Structure and Growth of

Online Social Networks




Why are social networks interesting?

* Popular way to connect, share content

* Photos (Flickr), videos (YouTube), blogs
(LiveJournal), profiles (Orkut)

* Orkut (60 M), LiveJournal (5 M)




Our research agenda

* Observe and understand online social networks
* Measure static structural properties
* Observe network growth
* Characterize information flow
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Computational sociology

* Marrying network measurement with sociology
Able to collect data at massive scale
* Bringing measurement techniques to bear on social networks

e Data we have collected:
Structural information on | |.3M users and 328M links
e .’«’ served o\ ’wlﬂx& , ‘ L .?-.;._,;5«;!;;,;15;.@._@: ‘555 A% ,, KS







Measuring online social networks

* Sites reluctant to give out data
* Cannot enumerate user list
* Instead, performed crawls of user graph

* Picked known seed user
* Crawled all of his friends
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Measuring online social networks

* Sites reluctant to give out data
* Cannot enumerate user list
* Instead, performed crawls of user graph
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\6 e Picked known seed user
e ACrawIedAaII of his friends
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High-level data characteristics
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High-level data characteristics
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Are online social networks power-law?




How are the links distributed?
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How are the links distributed?

Flickr indegree

Flickr outdegree
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Link symmetry

* Social networks show high level of link symmetry
* Links in most networks are directed




Link symmetry

* Social networks show high level of link symmetry
* Links in most networks are directed




Implications of high symmetry

* High link symmetry implies indegree equals outdegree
* Users tend to receive as many links as the give

* Unlike other complex networks, such as the Web
* Sites like cnn.com receive many more links than they give
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Complex network structure

* What is the high-level structure of online
social networks!?

* A jellyfish, like the Internet! [JCN’06]
* A bowtie, like the Web? [WWW’00]

* In partlcular is there a core of the network’
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Complex network structure

* What is the high-level structure of online
social networks!?
* A jellyfish, like the Internet! [JCN’06]
* A bowtie, like the Web? [WWW’00]

* In particular, is there a core of the network?
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Does a core exist?

Large SCC—> I I
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Implications of network structure

* Network contains dense core of users
* Core necessary for connectivity of 90% of users
* Most short paths pass through core
* Could be used for quickly disseminating information







Observing network growth

* Online social networks growing at rapid pace
* Not possible with Web, Internet

* Offers unique opportunity to observe growth
* Validate or invalidate existing models
* Predict future growth
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Growth data characteristics
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rowth data characteristics




Can reciprocity explain symmetry?




Who creates and receives new links?
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(new links/node/day)
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Does proximity matter!?
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Does proximity matter!?
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Implications of network growth

* Observed growth of large, complex information networks
* 2.9M new users and 24M new links

* Found multiple growth processes at work
* Reciprocity leads to high symmetry
* Proximity bias leads to high clustering
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Part lll:




Information flow

* Examining information flow in social
networks

ca tep: / fwww.a...-letter.pdf
Home You Organize

* Lead to better information flow
prediction and search algorithms

Tay Rail Bridge

* Observe content propagating through
network

* Sample of 500,000 Flickr photos

* Examine different popularity metrics

* Obtained history of comments, favorites
* Recorded views daily

07.12.2007 MSRC Social Networks Workshop Alan Mislove 23



How quickly does content spread!?
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quickly does content spread!?
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Rapid information propagation




Rapid information propagation

Popularity

Jun 06 Aug 06 Oct 06




Summary

* Analyzed network structure and dynamics
* Multiple networks have similar, unique characteristics
* Consistent growth characteristics

* Many future directions
* Examining information flow
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