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Problem Setting
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Chemical Reaction Rules and Data Structure

Right GraphTransition GraphLeft Graph

•Features of the Changed 
Atoms 

•Changed Bonds idx and 
features

•Features of the Unchanged 
Atoms 

•Unchanged Bonds idx and 
features

•Features of the Changed 
Atoms 

•Newly Formed Bonds idx 
and features

JL Anderson, et.al. A software package for chemically inspired graph transformation 
Luo, Yizhen et.al. MolFM: A Multimodal Molecular Foundation Model 





Chemical Reaction Space

Dshortest = TorgansinZimmeram( Q1 , Q2 )

ExtrinsicReward = SimilarityScore / min( Dshortest[: Nmol, target] ) * ϵ

/012,*3#1'4'(56''
78&13%,)'9&,%.3"2'
':2;3$"21&2. OHO

NH 2

O

OH

ASP

NH 2

NH 2

O OH

LYS

OH

O

O

O

OH

AKG

CH 3

O

O

OH

PYR

CH 3

OH

O

OH

LAC

CH 3 O

AcA

CH 3

O

OH

Ac

OH

O

OH

O OH

MAL

O O

CO2

OH

PO

OH

OH

Pi

OH

PO

OH

O P

O

OH

OH

PPi

NH 3
NH3

H 2O

H2O

OH

O

OH

HCO3

H +

H+

CoASH

CoA

NAD H

NADH
NAD +

NAD+

CoA
SO

C H 3
Ac�CoACoA

S

O

OH

CH 3
LAC �CoA

NH 2

NH 2

O

OH

p2,0

OH

O

O

OH

p3,0

OH

O

O

OH
NH 2

p6,0

O

OHO
O

OH

p6,1

CoA

S

O

C H 2

p8,0

r5

r2

r6

r8

JL Anderson, et.al. A software package for chemically inspired graph transformation 
S Torgasin, KH Zimmermann. An all-pairs shortest path algorithm for bipartite graphs
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Learning Process
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Model Architecture



Chemical Reaction Space 
Environment 

MOD generated DG

Intrinsically Motivated Agent
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Agent Internal Environment
Philip Becker-Ehmck et.al.  Exploration via empowerment gain: combining novelty, surprise and learning progress 
Sun, Chenyu et.al. From psychological curiosity to artificial curiosity: curiosity-driven learning in artificial intelligence tasks. 
Yuan,Mingqi.    Intrinsically-Motivated reinforcement learning: A brief introduction. 
Sai Krishna Gottipati et.al. Learning to Navigate The Synthetically Accessible Chemical Space Using Reinforcement Learning 
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Policy Architecture

Substructure 
Aware GNN

Molecule Graph 
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Zeng, Dingyi et.al., Substructure Aware Graph Neural Networks 
Luo, Yizhen et.al. BioMedGPT: Open Multimodal Generative Pre-trained Transformer for BioMedicine 

Supplement & Prospective

Pretrained
 LLM

• Incorporate pretrained BioMed LLM to form multimodal Chemical Reaction Exploration Agent 
• Topolgy guided graph neural network for hypergraph structure learning

MultiModal Agent
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Happy Chinese New Year 
The year of 龍 Long 
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