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This Syllabus Template is based on Syllabus Guidelines (Annex 3 to Policy on Degree Programs) 
 

 
COURSE SYLLABUS 

 
SIMILARITY NETWORKS 

            
            
            
   
Instructor:   
Rosario Nunzio Mantegna, prof. 
Center for Network Science and Department of Economics 
Central European University 
 
2st semester, 2013-2014 
Course level: PhD 
# Credits (# ECTS Credits): 2 
Pre-requisites (if applicable): None 
Course e-learning site: http://e-learning.ceu.hu/course/view.php?id=to be assigned 
Office hours: Upon agreement 
 
Course Description 
 
A similarity based network is a network obtained starting from a similarity measure 
characterizing a set of elements belonging to a complex systems. The elements can be as 
different as, for example, time series of asset returns traded in a financial market, answers 
of political candidates to a survey, crimes committed by criminals, etc . The basic 
similarity measure used is a correlation measure although other similarity measures are 
possible. Starting from the similarity measure, one obtains classes of similarity networks 
that can be investigated by using tools and concepts of networks theory. Similarity based 
networks are informative about the investigated complex systems. 
 
The course presents how to obtain, validate and interpret the basic similarity based 
networks and discusses their ability in filtering relevant information present in social and 
economic complex systems. Other filtering methods based on random null hypotheses 
assuming heterogeneity of the investigated systems will also be considered. The course 
presents algorithms and computational tools that students can use in their empirical 
investigations. 
 
Learning Outcomes 
 
By successfully completing the course the students will be able to: 
 

- Understand the concept of similarity based networks. 
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- Analyze and model the hierarchical organization of social and economic complex 
systems. 

- Evaluate the statistical robustness of information present in the multivariate 
dynamics of social and economic complex systems. 

- Use and/or write dedicated programs for obtaining and analyzing similarity based 
networks. 

- Perform network filtering by detecting statistically validated networks. 
 
Course Requirements 
 
(1) Assessments type 1 (30 % of the final grade).  Starting from lecture 3 the students 

will get home work consisting of problems, which they will have to submit 
electronically.  
 

(2) Assessment type 2 (30% of the final grade).  The midterm assignment will be after 
lecture 6, consisting of a test or of a small project on empirical and/or theoretical 
topics presented in the course.  

 
(3) Assessment type 3 (40% of the final grade).  In this final project students will have to 

perform a project including some of the following activities: (i) analyze a complex 
system with a multivariate description, (ii) running simulations of a multivariate null 
hypothesis, (iii) critically analyze empirical results or simulations. They will have to 
prepare a written report and a presentation. 

 
COURSE SCHEDULE 
 
Lecture  Session title. 
 
1.  Introduction 
  Overview of the course.  
2.  Basic concepts and tools in data mining. Continuous and discrete attributes. 

 Proximity measures. Similarity measures. Dissimilarities. The correlation matrix 
 as a basic similarity measure.  

3.  Computational packages for similarity based networks 
  Basic aspects of R. The RStudio. Statistical analysis and network description with 

 R. Description and discussion of available software, Computational tools used to 
 obtain similarity based networks and to visualize them. 

4.  Principal Component Analysis  
  Classical multivariate approach. The principal component analysis. Explanatory 

 factors. Empirical estimation of similarity measures. 
5.  Random matrix theory 
  Basic concepts of Random Matrix Theory. Spectral density of eigenvalues of a 

 correlation matrix. The spectral density of a random Gaussian multivariate 
 process. Informative eigenvalues. The estimation of the most statistically reliable 
 part of the correlation matrix. 

6.  Hierarchical clustering 
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  Basic concepts of hierarchical clustering. Classic methods. Single linkage, 
 Average linkage, Complete linkage. Hierarchical trees. The concept of filtering of 
 a similarity matrix. Hierarchical trees in economic and social systems.  

7.   Minimum spanning tree and the Planar Maximally Filtered Graph. 
  The most basic similarity network. Minimum spanning tree in graph theory. The 

 information content of a minimum spanning tree. Minimum spanning trees of 
 economic and social systems. Similarity networks with loops and cliques. The 
 planar graph embedding the minimum spanning tree. Capturing layers of 
 information present in a similarity matrix. 

8.   Partial correlation similarity networks 
  Partial correlation. Partial correlation similarity networks. Example in a biological 

 system. Example in a financial system.  
9.  Statistical validation and bootstrap 
  Appropriate null hypothesis. Multiple hypothesis test correction. Bootstrap. 

 Bootstrapping evaluation of the reliability of empirical estimations. 
10.  Bipartite graphs and statistically validated networks 
  Bipartite networks. Projected networks. Heterogeneity in the networks of complex 

 systems. Co-occurrence networks, categorical variables, multiple hypothesis test 
 correction. Attributes of a cluster. Characterizing a cluster of elements belonging 
 to a system. Over-expression and under-expression of attributes. 

11.  Information theory 
  Evaluating a distance between the empirical correlation matrix and the correlation 

 matrix of an underlying model. Evaluating a distance between two distinct 
 empirical estimation of a correlation matrix. The Frobenious distance. The 
 Kullback Leibler distance.  

12.  Project presentation. 
 
Suggested reading 
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A.K. Jain, M.N. Murty, and P.J. Flynn, Data clustering: a review, ACM computing 

surveys, 1999. 
Eric D. Kolaczyk, Statistical Analysis of Network Data. Springer, 2009. 
Jiawhei Han, Micheline Kamber and Jian Pei, Data Mining: Concepts and Techniques. 

Third edition (2012). 
M. Tumminello, F. Lillo, R.N. Mantegna, Correlation, hierarchies, and networks in 

financial markets, Journal of Economic Behavior & Organization, 75, 40-58 (2010) 


