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Overview 

 Small-World Network 
- Capture both order and randomness  
- Real systems: social networks, power grids, neural 

networks, …  
 Spectrum of SW Network 
- Eigenvalue distribution  
- Perturbation model 
- Brain disease detection: Alzheimer’s disease 
 
 

 
 



Spectra of Small-World Networks 

 Key featurers 
  - most nodes are not neighbors of one another  
  - average distance is small 
 Construction by rewiring a regular graph 
 
 
 
 
 

 



Network Construction 

 Two steps 
     - Regular ring graph: N nodes each degree k 
     - Rewiring each edge with prob. P 

 Measurable quantities 
-      : average shortest path length 

-     : fraction of pairs of neighbors of a node which 
are also neighbors to each other 

 
 
 

 



Small-World Metrics 



Spectra Properties 

 Adjacency & Degree matrix  
 
 
  Laplacian matrix 
  
   
   
       
 
 



Spectral Properties – Cont. 

 

 
 

 
 
 



Spectra Properties 

  Structure of eigenvectors 
    - inverse participation ratio of normalized 

eigenvector   

 
 
Particular: eigenvector with identical 

entries/ a single non-zero component 
  
   
   
       



Spectral Properties – Cont. 

 

 
 

 
 
 



Perturbation of Small-World Network 

 Brain Network Reconstruction 
  - Alzheimer’s disease (AD), mild cognitive impairment (MCI), 

normal aging (NA) 
  - Brain network alternation  
  - Neuroimaging: MRI, PET, fMRI,…  

 Sparse inverse covariance estimation (SICE) 
                                                         Multivariant Gaussian  
 
                    
                 : inverse covariance matrix 
 

 
      



Averaged Human Brain Networks 

  
 
 
   
      
      
 
 

 
 

 



Extension of SW Network 

- For node j, assign degree kj     
- A shift sj for the center of the neighborhood 
- Different rewiring prob. Pj 

 
   SW(N, k, s, p)  with k, s, p be vectors 

 
 
   
      
      
 



Network Classify by Spectral 
Correlations 
      
 
   
      
      
 
 

 
 

 
 

 Perturbation from a base network 
 
 
 
 Spectral correlation (eigenvalues) 



Results on  Real Data  

      
 
   
      
      
 
 

 
 

 
 



Results on Standard SW Networks 

      
 
   
      
      
 
 

 
 

 
 



Summary 

  Studied spectral properties of small-world 
networks 

  Perturbation of the network  
 Classification of real networks 
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