1 2 THE ART OF COMBINATORICS - VOLUME IV

ARRANGEMENTS AND METHODS

© Douglas B. West

Chapter 0 - Introduction

Elementary models. 16.1.3 Identities. 16.1.7 Recurrences. 16.1.9 Generating functions. 16.1.9 Exponential generating functions. 16.1.13 Inclusion-Exclusion. Pigeonhole Principle.

Chapter 16 - Enumeration

16.1 - Classical Counting Problems. 2

Permutations and Derangements.

Catalan and Delannoy. 16.2.2 Stirling and Eulerian.

Partitions of integers. 16.1.18

16.2 - Young tableaux. 16.6.1

The hook-length formula. 16.6.2 The RSK correspondence. 16.6.9 Planarization. 16.6.15 Jeu de taquin. 16.6.19 Symmetric functions.

16.3 - Generating function techniques. 16.7.1

The Exponential Formula and Lagrange Inversion. 16.7.12 Pólya-Redfield counting. 16.7.1 The ordinary exponential formula. 16.7.16 Snake Oil. 16.7.23 WZ pairs.

16.4 - Binomial enumeration. 16.8.1

Reluctant functions. 16.8.2 Linear operators on polynomials. 16.8.3 Shift-invariant operators. 16.8.6 Connection coefficients (unwritten). 16.8.8

Chapter 17 - Probabilistic Methods

17.1 - Existence and expectation. 17.1.1

The basic methods. 17.1.2 Deletions and alterations. 17.1.6 The Local Lemma. 17.1.10 Derandomization. 17.1.14

17.2 - Moments and thresholds. 17.2.1

“Almost always”. 17.2.2 Threshold functions. 17.2.6 Sharp thresholds. 17.2.10 Evolution of random graphs. 17.2.15 Vertex degrees and isomorphism. 17.2.24 Properties of the random graph. 17.2.26 Parameters of random graphs. 17.2.28

17.3 - Further techniques. 17.3.1

Martingales. 17.3.1 Other tail inequalities. 17.3.8 Branching processes. 17.3.11 Discrepancy. 17.3.17

17.5 - Random processes (unwritten).

Markov chains.

Rapid mixing and enumeration. Random walks in graphs. Percolation.

Chapter 18 - Partitions, Numbers, and Games

18.1 - Partition theorems. 18.2.1

Ramsey’s Theorem. 18.2.1 Applications of Ramsey’s Theorem.

Infinite and Canonical Ramsey Theorems. 18.2.9 Schur, Rado, Van der Waerden. 18.3.1 The Hales-Jewett Theorem. 18.3.7 Applications. 18.3.10

18.2 - Ramsey numbers and variations. 18.4.1

Ramsey numbers. 18.4.1

3 4

Graph Ramsey theory. 18.4.6 Restricted Ramsey theory.

Parameter Ramsey theory. 18.4.11 Anti-Ramsey theory.

Induced Ramsey theory. 18.4.16

18.3 - Game parameters.

On-line Ramsey theory. Game chromatic number.

Maker-Breaker games (unwritten). Other combinatorial games (unwritten).

18.4 - The Regularity Lemma.

Regularity and the Embedding Lemma. Applications in graph Ramsey theory. Other applications.

Chapter 19 - Combinatorial Designs

19.1 - Arrangements. 704

Latin Squares. 704. Block Designs. 708. Symmetric Designs. 711. Hadamard Matrices. 715.

19.2 - Projective Planes. 722

Relation to Designs. 722.

Applications to Extremal Problems. 727. Difference Sets and Multipliers. 734.

19.3 - Further Constructions. 741

Steiner Triple Systems: 742. Constructions of Other Designs: 746. Resolvable Designs and Other Tools: 748. The Euler Conjecture (optional): 751.

19.4 - Further Topics.

t-designs and Baranyai’s Theorem. Covering Designs and the Rödl Nibble. Wilson’s Theorem. Graph Designs.

19.5 - Coding Theory. 19.5.1

Block codes. 19.5.1 Linear (matrix) codes. 19.5.4 Polynomial codes. 19.5.9 Finite fields and polynomials. 19.5.14 BCH codes - multiple error correction. 19.5.19 Efficiency and accuracy. 19.5.24 Reed-Muller codes. 19.5.27 Convolutional codes. 19.5.30

Chapter 20 - Algebra/Geometry/Topology

20.1 - Determinants and Permanents.

Applications of determinants. Computation of determinants.

Permanents and matchings in planar graphs. Van der Waerden’s Conjecture.

20.2 - Dimension and Polynomials.

The Polynomial Method.

Families with Restricted Intersections. Combinatorial Nullstellensatz. Applications to Graphs.

20.3 - Combinatorial Topology

Sperner ’s Lemma and bandwidth. Equivalence of topological statements. Borsuk-Ulam Theorem and applications. Gale’s Lemma and applications.

20.4 - Points, Lines, Regions.

Extremal problems. Points and polars. Voronoi diagrams. Queries and bisections. Hyperplane arrangements.

20.5 - Convexity (unwritten).

Theorems of Helly, Radon, Caratheodory Polyhedra and duality. Applications.

Glossary, References, Indices