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Social Behavior Poverty and social change

Business Analytics

News and Updates What we do

. L . The DatalLab is the nexus for research on Data Science and Analytics at the
28 Blumenstock at Population Association of America

UW iSchool. We study large-scale, heterogeneous human data in an
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() () () No one size fits all @ @

* No canonical solution or one generalizable
method for all data and all problems (i.e. there
s no method that works best on all networks in

all srtuations)

* Need to know the context for why the user Is
interested in clustering

* We don't even have a definition of a community

* Umbrella term for many facets

Schaub, M. T. et al. (2017) The many facets of community detection in complex networks. Applied Network Science



() () () No one size fits all @ @

Cut-based: community detection as minimization of some
form of constraint violation

Data clustering: community detection framed as a
discretized analogue of data clustering, in which densely knit
groups of nodes are to be found

Stochastic equivalence: community detection aiming to
identify structurally equivalent nodes in a network, leading
to notions such as stochastic block models

Dynamics perspective: community detection looking for
simplified descriptions of the dynamical flows occurring on
the network; that is, some form of dynamical model
reduction

Schaub, M. T. et al. (2017) The many facets of community detection in complex networks. Applied Network Science
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Community Detection Perspectives

I Cut-based perspective

Circuit layout
Minimizing cuts
Load balancing

Eigenvectors

Spectral methods
Image segmentation

Schaub, M. T. et al. (2017) The many facets of community detection in complex networks. Applied Network Science



Community Detection Perspectives

ii ) Clustering perspective

Y

Data Clustering
Maximizing node density
unknown k, unbalanced

Conductance
Local, global
Modularity

Schaub, M. T. et al. (2017) The many facets of community detection in complex networks. Applied Network Science



Community Detection Perspectives

iii  Stochastically equivalent

I)IJ- ..................... » ‘/"J

Social Networks
Connectivity Profiles
Stochastic equivalence
SBMs, LFR
p-values, hypothesis testing
Bipartite treatment
Predict missing links

Schaub, M. T. et al. (2017) The many facets of community detection in complex networks. Applied Network Science



Community Detection Perspectives

iv Dynamical perspective

S
&= f(x)

) = y=g(y)

System behavior, processes
Non-adjacency focused
Airline network
Markovian diffusion process
Undirected, Directed
InfoMap

t

Schaub, M. T. et al. (2017) The many facets of community detection in complex networks. Applied Network Science



Higher Resolution Maps

b Second-order Markov

Rosvall et al. (2014) Memory in network flows and its effects on spreading dynamics and community
detection. Nature Communications



In the spirit of clustering context...
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Using Siting Algorithms in the Design of Marine Reserve Networks

Heather Leslie - Ecological Applications (2003)

Mechanism of Filopodia Initiation by Reorganization of a Dendritic
Network

Tatyana Svitkina - The Journal of Cell Biology (2003)

Network Structure and Knowledge Transfer: The Effects of Cohesion and
Range
Ray Reagans - Administrative Science Quarterly (2003)

A General Model for Designing Networks of Marine Reserves
Enric Sala - Science (2002)

The Density of Social Networks and Fertility Decisions: Evidence from
South Nyanza District, Kenya

Hans-Peter Kohler - Demography (2001)

A New Dynamin-Like Protein, ADLS6, Is Involved in Trafficking from the
trans-Golgi Network to the Central Vacuole in Arabidopsis
Jing Bo Jin - The Plant Cell (2001)

Comparing Sequenced Segments of the Tomato and Arabidopsis
Genomes: Large-Scale Duplication Followed by Selective Gene Loss

Creates a Network of Synteny
Hsin-Mei Ku - Proceedings of the National Academy of Sciences of the United States of
America (2000)

A Noncooperative Model of Network Formation
Venkatesh Bala - Econometrica (2000)



Recommendation

Expert

Classic

Assemble Rank

Cluster Recommend

Classic

West, Wesley-Smith, Bergstrom (2016) A recommendation system based on hierarchical clustering of an
article-level citation network. IEEE, Transactions on Big Data (in press)




Community Detection Perspectives

iv Dynamical perspective
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Schaub, M. T. et al. (2017) The many facets of community detection in complex networks. Applied Network Science
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The Emergence of Neuroscience
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Rosvall and Bergstrom (2010) PLoS One



Data

Compressing - - Finding patterns

It we can find a good code for describing flow on a
network, we will have solved the dual problem of
finding the iImportant structures with respect to

that flow.



Ihe map equation

frequency of inter-module movements

frequency of movements within module i

L(M) = g~ H(Q) + ) pLH(P)

m
=1

code length of module names

code length of node names in module |

Rosvall and Bergstrom (2008) PNAS
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The relationship between ranking and clustering

Ranking Clustering

Dynamics
4 Structure



Step Length, Teleportation and Memory

.and their effects on ranking and clustering



Memory: capturing higher order dynamics

— - Extract network -

New York =* Chicago New York =+ Chicago=» New York
Chicago =» New York New York =+ Chicago =+ San Francisco
Chicago =* San Francisco San Francisco =»New York=» Chicago
San Francisco=» New York Atlanta =»Chicago=» Atlanta

Chicago = Atlanta
Atlanta Chicago

Rosvall et al. (2014) Memory in network flows and its effects on spreading dynamics and community
detection. Nature Communications



Memory: capturing higher order dynamics

First—order Markov Second-order Markov
Sew New York Seéity New York
L |>- »
Chicago Chicago
Atlanta %nta
San Francisco San Francisco

Rosvall et al. (2014) Memory in network flows and its effects on spreading dynamics and community
detection. Nature Communications



Higher Resolution Maps

b Second-order Markov

Rosvall et al. (2014) Memory in network flows and its effects on spreading dynamics and community
detection. Nature Communications



Higher Order Dynamics

a First-order Markov b Second-order markov
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New York New York

44%

Cc
Plant physiology 17% Plant physiology
34%
Plant cell Plant cell
Evolution 30% Evolution
Ecology 19% Ecology

Rosvall et al. (2014) Memory in network flows and its effects on spreading dynamics and community
detection. Nature Communications
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PageRank Prtfalls

100

=0.5

10

PageRank value at d
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Maslov, S. & Redner; S. (2008) Promise and Pitfalls of Extending Google's PageRank Algorithm to Citation
Networks. The Journal of Neuroscience
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teleport ——>




Smart Teleportation

(a) Recorded node teleportation  (b) Recorded link teleportation

Az

(c) Unrecorded node teleportation (d) Unrecorded link teleportation

Lambiotte, R. & Rosvall, M. (2012) Ranking and clustering of nodes in networks with smart teleportation
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Article-level Ranking and Mapping
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West et al. (2016) Ranking and mapping article-level citation networks. in prep.
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Static Ranking of Scholarly Papers using Article-Level

Eigenfactor (ALEF)
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Clustering on time-directed networks

Empirical exploration of hierarchical partitions
with varying dynamics

* [he effects of changing recorded teleportation
ranking and clustering

Clustering Effects

Ranking Effects

1920
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Revealing Hierarchical Structure
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West, Wesley-Smith, Bergstrom (2016) A recommendation system based on hierarchical clustering of an
article-level citation network. IEEE, Transactions on Big Data (in press)




Community Detection Perspectives

iv Dynamical perspective

S
&= f(x)

) = y=g(y)

System behavior, processes
Non-adjacency focused
Airline network
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InfoMap

t

Schaub, M. T. et al. (2017) The many facets of community detection in complex networks. Applied Network Science



Summary

Community detection — one size does not fit all
Citation networks - dynamical perspective
Memory - higher order dynamics

Unrecordeded teleportation to links (undirdir)
improves ranking and hierarchical clustering

Next steps — bullding benchmarks and methods
for evaluating the different rankings and
nierarchical clusterings (refer to Jennifer
Webster's talk tomorrow)
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