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Introduction

Vertices, Edges, and Adjacency.
Isomorphism, Subgraphs, and Degrees.
Paths, Cycles, and Parity.

Graph Parameters.

Operations on Graphs.

Complexity.

Exercises.

Chapter 1 - Trees and Distance

1.1 - Trees and optimization.
Properties of Trees.
Optimal Spanning Trees.
Optimal Search Trees and Coding.
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1.2 - Diameter and distance.
Elementary Properties.
Search Trees.
Graphs with Given Diameter.
Oriented Diameter.
Average Distance.
Diameter of Special Classes (unfinished).
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1.3 - Encodings and Embeddings.
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Edge-Bandwidth.
Sperner’s Lemma.
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2.1 - Existence of Matchings.
Matching in Bipartite Graphs.
Menger’s Theorems.

Matching in General Graphs.

Classical applications.

Matching in Regular Graphs (optional).
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2.2 - Algorithmic Aspects.
Maximum Matching.
Weighted Bipartite Matching.
Stable Matching.
On-line Matching.
Exercises.

2.3 - Factors and Edge-Packings.
f-Factors of Graphs.
Factors in Special Cases.
g, f-Factors.
Computational Aspects.
Exercises.

2.4 - Stable Sets and Covers.
Structure of Stable Sets and Covers.
Extremal Problems and Heuristics.
Dominating Sets.

Independent Domination and Kernels.
Exercises.

Chapter 3 - Coloring

3.1 - Vertex Colorings.
Upper Bounds.
Generalized Colorings.
Acyclic Colorings and Star Colorings.
Other Restricted Colorings.
Computational Aspects (optional).
Exercises.

3.2 - k-Chromatic Graphs.
Triangle-Free Graphs.
k-Chromatic Graphs with Large Girth.
Color-Critical Graphs.
Forced Subgraphs.
Exercises.

3.3 - Edge-Colorings.
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Vizing’s Theorem and Extensions.
Critical Graphs.
Hypergraphs.
Parity Edge-Coloring.
Interval Edge-Coloring.
Neighbor-Distinguishing Weightings.
Exercises.
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3.4 - List Coloring.
Upper Bounds.
Bipartite Graphs.
List Edge-Coloring.
Planar Graphs.
The Alon-Tarsi Theorem.
Paintability.
Precoloring Extension.
Exercises.

3.5 - Circular Coloring and Homomorphisms.

Circular Chromatic Number.

(k, d)-Colorings.

Extreme Circular Chromatic Numbers.
Graph Homomorphism.

Fractional Chromatic Number.

Cores and Retracts.

Exercises.

3.6 - The Discharging Method.
Maximum Average Degree.
List Coloring.
Edge-Coloring and List Edge-Coloring.
Planar Graphs.
Exercises.

Chapter 4 - Perfection and Imperfection

4.1 - Perfect Graphs.
Classical Examples.
The Perfect Graph Theorem.
Larger Classes of Perfect Graphs.
The Star-Cutset Lemma.
Exercises.

4.2 - Imperfect Graphs.
Partitionable Graphs.
The Strong Perfect Graph Conjecture.
The Strong Perfect Graph Theorem.
Exercises.

4.3 - The World of Perfect Graphs.
Chordal Graphs.
Strongly Chordal Graphs.
Chordal Bipartite Graphs.
Comparability Graphs.
Modular Decomposition.

Cocomparability and Permutation Graphs.
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Interval Graphs.

Threshold Graphs.

Tolerance Graphs.

Parity Graphs and Meyniel Graphs.
Exercises.

4.4 - Intersection Classes.
General Intersection Classes.
Line Graphs.
Other Intersection Graphs.
Intersection Digraphs and Bigraphs.
Exercises.

Chapter 5 - Other Extremal Problems
5.1 - Forbidden Subgraphs.

Cliques and Turan’s Theorem.
Erdés—Stone—Simonivits Theorem.
Bicliques and Zarankiewicz’s Problem.
Saturation Numbers.

Extremal Problems for Hypergraphs.
Forbidden Induced Subgraphs.
Exercises.

5.2 - Graph Ramsey Theory.
Ramsey Numbers.
Graph Ramsey Numbers.
Graphs with Bounded Degree.
Restricted Ramsey Theory.
Parameter Ramsey Theory.
Anti-Ramsey Theory and Beyond.
Exercises.

5.3 - Graph Decomposition.
Complete Graphs.
Forests and Trees.
Fractional Arboricity.
Paths and Cycles.
Exercises.

5.4 - Representation Parameters.
Intersection Number.
Boxicity.
Multiple Interval Representations.
Visibility Representations.
Leafage and Other Parameters.
Exercises.
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