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Review

2

• Mechanisms and model

• Price’s model (wealth distribution)
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3

low	
  income middle	
  class high	
  income super	
  rich

Wednesday, April 28, 2010



Wealth distribution

3

low	
  income middle	
  class high	
  income super	
  rich

low	
  income middle	
  class high	
  income super	
  rich	
  >	
  $$

Wednesday, April 28, 2010



Wealth distribution

3

low	
  income middle	
  class high	
  income super	
  rich

low	
  income middle	
  class high	
  income super	
  rich	
  >	
  $$

low	
  income middle	
  class high	
  income super	
  rich	
  >	
  $$$$

Wednesday, April 28, 2010



Today
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• Dynamics processes on networks

• percolation theory and network failure

• epidemic processes

• epidemics of corruption

• Focus on economy of influences

Ultimate goal: understand and explain systems 
build on networks
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Examples
• How the WWW topology affects web surfing and 

search engines?

• How the structure of food web affects population 
dynamics?

• How social structure affects spread of information?

• How social structure affects the dynamics of 
influences that represent corruption?
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understand the effects of structure on processes
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Site and bond percolation
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• Site percolation: vertices randomly designated 
“occupied” or “unoccupied”

• Properties of the patterns of vertices

• Proposed in 1950’s to model epidemics

• Site percolation equivalent to network resilience

• Bond percolation

site percolation bond percolation
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l=2
1 giant component

l=6 
6 components

1. removal of a node 
implies the removal of 
all connected edges

2. removal disrupts 
some of the paths 
between remaining 
nodes

Resilience
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mean vertex-vertex distance
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f:
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relative size of the largest cluster 

Alternative indicator: lack of variation in the fraction 
of vertices in the largest component of the network
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failed

working

S: relative size of the largest cluster that remains connected
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relative size of the largest cluster 

Alternative indicator: lack of variation in the fraction 
of vertices in the largest component of the network
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failed

working

Does the network disintegrate into smaller, 
disconnected parts when f>fc?

S: relative size of the largest cluster that remains connected

new giant component

new giant component
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numerical results (N=10000, <k>=4)
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random scale-free

random node removal

preferential node removal of 
the most connected nodes

Albert, Jeong, Barabasi, 
Error and attack tolerance of complex networks. 

Nature 406, 378, 2000
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if the removed nodes were 
missing from the largest cluster

network breaks into tiny isolated clusters
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Analytical Results
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when ɣ≤3 the critical value for giant 
component formation is zero

f

ɣ=3.5

ɣ=2.5

K=25 K=400

re
la

ti
ve

 c
o
m

p
o
n
en

t 
si

ze
 S

Wednesday, April 28, 2010



14

-power-law distributions-
a connected cluster of nodes survives even for 

arbitrary large fractions of random crashed sites
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Dorogovtsev, S. N. and Mendes, J. F. F., Comment on “Breakdown of 
the Internet under intentional attack,” Phys. Rev. Lett., 87:219801 

(2001)

Wednesday, April 28, 2010



16

-power-law distributions-
a connected cluster of nodes is highly 

susceptible to targeted attacks
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Remarks
• Real-world implication?

• Modeling dynamics on a fixed topology when the 
time scales describing network topology and the 
dynamic process differ widely
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Next class
• Epidemic processes

• the SIR model

• the SIS model
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