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Environment

Agent

Actions
Structure

modification

Rewards
VEGFR2 pIC50

hERG pIC50
(Unit: nM)

State
Modified
molecule

Descriptor
for each atom

1
2
3
4
5
6

Action set
RL agent

CNN
𝑓! 𝑥

Current state
VEGFR2 pIC50

hERG pIC50

Next state
VEGFR2 pIC50

hERG pIC50

RL agent
CNN
𝑓! 𝑥
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Apply action 3 on atom 0



• IC50

• pIC50 (-log10IC50) 

• VEGFR2(pIC50) – hERG(pIC50) - penalty
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Life: 5 Life: 4 Life: 3

Return

Increase pIC50(VEGFR2)

decrease pIC50(hERG)

decrease pIC50(VEGFR2)

increase pIC50(hERG)

DRL model
CNN
𝑓! 𝑥
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TDEi (state)

Initial structure Take action
1) Apply action
2) Update pIC50 (VEGFR2  & hERG)
3) TDEi calculation
4) Life update

When episode comes to an end
• Calculate loss (11 algorithms)
1. Cross entropy
2. Value optimization
3. Policy optimization
4. MCTS

(atom 0, action 3)

Episode Policy update Episode Policy update

CPU GPU GPUCPU



RL agent
CNN
𝑓! 𝑥

…

RL agent
CNN
𝑓! 𝑥

RL agent
CNN
𝑓! 𝑥

RL agent
CNN
𝑓! 𝑥

…

Parallelize molecule generation

RL agents running episode in each
node do not have identical weights.



RL agent
CNN
𝑓! 𝑥

…

RL agent
CNN
𝑓! 𝑥

RL agent
CNN
𝑓! 𝑥

RL agent
CNN
𝑓! 𝑥

Queue: First-In-First-Out

Library: mpi4py, mpi_master_slave
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Slave

Slave

Slave



Rule of five
1. Hydrogen bond donors < 5

2. Hydrogen bond acceptors < 10

3. Molecular weight < 500

4. ClogP < 5

Cl

Cl

Pt

Beyond the rule of five

https://aichemist.eu/ 

Looking for a PhD student for the project

(or master-phD program candidate)






