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About Me

Ç I pursue knowledge-driven AI capable of human-like thinking 
because it is vital to the future of AGI.

Ç My Research Topics: Neuro-Symbolic AI
V Graph Representation Learning

V Recommender Systems

V Natural Language Processing

V Synergizing LLMs and Graphs

Ç Contact
V Homepage: https://bkoh509.github.io/

V Email: bkoh@konkuk.ac.kr

V Office: Engineering Hall C384-2

https://bkoh509.github.io/

https://bkoh509.github.io/
mailto:bkoh@konkuk.ac.kr
mailto:bkoh@konkuk.ac.kr
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About Graph & Language Intelligence Lab

Ç ֚Ủ  ֥ Ὼ ṼỴ᷿ Ԃҟῼ וּ֥ 
V ֚Ủ : ḁ  ḫ   ҏ  ӨӔ, ֗ , ▐  Ṵ  ᾤ Ӏ Ԃ ә   ◌

V : ҏ   ḓ  Ӧ ⁫Ἓₐ  ῦ  ʊ ⁫ὗ /ₒ♅

Ç Approaches
V Graph Representation Learning (֚Ủ  )

V Large Language Models (ḓ  ᾧḮ)

V Synergizing LLMs and Graphs (֚ Ủ ¦ ᾧḮ )

Ç Applications
V Natural Language Processing ( ὣ)

V Recommender Systems ( )

V Graph Analytics and Prediction (֚Ủ  o ♅¦ )

Á Graph Anomaly Detection ( ◄ )

https://gli.konkuk.ac.kr/ 
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About Graph & Language Intelligence Lab

Ç ֚Ủ  ֥ Ὼ ṼỴ᷿ Ԃҟῼ וּ֥ 
V ֚Ủ : ḁ  ḫ   ҏ  ӨӔ, ֗ , ▐  Ṵ  ᾤ Ӏ Ԃ ә   ◌

V : ҏ   ḓ  Ӧ ⁫Ἓₐ  ῦ  ʊ ⁫ὗ /ₒ♅

Ç Culture & Philosophy
V  o  ֥ꜚ ♄ ♄Ἓҍ ҔӦ ṅ֥ὗ U  ɡּב  ʊ Ӓ

V ҟ  Ⱡ  Ӝ   Ⱡ Ἓ ♠ּד

Á  ◕Ҏ Ḡ ҹ⁫ḁ  ḝ  Ⱡ  ҍᶾ

Ç Ԃ  
V ῷ▐Ӧ (1), ♅▐Ӧ (5), ₐ Ԃ◕(14)

Ç Contact
V Homepage: https://gli.konkuk.ac.kr/

https://gli.konkuk.ac.kr/ 

https://gli.konkuk.ac.kr/
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What is Knowledge?

Ç ᾧṭ ḫ  ʊhuman knowledgeҍ ῂ Ἓ ḋӈ
ex) : Ḅ  U

Á ² ὥ  Ṕ  ḁ²-> ҟᵻ( ῇ, ◄), ӦӨӔ,  ▐

ex) ῦ : ⱥ  

Á "ә ҍ ꜙ   ḁ²-> Ҡ (ә , ꜙ ), ӨӔ( ), ◄ (ә  ʊṅῇ)

Image DataText Data
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What is Graph?

Ç Graph-Structured Data
V ⁬   /♥ᾤ/ₒ♅  ֥ ‛ ἰԂ

(ԂⱠ ҏꜙ ◄ /ӨӔὗ ҍ Ἓ֥ וּ בּ ᶷḫ Ԃ )

Á ᶂṫ(node): Ҡ  

Á Ὢ (link): Ҡ ṯ ҏ  ◄

V  o ♅ ә  ּב  ʊּב  ֥  Ӥ

ex) ꜙ ⱱ ᵮ : ҟ  ᶂṫ, Ԃ ӨӔὗ Ὢ Ἓ 

ex) Ḅ   ᵮ : Ḅ   ᶂṫ, Ḅ   ▐  ◄  Ὢ Ἓ 



Many Types of Data are Graphs

Graph-Structured Data 10

V Compactness
V Intuition
V Management

Code GraphsSocial Networks Molecules

3D Shapes
Information Networks: 

Web & Citations Scene Graphs



Many Types of Data are Graphs

Computer NetworksFood Chain

Disease PathwaysUnderground Networks

Graph-Structured Data 11

Gene Regulatory Networks

Event Graphs

V Compactness
V Intuition
V Management



Databases are Graphs

FinanceCommerce

Graph-Structured Data 12

Social Media

V Compactness
V Intuition
V Management



Many Types of Data are Graphs

Code GraphsSocial Networks Molecules

3D Shapes
Information Networks: 

Web & Citations

Graph-Structured Data

Text Corpora

Image/Video

Time-Series

JSON/XML

Website

Unstructured Data

Scene GraphsSemi-structured Data

Ambiguity
Noise

V Compactness
V Intuition
V Management
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Many Types of Data are Graphs

Code GraphsSocial Networks Molecules

3D Shapes
Information Networks: 

Web & Citations

Graph-Structured Data

Text Corpora

Image/Video

Time-Series

JSON/XML

Website

Unstructured Data

Scene GraphsSemi-structured Data

Ambiguity
Noise

V Compactness
V Intuition
V Management
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Heterogeneous Graphs

Ç A heterogeneous graph is defined as

╖ ╥ȟ╔ȟ╡ȟ╣

V Nodes with node types ὺ ὠɴ

V Edges with relation types ὺȟὶȟὺ Ὁɴ

V Node type Ὕὺ

V Relation type ὶɴ Ὑ

V Nodes and edges have attributes/features
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Many Graphs are Heterogeneous

Ç Graphs can be either:
V Heterogeneous¬composed of different types of nodes

V Homogeneous¬composed of the same type of nodes

Biomedical Knowledge Graphs

Example node: Migraine
Example edge: ( fulvestrant , Treats, Breast 
Neoplasms)
Example node type: Protein
Example edge type (relation): Causes

Academic Graphs

Example node: ICML
Example edge: (GraphSAGE, NeurIPS)
Example node type: Author
Example edge type (relation): pubYear
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Recap: What is Knowledge?

Ç ᾧṭ ḫ  ʊhuman knowledgeҍ ῂ Ἓ ḋӈ
ex) : Ḅ  U

Á ² ὥ  Ṕ  ḁ²-> ҟᵻ( ῇ, ◄), ӦӨӔ,  ▐

ex) ῦ : ⱥ  

Á "ә ҍ ꜙ   ḁ²-> Ҡ (ә , ꜙ ), ӨӔ( ), ◄ (ә  ʊṅῇ)

Image DataText Data
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What is Knowledge Graph?

Ç Collection of facts about entities and semantic relations between entities
V Directed Labeled Multigraph: more generalized form than other graph forms 

V Ԃ : Subject - Predicate «Object

Knowledge Graph from ImagesKnowledge Graph from Text General Knowledge Graph



Knowledge  Graph: Human Knowledge

Ç ֚Ủ (Knowledge Graph)
V  ḓ    ⁫(ḫ )  ḫ  ҏ  ӨӔ

V ⁬ ҏ  Ҏ ә Ө    Ἓ 

Á ḁ  ҟᵻ, ▐ , ӨӔὗ Ἓ 

Á ὗ  ⁫ὗ ҷ◌, ◌ ῳ  ֥אלӀ ὭṰ

Linked  Open Data



Knowledge  Graph: Human Knowledge

Ç ֚Ủ (Knowledge Graph)
V ⱢӔ  ֥ / Ԃ  ꜙ(Ԃ ,֞ Ὣ , ὣῶῶ, ᵮ ― Ṵ) ♄ ֚Ủ ὗ Ԃ ,  ῳ 

ÁGoogle : Knowledge graph ͖Ḗ Semantic 

Search

- 500B facts about 5B entities by 2020 

- Enhance search engineŚs results 

and answer direct spoken 

questions in Google 

Assistant/Home

ɂ Google acquired Metaweb

in 2010 that developed 

Freebase (open, shared 

database of the worldŚs

knowledge) in order to 

improve search answers

ÁMicrosoft : LinkedIn service  ṏ┘  

♆ᶴἘ̐ ╩ʹ ̒˾ᵎ Knowledge Graph

- Recruiter search and recommendation, 

insight extraction such as the # of members 

who have a given skill in a given location 

and the # of job hires requiring a given skill 

in that same location

ÁAmazon: ừ  Knowledge graph ̬ ╖ 

 ở↑■ ᵪ  ừ  ˡỮ/

- Answer any question about products and 

related knowledge in the world

- Search for the best products that fit userŚs 

need and help customers use greater 

variation in search terms
ɂ for example, bathing suit or swimsuit, tomato or tomahto



Knowledge  Graph = Data and Ontology

Ç A structured collection of facts organized by semantic schemas
V factṯ  Ԃ Ṏ  (Data) + ῦἝ  ὫἛ  (Ontology)

21



Crimson

Knowledge  Graph = Data and Ontology

Shoe#1 Shoe#2

Converse

MZ
style style

color color

Indigo

Sneakers Running
Shoes

Facts (Triples)

(Shoe#1, type, Sneakers)

(Shoe#1, style, MZ)

(Shoe#1, color, Indigo)

(Shoe#1, brand, Converse)

(Shoe#2, type, Running Shoes)

(Shoe#2, style, MZ)

(Shoe#2, color, Crimson)

(Shoe#2, brand, Nike)

(Converse, owned by, Nike)

Nike
owned by

Relation

Entity

The sneakersShoe#1is 

made by Convers, which has 

Indigo color. Byungkook 

bought Shoe#2for running . 

In 2015, DiCaprio produced 

and played fur trapper Hugh 

Glass in Alejandro G. 

Iñárritu's survival drama The 

Revenant.

é

é

..

é..

Text Corpora

typetype
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Ç A structured collection of facts organized by semantic schemas
V factṯ  Ԃ Ṏ  (Data) + ῦἝ  ὫἛ  (Ontology)



Knowledge  Graph = Data and Ontology

V Data + Schema (Ontology)
Å factual knowledge

V Reusable

Shoe

Boots

High
Boots

Sport 
Shoes

Running
ShoesSneakers

Relation

Shoe#1 Shoe#2

Converse NikeIndigo

Blue

Crimson

Orange

Cold Warm

Color

broader broader

broader broader

typetype

MZ
style style

color color

typetype

subclasssubclass

subclass subclasssubclass

Instance

Class

Color
Ontology

Shoe
Ontology

owned by

Data

² dmpk_j _lb cvnjgagr qncagdga_rgml
md _ qf_pcb amlacnrs_jgx_rgml ²



Knowledge  Graph = Data and Ontology

V Data + Schema (Ontology)
Å factual knowledge

V Reusable

V Interoperable

V Machine Readable

Shoe

Boots

High
Boots

Sport 
Shoes

Running
ShoesSneakers

Relation

<http://ex.com/Shoe#1> Shoe#2

Converse NikeIndigo

Blue

Crimson

Orange

Cold Warm

Color

broader broader

broader broader

typetype

MZ
style style

color color

typetype

subclasssubclass

subclass subclasssubclass

Instance

Class

owned by

<http://ex.com/fig#1>

logo
URI



Knowledge  Graph = Data and Ontology

V Data + Schema (Ontology)
Å factual knowledge

V Reusable

V Interoperable

V Machine Readable

V Flexible / Extensible

Shoe

Boots

High
Boots

Sport 
Shoes

Running
ShoesSneakers

Relation

Shoe#2

Converse NikeIndigo
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Crimson
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Cold Warm

Color
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MZ
style style

color color
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subclass subclasssubclass
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Class

owned by

Marquis Mills 
Converse

founder

Byungkook Oh
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<http://ex.com/Shoe#1>
<http://ex.com/fig#1>

logo

Person

CEO

type

subclass

type



Knowledge  Graph = Data and Ontology

V Data + Schema (Ontology)
Å factual knowledge

V Reusable

V Interoperable

V Machine Readable

V Flexible / Extensible

V Inference (DL)
Å color + broader -> color

Shoe

Boots

High
Boots

Sport 
Shoes

Running
ShoesSneakers

Relation

Shoe#2
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Crimson
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MZ
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color color
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subclass subclasssubclass

Instance

Class
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founder

Byungkook Oh
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colorcolor
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<http://ex.com/fig#1>

logo

Person

CEO

type
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type



Knowledge  Graph = Data and Ontology

V Data + Schema (Ontology)
Å factual knowledge

V Reusable

V Interoperable

V Machine Readable

V Flexible / Extensible

V Inference (DL)
Å color + broader -> color

V Other kinds of Queries
Å Navigation

Å Similarity & Locality (structure)
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Running
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Relation
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color color
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subclasssubclass

subclass subclasssubclass

Instance

Class
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~08:30 05:30 03:00

Person

CEO

type

subclass

type



Knowledge  Graph

Ç ▬Ⱡ ҍ ⱢӔ ә ּב  '  ֚ Ủ (Knowledge Graph)'  ֥ ⁫ וּ  ֥
בּ  ḁә 18  ́ ḁ.

V '  ֚ Ủ '  ʊḫ ὗ▐Ở ֥ ῳ ◄  Ӧ ▐ Ӏ , ὣ  ʊ֥ Ἓ, ḝ ӽוּ ә 
ҟ Ṏ AI( Ӥ )ʒὗ Ԃ  ʊ  ֥ ׳ Ἓוּ ḁ.
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Graph Representation Learning

30

Ç ֚Ủ  ʊ⁬   /♥ᾤ/ₒ♅  ֥  ‛  ἰԂ
V ԂⱠ ҏꜙ ◄ /ӨӔὗ ҍ Ἓ ֥ וּ ʊḫ  בּ   Ԃ

=> How can we develop neural network  
that  are much more broadly applicable?



Graph Representation Learning

31

Ç Modern deep learning toolbox is designed for simple sequences & grids



Graph Representation Learning

32

Ç Networks are complex.
V Arbitrary size and complex topological structure (i.e., no spatial locality like grids)

V No fixed node ordering or reference point

V Often dynamic and have multimodal features

New frontiers 
beyond classic neural networks 
that learn on images and sequences



Graph Representation Learning

33

Ç need to obtain node features from a graph, 
while preserving graph -structured information and node/edge attributes
V Feature engineering

V Graph representation learning

Graph representation learning
(node-level, edge-level, graph-level features)

Automatically learn the features!



Graph Representation Learning

34

Ç Graph representation learning
V Ἓ ֚ Ủ  ᶂṫὗ  Ӥҏ ◄ Ἓ †ṿ

Á֚Ủ  Ԃ  ᶂṫ/  ꜚ Ⱡ ⁫ὗ ‡  

V ֚Ủ  ֥ Ӕ  ῄ ὗ ‡  Ӥҏ ♄ Ӎ ҍᶾ

▐  ᶂṫṯ   ‡ Ӥҏ ♄ḻ 
֜ ḻἜ 

▐ḻ: Ԃ  Ắ  ʊꜚ Ⱡ



Graph Representation Learning

35

Ç Intuition: Find embedding of nodes to d -bgkclqgmlq qm rf_r ²qgkgj_p³ lmbcq
in the graph have embeddings that are close together.



EX) DeepWalk

36

Ç Estimate probability of visiting node ○ on a random walk starting from node 
◊ using some random walk strategy ╡

Ç Optimize embeddings to encode these random walk statistics

VNeed to maximize this conditional probability



EX) Graph Convolutional Network

37

Ç Gbc_8 Lmbc±qneighborhood

VGoal is to generalize convolutions to graphs 

VS
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Ç The Journey from Data to Knowledge -enhanced Applications

39

Overview

Text Corpora

Time-Series

Knowledge -enhanced Applications

Deep Learning -based Knowledge Representation

Knowledge Graph

Reasoning over Knowledge Graph

NLP Applications

User-Item Inter. Information Retrieval & Recommendation

Knowledge Enhancement

1

2

3

Data
Analysis, Fusion, Learning

KG Embedding



Overview

40

Ç ֚Ủ ♥ӔῳԂ
V ֚Ủ  ♥Ӕ: ḻᾕ  ⁫ ῳ ῄ  Ԃ Ṏ Ἓ  ּב ḻἜ  ʊ Ὣὗ ♥Ӕ

V ֚Ủ  Ԃ :  ḫ  Ṵ ℮  ḫ Ἓₐ  Ԃ Ṏ   Ὣ  ẁỚ ֚
Ủ  Ἓ 

֚Ủ  Ԃ  Ӧ



Overview
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Ç ֚Ủ ῳ Ⱡ
V ֚Ủ  : ֚Ủ  Ԃ ὗ  ҟ  ῳ ӨӔ  Ⱡ  

Á Ӕ  Ԃ  ⁫ ῳ ҟ  ▐  ӨӔὗ әἌ   ҍᶾ

Á   : ◄ұỦ ֚Ủ ὗ    ᾧḮ ҟῼ

V ֚Ủ  Ⱡ: ə  ֚Ủ ♄ ð ớṎ  ᵒ  ֚Ủ ὗ Ⱡ

Á ὖ  ֚ ὧ : <Michelle Obama, ?, U.S>

֚Ủ  Ⱡ
֚Ủ  



Overview
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Ç ֚Ủ Ԃ
V   : ֚Ủ  Ṏ item ⁫ὗ  ▐  ḻ  a  ʊ◄  

V  Ḍ :  ῄ  ḓ  ֚Ủ  o ♄ Ḍ″   Ӥ

V  ֥ Ὼ ḓ  ◕Ⱡ :  ῄ  ḓ  ֚Ủ ὗ  Ḍ″

֚Ủ  ֥ Ὼ  ֚Ủ  ֥ Ὼ ὣ
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Recommender System

Ç     ♄  User-Item Interaction Matrix ▐

⁫ҍ ḼὨ
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Graph-based Recommender System

Ç  ♠ ḻ  ʊ ″ ▐Ởṯ  ♠ ḻ   Ώ

ꜙⱱ ᵮ ꜙⱱ ᵮ
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Graph-based Recommender System

Ç User/Itemҏ  Ӎ ⁫ὗ ֚ Ủ Ἓ ֜  בּ 
V ²Rfc umpjb gq kmpc ajmqcjw amllcarcb rf_l wms kgefr rfgli ³
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Graph-based Recommender System

Ç  ֚ Ủ Ἓ Ṏ User/Itemҏ  Ӎ ⁫ὗ ҍ Ἓ ▐
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Graph-based Recommender System

Ç Utilizing Structured Knowledge Graph
V User Ӏ ṍ  ʊItem  ḓ Ӧ Knowledge Graphҍ ӍṐ

knowledge -graph based recommendation Embedding based recommender  system
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Graph-based Recommender System

Ç Additionally  Utilizing Multi -Modal Structured Knowledge

John
Lasseter

Walt Disney

Tom Hanks

Toy Story is about the 
secret life of toys when 
people are not around...

Animation

Adventure

Movie

Apollo 13

Toy Story

Wall-E
Producer

Elemental Inside Out

company

person

director

actor

producer

object

Ontologies
(Schema)

Instances 
(Data)

Multi -Modal Knowledge Graph

User-Item Interaction

User#1

User#2

type

?



49

֚Ủ  ֥ Ὼ  ▐  ḻ

Ç ֚Ủ  ֥ Ὼ  ♥ᾤҍᶾ  Ӧ ֚Ủ  ֥ Ὼ  ▐  ḻ  
וּ֥   KGQA   
V KGQA: Knowledge Graph Question Answering

͙Ⱶ╥ ּתᾏ͎מ  ͙ḙ╥ ἒᶘʺѫ  ᾎᾅ ͙Ⱶ╥ ּתᾏ͎מ  ͙ḙ╥ Ợ↔▫ ╥ҵ 



Ç ◄  ḻ(interaction intent)  ֥ Ὼ  Ί᷄  ҍ 
V ▐ ҍ  ♠   ( ḻ)  

Á ֚Ủ (Knowledge Graph: KG) ῳ ▐ -  Ӎ ⁫ὗ  ҍᶾ

V Ӥ  ḻ (Ө ▐)  ֥ Ὼ  Ί᷄ ὗ ә ὗ  

50

֚Ủ  ֥ Ὼ  ▐  ḻ



Ç KG/IGἛₐ  ▐  ◄  ḻὗ ә, ḻ ֥ Ὼ Ί᷄ ὗ ԂⱠ ә, 
Ί᷄  Ḅ Ἓ   ʊᾧḮ  ҟῼ  

V ◄  ֚ Ủ (Interaction Graph: IG): ַײ όȟὭȟὮ όȟὭ ɴַײȟόȟὮ ɴַײ

όɴ ▐ :ל  , Ὥɴ ): ◄   , Ὦɴ *: ℮◄    

V ֚Ủ (KG): +' ὩȟὶȟὩ ὩȟὩ ᴊɴȟὶɴ ד

Ὡɴ ᴊ: KG  ҟ  *, ὶɴ KG :ד  ӨӔ 

51

֚Ủ  ֥ Ὼ  ▐  ḻ
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