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Fun Facts – Safety of Embodied AI
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In general any ML problem – Maintain Four Pieces

Data Model Loss Optimization
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𝑦 = 𝑓%(𝑥)

𝑓: f formats decide
the potential

𝜃: decides whether you can
achieve that potential

Metric between predicted
and ground-truth
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In general any ML problem – Maintain Four Pieces

Data Model Loss Optimization
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In general any ML problem – Maintain Four Pieces

Data Model Loss Optimization
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In general any ML problem – Maintain Four Pieces

Data Model Loss Optimization

Multi-Class Classification
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In general any ML problem – Maintain Four Pieces

Data Model Loss Optimization
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In general any ML problem – Maintain Four Pieces

Data Model Loss Optimization
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In general any ML problem – Maintain Four Pieces

Data Model Loss Optimization

Small Molecule

Social Network

Paper
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Test Performance:
0.531
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Paper Computer
System

We do not use any
network information!Test Performance:

0.531
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Node Classification - Motivation
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Node Classification - Motivation
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Node Classification - How would traditional classification work?

Data Model Loss Optimization

2

1

6 5

4
3

Label Propagation
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Node Classification - Motivation
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Node Classification – Label Propagation
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Node Classification – Label Propagation
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Node Classification

Data Model Loss Optimization

2

1

6 5

4
3

Feature + Label = MLP

Graph + Label = Label Propagation
Feature + Label + Graph = GNN
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Node Classification - GNN
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Instead of propagating Label, but we propagate feature!
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Node Classification – GNN



KIND
kindlab-fly.github.io 28

Node Classification – GNN
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Node Classification – GNN

𝐇𝟏 = 𝐀𝐇𝟎𝐖
ℝ(×#(

ℝ(×#*++

ℝ(×( ℝ#*++×#(
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Node Classification

Data Model Loss Optimization
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Node Classification

Data Model Loss Optimization

Test Performance:
0.531

Test Performance:
0.788
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Node Classification – Input Space

MLP

GNN
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Node Classification – Embedding Space

MLP

GNN
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Link Prediction - Problem
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Link Prediction - Problem



KIND
kindlab-fly.github.io 36

Link Prediction - Problem
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Link Prediction - Problem
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Link Prediction - Data
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Link Prediction and Recommendation Systems

1. Heuristic Method

2. MLP

3. Graph Neural Network
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Link Prediction – Heuristic Methods

2

4

1

3

5

𝑆 𝑥, 𝑦 = |𝒩! ∩𝒩"|

𝑆 2,4 = 2

𝑆 3,5 = 0

Common Neighbors
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Link Prediction – Heuristic Methods

2

4

1

3

5

𝑆 2,4 = 2Person 2 is a very out-
going person

The common connection between 2 and 4 
might not due to their common hobbies but 
just because node 2 is an out-going person

𝑆 𝑥, 𝑦 =
|𝒩! ∩𝒩"| 
|𝒩! ∪𝒩"| 
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Link Prediction – Heuristic Methods



KIND
kindlab-fly.github.io 43

Link Prediction – Heuristic Methods
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Link Prediction – Heuristic Methods

1. Heuristic Method

2. MLP

3. Graph Neural Network



KIND
kindlab-fly.github.io 45

Link Prediction – MLP
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Link Prediction – MLP
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𝐗,

𝐇𝟏 = 𝐖𝟏𝐗"

𝐇𝟐 = 𝐖𝟏𝐗$

𝐇𝟑 = 𝐇"||𝐇$

𝐖,𝐇+

Concatenation-based

Encoder Predictor
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Link Prediction – MLP
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𝐇𝟏 = 𝐖𝟏𝐗"

𝐇𝟐 = 𝐖𝟏𝐗$

𝐇𝟑 = 𝐇"⨀𝐇$

𝐖,𝐇+

Dot-Product-based
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Encoder Predictor
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Link Prediction – MLP
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Link Prediction – MLP

ℒ = −
1
ℰ!

&
"&'∈ℰ(

𝜎 𝑠%&! −
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ℰ'

&
"&'∈ℰ)

𝜎 −𝑠%&'
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Link Prediction – Heuristic Methods
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Link Prediction – GNN

1. Heuristic Method

2. MLP

3. Graph Neural Network
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Link Prediction – GNN
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𝐇𝟏 = 𝐖𝟏𝐗"𝐀

𝐇𝟐 = 𝐖𝟏𝐗$𝐀

𝐇𝟑 = 𝐇"⨀𝐇$

𝐖,𝐇+

Dot-Product-based

⨀

Encoder Predictor
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Link Prediction – GNN
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Link Prediction – Recommender Systems
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Link Prediction – Recommender Systems

1. Heuristic Method

2. Matrix Factorization

3. Graph Neural Network

4. Next-item Recommendation
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Link Prediction – Recommender Systems - Heuristics

?
What things do you have in hand to 

perform recommendation?
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Link Prediction – Recommender Systems - Heuristics
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Link Prediction – Recommender Systems - Heuristics

?

Item Collaborative Filtering

User Collaborative Filtering
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Link Prediction – Recommender Systems - Heuristics
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Link Prediction – Recommender Systems - Heuristics
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Link Prediction – Recommender Systems - Heuristics
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Link Prediction – Recommender Systems - MF

1. Heuristic Method

2. Matrix Factorization

3. Graph Neural Network

4. Next-item Recommendation
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Link Prediction – Recommender Systems - MF



KIND
kindlab-fly.github.io 64

Link Prediction – Recommender Systems - MF
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Link Prediction – Recommender Systems - MF

𝐌 =
1 0 0
0
1
1

0
1
1

0
0
1 *×+

1 2 3 4

1 2 3 Person

Item

𝐌 = 𝐔𝐈-
𝐔: ℝ*×#(
𝐈: ℝ+×#(

… … … …

… … …

What kind of user/item embeddings would be most
predictive of user-item interaction?



KIND
kindlab-fly.github.io 66

Link Prediction – Recommender Systems - MF
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Link Prediction – Recommender Systems - MF
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Link Prediction – Recommender Systems - MF
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Link Prediction – Recommender Systems - MF

1 2

3 4

2’

4’

…… ……

𝒖 𝒊 𝒊<

… … …
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Link Prediction – Recommender Systems - MF
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Link Prediction – Recommender Systems - MF
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Link Prediction – Recommender Systems - MF

Recall =
Relevant Item ∩ Recommender Item

Relevant Item

Precision =
Relevant Item ∩ Recommender Item

Recommender Item

Bob

1

5

6

2

7

5

9

8

Ground-truth Recommended@5
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Link Prediction – Recommender Systems - MF
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Link Prediction – Recommender Systems - GNN

1. Heuristic Method

2. Matrix Factorization

3. Graph Neural Network

4. Next-item Recommendation
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Link Prediction – Recommender Systems - GNN

1 2 3 4

1 2 3 Person

Item

… … … …

… … …
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Link Prediction – Recommender Systems - GNN

1 2 3 4

1 2 3 Person

Item

… … … …

… … …
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Link Prediction – Recommender Systems - GNN
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Link Prediction – Recommender Systems - GNN

https://github.com/YuWVandy/CAGCN

https://github.com/YuWVandy/CAGCN
https://github.com/YuWVandy/CAGCN
https://github.com/YuWVandy/CAGCN
https://github.com/YuWVandy/CAGCN
https://github.com/YuWVandy/CAGCN
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Link Prediction – Recommender Systems – Next Item

1. Heuristic Method

2. Matrix Factorization

3. Graph Neural Network

4. Next-item Recommendation



KIND
kindlab-fly.github.io 80

Link Prediction – Recommender Systems – Next Item

Distribution Shift Issue

Bob

T T1

?
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Link Prediction – Recommender Systems – Next Item
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Link Prediction – Recommender Systems – Next Item

RNN

LSTM

Transformer
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Link Prediction – Recommender Systems – Next Item

W
4∈5

𝑃(Item!
4|Item#

4 , Item,
4 , … , Item!<#

4 ) 

Observe Predict

Observe Predict

Observe Predict
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Link Prediction – Recommender Systems – Next Item

𝒮(

1*+	Self-attention 𝑓⋆ 

1*+	Meta-attribute Embedding Layer 𝑔⋆

Context        Embedding

𝐞"⋆ 𝐞$⋆ 𝐞-⋆

𝐡"
.,⋆ 𝐡$

.,⋆ 𝐡-
.,⋆

𝐄⋆

𝐇⋆

MLP

Average
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Link Prediction – Recommender Systems – Next Item

v1

v2
𝐬𝐢𝐦𝐢𝐥𝐚𝐫𝐢𝐭𝐲 = 𝒗𝟏𝑻𝒗𝟐 = 𝒗𝟐𝑻𝒗𝟏

My attention to you != Your attention to me
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Link Prediction – Recommender Systems – Next Item

My attention to you: My query to your key

q1 v1

q2 v2

Your attention to me: Your query to my key
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Link Prediction – Recommender Systems – Next Item
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Link Prediction – Recommender Systems – Next Item
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Link Prediction – Recommender Systems – Next Item

Distribution Shift Issue

Bob

T T1

?
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Link Prediction – Recommender Systems – Next Item

Items that frequently co-appear in the same session 
have stronger relations

… … …

View ViewATC

ViewATC ATC

Co-ViewCo-view-ATC

…
Co-ATC

(a) 

(b) 
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Link Prediction – Recommender Systems – Next Item

𝒮(

1*+	Self-attention 𝑓⋆ 

1*+	Meta-attribute Embedding Layer 𝑔⋆

Context        Embedding

𝐞"⋆ 𝐞$⋆ 𝐞-⋆

𝐡"
.,⋆ 𝐡$

.,⋆ 𝐡-
.,⋆

𝐄⋆

𝐇⋆

Query and Retrieval

(c) Knowledge Graph

…
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Link Prediction – Recommender Systems – Next Item

Effectiveness of Session-adaptive Message-passing
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Graph Classification and Regression - Motivation

[1] Liana Zucco et al. (2020)

[4] Zhang et al. (2018)

Link Prediction

Target Small Molecule

H
NO

N

H

N
H

O

N

H
H

OHN
O

F
FF

Drug Discovery

[2] Rozemberczik et al. (2022)

[5] Vasudevan et al. (2022)

Image Classification

Drug-Drug Interaction

[3] Hamilton et al. (2017)

Social Topic 
Classification

[6] Bi et al. (2020)

Brain Classification
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Graph Classification and Regression - Motivation

D0: Basic sciences, target selection. 
D1: Assay development for high-throughput screening in vitro. 
D2: High-throughput screening of public and proprietary 
compound libraries, ligand finding (hits). 
D3: Lead optimization by medicinal chemistry, in vitro and in vivo 
models, initial pharmacokinetics and safety. 
D4: Preparation for human studies: biomarkers, extensive 
pharmacokinetics, safety, metabolism in animals, formulation, chemical 
up-scaling.

•Wet lab

•HTS involves hands-on 
experiments in a wet lab, 
where biological samples, 
drugs, and fluids are tested 
using chemicals and liquids.

•Dry lab

•HTS also involves data 
analysis in a dry lab, where 
computer systems, coding, 
and data are used
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Graph Classification and Regression - Motivation

Anomaly Detection
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Graph Classification and Regression

Review

Camouflage
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Graph Classification and Regression

Data Model Loss Optimization

The MUTAG dataset consists of 188 chemical compounds divided into two 
classes according to their mutagenic effect on a bacterium. 

Node labels:

  0  C
  1  N
  2  O
  3  F
  4  I
  5  Cl
  6  Br

Edge labels:

  0  aromatic
  1  single
  2  double
  3  triple
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Graph Classification and Regression

Data Model Loss Optimization

The MUTAG dataset consists of 188 chemical compounds divided into two 
classes according to their mutagenic effect on a bacterium. 

Node labels:

  0  C
  1  N
  2  O
  3  F
  4  I
  5  Cl
  6  Br

Edge labels:

  0  aromatic
  1  single
  2  double
  3  triple
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Graph Classification and Regression

Data Model Loss Optimization

directed therapy for chronic amyotrophic 
leukemia (CML). 

Cellular activity refers to the chemical activity of 
a cell, and includes how cells respond to and adapt 

to their environment

Tyrosine kinases are enzymes that play a key role in 
many cellular functions, including cell division, 

metabolism, and cell-to-cell communication

Sub-structure is really really very important
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0

Graph Classification and Regression

Local Structure

Global Structure
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1

Graph Classification and Regression

Code Demo
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2

Graph Classification and Regression
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3

Graph Classification in Drug Discovery
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4

Graph Classification and Regression

It ensures realistic model evaluation, 
promotes chemical diversity

and encourages the discovery of novel 
scaffolds and first-in-class drugs
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5

Graph Classification and Regression
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6

Graph Classification and Regression

Node atom number, 
chemical bonds

Node atom number, 
Node 3D coordinates
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7

Graph Classification and Regression

Domain Performs pretty good

3D Graph in general is better 
than 2D Graph than others
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8

Graph Classification and Regression
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9

Graph Classification and Regression
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0

Question Time!


