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Self-Introduction

Welcome to the CS 453/553 – Data Mining!

Yu (Jack) Wang

You

Contact:

yuwang@uoregon.edu

Vanderbilt University, Nashville

The Home Depot Intern, Atlanta

Adobe Intern, San Jose

University of Oregon, Eugene

(1)

(2)

(3)
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Yu (Jack) Wang

AP at University of Oregon

since 2024

Contact:

yuwang@uoregon.edu

https://yuwang0103.github.io/

Self-Introduction

https://yuwang0103.github.io/
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How does Ragdoll feel?

2 + 2 = ? Bread and __

17× 𝟐𝟒 = ?

How many citations does the original 

transformer paper have till now?

Paper

…
Cite CiteCite

In which year does this 

NBA game take place?
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Dual Thinking Process

System 1 Thinking System 2 Thinking

Consciousness

Intentionality

Controllability

Efficiency

Complexity

Rigorousness

ConsciousSubconscious

IntentionalUnintentional

ControllableUncontrollable

Slow, Heavy EffortsFast, Low Efforts

Complexity Low Complexity High

RigorousCareless
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Dual Thinking Process in Economics

Thinking Fast and Thinking Slow

2002 Nobel Prize

in Economics
(with Vernon L. Smith)

Daniel Kahneman
Psychologist

Princeton University

Rational Agents - Homo Economicus

Irrational Agents - Behavioral Economicus

System 2

System 1

ChatGPT Comes Out!

Stock increases – Nvidia GPU – 

LLM/AGI – Keep increasing – 

I should buy moreRational Agent

Stock increases – 

Keep increasing – 

I should buy moreEmotional Agent

Thinking, fast and slow, 2011 

System 2

System 1
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Dual Thinking Process in Cognitive Neural Science

Thinking Fast and Thinking Slow

System 2

Neural Psychology of Dual Thinking

Inject more

Baseline Activation

Lower Evidence 

Threshold

Press the

Gas Pedal

Lower

Hurdle

System 1

• Lower the bar for required evidence

• Amps up an urgency drive

• Raise the bar for required evidence

• Dial down urgency – require more evidence

2002 Nobel Prize

in Economics
(with Vernon L. Smith)

Daniel Kahneman
Psychologist

Princeton University

fMRI Evidence for a Dual Process Account of the Speed-Accuracy Tradeoff in Decision-Making, 2011 

Rational Agents - Homo Economicus

Irrational Agents - Behavioral Economicus

System 2

System 1
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Dual Thinking Process in Artificial Intelligence

+

8

Summing Two Digits

in the Images

System 1 Thinking System 2 Thinking

Neural Network Symbolic RuleNeural-Symbolic Learning

Deepproblog: Neural Probabilistic Logic Programming, 2018, NeurIPS
(Ours) UO-CS 610: Advanced Machine Learning: https://ml-graph.github.io/spring-2025/

ℒ = −෍

𝑖=1

𝑁

෍

𝑘=0

18

𝑐𝑖 = 𝑘 𝑝𝑖
𝑘

Neural Network

Neural-Symbolic
CNN

𝑝𝑖
𝑘 =෍

𝑗=0

𝑘

𝑝𝑖
𝑗
𝑝𝑖
𝑘−𝑗

+

Neural Network

Symbolic Rule

Probability

Symbolic Neural
Neural-Symbolic

CNN

https://ml-graph.github.io/spring-2025/static_files/presentations/8-Neural-Symbolic-1.pdf
https://ml-graph.github.io/spring-2025/static_files/presentations/8-Neural-Symbolic-1.pdf
https://ml-graph.github.io/spring-2025/static_files/presentations/8-Neural-Symbolic-1.pdf
https://ml-graph.github.io/spring-2025/static_files/presentations/8-Neural-Symbolic-1.pdf
https://ml-graph.github.io/spring-2025/static_files/presentations/8-Neural-Symbolic-1.pdf
https://ml-graph.github.io/spring-2025/static_files/presentations/8-Neural-Symbolic-1.pdf
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Dual Thinking Process in Artificial Intelligence

Topic Classification

Cite

(Ours) Tree Decomposed Graph Neural Network, 2021, CIKM

System 1 Thinking System 2 Thinking

Neural Network Network/OntologyGraph Machine Learning

Birds of a feather 

flock together

Neural Network

Cite

Graph

Structure

Weighted Aggregation

Paper

Neural NetworkPaper

Homophily Rule-

enhanced
Probability

Symbolic Neural

Message-

passing
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Dual Thinking Process in Artificial Intelligence

System 1 Thinking System 2 Thinking

Agentic Document Retrieval

Document

Section 1 Section 2

Paragraph 1 Paragraph 2

Table 1 Figure 1

PDFTriage: Question Answering over Long, Structured Documents, 2024, EMNLP
(Ours) Knowledge graph prompting for multi-document question answering, 2024, AAAI

LLM, VLM, Agent Knowledge Base, ToolboxAgentic Workflow
Ai assistant -
Free 
technology 
icons

RLHF

Ai assistant -
Free 
technology 
icons

Ai assistant -
Free 
technology 
icons

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.flaticon.com%2Ffree-icon%2Fai-assistant_13298257&psig=AOvVaw1skwo8VkIn8Ap74lYtWkVQ&ust=1740590838159000&source=images&cd=vfe&opi=89978449&ved=0CBQQjRxqFwoTCPDVp6es34sDFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.flaticon.com%2Ffree-icon%2Fai-assistant_13298257&psig=AOvVaw1skwo8VkIn8Ap74lYtWkVQ&ust=1740590838159000&source=images&cd=vfe&opi=89978449&ved=0CBQQjRxqFwoTCPDVp6es34sDFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.flaticon.com%2Ffree-icon%2Fai-assistant_13298257&psig=AOvVaw1skwo8VkIn8Ap74lYtWkVQ&ust=1740590838159000&source=images&cd=vfe&opi=89978449&ved=0CBQQjRxqFwoTCPDVp6es34sDFQAAAAAdAAAAABAE
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Harmonizing Structural and Neural Knowledge

Neural Network Symbolic RuleNeural-Symbolic Learning

Neural Knowledge Structural Knowledge

Graph Machine Learning Network/OntologyNeural Network

LLM, VLM Agentic Workflow
Structured Knowledge

Base, Rule, Workflow

Structural

Knowledge

Mining

Representation

Integration
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Harmonizing Structural and Neural Knowledge

Neural Network Symbolic RuleNeural-Symbolic Learning

Neural Knowledge Structural Knowledge

Graph Machine Learning Network/OntologyNeural Network

Agentic Workflow
Structured Knowledge

Base, Rule, Workflow

Is there any structure knowledge?

(Ours) Data Quality-Aware Graph Machine Learning, 2024, CIKM

LLM, VLM

Gun Control Network

Birds of a feather flock together

Citation Network Table Taxonomy and SQL

Structural

Knowledge

Mining

Representation

Integration
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Harmonizing Structural and Neural Knowledge

Neural Knowledge Structural Knowledge

If so, how to represent them?

Homophily Graph

1 2

3 5

4 6

2 4

…

7 9

8 0

… ……

Adjacent List

(Ours) Tree Decomposed Graph Neural Network, 2021, CIKM

Neural Network Symbolic RuleNeural-Symbolic Learning

Graph Machine Learning Network/OntologyNeural Network

Agentic Workflow
Structured Knowledge

Base, Rule, Workflow
LLM, VLM

Structural

Knowledge

Mining

Representation

Integration
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Harmonizing Structural and Neural Knowledge

Neural Knowledge Structural Knowledge

(Ours) Tree Decomposed Graph Neural Network, 2021, CIKM

After that, how to integrate it?

2

1

43 1

5 4 1 6 1 7 2 1 2 4 3

Heterophily Graph Graph Neural Network

Dating Network

Neural Network Symbolic RuleNeural-Symbolic Learning

Graph Machine Learning Network/OntologyNeural Network

Agentic Workflow
Structured Knowledge

Base, Rule, Workflow
LLM, VLM

Structural

Knowledge

Mining

Representation

Integration
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Harmonizing Structural and Neural Knowledge

Neural Knowledge Structural Knowledge

Neural Network Symbolic RuleNeural-Symbolic Learning

Graph Machine Learning Network/OntologyNeural Network

Agentic Workflow
Structured Knowledge

Base, Rule, Workflow
LLM, VLM

Structural

Knowledge

Mining

Representation

Integration
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Structure Knowledge is Everywhere - Explicit

Transportation Network

Infrastructure Structure
Gas Network

Power Network

Scientific Structure

Protein

Brain Neural 3D GridPhylogenetic Tree

Small Molecule Virus

Social Interaction Structure

Citation Network

Virtual Village with AI Agents

User-Entity Interaction GraphTransaction Network

Submarine Cable

Terrestial Cable

System of Systems/Network of Networks

Interdependent social-infrastructures

(Ours) Building Transparency in Deep Learning-Powered Network Traffic Classification, 2025, In Submission
(Ours) Generating Synthetic Systems of Interdependency Critical Infrastructure Networks, 2021, IEEE Systems
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Structure Knowledge is Everywhere - Implicit

Document Structure Abstract Syntax Tree

Pages

Section

Section

…

…

[1, 2, 3, 4, 5, 6, 7, 8, 9]

Title: “2 Related Works”
Pages: [2, 3]

Title: “2.1 Tool and Retrieval Augmented LLMs”
Pages: [2]

Table

Caption: “Table 1: GPTriage for Document QA”
Pages: [4]

Structured Metadata Representation

Structure

Extraction

Document

Section 1 Section 2 Section 3

Paragraph 1 Paragraph 2

Table 1 Figure 1
Python

Document

PDFTriage: Question Answering over Long, Structured Documents, 2024, EMNLP
(Ours) Knowledge Homophily in Large Language Models, 2025, In Submission

Structure exists in Large Foundational Models

Knowledge Structure Reasoning Structure
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Rigorizing Neural Thinking with Structural Intelligence

Mining: Is there any structure knowledge in the problem we study?

Representation: If so, how to represent this structural knowledge?

Integration: After that, how to infuse it into neural thinking?

Structural

Knowledge

Mining

Representation

Integration
Trust

Graph Machine Learning (PhD) Structure Knowledge Intelligence (Post-PhD)
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Any Question?

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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Security and Trustworthy Issues
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Security and Trustworthy Issues
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Security and Trustworthy Issues

Any other attack/security

Issues you can think about?
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Security and Trustworthy Issues
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Personalization and Socialization Agents
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Personalization and Socialization Agents
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Any Question?

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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Logistics

Paper Presentation Signup

https://docs.google.com/spreadsheets/d/1jnd-9F0KCAG5nPeO8iJ5e6178_p4qg7nJDwk6CahJpg/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1jnd-9F0KCAG5nPeO8iJ5e6178_p4qg7nJDwk6CahJpg/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1jnd-9F0KCAG5nPeO8iJ5e6178_p4qg7nJDwk6CahJpg/edit?usp=sharing
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