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Communities, clusters, 
groups, modules



ÁMicro-ƳŀǊƪŜǘǎ ƛƴ άǉǳŜǊȅ ҎŀŘǾŜǊǘƛǎŜǊέ ƎǊŀǇƘ
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Á½ŀŎƘŀǊȅΩǎ YŀǊŀǘŜ Ŏƭǳō ƴŜǘǿƻǊƪΥ

Part 1-4



ÁGiven a network:

ÁWant to find clusters!

ÁNeed to:

ÁFormalize the notion 
of a cluster

ÁNeed to design an algorithm 
that will find sets of nodes 
ǘƘŀǘ ŀǊŜ άƎƻƻŘέ ŎƭǳǎǘŜǊǎ
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ÁOur focus:
ÁObjective functions that formalize notion of clusters

ÁAlgorithms/heuristic that optimize the objectives
ÁWe explore the following issues:
ÁMany different formalizations of clustering objective 

functions 

ÁObjectives are NP-hard to optimize exactly

ÁMethods can find clusters that are systematically 
άōƛŀǎŜŘέ

ÁMethods can perform well/poorly on some kinds of 
graphs
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ÁOur plan:

Á40 networks, 12 objective functions, 8 algorithms

Ábƻǘ ƛƴǘŜǊŜǎǘŜŘ ƛƴ άōŜǎǘέ ƳŜǘƘƻŘ ōǳǘ ƛƴǎǘŜŀŘ ŦƻŎǳǎ 
on finer differences between methods

ÁQuestions:

ÁHow well do algorithms optimize objectives?

ÁWhat clusters do different objectives and methods 
find?

ÁWhat are structural properties of those clusters?

ÁWhat methods work well on what kinds of graphs?
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ÁEssentially all objectives use the intuition:
A good cluster S has

ÁMany edges internally

ÁFew edges pointing outside

ÁSimplest objective function:
Conductance
ʊό{ύ Ґ ІŜŘƎŜǎ ƻǳǘǎƛŘŜ { / #edges inside S

ÁSmallconductancecorresponds to good clusters

ÁMany other formalizations of basically the 
same intuition (in a couple of slides)
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ÁHow to quantify performance:

ÁWhat is the score of clusters across a range of sizes?

ÁNetwork Community Profile (NCP) [LeskovecŜǘ ŀƭΦ Ψлуϐ

The score of bestcluster of size k
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Community size, log k

log ɮ(k)

k=5 k=7
k=10
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ÁComparison of algorithms

ÁFlow and spectral methods

ÁOther algorithms

ÁComparison of objective functions

Á12 different objectives

ÁAlgorithm optimization performance

ÁHow good job do algorithms do with optimization 
of the objective function
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Many algorithms to extract clusters:
ÁHeuristics:

ÁMetis, GraclusΣ bŜǿƳŀƴΩǎ ƳƻŘǳƭŀǊƛǘȅ ƻǇǘƛƳƛȊŀǘƛƻƴ

ÁMostly based on local improvements

ÁMQI: flow based post-processing of clusters

ÁTheoretical approximation algorithms:

ÁLeighton-Rao: based on multi-commodity flow

ÁArora-Rao-Vazirani: semidefiniteprogramming

Á{ǇŜŎǘǊŀƭΥ Ƴƻǎǘ ǇǊŀŎǘƛŎŀƭ ōǳǘ ŎƻƴŦǳǎŜǎ άƭƻƴƎ ǇŀǘƘǎέ 
ǿƛǘƘ άŘŜŜǇ Ŏǳǘǎέ
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ÁPractical methods for finding clusters of good 
conductance in large graphs:

ÁHeuristic:

ÁMetis+MQI[Karypis-YǳƳŀǊ ΨфуΣ [ŀƴƎ-RaoΨлпϐ

ÁSpectral method:

ÁLocal Spectral[Andersen-/ƘǳƴƎ Ωлсϐ

ÁQuestions:

ÁHow well do they optimize conductance?

ÁWhat kind of clusters do they find?
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