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Statistical Graph Model

Why Statistical Analysis?
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Statistical Graph Model

Why Statistical Analysis?

Why Statistical Network Analysis?

What is the average degree?

How much percentage of users have

degree less than 1?
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Statistical Graph Model

Statistical Graph Model

• Random Graph Model

• Small World Model

• Barabasi-Albert Model

• Other Models
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Statistical Graph Model

Statistical Graph Model

• Random Graph Model

• Small World Model
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Statistical Graph Model – Random Graph Models – 𝐺(𝑛, 𝑚)

In 𝐺 𝑛, 𝑚 , a graph is chosen uniformly at random from the collection of

all graphs which have 𝑛 nodes and 𝑚 edges

How many edges would the graph with 𝒏 nodes potentially have?

0, 1, 2, … 𝐶𝑛
2

What does graph with 𝒏 nodes look like?
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2 3

1

2 3

1

2 3

1

2 3

1

2 3

1

2 3

1

2 3

1

2 3

If the graph with 𝐧 nodes also have 𝐦 edges, how many possibilities are there?

𝐶𝐶𝑛
2

𝑚
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Statistical Graph Model – Random Graph Models

What is the distribution of

graph with 3 nodes

1/8

P

What is the distribution of

graph with 3 nodes and 2 edges

1/3

P
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Statistical Graph Model – Random Graph Models – 𝐺(𝑛, 𝑝)

In 𝐺 𝑛, 𝑝 , a graph is constructed by connecting labeled nodes randomly.

Each edge is included in the graph with probability 𝑝.

1

2 3

1

2 3

𝛼 ∼ 𝑈 0,1
𝛼 ≤ 𝑝?

1

2 3

𝛼 ∼ 𝑈 0,1
𝛼 ≤ 𝑝?

1

2 3

𝛼 ∼ 𝑈 0,1
𝛼 ≤ 𝑝?

How many steps should we consider?

𝐶𝑛
2 =

𝑛(𝑛 − 1)

2

𝐺 𝑛, 𝑝 : a random graph with totally 𝑛 nodes and among each pair

of nodes, the edge is added with the probability of 𝑝

What is the expectation of the number of edges?

ഥ𝑚 = 𝑝
𝑛(𝑛 − 1)

2
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Statistical Graph Model – Random Graph Models – 𝐺(𝑛, 𝑝)

In 𝐺 𝑛, 𝑝 , a graph is constructed by connecting labeled nodes randomly.

Each edge is included in the graph with probability 𝑝.

1

2 3

1

2 3

𝛼 ∼ 𝑈 0,1
𝛼 ≤ 𝑝?

1

2 3

𝛼 ∼ 𝑈 0,1
𝛼 ≤ 𝑝?

1

2 3

𝛼 ∼ 𝑈 0,1
𝛼 ≤ 𝑝?

How many steps should we consider?

𝐺 𝑛, 𝑝 : a random graph with totally 𝑛 nodes and among each pair

of nodes, the edge is added with the probability of 𝑝

What is the expectation of the average degree?

ത𝑘 =
2 ഥ𝑚

𝑛
= 2 ∗

𝑝
𝑛 𝑛 − 1

2
𝑛

= 𝑝(𝑛 − 1)

𝐶𝑛
2 =

𝑛(𝑛 − 1)

2
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Statistical Graph Model – Random Graph Models – 𝐺(𝑛, 𝑝)

What is the probability that a node 𝑖 has a degree 𝑑𝑖 = 𝑘?

𝑃 𝑑𝑖 = 𝑘 = 𝑃 𝑘 = 𝐶𝑛−1
𝑘 𝑝𝑘 1 − 𝑝 𝑛−1−𝑘

Proof

Poisson distribution from 

Binomial Distribution

https://medium.com/@andrew.chamberlain/deriving-the-poisson-distribution-from-the-binomial-distribution-840cc1668239


DGL 12

Statistical Graph Model – Random Graph Models – 𝐺(𝑛, 𝑝)

Proof

What does this

node’s degree

looks like?

https://medium.com/@andrew.chamberlain/deriving-the-poisson-distribution-from-the-binomial-distribution-840cc1668239
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Statistical Graph Model – Random Graph Models – 𝐺(𝑛, 𝑝)

What does this

node’s degree

looks like?

Each node would have a degree

𝑑1, 𝑑2, 𝑑3, … , 𝑑|𝒱|

Empirically,

power-law distribution!
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Statistical Graph Model – Small World

oracleofbacon.org

http://oracleofbacon.org/
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Statistical Graph Model – Small World
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Statistical Graph Model – Small World
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Statistical Graph Model – Small World
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Statistical Graph Model – Small World
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Statistical Graph Model – Dynamic Graph
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Statistical Graph Model – Random Graph Models – 𝐺(𝑛, 𝑝)
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Statistical Graph Model – Random Graph Models – 𝐺(𝑛, 𝑝)
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Statistical Graph Model – Random Graph Models – 𝐺(𝑛, 𝑝)
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Statistical Graph Model – Random Graph Models – 𝐺(𝑛, 𝑝)
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Statistical Graph Model – Random Graph Models – 𝐺(𝑛, 𝑝)
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Statistical Graph Model – Random Graph Models – 𝐺(𝑛, 𝑝)

Slope
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Statistical Graph Model – Random Graph Models – 𝐺(𝑛, 𝑝)
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Any Question?
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