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Internet 



Red, blue, or green: departments 

Yellow: consultants                        

Grey: external experts 

Structure of an organization 

www.orgnet.com 



Business ties in US biotech-industry 

Nodes: companies 

 investment 

 pharma 

 research labs 

 public 

 biotechnology 

                                 

Links: collaborations 

financial 

R&D 
http://ecclectic.ss.uci.edu/~drwhite/Movie 



http://www.orgnet.com 



Erdös-Rényi model     
(1960) 

- Democratic 

- Random 

Pál Erdös  

(1913 -1996)  

Connect with 

probability p  

p=1/6 

N=10 

k  ~ 1.5 Poisson distribution 



World Wide Web 

Over 3 billion documents 

ROBOT: collects all URLôs 
found in a document and 

follows them recursively  

Nodes: WWW documents 

Links:   URL links 

R. Albert, H. Jeong, A-L Barabasi, Nature, 401 130 (1999). 

WWW 
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Internet-Map 



Metabolic Network 

Metab-movie 

Protein Interactions 



Swedish sex-web 

Nodes: people (Females; Males) 

Links:   sexual relationships 

Liljeros et al. Nature 2001 

4781 Swedes; 18-74;  

59% response rate. 



Origin of SF networks: Growth and preferential attachment 

Barabási & Albert, Science 286, 509 (1999) 
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P(k) ~k-3 

BA model 

(1) Networks continuously expand 
by the addition of new nodes  

WWW : addition of new documents 

GROWTH:   
add a new node with m links  

PREFERENTIAL ATTACHMENT:  the 
probability that a node connects to a 
node with k links is proportional to k.  

(2) New nodes prefer to link to 
highly connected nodes.  

WWW :  linking to well known sites  



First Mover Advantage  

G. Bianconi and A.-L. Barabási, Physical Review Letters (2001) 

Network  

Fit -gets -rich  Bose -Einstein condensation  

Scale Free Model :  First mover advantage  

Real Systems: nodes compete for links  

Fitness ( ):      (k) ~ k 

k(t) ~ t
a 



node failure 

Robustness and fragility 

Robustness 

Albert, Jeong, Barabasi, Nature 406 378 (2000) 

Failures Attacks 



ü  Real networks are fragmented into group or modules 

×  Society: Granovetter, M. S. (1973) ; Girvan, M., & Newman, M.E.J. (2001); Watts, D. J., 

Dodds, P. S., & Newman, M. E. J. (2002). 

× WWW:   Flake, G. W., Lawrence, S., & Giles. C. L. (2000). 

× Biology: Hartwell, L.-H., Hopfield, J. J., Leibler, S., & Murray, A. W. (1999). 

× Internet: Vasquez, Pastor-Satorras, Vespignani(2001). 

Modularity  

ü  Traditional view of modularity: 

Ravasz, Somera, Mongru, Oltvai, A-L. B, Science 297, 1551 (2002). 



Modular vs. Scale-free Topology 

Scale-free 

(a) 

Modular  

(b) 



Hierarchical Networks 

3. Clustering   

coefficient scales 

C(k)= 

 

  

# links between k neighbors 
k(k-1)/2 



Finding Overlapping Communities in Networks 

Palla, ALB, Vicsek 



Palla, ALB, Vicsek 
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Member Stationarity 
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Small Communities:   long lifetime if members do not change 

Large Communities:  long lifetime if members change rapidly 

Co-authorship 

Phone  



black: opinion leaders 

red: influenced  

green: uninfluenced  

grey: undecided 

Viral marketing 

http://www.orgnet.com 

Hubs:  

óbroadcastô weakly 

infectious viruses, 

ideas 
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500 randomly chosen users 500 most active users 


