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  Characteristics of networks: 

 
 
 

 

ÅStructures that are formed by two distinct entities: 
Nodes 

Connections, synapses, edges 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

N= 5 nodes, n=4 connections 

 
 

Å They can be simple structures or very complicated 
(belonging to the class of complex systems) 
 

Å How did it all start? 



What is Complexity? 

Main Entry: 1comĿplex 
Function: noun  

Etymology: Late Latin complexus totality, from Latin, embrace, 

from complecti  

Date: 1643  

1 :  a whole made up of complicated or interrelated parts  

¶ non-linear systems             ¶ chaos             ¶ fractals 

A popular paradigm: Simple systems display complex behavior 

3 Body Problem 

Earth(  ) Jupiter (  ) Sun (    ) 







Image of the Internet  

at the AS level  

Scale-free 

    P(k) ~ k-ɔ 



Network Structure 



Internet and WWW explosive growth 

 1990  ï 1 web site 

 1996  ï 105 web sites 

 Now   ï 109 web sites  

 1970  ï 10 hosts 

 1990  ï 1.75*105 hosts 

 Now   ï 1.2*109 hosts  



routers 

nodes 

WWW 

edges communication 

lines 

Internet 

nodes 

edges 

web-sites 

hyperlinks  

(URL) 

Internet and WWW are characteristic  

complex networks 

domain (AS) 



Connectivity between nodes in the Internet 

 

ÅHow are the different nodes in the Internet connected? 

ÅNo real top-down approach ever existed 

ÅHas been characterized by a large degree of randomness 

ÅWhat is the probability distribution function (PDF) of 

connectivities of all nodes? 

ÅNaµve approach: Normal distribution (Gaussian) 

ÅExperimental result? 

ÅFaloutsos, Faloutsos, and Faloutsos, 1997 



Assuming random connections 
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P(k)

k

Degree distribution, P(k): 

Probability that a node has k links (connections) with other nodes 



Gaussian distribution 

 



Probability distribution P(k) of the No. of connections 

(degree distribution)  
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P(k) ~ k-g 

INTERNET BACKBONE 

(Faloutsos, Faloutsos and Faloutsos, 1997) 

Nodes: computers, routers    Links:   

physical lines 

P(k) 

k 

k=number of connections of a node 

P(k)= the distribution of k 



Assuming random connections 
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Degree distribution 

in a scale-free network 
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P(k)

k

Slope = 2.0

P(k) ~ k -g 



  

àkð ~ 6 

P(k=500) ~ 10-99 

NWWW ~ 109  

Ý N(k=500)~10-90 

What did we expect? 

We find: 

Pout(k)  ~ k-gout 

P(k=500) ~ 10-6 

gout= 2.45 g in  = 2.1 

Pin(k)  ~ k- gin 

NWWW ~ 109  

Ý N(k=500) ~ 103 



Netwotk with a power law 

(scale-free network) 

 P(k) ~ k-g 



World Wide Web 

800 million documents (S. Lawrence, 1999) 

ROBOT:   collects all 

URL s 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  
It has a power-law 

 

 

 

Diameter of WWW: 

 

<d>=0.35 + 2.06 logN 

 

For: Ɂ=8x108   Ą <d>=18.59 

 

 

[compare to a square of same size: 

  edge length=30000] 



Communication networks 
The Earth is developing an electronic nervous system, a 

network with diverse nodes and links are 

-computers 

-routers 

-satellites 

-phone lines 

-TV cables 

-EM waves 

Communication 

networks: Many 

non-identical 

components with 

diverse 

connections 

between them. 



Nodes: scientist (authors) 

Links: write paper together 

(Newman, 2000, H. Jeong et al 2001) 

SCIENCE COAUTHORSHIP 


