










Can we identify 
functional modules?



Can we identify 
social communities?

High school Summer
internship

Stanford (Squash)
Stanford (Basketball)

Social communities
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Sociometry, Vol. 32, No. 4. (Dec., 1969), pp. 425-443. 

64 of 296 chains 
succeed, avg chain 
length is 6.2



http://www.ams.org/mathscinet/searchauthors.html

http://oracleofbacon.org/

http://www.linkedin.com/

http://www.ams.org/mathscinet/searchauthors.html
http://oracleofbacon.org/
http://www.linkedin.com/
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Friendship network in Framington Heart Study









often scale-free

often small
• Connected components usually 

one giant CC

• Erdos-Renyi
“Bernoulli” or “Poisson”
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Preferential attachment
(Barabasi-Albert)

Random graph
(Erdos Renyi)



often scale-free

often small
• Connected components usually 

one giant CC

• Erdos-Renyi
“Bernoulli” or “Poisson”
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web 
site xxx

web site yyyy

web site a b c 
d e f g

web 

site 

pdq pdq ..

web site yyyy

web site a b c 
d e f g

web 
site xxx

Inlinks are “good”
(recommendations)

Inlinks from a “good” site 
are better than inlinks 
from a “bad” site

but inlinks from sites with 
many outlinks are not as 
“good”...

“Good” and “bad” are 
relative.

web 
site xxx
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web site a b c 
d e f g

web 
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web site yyyy

web site a b c 
d e f g

web 
site xxx Imagine a “pagehopper”

that always either

• follows a random link, or

• jumps to random page



web 
site xxx

web site yyyy

web site a b c 
d e f g

web 

site 

pdq pdq ..

web site yyyy

web site a b c 
d e f g

web 
site xxx Imagine a “pagehopper”

that always either

• follows a random link, or

• jumps to random page

PageRank ranks pages by 
the amount of time the 
pagehopper spends on a 
page:

• or, if there were many 
pagehoppers, PageRank is 
the expected “crowd size”



avoids messy “dead ends”….
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A B C D E F G H I J

A _ 1 1 1

B 1 _ 1

C 1 1 _

D _ 1 1

E 1 _ 1

F 1 1 1 _

G _ 1 1

H _ 1 1

I 1 1 _ 1

J 1 1 1 _
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