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Aims:  

The aim of this subject is to offer an introduction to the characterization and study of complex systems, defined as 
those formed by a large number of interacting elements, with nonlinear interactions, and showing emergent global 
properties that are very different from those shown by the elementary components. The course offers an introduction 
to the theoretical and numerical tools for the study of general systems in general and will consider the application to 
certain particular examples. 
 
Syllabus: 

PART I: INTRODUCTION 

1. Introduction to complex systems. Definitions. Examples: systems with nonlinear interactions; nonlinear discrete 
systems. Applications. 
2. Scale invariance: complex systems with scale invariance. Dimensional analysis. Critical phenomena. Percolation. 

PART II: SYSTEMS WITH NONLINEAR INTERACTIONS 

3. Motivation: continuous and pulse-like nonlinear interactions. Examples. 
4. Deterministic models: self-consistent mean-field solutions. Analysis of the solutions. 
5. Stochastic models: Fokker-Planck equation. Solution and stability analysis of the solutions. Relation with 

dynamical systems, bifurcation diagrams. 
6. Numerical methods: Brownian simulations (agents). Finite size effects. Solution of differential equations with partial 

derivatives. Spectral methods. 

PART III: NON -EQUILIBRIUM DISCRET SYSTEMS  

7. Non-equilibrium statistical mechanics: Introduction to non-equilibrium discrete systems. Contact processes. 
Universality classes. Breaking of detailed balance. Master equations. Field equations. 

8. Self-organized criticality: Definition. Examples. Sand-pile models. Finite size analysis. Energy conservation effects. 
9. Complex networks: Introduction. Examples. Modern graph theory. Scale invariance networks. Models of growing 

complex networks. Dynamical processes on complex networks. Applications. 
10. Applications: Evolution and extinction of species.        Structure and evolution of the Internet. Epidemics. 

Adaptative complex systems. Social networks. Biological systems.  
 
 
Method:  

The teaching methodology will consist in lectures and problem solving classes. There will be two types of problems. 
One part will be delivered to the student to be solved at home and delivered back next week. These problems will 
contribute to the final score. The other part of the problems will be solved by the teacher in the classroom. 



Distribution: 3 lectures + 1 problem solving hours per week. 
 
Evaluation: 

There will be a final written test, which will contribute with a 60% to the final score. The problems solved by the 
student will contribute with a 40%. 
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