the student can reinforce
the concepts. Most of the problems are quite easy, with just a few difficult exercises
scattered through the text. If the class is weak, a small number of sections will be too
hard, while the instructor who has a strong class will need to include some supple-
mentary material. I think this is preferable to a book at a higher mathematical level,
one that scares away the weaker students.

Readership

While the book is primarily directed at mathematics majors and minors, this material
is also studied by computer scientists. The face of computer science is changing due
to the influence of the internet, and many universities will also require a second
course, with more specialized material, but those students also need the basics.

Another developing area is the course on mathematical applications in the mod-
ern world, aimed at liberal arts majors and others. Much of the material in those
courses is discrete. I do not think this book should even be considered as a text for
such a course, but it could be a useful reference, and those who end up teaching
such a course will also find this text useful. Discrete mathematics is also an elective
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topic for mathematically gifted students in high schools, and I consulted the Indiana
suggested syllabus for such courses.

Outline of Topics

The first two chapters include a brief survey of number systems and elementary set
theory. Included are discussions of scientific notation and the representation of num-
bers in computers; topics that were included at the suggestion of computer science
instructors. Mathematical induction is treated at this point although the instructor
could defer this until later. (There are a few references to induction later in the text,
but the student can omit these in a first reading.)

I introduce logic along with set theory. This leads naturally into an introduction
to Boolean algebra, which brings out the commonality of logic and set theory. The
latter part of Chapter 3 explains the application of Boolean algebra to circuit theory.

I follow this with a short chapter on relations and functions. The study of rela-
tions is an offshoot of set theory, and also lays the foundation for the study of graph
theory later. Functions are mentioned only briefly. The student will see them treated
extensively in calculus courses, but in discrete mathematics we mostly need basic
definitions.

Enumeration, or theoretical counting, is central to discrete mathematics. In Chap-
ter 5 I present the main results on selections and arrangements, and also cover the
binomial theorem and derangements. Some of the harder problems here are rather
challenging, but I have omitted most of the more sophisticated results.

Counting leads naturally to probability theory. I have included the main ideas
of discrete probability, up to Bayes’ theorem. There was a conscious decision not
to include any real discussion of measures of central tendency (means, medians) or
spread (variance, quartiles) because most students will encounter them elsewhere,
e.g., in statistics courses.

Graph theory is studied, including Euler and Hamilton cycles and trees. This is
a vehicle for some (easy) proofs, as well as being an important example of a data
structure.

Matrices and vectors are defined and discussed briefly. This is not the place for
algebraic studies, but matrices are useful for studying other discrete objects, and this
is illustrated by a section on adjacency matrices of relations and graphs. A number of
students will never study linear algebra, and this chapter will provide some founda-
tion for the use of matrices in programming, mathematical modeling, and statistics.
Those who have already seen vectors and matrices can skip most of this chapter, but
should read the section on adjacency matrices.

Chapter 9 is an introduction to cryptography, including the RSA cryptosystem,
together with the necessary elementary number theory (such as modular arithmetic
and the Euclidean algorithm). Cryptography is an important application area and is
a good place to show students that discrete mathematics has real-world applications.



Preface ix

Moreover, most computer science majors will later be presented with electives in this
area. The level of mathematical sophistication is higher in parts of this chapter than
in most of the book.

The final chapter is about voting systems. This topic has not been included in very
many discrete mathematics texts. However, voting methods are covered in many of
the elementary applied mathematics courses for liberal arts majors, and they make a
nice optional topic for mathematics and computer science majors.

Perhaps I should explain the omissions rather than the inclusions. I thought the
study of predicates and quantifiers belonged in a course on logic rather than here.
I also thought lattice theory was too deep, although it would fit nicely after the section
on Boolean forms.

There is no section on recursion and recurrence relations. Again, this is a deep
area. I have actually given some problems on recurrences in the induction section, but
I thought that a serious study belongs in a combinatorics course. Similarly, the deeper
enumeration results, such as counting partitions, belong in higher-level courses.

Another area is linear programming. This was once an important part of dis-
crete mathematics courses. But, in recent years, syllabi have changed. Nowadays,
somewhat weaker students are using linear programming, and there are user-friendly
computer packages available. I do not think that it will be on the syllabus of many of
the courses at which this book is aimed.

Problems and Exercises

The book contains a large selection of exercises, collected at the end of sections.
There should be enough for students to practice the concepts involved. Most are
straightforward; in some sections there are one or two more sophisticated questions
at the end.

A number of worked examples, called Sample Problems, are included in the
body of each section. Most of these are accompanied by a Practice Exercise, de-
signed primarily to test the reader’s comprehension of the ideas being discussed. It
is recommended that students work all the Practice Exercises. Complete solutions
are provided for all of them, as well as brief answers to the odd-numbered problems
from the sectional exercise sets.

Gender

In many places a mathematical discussion involves a protagonist—a person who flips
a coin or deals a card or traverses a road network. These people used to be exclusively
male in older textbooks. In recent years this has rightly been seen to be inappropriate.
Unfortunately this has led to frequent repetitions of nouns—“the player’s card” rather
than “his card”—and the use of the ugly “he or she.”
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I decided to avoid such problems by a method that was highly appropriate to this
text: I flipped a coin to decide whether a character was male or female. If the reader
detects an imbalance, please blame the coin.

There were two exceptions to this rule. Cryptographers traditionally write about
messages sent from Alice (A) to Bob (B), so I followed this rule in discussing RSA
cryptography. And in the discussion of the Monty Hall problem, the game show host
is male, in honor of Monty, and the player is female for balance.
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