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“Complex systems consist of a large number of 
interacting components. The interactions give rise 

to emergent hierarchical structures. The 
components of the system and properties at 

systems level typically change with time.” 

H.J. Jensen, in Encyclopedia of Complexity and Systems Science



Importance of metaphors, analogies and common languages



Tool box
Agent-based and numerical simulations 

(Non-linear) Dynamical systems 
Stochastic processes 

Data mining and optimisation 
Networks 



Tool box

Biological networks 
- Protein-protein interaction networks 

- Neural networks 
- Food webs

Social networks 
- Collaboration networks 

- Communication networks 
- Online social networks

Agent-based and numerical simulations 
(Non-linear) Dynamical systems 

Stochastic processes 
Data mining and optimisation 

Networks 









Real-world networks exhibit a balance between 
order and randomness



















https://www.youtube.com/watch?v=TQKgB0RnjeY&t=41s





- Quantify the structural properties of nodes, for instance to estimate 
their importance or their centrality.  

- Quantify the structure of networks, in particular their connectivity 
patterns and their statistical properties.  

- Build random models of networks, in order to test the importance of 
structural factors and develop statistical tests.  

- Extract groups of similar nodes, such as social circles, that is cluster 
the nodes into communities or modules.  

- Identify the structural properties that affect the function and dynamics 
of the system, for instance the spreading of information or of a virus 
on the network.  

Objectives



Problem sheets

Combination of numerics and analytics



Examination

Mini-project!


