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Networks are ubiquitous in science and have become a focal point for
discussion in everyday life.

Formal statistical models for the analysis of network data have
emerged as a major topic of interest in diverse areas of study.

With the popularity of online social networks, the scale of network
data has become enormous.
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Networks Why Networks

Why Networks

Network data is ubiquitous.

We live in a connected world: we are each separated from any other
person on the planet by at most six other people (i.e., ’six degrees’)

Two elements: Nodes and Edges; Network data describe different
types of connections and relationships between nodes.
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Networks Why Networks

Network Data
Connections and Relationships

Interpersonal social or professional relationships: Facebook, Google+,
Twitter, Weibo, LinkedIn.

Academic paper co-authorships and citation relationships: DBLP,
Cora and PubMed.

Protein-protein interactions: Biology network.

Sexual relationships: HIV patients network.

Purchase and co-purchase relationships: Online auction network and
shopping network.
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Networks Examples of Network Data

A visualization of US bloggers shows clearly how they tend to link predominantly to blogs supporting the same party, forming
two distinct clusters (Adamic and Glance, 2005)

Ran Wei (The Ohio State University) Introduction to Network September 11th, 2014



Networks Examples of Network Data

Large-Scale Online Social Networks
Scale of Online Social Networks

Number of monthly active users:

Facebook: 1.23 billion (December, 2013)

Google+: 540 million (October, 2013)

LinkedIn: 259 million (June, 2013)

Twitter: 200 million (February, 2013)
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Networks Examples of Network Data

Large-Scale Online Social Networks
Studies and Applications

User behavior analysis
� Influence and passivity of users: Does high popularity

imply high influence and vice-versa?

Community detection
� Identify clusters of customers with similar interests in

the network of purchase relationships.

Link and attribute prediction
� ‘Friend you may know’, ‘Who to add to circle’, ‘Who to

connect’ and ‘Who to follow’.

Make predictions on real-time social events
� Flu trends, box-office revenues for movies, the stock

market, and earthquakes.
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Mathematical Notation and Metrics Mathematical Notation

Graph Representation of a Network

G = {V ,E}
V = {v1, v2, ..., vNv } and E = {e1, e2, ..., eNe}
W = {w1,w2, ...,wNe}.

Attributes of nodes: YNv×p.
The p-th attribute vector: Yp = (yp1, yp2, ..., ypNv )T .

Adjacency matrix A = (aij)N×N :
aij = 1 if there’s a link from node vi to vj ;
aij = 0 if there’s no link from vi to vj (vi , vj ∈ V ).
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Edge List and Adjacency Matrix
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Weight of Edges
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Metrics in Network

Centrality Measures
� Degree

� Closeness Centrality

� Betweenness Centrality

� Eigenvector Centrality

Transitivity
� Clustering Coefficient

Community Structure
� Clustering Algorithm
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Centrality Metrics
Degree
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Centrality Metrics
Shortest Path
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Centrality Metrics
Eigenvector Centrality
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Centrality Metrics
Comparison
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Centrality Metrics
Comparison – Example
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Clustering
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Small World
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