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What are (online) social networks!?

S .
Social networks are graphs of people ® & ®

* Graph edges connect friends
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What are (online) social networks!?

Social networks are graphs of people
* Graph edges connect friends
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What are (online) social networks!?

Social networks are graphs of people
* Graph edges connect friends
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What are online social networks used for?

* Popular way to connect, share content

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

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

Presents large-scale measurement study and analysis of the
structure of multiple online social networks

e || M users, 328 M links

Data from four diverse online social networks

* Flickr: photo sharing -

. . . ° v
e Livelournal: blogging site LiVEJOURNAL
, : g8ing
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Why study social network structure?

Guide designers of future systems
Trust relationships suggest new reasoning about trust
Shared interest suggests new ways of structuring information

* Trust can be used to solve security problems
o Multlple |dent|ty attacks SybllGuard [SIGCOMM 06]
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Rest of the talk

* Measuring social networks at scale

* Analyzing structural properties




Overview: 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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Overview: Measuring online social networks

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

S
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\6 e Picked known seed user
e ACrawIedAaII of hi_s friends
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Challenges faced

* Obtaining data using crawling presents unique challenges

* Crawling quickly

* Underlying social networks changing rapidly
* Consistent snapshot hard to get

* Need to complete the crawl quickly
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How fast could we crawl?

* Crawled using cluster of 58 machines
* Used APIs where available
* Otherwise, used screen scraping

* Crawls took varying times

* Flickr,YouTube: | da
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How much could we crawl?

* Users don’t necessarily
form single WCC

e Disconnected users

* Estimate coverage by

selecting random users
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How much could we crawl?

* Users don’t necessarily
form single WCC

e Disconnected users

* Estimate coverage by

selecting random users
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Evaluating coverage: Flickr

Obtained random users by guessing
usernames (HHHHHHHHH#@NO00)

* Fraction of disconnected users is 73%

* But, dlsconnected users have very low degree
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Evaluating coverage: Live|ournal

* Obtained random users using special URL
e http://www.livejournal.com/random.bml

* Fraction of disconnected users is only 5% LiVEJOURNAL

* Summary:




Evaluating coverage: Orkut

* At time of crawl, Orkut was fully connected
* But, we ended crawl early

* How representative is our sub-crawl?
* Performed multiple crawls from different seeds
* Obtained random seed users using maximum-
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Evaluating coverage: You ube

* Could not obtain random users
* Usernames user-specified strings

* Not fully connected (could not use
maximum-degree sampling)

* Unable to find estimate of user population
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Outline




Network structure questions

* Want to examine structural properties

* Which users have the links?
 Even distribution of links, or is it skewed?
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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 much links more 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 VWeb? [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 VWeb? [WWW’00]

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

* Clustering coefficient C is a metric of cliquishness

G Number of links between friends
Number of links that could exist
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Clustering

* Clustering coefficient C is a metric of cliquishness

G Number of links between friends
Number of links that could exist




Are the fringes more clustered!?
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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




Summary

* Presented first large-scale study of multiple online social networks

Outlined challenges with crawling large networks
Able to overcome challenges with multiple sites

. Analyzed and compared network structure
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