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Background

• On Power-Law Relationships in the Internet 
Topology; Faloutsos3

– August 1999

• Emergence of Scaling in Random Networks; 
Barabási and Albert
– October 1999

• On the Origin of Power-Laws in the Internet 
Topology; Medina, Matta, and Byers
– April 2000



Background –
Faloutsos3

• Pointed to several basic power-law 
relationships in the network topology

• Examined several basic power-law 
relationships
– Outdegree v. Rank of Outdegree

– Frequency of Outdegree v. Outdegree
– Eigenvalues v. Rank of Eigenvalues



Background –
Barabási and Albert

• Discovered the same scaling properties 
as seen in the Faloutsos paper in 
seemingly random networks

• Analysis pointed to power-law 
construction through incremental growth 
and preferred connectivity.



Background –
Medina, Matta, and Byers

• Began to derive explanations for issues 
seen in the Faloutsos paper
– Arrived at similar conclusions to the 

Barabasi work, citing preferred connectivity 
and incremental growth

– Examined the impact of node placement 
and locality upon Power-Law relationships

• Work resulted in an advanced topology 
generator, BRITE



Background Analysis

• Research pointed to a consistent 
probabilistic method of growth

• Most work suggested that Preferential 
Growth is the primary method of 
network evolution



Growth Models

• Our work began by examining the logic 
behind and the impact of combinations 
of several growth schemes
– Random Growth
– Incremental Growth
– Preferred Connectivity



Random Growth

• Nodes appear simultaneously
• Erdös and Rényi (ER) Random Graphs, 

created through uniformly random 
choices of edge creation

• Uniform random node placement, then 
connecting closest nodes within a 
minimum radius, as if to simulate a 
wireless network



Random Growth: 
Outdegree v. Rank



Random Growth: 
Frequency v. Outdegree



Incremental Growth

• Nodes are created sequentially, rather 
than all at once

• Each newly created node will only 
connect to a pre-existing node

• The outdegree of individual nodes is not 
considered when making the 
probabilistic choice of a new connection



Incremental Growth: 
Outdegree v. Rank



Incremental Growth: 
Frequency v. Outdegree



Preferred Connectivity

• Nodes are created and connected 
sequentially

• Any given node receives a new edge 
with the probability:
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Preferred Connectivity:
Outdegree v. Rank



Preferred Connectivity: 
Frequency v. Outdegree



Phased Growth Models

• Not all of the Power-Law relationships 
observed in Faloutsos99 could be easily 
generated from any single growth strategy

• Time slices of the AS domain, as shown in 
Faloutsos399, present varying curvature in 
the log-log plots of the separate relationships

• This leads to the possibility that one single 
form of growth was not the only cause of the 
power-law relationships



AS Domain, 1995
(Faloutsos3, 99)



AS Domain, 1997
(Faloutsos3, 99)



AS Domain, 1998
(Faloutsos3, 99)



Hypothesis

• Is it possible to evolve power-law 
relationships by moving through a 
series of growth models?

• If so, does the sequencing of growth 
models produce relationships more 
similar to those seen in the true global 
topology?



Motivation

• Over time, different factors drove the 
development of the Internet, ranging from 
initial protocol research to widespread 
consumer use of the network

• Economic constraints placed on growth 
evolved

• Consequently, suspected that the Internet did 
not always grow by the same “rule set”



Iterative Growth 
Sequences

• We hypothesize that the initial core was 
built on a non-preferential growth 
model, with the only goal being 
connectivity

• After an initial period, connectivity was 
governed by economies of scale, and 
preferential growth takes over



Iterative Growth
Sequences

• By manipulating the point where the topology 
switches from non-preferential growth to 
preferential growth, it is possible to change 
the curvature of the power-law systems

• Snapshots were acquired where the change 
in growth models occurs after the creation of 
20%, 10%, and 1% of the total number of 
nodes

• Comparison of previously discussed power-
law relationships



Phased Growth
20% Changeover



Phased Growth
10% Changeover



Phased Growth
1% Changeover



Phased Growth
20% Changeover



Phased Growth
10% Changeover



Phased Growth
1% Changeover



Conclusions

• The currently observed power-law structures 
present in the topology are not caused by a 
single mode of growth; multiple phases of 
growth have shaped the network

• Growth phase shifts are not “instantaneous”
• Shifts may have practical roots, such as 

changes in economic bias
• Examining today’s market conditions may 

lead to the possibility of future topology 
prediction



Research Directions

• Analysis of reduction phases of network 
development

• Forward prediction of future topologies 
based upon modern economic 
constraints

• Improved topology generators
• More accurate models for routing and 

protocol development
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