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Percolation and Network Resilience
Percolation is a process of removing some fraction of network’s nodes with adjacent edges.
(more precisely node/link/cluster percolation)

- models real-life phenomena such as router failure, immunization of people, and disasters

- the process is parameterized by occupation probability φ

- Percolation transition: when φ is large there is a giant component but as φ is decreased 
then giant component breaks into many small components or clusters (similar to phase 
transition in Poisson random graphs when giant component appears)

- Percolation can be defined on both nodes and edges. Here is an example of percolation on 
nodes:
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Percolation and Configuration Model
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the degree distribution

So, the question is how 
to calculate u?
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j is on and its k 
neighbors are not 
in giant component

Reminder: excess degree is the number of edges attached to a vertex other than the edge we arrived along.

This equation is 
not easy to solve
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This equation is 
not easy to solve

The exact form of the curve will depend 
on the degree distribution, but we know 
the general shape: g1 is a polynomial with 
all coefficients non-negative (because 
they are probabilities), so for u>0 it must 
have a non-negative value and all 
derivatives non-negative. Thus in general 
it is an increasing function of u and curves 
upward as shown in the figure.
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j is on and its k 
neighbors are not 
in gc

Minimum fraction of nodes 
that must be occupied in 
configuration model for a 
giant component to exist
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percolation threshold

size of giant component

u=1 is always a 
solution and 
(u-1) is always 
factor
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Geometric graph: percolation example
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Non-uniform Removal of Vertices
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Network resilience to targeted attacks
Scale-free graphs are resilient to random attacks, but sensitive to targeted 
attacks. For random networks there is smaller difference between the two



Introduction to Network Science 16



Introduction to Network Science 17


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17

