Math  579 Syllabus

Combinatorics is the branch of mathematics that deals with the existence and counting of ‘configurations’. The roots of combinatorics are in mathematical recreation and games such as creating ‘magic squares’ or computing the number of hands in a game of poker that are full houses to determine the probability of receiving such a hand. Today, counting and the associated existence question, have important applications in virtually all branches of mathematics. The rise of computers and their pervasive influence in our lives has added to the importance of the topic. Combinatorics has also grown because of its applications to disciplines such as the social and behavioral sciences that previously had little contact with mathematics. Familiar objects such as power series from calculus are revisited with an entirely different interpretation (i.e. existence and counting) from the one presented from an analytical point of view. We will cover many classical theorems from the subject such as the inclusion/exclusion principle, recurrence relations, orthogonal Latin Squares and the pigeonhole principle with an introduction to deeper results from an extension of the principle called Ramsey Theory. A classic Ramsey Theoretic problem is the following: To show that in any group of 6 people there are always 3 people who are acquaintances or 3 people who (pairwise) do not know each other.

TEXT: Introductory Combinatorics by Richard A. Brualdi

Prentice Hall - 3rd edition.

Introduction (one week)

a) Perfect Covers of a Chessboard

b) Magic squares

c) The four color problem

d) The game of Nim

The Pigeonhole Principle (two weeks)

a) Simple Form and it’s applications

b) Strong Form  and further applications

c) Introduction to Ramsey Theory

Permutations and Combinations (two weeks)

a) Addition and Multiplication Counting Principles

b) Permutations

c) Combinations

d) Permutations and Combinations of Multisets

Generating Permutations and Combinations (two weeks)

a) Listing Permutations 

b) Inversions

c) Generating Combinations

The Binomial Coefficients (two weeks)

a) Pascal’s Formula

b) The Binomial Theorem

c) Identities involving the Binomial Coefficients

d) The Multinomial Theorem

e) Newton’s Binomial Theorem

The Inclusion-Exclusion Principle (two weeks)

a) Combinations with Repetition 

b) Derangements

c) Permutations with Forbidden Positions

Recurrence Relations and Generating Functions (three weeks)

a) Linear Homogeneous Recurrence Relations

b) Non-Homogeneous Recurrence Relations

c) Generating Functions

d) Exponential Generating Functions.

Special Sequences (three weeks)

a) The Catalan Numbers

b) Stirling Numbers of the First and Second Kind

c) Partition Numbers

d) Ball-Urn Distributions

There will be two midterm exams and a final. Homework will be regularly assigned and graded.

