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1 Course Description

1.1 Pre-requisites

The following knowledge and competences are needed to study the discipline:

• basic English language: both oral and written,

• basics of discrete mathematics, programming (Python mostly), database,
linear algebra.

Aquaintance with complexity theory shall make things easier too.

1.2 Abstract

Bondy and Murty open the first chapter of their book Graph Theory [1] with
the following sentence:

Many real-world situations can conveniently be described by means
of a diagram consisting of a set of points together with lines joining
certain pairs of these points.

This diagram is nothing but a representation of what is called a graph. Whether
it is for logistics, optimization of processes, network analysis, communication
methods or bioinformatics, most of applied mathematics make use of graph the-
ory. In this course, we familiarize ourselves with these objects in their diversity
(simple graphs, directed graphs, hypergraphs) and with the standard methods
to solve standard problems as: shortest path, maximum flow/minimum cut,
connectivity... We illustrate most of these staple problems with applications to
real life situations.
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2 Learning Objectives

This course should give a broad overview of problems and some resolutions in
Graph Theory. The aim is to provide students with sufficient knowledge for them
to naturally pick the good model when facing a “real-life” problem in the future.
After chosing the model, the students should be able to adapt state-of-the-art
algorithms to the situation and thus provide a solution with justifications (exact
algorithms, approximation algorithm, theoretical complexity of task).

3 Learning Outcomes

The student should be able to solve non-trivial problems from real-life using the
notion of graphs.

4 Course Plan

4.1 Graph Theory an Introduction

Introduction to the basic concepts of a graph, notations, and famous families of
graphs. Several methods of storing a graph in computer’s memory are presented.

4.2 Trees, and search algorithms

A core concept of a graph is the notion of spanning trees. They can be seen
as a skeleton and appear everywhere. Different ways to build them yield trees
with different properties. Chosing the right tree is important.

4.3 Connectivity, reachability

A highly connected network is a robust network. In this chapter we see connec-
tivity issues in graphs.

4.4 Flows in networks

How to efficiently convey things in a network with capacities on the arcs/edges?
This is our main question in this chapter. We see the algorithm of Ford-
Fulkerson, the dual problem of minimum cut, and their applications.

4.5 Hard problems: colorings of graphs

The chromatic number of a graph is much harder to compute than its connec-
tivity. We discuss this large field.
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4.6 Random graphs, using probabilities

Random graphs are useful for modeling situations when the accurate data is
unknown. We discuss most famous generators of random graphs and have an
introduction to probabilistic method [3].

4.7 Large graphs and social networks

A glimpse at metrics and method used for approaching large graphs.

5 Reading List

5.1 Required

[1] J.A. Bondy and U.S.R. Murty, Graph Theory, Springer, 2008.

[2] R. Sedgewick and K. Wayne, Algorithms, Addison-Wesley, 2011 (4th edi-
tion).

5.2 Optional

[3] N. Alon and J.H. Spencer, The probabilistic method, Wiley, 2000.

[4] R. Diestel, Graph Theory, Springer, 2016 (5th edition).

6 Grading System

Grades will be given through homeworks (at least 2) and final exam.
The final grade is obtained as follows:

gradefinal = 0.3× gradehomeworks + 0.7× gradeexam

The rounding is made to the closest integer.

7 Examination Type

The questions may cover any part of the material seen in class. Typically, a
situation is proposed and the student should be able to explain and carry out
(with justifications) a method to solve the problem.

8 Methods of Instruction

Lectures exposing main problems, and methods used to solve them. Labs and
Seminars to illustrate those methods and practice on actual problems.
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9 Special Equipment and Software Support

Depending whether the class is lecture or lab:

• Lecture room with video-projector.

• Lab room with access to computers.
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