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Foreword

What could be a more basic mathematical activity than counting the
number of elements of a finite set? The misleading simplicity that defines
the subject of enumerative combinatorics is in fact one of its principal
charms. Who would suspect the wealth of ingenuity and of sophisticated
techniques that can be brought to bear on a such an apparently superficial
endeavor? Miklés Béna has done a masterful job of bringing an overview
of all of enumerative combinatorics within reach of undergraduates. The
two fundamental themes of bijective proofs and generating functions, to-
gether with their intimate connections, recur constantly. A wide selection
of topics, including several never appearing before in a textbook, are in-
cluded that give an idea of the vast range of enumerative combinatorics.
In particular, for those with sufficient background in undergraduate lin-
ear algebra and abstract algebra there are many tantalizing hints of the
fruitful connection between enumerative combinatorics and algebra that
plays a central role in the subject of algebraic combinatorics. In a fore-
word to another book by Miklés Béna I wrote, “This book can be utilized
at a variety of levels, from random samplings of the treasures therein to a
comprehensive attempt to master all the material and solve all the exer-
cises. In whatever direction the reader’s tastes lead, a thorough enjoyment
and appreciation of a beautiful area of combinatorics is certain to ensue.”
Exactly the same sentiment applies to the present book, as the reader will
soon discover.

Richard Stanley
Cambridge, Massachusetts
June 2005
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Preface

Students interested in Combinatorics in general, and in Enumerative
Combinatorics in particular, already have a few choices as to which books
to read. However, the overwhelming majority of these books are either on
General Combinatorics on the undergraduate level, or on Enumerative
Combinatorics on the graduate level. The present book strives to be of a
third kind. It focuses on Enumerative Combinatorics, attempts to be rea-
sonably comprehensive, and is meant to be read primarily by undergradu-
ates. We do understand that undergraduates need to learn various aspects
of Combinatorics. Therefore, while in this book we will always count some-
thing, we will count objects from many areas of Combinatorics—trees,
permutations, graphs, hypergraphs, sets, partitions, compositions, matri-
ces, and so on—hopefully broadening the scope of the student’s interest.
In the process of counting these objects, we formally define them, and
discuss the most important features of their structures. Our strong focus
on enumeration allows us to reach the level of open problems in several
chapters. New students of the field often find it fascinating that after only
a year of learning, they can understand the questions attacked by experts.
We want to encourage this process.

The book can be used in at least three ways. One can teach a one-
semester course from it, choosing the most general topics. One can also
use the book for a two-semester course, teaching most of the text and
exploring the supplementary material that is given in form of exercises.
If one has already taught a one-semester course using a general Combi-
natorics textbook and wants to follow up with a second semester that
focuses on enumeration, one may use the last six chapters of this book.
The book is also useful for teaching an introductory course for graduate
students who do not have solid background in Combinatorics.

There are several topics here that are discussed in detail in an under-
graduate textbook for a first time, such as acyclic and parking functions,
unimodality, log-concavity, the real zeros property, and magic squares.
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xvi Preface

Therefore, we hope the book will provide a useful reference material for
students interested in these topics.

Several topics, like pattern avoiding permutations, Ramsey numbers,
or Hamiltonian cycles, are not discussed in the text, but they are the
subjects of many of the exercises. This allows the instructor to cover
ilhese topics after all. About half of all exercises come with full solutions.
We have decided to include so many full solutions due to very strong
student feedback in this matter.

The book consists of three parts. The first part covers basic methods
of enumeration, up to generating functions. This part should be covered
in any undergraduate Combinatorics course. The second part applies the
learned counting methods to central objects of Combinatorics, such as
permutations, graphs, and hypergraphs. Chapters in this part begin with
easy sections, but eventually reach more sophisticated theorems. It is up
to the instructor to decide how far he or she wants to proceed within each
chapter. The third part is a sampling of much more special topics, such
as unimodality and log-concavity, and magic squares. This is meant to
provide the students with a closer view of research problems.

Progress in any area of research or education always leads to new
questions. We hope that the effect of this book will be no different, that is,
students who read this book and grow to like Enumerative Combinatorics
will be difficult to count.
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