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1 100/09/06 Introduction to Data Warehousing

2 100/09/13 Data Warehousing, Data Mining,
and Business Intelligence

3 100/09/20 Data Preprocessing:
Integration and the ETL process

100/09/27 Data Warehouse and OLAP Technology
100/10/04 Data Warehouse and OLAP Technology
100/10/11 Data Cube Computation and Data Generation
100/10/18 Data Cube Computation and Data Generation
100/10/25 Project Proposal
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Association Analysis

Association Analysis

Classification and Prediction
Classification and Prediction

Cluster Analysis

Social Network Analysis and Link Mining
Text Mining and Web Mining

Project Presentation
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Outline

e Social Network Analysis
* Link Mining



Social Network Analysis

* A social network is a social structure of
people, related (directly or indirectly) to each
other through a common relation or interest

e Social network analysis (SNA) is the study of
social networks to understand their structure
and behavior



Social Network Analysis

e Using Social Network Analysis, you can get
answers to questions like:
— How highly connected is an entity within a network?
— What is an entity's overall importance in a network?
— How central is an entity within a network?
— How does information flow within a network?

http://www.fmsasg.com/SocialNetworkAnalysis/
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Social Network Analysis:
Degree Centrality

Mary Bob Stefan

Edgar

Fredernca Jim

([ IModerate degrees
() High degrees

Alice has the highest degree centrality, which means that she is quite active in
the network. However, she is not necessarily the most powerful person because
she is only directly connected within one degree to people in her cligue—she
has to go through Rafael to get to other cliques.

http://www.fmsasg.com/SocialNetworkAnalysis/
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Social Network Analysis:
Degree Centrality

e Degree centrality is simply the number of direct relationships that
an entity has.

* An entity with high degree centrality:
— |s generally an active player in the network.
— |Is often a connector or hub in the network.

— s not necessarily the most connected entity in the network (an
entity may have a large number of relationships, the majority of
which point to low-level entities).

— May be in an advantaged position in the network.

— May have alternative avenues to satisfy organizational needs,
and consequently may be less dependent on other individuals.

— Can often be identified as third parties or deal makers.

http://www.fmsasg.com/SocialNetworkAnalysis/
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Social Network Analysis:
Betweenness Centrality

Mary Bob Stetan
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Rafael has the highest betweenness because he is between Alice and Aldo, who are
between other entities. Alice and Aldo have a slightly lower betweenness because
they are essentially only between their own cliques. Therefore, although Alice has a
higher degree centrality, Rafael has more importance in the network in certain

respects.
http://www.fmsasg.com/SocialNetworkAnalysis/



http://www.fmsasg.com/SocialNetworkAnalysis/�

Social Network Analysis:
Betweenness Centrality

Betweenness centrality identifies an entity's position within a
network in terms of its ability to make connections to other
pairs or groups in a network.

An entity with a high betweenness centrality generally:
— Holds a favored or powerful position in the network.

— Represents a single point of failure—take the single
betweenness spanner out of a network and you sever ties
between cliques.

— Has a greater amount of influence over what happensin a
network.

http://www.fmsasg.com/SocialNetworkAnalysis/
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Social Network Analysis:
Closeness Centrality

Mary Bob Stefan

Moderate doseness
. High closeness

Rafael has the highest closeness centrality because he can reach more entities
through shorter paths. As such, Rafael's placement allows him to connect to entities
in his own cligue, and to entities that span cliques.

http://www.fmsasg.com/SocialNetworkAnalysis/
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Social Network Analysis: .
Closeness Centrality

e Closeness centrality measures how quickly an entity can access
more entities in a network.

* An entity with a high closeness centrality generally:
— Has quick access to other entities in a network.
— Has a short path to other entities.
— Is close to other entities.
— Has high visibility as to what is happening in the network.

http://www.fmsasg.com/SocialNetworkAnalysis/
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Social Network Analysis:
Eigenvalue

[ IModerate eigen vak
) High eigen value

Alice and Rafael are closer to other highly close entities in the network. Bob and
Frederica are also highly close, but to a lesser value.

http://www.fmsasg.com/SocialNetworkAnalysis/
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Social Network Analysis: =
Eigenvalue

 Eigenvalue measures how close an entity is to other highly close
entities within a network. In other words, Eigenvalue identifies
the most central entities in terms of the global or overall
makeup of the network.

A high Eigenvalue generally:

— Indicates an actor that is more central to the main pattern of
distances among all entities.

— |s a reasonable measure of one aspect of centrality in terms
of positional advantage.

http://www.fmsasg.com/SocialNetworkAnalysis/
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Social Network Analysis:
Hub and Authority

Hubs are entities that point to a relatively large number of authorities. They are
essentially the mutually reinforcing analogues to authorities. Authorities point to high
hubs. Hubs point to high authorities. You cannot have one without the other.

http://www.fmsasg.com/SocialNetworkAnalysis/
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Social Network Analysis:
Hub and Authority

iﬂ,

e Entities that many other entities point to are called Authorities.
In Sentinel Visualizer, relationships are directional—they point
from one entity to another.

e |f an entity has a high number of relationships pointing to it, it
has a high authority value, and generally:

— |Is a knowledge or organizational authority within a domain.
— Acts as definitive source of information.

http://www.fmsasg.com/SocialNetworkAnalysis/
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Social Network Analysis
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Source: http://lwww.fmsasg.com/SocialNetworkAnalysis/
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Social Network Analysis
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Social Network Analysis

Source: http://lwww.fmsasg.com/SocialNetworkAnalysis/
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Link Mining
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Link Mining:
Models, Algorithms,
and Applications

{:_J_ Springcr

http://www.amazon.com/Link-Mining-Models-Algorithms-Applications/dp/1441965149
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Link Mining
(Getoor & Diehl, 2005)
Link Mining
— Data Mining techniques that take into account the links

between objects and entities while building predictive or
descriptive models.

Link based object ranking, Group Detection, Entity Resolution,
Link Prediction

Application:

— Hyperlink Mining

— Relational Learning

— Inductive Logic Programming
— Graph Mining



Characteristics of

Collaboration Networks
(Newman, 2001; 2003; 3004)

Degree distribution follows a power-law
Average separation decreases in time.
Clustering coefficient decays with time
Relative size of the largest cluster increases
Average degree increases

Node selection is governed by preferential
attachment



Social Network Techniques

Social network extraction/construction
Link prediction
Approximating large social networks

ldentifying prominent/trusted/expert actors in
social networks

Search in social networks
Discovering communities in social network

Knowledge discovery from social network



Social Network Extraction

* Mining a social network from data sources

 Three sources of social network (Hope et al.,
2006)

— Content available on web pages

e E.g., user homepages, message threads

— User interaction logs

e E.g., email and messenger chat logs

— Social interaction information provided by users

e E.g., social network service websites (Facebook)



Social Network Extraction

* |R based extraction from web documents
— Construct an “actor-by-term” matrix

— The terms associated with an actor come from web
pages/documents created by or associated with that actor

— IR techniques (TF-IDF, LSI, cosine matching, intuitive
heuristic measures) are used to quantify similarity
between two actors’ term vectors

— The similarity scores are the edge label in the network

 Thresholds on the similarity measure can be used in
order to work with binary or categorical edge labels

* Include edges between an actor and its k-nearest
neighbors

e Co-occurrence based extraction from web documents



Link Prediction

e Link Prediction using supervised learning (Hasan et al., 2006)
— Citation Network (BIOBASE, DBLP)

— Use machine learning algorithms to predict future co-
authorship

e Decision three, k-NN, multilayer perceptron, SVM, RBF
network

— ldentify a group of features that are most helpful in
prediction

— Best Predictor Features

e Keywork Match count, Sum of neighbors, Sum of
Papers, Shortest distance



Identifying Prominent Actors in a
Social Network

Compute scores/ranking over the set (or a subset) of actors in
the social network which indicate degree of importance /
expertise / influence

— E.g., Pagerank, HITS, centrality measures
Various algorithms from the link analysis domain
— PageRank and its many variants
— HITS algorithm for determining authoritative sources

Centrality measures exist in the social science domain for
measuring importance of actors in a social network



Identifying Prominent Actors in a

Social Network

Brandes, 2011
Prominence—> high betweenness value

Betweenness centrality requires computation of number of
shortest paths passing through each node

Compute shortest paths between all pairs of vertices



Summary

e Social Network Analysis
* Link Mining
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