
1

Lecture 4

Monday, February 22, 2010



In the short run, there are plenty of good problems 
about the nonlinear dynamics of systems coupled 
according to small-world, scale-free or generalized 
random connectivity. The speculations that these 

architectures are dynamically advantageous need to be 
sharpened, then confirmed or refuted mathematically 

for specific examples. Other ripe topics include the 
design of self-healing networks, and the relationships 
among optimization principles, network growth rules 

and network…
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In the longer run, network thinking will become 
essential to all branches of science as we 

struggle to interpret the data pouring in from 
neurobiology, genomics, ecology, finance and 

the World-Wide Web. 
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Steven Strogatz
Exploring complex networks

Nature 2001
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Review
•Common Properties:

•small-world effect

•transitivity or clustering

•network resilience

•mixing patterns

+

Can have a profound effect on the 
structural properties of a network!
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Today
• Mixing patterns (scalar properties)

• degree correlation

• community structure
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Mixing patterns
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Mixing by Scalar Properties 
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e.g.
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1141 married couples at time of marriage
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strong positive correlation between the ages

M. E. J. Newman, Mixing patterns in networks, Phys. Rev. E, 67, 016128, 2003
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M. E. J. Newman, Mixing patterns in networks, Phys. Rev. E, 67, 016128, 2003

1141 married couples at time of marriage
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The four y variables have the same mean (7.5), standard deviation (4.12), correlation (0.816) and regression line (y = 3 + 0.5x) 
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Degree Correlation
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Possible explanations
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“In the social networks it is entirely possible, and is often 
assumed in the sociological literature, that similar people 
do attract one another, and therefore that there could be a 
real preference among gregarious people for association 
with other gregarious people, and similarly for hermits.”

“In the Internet and the World-Wide Web there may be 
organizational reasons for degree anti-correlation between 
vertices. The high-degree vertices in these networks are 
often connectivity providers (Internet) or directories (Web), 
which by definition tend to be connected to the “little 
people”—the individual service subscribers in the case of 
the Internet or the individual web-pages on the Web.”

M. E. J. Newman, Mixing patterns in networks, Phys. Rev. E, 67, 016128, 2003
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some of the degree correlations
we see in our networks could have real social 
or organizational origins, while others may be 

artifacts of the types of networks we are 
looking at and the constraints that are placed 

on their structure.
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Community
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Friend ship network in a US school (Spring embedding algorithm)
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circles (blue) are liberal, squares (red) are conservative, triangles (purple) are centrist or unaligned.

M. E. J. Newman, Modularity and community structure in networks, Proc. Natl. Acad. Sci. USA 103, 8577-8582 (2006)
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http://pajek.imfm.si 
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Next class
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Mathematical models of networks

• Random graph model (generalized)

• Markov graphs

Then...

• Small-worlds models

• Models of growing networks
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