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Network Communities
● Empirical data (and theory)

supports the notion that
networks are composed of
tightly connected sets of edges

● Network Communities
–  Sets of nodes with lots of internal connections 

and few external ones (to the rest of the network)

Communities, clusters,
groups, modules
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Finding Network Communities
● How to automatically

find such densely
connected groups of
nodes?

● Ideally, such discovered clusters would correspond 
to real groups. For example:

Communities, clusters,
groups, modules
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Zachary’s Karate Club
● Social interactions among members of a karate club in the 70s

● Zachary witnessed the club split in two during his study

– Toy network, yet canonical for community detection algorithms

– Offers “ground truth” community membership (a rare luxury)
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Zachary’s Karate Club
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Zachary’s Karate Club

The first scientist at any conference on networks
who uses Zachary's karate club as an example is
inducted into the Zachary Karate Club Club, and
awarded a prize.

https://networkkarate.tumblr.com/

https://networkkarate.tumblr.com/
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Political Blogs
● The political blogosphere for the US 2004 presidential election

● Community structure of liberal and conservative blogs is apparent

– People have a stronger tendency to interact with “equals”
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Electrical Power Grid
● Split power network into areas with minimum inter-area interactions

● Applications
– Decide control areas for distributed power system state estimation

– Parallel computation of power flow

– Controlled islanding to prevent spreading of blackouts
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High School Students
● Network of social interactions among high-school students

● Strong assortative mixing, with race as latent characteristic
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Physicists working on Network Science
● Coauthorship network of physicists publishing networks’ research

● Tightly-knit subgroups are evident from the network structure
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Facebook Friendships
● Facebook egonet with 744 vertices and 30K edges

● Asked “ego” to identify social circles to which friends belong

– Company, high-school, basketball club, squash club, family
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Why do it: gain understanding
● Gain understanding of networks

– Discover communities in practice
– Measure isolation of groups
– Understand opinion dynamics / adoption
– ...
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Why do it: visualize
● Communities help

to “aggregate”
network data
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Community Discovery
● Community discovery is a challenging 

computational problem
– No consensus on the structural definition of community
– Node subset selection often intractable
– Lack of ground-truth for validation

● Number and sizes of groups most often unspecified in 
community detection
– Identify the natural fault lines along which a network 

separates
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Bridges and Communities
● Local bridges connect weakly interacting parts of the network

● What about removing those to reveal communities?

● Some challenges
– Multiple local bridges. Some better that others? Which one first?

– There might be no local bridge, yet an apparent natural division
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Edge Betweenness Centrality
● Idea: high edge betweenness centrality to identify weak ties

– High cBe(e) edges carry large traffic volume over shortest paths

– Position at the interface between tightly-knit groups

● Ex: cell-phone network with colored edge strength and betwenness
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Girvan-Newman’s method
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Girvan-Newman in action
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Hierarchical Clustering
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Hierarchical Clustering and Dendograms
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Hierarchical Clustering and Dendograms



Pedro Ribeiro – Introduction to the Analysis and Visualisation of Complex Networks

Modularity
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Assessing clustering quality
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Louvain Algorithm
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Louvain Algorithm Overview
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Louvain Algorithm: 1st Phase
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Louvain Algorithm: 2nd Phase
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Louvain Algorithm: 2nd Phase
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Louvain Algorithm: 2nd Phase
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Belgian Phone Network
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Community Discovery Algorithms

 

https://doi.org/10.1016/j.physrep.2009.11.002 https://doi.org/10.1016/j.physrep.2016.09.002

There are many possible algorithms and definitions

https://doi.org/10.1016/j.physrep.2009.11.002
https://doi.org/10.1016/j.physrep.2016.09.002
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Community Discovery Algorithms

 

https://doi.org/10.1016/j.physrep.2009.11.002 https://doi.org/10.1016/j.physrep.2016.09.002

There are many possible algorithms and definitions

https://doi.org/10.1016/j.physrep.2009.11.002
https://doi.org/10.1016/j.physrep.2016.09.002
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A paper on community discovery



  

Network Visualization and 
Exploration with Gephi
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Why Visualization?

“The greatest value of 
a picture is when it 
forces to notice what 
we never expected to 
see”
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Exploratory Data Analysis
● Visualization alone is not enough

– Part of a larger process to extract insight 
● Data process chain

Images: Ben Fry,  2004

Non-linear

Trial and Error!
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Exploring a Network
● 1) See the network

– Draw using a certain layout, ...

● 2) Interact in real time
– Group, filter, compute metrics, ...

● 3) Build a visual language
– Size of nodes, thickness of edges,

colors, ...  
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Exploring Graphs
● Today we are going to use 

– Open-Source Network Analysis and Visualization Platform (written in Java)
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Why Gephi?
● Because it has a large community
● Because it has history (and will continue to have)

– Started at 1998
– Maintained by a consortium (long-term vision)

● Because it is extensible with plugins
– Gephi marketplace

● Limitations:
– Still in beta version so there are a few rough edges
– Not prepared to handle very large networks (depending on  the infrastructure – RAM mostly 

- can manage up to 100 000 nodes)

● There are other options:
– The main concepts and ideas we will show

can be used on any other visualization tool
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Goals of this activity

● Consolidate the main concepts and techniques 
learned by performing a network analysis of a 
real world network

● Specific Goals:
– Perform an empirical analysis of the network

– Loading Networks (opening, importing raw data, …)

– Computing Metrics (centralities, degrees, distances, communities, …)

– Filtering (main operators, selecting, ranges, combining, …)

– Create a clear and simple to understand visualisation of the network 
(color or size of the nodes and edges according to a metric or 
partition, ...)
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Facebook Network
● My own facebook (ego) network – facebook.gephi

– Nodes are users and links represent friendships (undirected graph)

– Ego Network: all nodes connected to me and their connections 
(without myself)

– Collected automatically (there used to be plugins for that)

– 356 persons, 4,365 connections

DEMO!
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Flights Network
● Flights Data (OpenFights) – airports.csv and routes.csv

– http://openflights.org/data.html

– Compiled (also) by Open Flights website users

– 3,154 airports, 66,500 routes from 538 airlines

– Made for showing GeoLayout

DEMO!

http://openflights.org/data.html
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More Resources
● More datasets to toy with

– Movie Galaxies (5 known movies in course resources)
[Blade Runner] [Pulp Fiction] [The Godfather II] [Starwars IV] [LOTR: Return of the King]

– Konect project:
http://konect.cc/

– Network Data repository:
https://networkrepository.com/

http://konect.cc/
https://networkrepository.com/
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More Resources
● Tutorial in Video (by myself)

https://youtu.be/rnCTpzY2xUM

● Other Tutorials
– https://gephi.org/users/

– https://github.com/kateto/Gephi-0.9-Tutorial/

– http://www.martingrandjean.ch/gephi-introduction/

https://youtu.be/rnCTpzY2xUM
https://gephi.org/users/
https://github.com/kateto/Gephi-0.9-Tutorial/
http://www.martingrandjean.ch/gephi-introduction/
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