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Data Mining & Machine Learning on Graphs

Data mining
Analyze data

Derive patterns and relationships 
Solve real-world problems

Machine Learning
Design Model

Allow Computer to Learn and Improve
Without being explicit programmed

Data Insights Guide Model Design

Machine Learning to Improve Data
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Data Mining & Machine Learning on Graphs

• Background
• Linear Algebra
• Graph Theory

• Statistical Graph Model
• Erdos-Renyi, Barabasi-Albert
• Small-World, Chung-Lu

• Network Analysis
• Degree, Closeness
• Betweeness, Katz
• Eigenvector, PageRank

Network Analysis

• Link Prediction

• Node Classification

• Graph Classification

• Network Diffusion

• Graph Clustering

Computation
Methods

• Network Embedding

• Graph Neural Networks

• Self-supervised Learning

• Trustworthy Issue

• Data-quality Issue

Machine Learning
on Graph

10/01 10/22 11/07 12/03
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Linear Algebra – Basic Notations

Vector

Matrix

𝐯 = [1 2 5] 𝒖 =
1
2
5

𝐀 =

1 2 3
0 5 1
2 3 7
3 9 8

4 rows

3 columns

𝐯 ∈ ℝ𝟏×𝟑

𝒖 ∈ ℝ𝟑×𝟏

𝐀 ∈ ℝ𝟒×𝟑

Please note that we will use
this one by default
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Linear Algebra – Basic Operations

Matrix Codebook

https://www.math.uwaterloo.ca/~hwolkowi/matrixcookbook.pdf

https://www.math.uwaterloo.ca/~hwolkowi/matrixcookbook.pdf
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Linear Algebra – Matrix Multiplication

Matrix Multiplication

𝐀 =

1 2 3
0 5 1
2 3 7
3 9 8

𝐁 =
1 2
2 3
5 7

𝐂 =×

4×3 3×2

?

Dimensions much match!

What is the dimension of C? 𝟒×𝟑 𝟑×𝟐 → 𝟒×𝟐
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Linear Algebra – Matrix Multiplication

Matrix Multiplication

𝐀 =

1 2 3
0 5 1
2 3 7
3 9 8

𝐁 =
1 2
2 3
5 7

𝐂 =
𝟐𝟎

×

4×3 3×2

𝐀 =

1 2 3
0 5 1
2 3 7
3 9 8

𝐁 =
1 2
2 3
5 7

𝐂 =

20 𝟐𝟗
×

4×3 3×2

1×1 + 2×2 + 3×5

1×2 + 2×3 + 3×7



DGL 8

Linear Algebra – Matrix Multiplication

Matrix Multiplication

𝐀 =

1 2 3
0 5 1
2 3 7
3 9 8

𝐁 =
1 2
2 3
5 7

×

4×3 3×2

𝐀 =

1 2 3
0 5 1
2 3 7
3 9 8

𝐁 =
1 2
2 3
5 7

×

4×3 3×2

𝐂 =

20 29
𝟏𝟓

𝐂 =

20 29
15 𝟐𝟐

0×1 + 5×2 + 1×5

0×2 + 5×3 + 1×7
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Linear Algebra – Matrix Multiplication

Matrix Multiplication

𝐀 =

1 2 3
0 5 1
2 3 7
3 9 8

𝐁 =
1 2
2 3
5 7

×

4×3 3×2

𝐀 =

1 2 3
0 5 1
2 3 7
3 9 8

𝐁 =
1 2
2 3
5 7

×

4×3 3×2

𝐂 =
20 29
15 22
𝟒𝟑

𝐂 =
20 29
15 22
43 𝟔𝟐

2×1 + 3×2 + 7×5

2×2 + 3×3 + 7×7
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Linear Algebra – Matrix Multiplication

Matrix Multiplication

𝐀 =

1 2 3
0 5 1
2 3 7
3 9 8

𝐁 =
1 2
2 3
5 7

×

4×3 3×2

𝐀 =

1 2 3
0 5 1
2 3 7
3 9 8

𝐁 =
1 2
2 3
5 7

×

4×3 3×2

𝐂 =
20 29
15 22
43
𝟔𝟏

62

𝐂 =
20 29
15 22
43
61

62
𝟖𝟗

3×1 + 2×9 + 5×8

3×2 + 3×9 + 7×8
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Linear Algebra – Vector Norms

• 𝐯 %

• Function from a vector space to a single positive real value: 𝑓:ℝ& → ℝ
• Length of 𝐯

𝐯 % = ∑'()& 𝐯'
%

!
"

• Examples:
• Manhattan distance (𝐿)): 𝐯 ) = ∑'()& |𝒗'|

• Euclidean distance (𝐿*): 𝐯 * = ∑'()& 𝒗𝒊𝟐
!
#

• How about 𝑳𝟎?
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Linear Algebra – Transpose Matrix

• 𝐀. or 𝐀/
• Flip rows and columns

𝐀 =

1 2 3
0 5 1
2 3 7
3 9 8

𝐀. =
1 0 2 3
2 5 3 9
3 1 7 8

4×3 3×4

𝐮 =
1
2
3

𝐮𝐓 = 1 2 3

3×1 1×3
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Linear Algebra – Singular Value Decomposition (SVD)
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Linear Algebra – Singular Value Decomposition (SVD)
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Linear Algebra – Singular Value Decomposition (SVD)
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Linear Algebra – Singular Value Decomposition (SVD)
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Linear Algebra – Singular Value Decomposition (SVD)
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Linear Algebra – Singular Value Decomposition (SVD)
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Linear Algebra – Singular Value Decomposition (SVD)
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Linear Algebra – Singular Value Decomposition (SVD)
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Linear Algebra – Singular Value Decomposition (SVD)
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Graph and Network Theory- Why?

They provide a general language for describing highly
complex systems in a unified way

Traditional Data View Network Data View
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Data Mining & Machine Learning on Graphs
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Graph and Network Theory - Basic

Network/Graph-Structured Data

Vertices/Nodes: 𝒱 with feature 𝐗 ∈ ℝ 𝒱 ×𝒅

Edges/Links: ℰ with feature 𝐄 ∈ ℝ ℰ ×𝒅$

Overall system: 𝐺 = (𝒱, ℰ, 𝐗, 𝐄)

Network

Real-world system

Graph

Model representation of a
network in mathematics
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Graph and Network Theory - Examples

• Connect Conference/Journal Papers with each other where nodes are papers,
and the links represent a citation from one to another……
• Citation Network (e.g., DBLP)

• If we connect people based on their dating relations where the nodes are people,
and the links are their relations…
• Dating Network (e.g., Tinder)

• If we connect all the words in the dictionary where the nodes are the words and
the links connect words having semantic relations between them …
• Word Network (e.g., WordNet)

Can you name some examples?
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Graph and Network Theory - Network Construction

• How to decide what are the nodes and edges?
• Sometimes it is unambiguous and unique

• User-user interaction, customer-item interaction

• Other times it is left up to the application needs
• Route-Net Example

• In either way, constructing the network/graph is very importance for downstream tasks
• If we connect two users based on whether they have the same first name instead of based

on whether they have following relations on a Twitter dataset... 

Given a specific scenario, how should we
construct the network?
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Graph and Network Theory – Types of Graphs
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Graph and Network Theory – Node Degree
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Graph and Network Theory – Examples
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Graph and Network Theory – Complete Graphs
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Graph and Network Theory – Bipartite Graphs
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Graph and Network Theory – Bipartite Projections
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Graph and Network Theory – Examples

Flavor network and the principles of food pairing
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Graph and Network Theory – Graph Adjacency Matrix
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Graph and Network Theory – Graph Adjacency Matrix

𝐀'4

𝐃'

𝐃'5

𝐃'6
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Graph and Network Theory – Adjacency Matrix

Most adjacency
matrices are sparse



DGL 39

Graph and Network Theory – Adjacency Matrix
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Graph and Network Theory – Edge List
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Graph and Network Theory – Adjacency List
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Graph and Network Theory – Degree Distribution

A node's degree is the number of edges or connections it has to other nodes in a network.

𝑘! = ∑"𝑎!"

%
#!∈𝒱

𝑘! = 2 #𝑒𝑑𝑔𝑒𝑠
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Graph and Network Theory – Degree Distribution
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Graph and Network Theory – Distance and Shortest Path
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Graph and Network Theory – Distance and Shortest Path
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Graph and Network Theory – Node/Edge Attributes

• Edge Attributes
• Weight (e.g., frequency of communication)
• Ranking (best friend, second best friend)
• Type (friend, relative, co-worker)
• Sign: Friend vs Foe, Trust vs Distrust
• Properties depending on the structure of the rest of the graph: number of

common friends

• Node Attributes
• Bag-of-words feature for documents
• Customer profile
• Product meta data
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Any Question?


