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Internet (www.cellbiol.com) 

Food Web (http://www.foodwebs.org) Transportation network 

Social network 
(http://www.facebook.com) 
 

Human brain network 
(www.sciencephoto.com ) 

Map of yeast protein-protein interactions,  
by Hawoong Jeong 

Metabolic  network 
www.wikipedia.com 

Networks describe a wide range of complex systems in various 
fields. Understanding the behavior of complex systems starts with 
understanding the topology of corresponding networks. 

http://www.cellbiol.com/�
http://www.sciencephoto.com/media/209352/view�
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Identifying: 

Finding dominant structures 

Beber et al. 2012 Interface 

 
Graph theory:  Modules (communities, clusters) are densely connected subgraphs that are 
loosely interconnected with the rest of the network. 
 
Applications:  Groups of nodes which share common properties in the system. 
Biological systems: functional units (protein complexes, biochemical pathways) 
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Beber et al. 2012 Interface 
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- Modules 
- Dominant (important) cycles/pathways 

 

What are dominant graph 
structures?  
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• What are dominant network structures?  
– definition in terms of a random walk process 
– relations to spectral properties  

• How do dominant structures appear? 
– Eigenvalue perturbation: 

• real to complex eigenvalues 
• 1- and 2-cycle perturbations 

• How can we find dominant network structures? 
– Schur decomposition and dominant structures 

 
 

Outline: 

Beber et al. 2012 
Interface 

A.Reimers PhD Thesis 
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Dominant network structures: 
random walk process 

Dominant structures are 
metastable sets of a RW process. 
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Standard  random-walk-based approach 

Dominant network structures: 
relations to spectral properties  

Undirected graphs: 
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Dominant network structures: 
relations to spectral properties  

Directed graphs: 
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• What are dominant network structures?  
– definition in terms of a random walk process 
– relations to spectral properties  

• How do dominant structures appear? 
– Eigenvalue perturbation: 

• real to complex eigenvalues 
• 1- ,2- and 3-cycle perturbations 

• How can we find dominant network structures? 
– Schur decomposition and dominant structures 

 
 

Outline: 
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Eigenvalue perturbation: 
real to complex eigenvalues 

Re 

Im 
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Eigenvalue perturbation: 
real to complex eigenvalues 
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Eigenvalue perturbation: 
real to complex eigenvalues 
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Eigenvalue perturbation: 
real to complex eigenvalues 
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2 
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Eigenvalue perturbation: 
real to complex eigenvalues 
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Eigenvalue perturbation: 
real to complex eigenvalues 

increasing ε 
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Eigenvalue perturbation: 
real to complex eigenvalues 

We can observe 
module/cycle 
transitions using our 
cycle weight function 
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• What are dominant network structures?  
– definition in terms of a random walk process 
– relations to spectral properties  

• How do dominant structures appear? 
– Eigenvalue perturbation: 

• real to complex eigenvalues 
• 1- and 2-cycle perturbations 

• How can we find dominant network structures? 
– Schur decomposition and dominant structures 

 
 

Outline: 
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Perturbation of the Schur decomposition 
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Perturbation of the Schur decomposition 
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Applications:  
Dominant network structures can help us find  
important parts of complex systems  
(protein complexes, biochemical pathways) 

Theory:  
• Dominant network structures: 

–  often visited by random walk process 
– relations to spectral properties:  
     modules vs. dominant cycles  

• Eigenvalue perturbation: 
– real to complex eigenvalues using cycle petrurbations 
– measure the importance of a structure by cycle weights 

• Schur decomposition and dominant structures 
– alternative to the spectral decomposition 
– encodes important perturbation information 

 
 

Summary: 
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Thank you  
for your attention 

Questions? 

Email: natasa.conrad@zib.de 
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