
Ranking and Community detectionRanking and Community detection
in undirected networksin undirected networks

Miranda Grahl, Andreas Hotho
Christoph Schmitz, Gerd Stumme

Andrea Baldassarri, Ciro Cattuto
Vittorio Loreto, Vito D.P. Servedio

http://www.tagora-project.eu



OutlineOutline

• Folksonomies:
– case of study (del.icio.us)
– interest and motivation

• How to extract tag semantics?
– Nodes ranking with FolkRank
– Clustering with MCL
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Crawl Crawl statisticsstatistics (KDE) (KDE)

Crawled del.icio.us in July 2005
– 75,242 users
– 533,191 different tags
– 3,158,297 different resources
– 17,362,212 total tag assignments (TAS)

More recent crawl (TAGora, 2007):
 > 600.000 users

 > 12.000.000 resources
 > 3.000.000 different tags



Ranking in directed graphsRanking in directed graphs

d = 0.85,   p uniform
A = graph normal matrix

PageRank:
I get high rank if pages with high rank point me

Interpretation:
   walker that jumps to a random
   location with probability 1-d;
   follows links with probability d.



From the hypergraph to the undirected graph:
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Substitute a hyperlink with 3 links

Converting a Folksonomy into anConverting a Folksonomy into an
undirected graphundirected graph



A Folksonomy adapted PageRank

1 undirected edge  2 directed edges
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PageRank of a node is proportional to its degree:
not a really useful semantic information



FolkRank:
  Thematic Ranking in Folksonomies

d = 0.85,   p preferential
A = graph normal matrix

50% prob to jump to a given node

Frequency effects still present

WFolkRank = Wpreferential - WPageRank

Preferential PageRank: the walker prefers to jump to a given location 

FolkRank: differential ranking dumps frequency effects



Comparing results of ranking algorithms

• Results for tag: science-fiction

(PageRank)



Ranking results:
• Tagcloud [size of font prop. to log(FolkRank)]



Tags, user and resources with  FolkRank > fr

?



MCL algorithm

• Single iteration:
1. Square the normal matrix A (M=A2) of the graph (two steps walk)
2. Apply the inflation operator in order to cut away less probable paths

repeat until convergence

• Inflation operator:
i. Raise each element of the squared normal matrix to power r>1
ii. Normalize by column to recover a transition matrix

we used r=2



Markov Clustering Algorithm (MCL)

http://micans.org/mcl/

Stijn van Dongen,
Graph Clustering by Flow
Simulation.
PhD thesis,
University of Utrecht,
May 2000.



ComparisonComparison MCL vs  MCL vs FolkRankFolkRank

Average FolkRank (centered on « sciencefiction »)
of MCL clusters
We ran MCL on the tag co-occurrence network

<fr> of the sciencefiction cluster
is the largest 



Cluster size vs average FolkRank (centered
on « sciencefiction ») inside the cluster



Inside the MCL cluster



ConclusionsConclusions

• Folksonomies are interesting systems for
statistical physicists

• Clustering or ranking?
– Both approaches seem quite successful
– MCL and FR give similar results, but:

• MCL delivers no useful ranking
• MCL is affected by frequency bias
• FR differential approach seems avoid most frequency bias

– FR deserves further theoretical study



TAGora Consortium

University of Roma “La Sapienza”
SONY CSL• complex systems expertise

• modeling and simulation
• statistical tools for data analysis
• stochastic models of tagging behavior
• tag propagation via similarity metrics
• project coordination

University of Southampton

• tag-based image navigation system
• tag-based music navigation system
• feature-enhanced navigation maps
• expertise in semiotic dynamics

University of Kassel University of Koblenz-Landau

• tagging system for bibliographic data
• data mining for folksonomies
• social network analysis

• cross-folksonomy analysis
• semantic network analysis

• peer-to-peer testbed for folksonomies
• representation of folksonomy data
• ontology learning

Semiotic Dynamics in Online Social Communities

http://www.tagora-project.eu





Results: adapted PageRank
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Results: adapted PageRank



Results: boomerang
PageRank without preference     PageRank with preference              FolkRank with preference

Preference for tag: boomerang



““Social ComputingSocial Computing””

 online communities
 media-centric
 web-based interaction
 small cognitive overhead

• collaborative tagging and folksonomies
• online collaborative gaming
• collaborative filtering
• recommendation/trust networks

http://www.peekaboom.org/



    (normalized) nr of tags with Folk-, Page-, Preferential-
Rank greater than r



Best ten tags from FolkRank centered on
« Science Fiction »


