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Self-Introduction

https://yuwang0103.github.io/
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What is Data?
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Why Analyze Data? – Paper Management

Cite
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Why Analyze Data? – Paper Management

Cite

σ𝑒𝑖𝑗∈ℰ 1[𝑦𝑖 == 𝑦𝑗]

|ℰ|

ℰ - Total Number of Edges

𝑒𝑖𝑗  - Edge between node 𝑖/𝑗

𝑦𝑖 - Label of 𝑖
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Why Analyze Data? – Paper Management

Birds of a feather flock together

Gun Control Belief Network
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Why Analyze Data? – Paper Management

Dating Network

Dating Network
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Why Analyze Data? – Paper Management

Which category does this paper belong to?

Tool Learning Agentic Learning
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Why Analyze Data? – Paper Management
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What is Data Mining?

Many Definitions
Non-trivial extraction of implicit, previously unknown and 

potentially useful information from data

Exploration & analysis, by automatic or semi-automatic 

means, of large quantities of data in order to discover 

meaningful patterns 
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Why Data Mining? – Networking Infra Risk

Which physical cable path does this logic signal traverse?

Submarine

Cable Map

Terrestrial

Cable Map

Physical Layer

Time

Time

Logical Layer

Mapping
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Why Data Mining? – Networking Infra Risk
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Why Data Mining? – Drug Design

Evaluating  

Deep Learning Models

Virtual Libraries

e.g., 109 Virtual Molecules on the REAL 
database in Enamine Ltd.

Training

Predicted Actives

Number of Molecules: 500-1000

Protein TargetChemical Libraries

Hit Rate: 0.05%-0.5%

High Throughput 

Screening (HTS)

Number of Molecules: 103-106  
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Why Data Mining? – Drug Design
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Why Data Mining? – Commercial Perspective

• Lots of data is being collected 
and warehoused 

• Web data

• Google has Peta Bytes of web data

• Facebook has billions of active users

• purchases at department/
grocery stores, e-commerce

•  Amazon handles millions of visits/day

• Bank/Credit Card transactions

• Computers have become cheaper and more powerful

• Competitive Pressure is Strong 

• Provide better, customized services for an edge (e.g. in Customer 
Relationship Management)

1,000 terabytes, 
1,000,000,000,000,000= bytes
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Why Data Mining? – Scientific Perspective

• Data collected and stored at 
enormous speeds

• Remote sensors on a satellite

•  NASA EOSDIS archives over 
petabytes of earth science data / year 

• Telescopes scanning the skies
•  Sky survey data

• High-throughput biological data

• Scientific simulations 
•  terabytes of data generated in a few hours

• Data mining helps scientists

• in automated analysis of massive datasets

• In hypothesis formation

fMRI Data from Brain Sky Survey Data

Gene Expression Data

Surface Temperature of Earth
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Why Data Mining? – Social Good
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However, we have challenges – Question

What kind of data mining question you want to answer?

Improving health care and reducing costs Predicting the impact of climate change

Finding alternative/ green energy sources
Reducing hunger and poverty by 

increasing agriculture production
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However, we have challenges – Question

What kind of data mining question you want to answer?

Judge a man by his questions rather than his answers.

The important thing is not to stop questioning.

He who asks a question is a fool for five minutes; he who 

does not ask a question remains a fool forever.

------ Voltaire

------ Albert Einstein

------ Confucius
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However, we have challenges – Data

Data is usually in a very large scale!
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Data is usually in a very large scale!

Internet

Knowledge Base

Textbook

Knowledge Base

Neural

Knowledge Base

158 million books 1.1 billion websites 405 billion parameters

ISBN DB 2023 Musemind 2024 Hugging Face 2024

2.5 petabytes, 1 billion books

• We remember meanings, not details.

• We forget on purpose.

• Tiny active memory, Larger long-term memory.

However, we have challenges – Data

https://isbndb.com/blog/how-many-books-are-in-the-world/?utm_source=chatgpt.com
https://isbndb.com/blog/how-many-books-are-in-the-world/?utm_source=chatgpt.com
https://isbndb.com/blog/how-many-books-are-in-the-world/?utm_source=chatgpt.com
https://musemind.agency/blog/how-many-websites-are-there?utm_source=chatgpt.com
https://musemind.agency/blog/how-many-websites-are-there?utm_source=chatgpt.com
https://huggingface.co/blog/llama31
https://huggingface.co/blog/llama31
https://huggingface.co/blog/llama31
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Data is diverse and heterogeneous

However, we have challenges – Data
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• Data is everywhere

• Data Mining brings scientific advancement and social wellness

• However, there are challenges

(1) What are good questions to ask?

(2) Data is scattered around the world, how to find them?
(3) Data is very large-scale, how to analyze them efficiently, space/time?

(4) Data is very heterogeneous and specialized

This is the reason for taking data mining!

Summary
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Question Time!
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Course Logistics

https://ml-graph.github.io/winter-2025/

All information will be

available on the website!

Goals

• Broad overview of Data Mining

• Data Mining Skills – Knowledge and Code

• Machine Learning Skills – Knowledge and Code

• Real-world GML/DM applications

Prerequisite

• Linear Algebra, Probability /Statistics, Calculus

• Programming – Python, PyTorch

• Curiosity – Critical Thinking

• Diligence – Hard Working

https://ml-graph.github.io/winter-2025/
https://ml-graph.github.io/winter-2025/
https://ml-graph.github.io/winter-2025/
https://ml-graph.github.io/winter-2025/
https://ml-graph.github.io/winter-2025/
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Course Logistics - Time

Times:

• Classes: Monday/Wednesday 12:00-1:20 pm PST, Gerlinger 302

• Office hours: Wednesday 1:20-2:00 pm PST, other time by appointment

• Zoom: https://uoregon.zoom.us/j/4052006678

https://uoregon.zoom.us/j/4052006678#success
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Course Logistics – Quzz

Times:

• Classes: Monday/Wednesday 12:00-1:20 pm PST, Gerlinger 302

• Office hours: Wednesday 1:20-2:00 pm PST, other time by appointment

• Zoom: https://uoregon.zoom.us/j/4052006678

Components:

• As long as you are active thinking and 

understand the content, you will be good

https://uoregon.zoom.us/j/4052006678#success
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Question Time!
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Course Logistics – Quzz

Times:

• Classes: Monday/Wednesday 12:00-1:20 pm PST, Gerlinger 302

• Office hours: Wednesday 1:20-2:00 pm PST, other time by appointment

• Zoom: https://uoregon.zoom.us/j/4052006678

Components:

• As long as you are active thinking and 

understand the content, you will be good

https://uoregon.zoom.us/j/4052006678#success
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Course Logistics – Project

Times:

• Classes: Monday/Wednesday 12:00-1:20 pm PST, Gerlinger 302

• Office hours: Wednesday 1:20-2:00 pm PST, other time by appointment

• Zoom: https://uoregon.zoom.us/j/4052006678

Components:

https://ml-graph.github.io/winter-
2026/project/

https://uoregon.zoom.us/j/4052006678#success
https://ml-graph.github.io/winter-2026/project/
https://ml-graph.github.io/winter-2026/project/
https://ml-graph.github.io/winter-2026/project/
https://ml-graph.github.io/winter-2026/project/
https://ml-graph.github.io/winter-2026/project/
https://ml-graph.github.io/winter-2026/project/
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Course Logistics – Project

https://ml-
graph.github.io/winter-

2026/project/

https://ml-graph.github.io/winter-2026/project/
https://ml-graph.github.io/winter-2026/project/
https://ml-graph.github.io/winter-2026/project/
https://ml-graph.github.io/winter-2026/project/
https://ml-graph.github.io/winter-2026/project/
https://ml-graph.github.io/winter-2026/project/
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Course Logistics – Paper Presentation

Times:

• Classes: Monday/Wednesday 12:00-1:20 pm PST, Gerlinger 302

• Office hours: Wednesday 1:20-2:00 pm PST, other time by appointment

• Zoom: https://uoregon.zoom.us/j/4052006678

Components:

https://ml-graph.github.io/winter-
2026/presentation/

https://uoregon.zoom.us/j/4052006678#success
https://ml-graph.github.io/winter-2026/presentation/
https://ml-graph.github.io/winter-2026/presentation/
https://ml-graph.github.io/winter-2026/presentation/
https://ml-graph.github.io/winter-2026/presentation/
https://ml-graph.github.io/winter-2026/presentation/
https://ml-graph.github.io/winter-2026/presentation/
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Course Logistics – Paper Presentation

https://ml-
graph.github.io/winter-

2026/presentation/

https://ml-graph.github.io/winter-2026/presentation/
https://ml-graph.github.io/winter-2026/presentation/
https://ml-graph.github.io/winter-2026/presentation/
https://ml-graph.github.io/winter-2026/presentation/
https://ml-graph.github.io/winter-2026/presentation/
https://ml-graph.github.io/winter-2026/presentation/
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Course Logistics – Paper Presentation – Bad Example

The provided image outlines the logistical and academic requirements for a course 

at the University of Oregon, likely CS-453/553. Classes are held on Mondays and 

Wednesdays from 12:00 pm to 1:20 pm PST in Gerlinger 302, with office hours 

scheduled for Wednesdays from 1:20 pm to 2:00 pm or by appointment. A specific 

Zoom link is also provided for virtual access.

The grading structure, labeled "Course Assessment and Grading Scale," 

distinguishes between undergraduate (CS-453) and graduate (CS-553) 

requirements. For undergraduate students, the grade is heavily weighted toward 

two quizzes at 20% each (40% total) and a project worth 40%, followed by a 

paper presentation at 15% and participation at 5%. Graduate students have a 

slightly different distribution, with quizzes weighted less at 15% each (30% total), 

while the project and paper presentation are weighted higher at 45% and 20% 

respectively.

Both groups have the opportunity for a 5% Overleaf Bonus. Beside the grading 

chart, a motivational note emphasizes that students will succeed as long as they 

maintain active thinking and understand the content.
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Course Logistics – Paper Presentation – Good Example

Times:

• Classes: Monday/Wednesday 12:00-1:20 pm PST, Gerlinger 302

• Office hours: Wednesday 1:20-2:00 pm PST, other time by appointment

• Zoom: https://uoregon.zoom.us/j/4052006678

Components:

• As long as you are active thinking and 

understand the content, you will be good

https://uoregon.zoom.us/j/4052006678#success
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Course Logistics – Timeline

Phase 1 + Quzz 1 Phase 2 + Quzz 2 + Project Report

Basics Advanced
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Course Logistics – Timeline

Phase 1 + Quzz 1 Phase 2 + Quzz 2 + Project Report

Basics Advanced

Paper Presentation
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Course Logistics – Timeline

Phase 1 + Quzz 1 Phase 2 + Quzz 2 + Project Report

Basics Advanced

Out of Town, Video Record
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Question Time!
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Basics

• Linear Algebra

• Statistics/Probability

• Calculus
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Basics – Linear Algebra – Scalar/Vector/Matrix

Vector

𝐯 = [1 2 5]

𝐮 =
1
2
5

Matrix

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

Scalar

𝐯 = 3
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Basics – Linear Algebra – Scalar/Vector/Matrix

Vector

𝐯 = [1 2 5]

Matrix

𝐀 =

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

4 rows

3 columns

Scalar

𝐯 = 3

Scalar Operation
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Basics – Linear Algebra – Scalar/Vector/Matrix

Vector

𝐯 = [1 2 5]

Matrix

𝐀 =

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

4 rows

3 columns

Scalar

𝐯 = 3

Scalar Operation with Vector
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Basics – Linear Algebra – Scalar/Vector/Matrix

Vector

𝐯 = [1 2 5]

Matrix

𝐀 =

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

4 rows

3 columns

Scalar

𝐯 = 3

Scalar Operation with Vector
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Basics – Linear Algebra – Scalar/Vector/Matrix

Vector

𝐯 = [1 2 5]

Matrix

𝐀 =

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

4 rows

3 columns

Scalar

𝐯 = 3

Scalar Operation with Matrix
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Basics – Linear Algebra – Scalar/Vector/Matrix

Vector

𝐯 = [1 2 5]

Matrix

𝐀 =

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

4 rows

3 columns

Scalar

𝐯 = 3

Scalar Operation with Matrix
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Basics – Linear Algebra – Scalar/Vector/Matrix

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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Basics – Linear Algebra – Scalar/Vector/Matrix

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
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Basics – Linear Algebra – Scalar/Vector/Matrix

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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Basics – Linear Algebra – Scalar/Vector/Matrix

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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Basics – Linear Algebra – Scalar/Vector/Matrix

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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Basics – Linear Algebra – Scalar/Vector/Matrix
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Basics – Physical Meaning of Matrix Multiplication in ML

House 1

Size – 1000 sqft

2 bed, 2 bath

Location: 3

House 2

Size – 2000 sqft

3 bed, 2 bath

Location: 2

House 3

Size – 1500 sqft

2 bed, 3 bath

Location: 4
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Basics – Physical Meaning of Matrix Multiplication in ML

House 1

Size – 1000 sqft

2 bed, 2 bath

Location: 3

House 2

Size – 2000 sqft

3 bed, 2 bath

Location: 2

House 3

Size – 1500 sqft

2 bed, 3 bath

Location: 4

Contribution Coefficient 0.002, 1, 0.5, 1.2

1000*0.002 + 2*1 + 2*0.5 + 3*1.2

=8.6

2000*0.002 + 3*1 + 2*0.5 + 2*1.2

=10.4

1500*0.002 + 2*1 + 3*0.5 + 4*1.2

=11.3
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Basics – Physical Meaning of Matrix Multiplication in ML

House 1

Size – 1000 sqft

2 bed, 2 bath

Location: 3

House 2

Size – 2000 sqft

3 bed, 2 bath

Location: 2

𝐗 =

1𝑘 2𝑘 1.5𝑘
2 3 2
2 2 3
3 2 4

House 3

Size – 1500 sqft

2 bed, 3 bath

Location: 4

Contribution Coefficient 0.002, 1, 0.5, 1.2

𝐀 =

0.002
1

0.5
1.2

𝐘 = 𝐀T𝐗
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Basics – Linear Algebra

Matrix Codebook

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

https://www.math.uwaterloo.ca/~hwolkowi/matrixcookbook.pdf
https://www.math.uwaterloo.ca/~hwolkowi/matrixcookbook.pdf
https://www.math.uwaterloo.ca/~hwolkowi/matrixcookbook.pdf
https://www.math.uwaterloo.ca/~hwolkowi/matrixcookbook.pdf
https://www.math.uwaterloo.ca/~hwolkowi/matrixcookbook.pdf
https://www.math.uwaterloo.ca/~hwolkowi/matrixcookbook.pdf
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Basics – Linear Algebra - Distance
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Basics – Linear Algebra - Distance

𝐷 𝑎, 𝑏 = 𝑎𝑥 − 𝑏𝑥
2 + 𝑎𝑦 − 𝑏𝑦

2 −0.5

𝐷 𝑎, 𝑏 = 𝑎𝑥 − 𝑏𝑥 + |𝑎𝑦 − 𝑏𝑦|
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Basics – Linear Algebra - Distance

• 𝐮 − 𝐯 𝑝

• Function from a vector space to a single positive real value: 𝑓: ℝ𝑑 → ℝ
• Distance between u and v

𝐮 − 𝐯 𝑝 = σ𝑖=1
𝑑 𝐮𝑖 − 𝐯𝑖

𝑝
1

𝑝

• Examples:

(1) Manhattan distance (𝐿1): 𝐮 − 𝐯 1 = σ𝑖=1
𝑑 |𝒖𝑖 − 𝒗𝑖|

(2) Euclidean distance (𝐿2): 𝐯 2 = σ𝑖=1
𝑑 𝐮𝑖 − 𝐯𝑖

2
1

2
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Basics

• Linear Algebra

• Statistics/Probability

• Calculus
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Basics – Derivative and Gradient

𝑦 = 2𝑥,
𝑑𝑦

𝑑𝑥
= 2 Scalar Input vs Scalar Output

How much change does the single unit change of x would cause on y?
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Basics – Derivative and Gradient

𝑦 = 2𝑥1 + 3𝑥2,
𝜕𝑦

𝜕𝑥1
= 2,

𝜕𝑦

𝜕𝑥2
= 3

𝑦 = 𝐚T𝐱

𝐚 =
2
3

𝐱 =
𝑥1

𝑥2

∇𝑥𝑦 = 𝒂

Scalar Input

vs

Vector Output

How much change does the single unit change of x would cause on y?
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Basics – Derivative and Gradient

𝑦1 = 2𝑥1 + 3𝑥2,
𝜕𝑦1

𝜕𝑥1
= 2,

𝜕𝑦2

𝜕𝑥2
= 3

𝑦2 = 4𝑥1 + 5𝑥2,
𝜕𝑦2

𝜕𝑥1
= 4,

𝜕𝑦2

𝜕𝑥2
= 3

𝒚 = 𝐚T𝐱

𝐚 =
2 4
3 3

𝐱 =
𝑥1

𝑥2

𝜕𝒚

𝜕𝒙
= 𝒂

Vector Input

vs

Vector Output

How much change does the single unit

change of x would cause on y?
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Basics – Example
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Basics – Example
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Basics – Example
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Basics – Example
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Basics

• Linear Algebra

• Statistics/Probability

• Calculus



KIND
kindlab-fly.github.io 71

Basics – Statistics/Probability

• Probability → from model to data

• Statistics → from data to model (machine learning as well)

A fair coin

P(Head) = 0.5

What is the probability of 

observing 7 heads in 10 tosses?

Data: 10 tosses → 7 heads

Question: Is the coin fair? What is 𝑝?
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Basics – Probability

• Sample Space: The set of all possible outcomes

• Event: A subset of the sample space

• Probability: under certain situation, how much likelihood of event

Space {1, 2, 3, 4, 5, 6}

“Rolling an even number” = {2, 4, 6}
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Basics – Probability

https://www.nasa.gov/wp-
content/uploads/2023/11/210624-

probability-formulas.pdf

https://www.nasa.gov/wp-content/uploads/2023/11/210624-probability-formulas.pdf
https://www.nasa.gov/wp-content/uploads/2023/11/210624-probability-formulas.pdf
https://www.nasa.gov/wp-content/uploads/2023/11/210624-probability-formulas.pdf
https://www.nasa.gov/wp-content/uploads/2023/11/210624-probability-formulas.pdf
https://www.nasa.gov/wp-content/uploads/2023/11/210624-probability-formulas.pdf
https://www.nasa.gov/wp-content/uploads/2023/11/210624-probability-formulas.pdf
https://www.nasa.gov/wp-content/uploads/2023/11/210624-probability-formulas.pdf
https://www.nasa.gov/wp-content/uploads/2023/11/210624-probability-formulas.pdf
https://www.nasa.gov/wp-content/uploads/2023/11/210624-probability-formulas.pdf
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Basics – Probability

P(B=W) = 0.3

P(B=G) = 0.5

P(B=S) = 0.2

P(ND|W) = 0.6

P(ND|G) = 0.2

P(ND|S) = 0.05
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Basics – Probability

P(B=W) = 0.3

P(B=G) = 0.5

P(B=S) = 0.2

P(ND|W) = 0.4

P(ND|G) = 0.8

P(ND|S) = 0.95

𝑃 𝑇 𝑁𝐷 =
𝑃(𝑁𝐷|𝑇)𝑃(𝑇)

𝑃(𝑁𝐷)

After one earthquake, the building is not collapsed

𝑃 𝑁𝐷 = ෍

𝑇

𝑃 𝑁𝐷 𝑇 𝑃(𝑇)

𝑃 𝑊 𝑁𝐷 =
𝑃(𝑁𝐷|𝑊)𝑃(𝑊)

𝑃(𝑁𝐷)
=

0.4 ∗ 0.3

0.71
= 0.17

𝑃 𝑁𝐷 = ෍

𝑇

𝑃 𝑁𝐷 𝑇 𝑃 𝑇

= 0.3 ∗ 0.4 + 0.5 ∗ 0.8 + 0.2 ∗ 0.95 = 0.71

𝑃 𝐺 𝑁𝐷 =
0.8 ∗ 0.5

0.71
= 0.56 𝑃 𝑆 𝑁𝐷 =

0.95 ∗ 0.2

0.71
= 0.27



KIND
kindlab-fly.github.io 76

Basics – Probability

P(B=W) = 0.17

P(B=G) = 0.56

P(B=S) = 0.27

P(ND|W) = 0.4

P(ND|G) = 0.8

P(ND|S) = 0.95

𝑃 𝑇 𝑁𝐷 =
𝑃(𝑁𝐷|𝑇)𝑃(𝑇)

𝑃(𝑁𝐷)

After two earthquake, the building is not collapsed

𝑃 𝑁𝐷 = ෍

𝑇

𝑃 𝑁𝐷 𝑇 𝑃(𝑇)

𝑃 𝑊 𝑁𝐷 =
𝑃(𝑁𝐷|𝑊)𝑃(𝑊)

𝑃(𝑁𝐷)
=

0.4 ∗ 0.17

0.77
= 0.09

𝑃 𝑁𝐷 = ෍

𝑇

𝑃 𝑁𝐷 𝑇 𝑃 𝑇

= 0.17 ∗ 0.4 + 0.56 ∗ 0.8 + 0.27 ∗ 0.95 = 0.77

𝑃 𝐺 𝑁𝐷 =
0.8 ∗ 0.17

0.77
= 0.177 𝑃 𝑆 𝑁𝐷 =

0.95 ∗ 0.27

0.77
= 0.33
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Basics – Probability

P(B=W) = 0.3

P(B=G) = 0.5

P(B=S) = 0.2

….
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Basics – Probability

𝑃𝑋(𝑋 = 𝑥)Probability of the random variable 𝑋 taking the value 𝑥

𝑋: Type of Ball

𝑥1: Football 𝑥2: Vollyball 𝑥3: Basketball

5 10 5

𝑃𝑋 𝑋 = 𝑥1 𝑃𝑋 𝑋 = 𝑥2 𝑃𝑋 𝑋 = 𝑥3

𝑥1 𝑥2 𝑥3

𝑃
𝑃𝑋

𝑃(𝑋)

Probability 

Distribution
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Basics – Probability Density Function – Distribution

1-D Probability Density
Function

2-D Probability Density
Function

3-D Probability Density
Function

N-D Probability Density
Function
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Basics – High Dimensional Random Variable

Dog

Cat
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Basics – High Dimensional Random Variable

Dog – P(Dog)

1. There is no concrete image/shape of the dog, everyone can come up with one of your own choice

2. But somehow dog and cat image distributions are different

When you draw an image, you are actually

sampling from a probability distribution!

Cat – P(Cat)
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Basics – Data Distribution

1D Gaussian Distribution 2D Gaussian Distribution

ℝ ℝ2

ℝ256×256ℝ256×256
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Basics – High Dimensional Random Variable

𝑃𝑋(𝑋 = 𝑥)Probability of the random variable 𝑋 taking the value 𝑥

𝑋 ∈ ℝ256×256 : Image

𝑥1: Image1 𝑥2: Image2 𝑥3: Image3

5 10 5

𝑃𝑋 𝑋 = 𝑥1 𝑃𝑋 𝑋 = 𝑥2 𝑃𝑋 𝑋 = 𝑥3

𝑃𝑋

𝑃(𝑋)

Probability 

Density 

Distribution



KIND
kindlab-fly.github.io 84

Basics – High Dimensional Random Variable

𝑃𝑋,𝑌(𝑋 = 𝑥, 𝑌 = 𝑦)Probability of the random variable 𝑋, 𝑌 taking the value 𝑥, 𝑦

𝑃Image,Category(Image = Image, Category = Category)

Sampling something about 

Cat

Sampling something about 

dog
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Basics – High Dimensional Random Variable

𝑃𝑋|𝑌(𝑋 = 𝑥|𝑌 = 𝑦)Probability of the random variable 𝑋 = 𝑥 given 𝑌 = 𝑦

Sampling something about 

Cat

P(X|Y=Cat)

Sampling something about 

Dog

P(X|Y=Dog)
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