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Foreword to the first edition

What could be a more basic mathematical activity than counting the number
of elements of a finite set? The misleading simplicity that defines the sub-
ject 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, together with their intimate con-
nections, recur constantly. A wide selection of topics, including several never
appearing before in a textbook, are included that give an idea of the vast
range of enumerative combinatorics. In particular, for those with sufficient
background in undergraduate linear algebra and abstract algebra there are
many tantalizing hints of the fruitful connection between enumerative com-
binatorics and algebra that plays a central role in the subject of algebraic
combinatorics. In a foreword to another book by Miklés Béna I wrote, “This
book can be utilized at a variety of levels, from random samplings of the trea-
sures therein to a comprehensive attempt to master all the material and solve
all the exercises. 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 to the second edition

There are at least three ways to use this book. If one decides to cover every
chapter, and some of the exercises containing new material, then one can
teach a two-semester combinatorics course from the book. Instructors looking
for a text for a course in enumerative combinatorics can teach such a course
selecting chapters with the strongest focus on counting, such as Chapters 2,
3,4, 5, 7, and 9. Finally, one can teach a one-semester course with a not-
quite-as-strong focus on enumeration by using Chapters 1, 2, 3, and then the
desired chapters from the rest of the book.

Our hope is that our book can broaden access to the fascinating topics of
enumerative and analytic combinatorics, and will prepare readers for the more
advanced, classic books of the field, such as Enumerative Combinatorics by
Richard Stanley and Analytic Combinatorics by Philippe Flajolet and Robert
Sedgewick.

This current edition of the book contains a new chapter on analytic combi-
natorics. Instructors trying to teach that topic to a relatively novice audience
often hit a roadblock when they realize that the audience is unfamiliar with
complex analysis. The goal of this chapter is to at least partially overcome
that roadblock by showing the reader some of the powerful techniques of that
field that do not require the residue theorem or complex integration. Hope-
fully, readers will find the results interesting and that will entice them to learn
the techniques that we only mention here. Strengthening the analytic flavor
of the book, Chapters 4 and 5 have been enhanced by new sections discussing
advanced applications of generating functions. Finally, we added new exer-
cises to all chapters. Just as before, numerous exercises contain material not
discussed in the text, which allows instructors to extend the time they spend
on a given topic.

Combinatories is a rapidly expanding field, and we hope that our book
will increase the number of students with an interest in it even further.

Gainesville, FL
August 2015
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Frequently used notation

e A(n,k) number of n-permutations with k ascending runs
e B(n) number of all partitions of an n-element set

e b(n,k) number of n-permutations with k inversions

e ¢(n,k) mnumber of n-permutations with k cycles

e ¢, the Catalan number ¢, = (**)/(n + 1)

e (', acycle on n vertices

e |F| number of edges of the hypergraph F

e (G, stabilizer of the element ¢ under the action of the group G

e (G —v graph G with its vertex v and all edges adjacent to v removed

e i(p) number of inversions of the permutation p

G

e i~ orbit of the element ¢ under the action of the group G

e K,, complete graph on n vertices

e K,,, complete bipartite graph with m red and n blue vertices

e x¢ chromatic polynomial of the graph G
e y(G) chromatic number of the graph G
en! nn—1)---1

. ()

o [n] set {1,2,--- ,n}

=1

ko q"—q
i=1 gF—gi—1

® [E] Gaussian polynomial []
e (n)ym n(n—1)--(n—m+1)

e p(n) number of partitions of the integer n

e pi(n) number of partitions of the integer n into at most k parts
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xxii Introduction to Enumerative and Analytic Combinatorics

e |S| number of elements of the set S

S, set of all n-permutations

Sp(g) number of all n-permutations avoiding the pattern g

S(n,k) number of partitions of the set [n] into k blocks
s(n, k) (=1)"*e(n, k)



