
FACULTY OF
MATHEMATICS

Combinatorial Optimization

Syllabus

Course code: 6373
Number of ECTS credits: 6
Semester: 1st (September-January)
Recommended components: Real functions of a single variable I (1568), Linear al-

gebra (1569), Real functions of a single variable II
(1573), Functions of several real variables I (1578),
Linear Programming (1582), Graphs and Discrete Op-
timization (1592), Nonlinear Optimization (1604).

Language of instruction: Spanish (students are allowed to ask questions and
write homeworks and exams in English)

Course description

The goal of this course is to adquire enough knowledge to be able to solve problems and obtain new
theoretical results in the branch of Mathematical Optimization called Combinatorial Optimization.

Of special importance is to dominate the advanced formulation of problems with linear con-
straints and integer variables. Also to obtain lower bounds for the minimization problems by
means of the relaxation of the feasible solutions set, and the strengthening based on the partial
description of the associated polyhedron. To this end it worths to deeply study the Set Packing
Problem. Another aim is to develop algorithms making use of the aforementioned lower bounds,
as well as to split the solutions set in subsets easier to approach.

There is a family of combinatorial problems which are specially outstanding, those which can
be represented on directed graphs. In the second part of the course, theory and algorithms on
these problems will be approached. Among others, network flow problems will be studied in detail.

Learning outcomes and competences

After completion of this course you will:

1. correctly formulate Integer Programming problems

2. use basic techniques for solving Integer Programming problems

3. identify real-life problems than can be approached with Discrete Optimization models

4. know the theoretical results that support the solution techniques for Combinatorial Opti-
mization problems

5. acquire skills in Discrete Optimization software

6. know the theory of directed graphs
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7. modelize problems with directed graphs

8. solve shortest paths and network flow problems on directed networks

Course contents

I. THEORY

1. Review of basic concepts

2. Lagrangian relaxation

3. Polyhedrics

4. Set packing problem

5. Review of undirected graphs

6. Shortes path problems on directed graphs

7. Network flow problems

8. Minimum cost flow in networks

II. COMPUTER PRACTISES

1. Use of Integer Programming software
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