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Monte Carlo importance sampling

• sampling distributions

• target distribution

• Uniform energy model

• Non- uniform energy model

• Annealing

• Metropolis- Hasting

Liu, Jun S. Monte Carlo strategies in scientific computing. Springer Science & Business Media, 2008.

Why sampling from
a distribution p(x) is 

hard?



No water on MARS?

Single properties:

Druglikeness (QED)

octanol-water partition coefficient (logP)

Solubility in both water and fat.

The value is greater than one if a substance is more 
soluble in fat-like solvents, and less than one if it is 
more soluble in water.

• C1: It should satisfy multiple properties with
high scores;

C2: It should produce novel and diverse molecules; 

C3: Its generation process does not rely on either expert 
annotated or wet experimental data collected from a 
biochemistry lab



Framework of 
MARS



Fragments



Molecular graph editing actions





Alzheimer disease in 
MARS?

--Experiment Setup

• Biological objectives.
GSK3: Inhibition against glycogen synthase kinase-3.

JNK3: Inhibition against c-Jun N-terminal kinase-3.

• Non-biological objectives

• Multi-objective generation setting



Baselines

• GCPN (You et al., 2018) --→
Paper 1, presented by Bernard in 
this class 

• JT-VAE (Jin et al., 2018)

• RationaleRL (Jin et al., 2020)

• GA+D (Nigam et al., 2020)



Evaluation metrics

• Success rate (SR): 

Percentage of generated molecules that are evaluated as positive on all given objectives

• Novelty (Nov):

Percentage of generated molecules with similarity less than 0.4

compared to the nearest neighbor xSNN in the training set

• Diversity (Div):

Measures the diversity of generated molecules, 

• PM:

Product of the above three metrics



Results



Results, cont’d



Conclusion

• MARS includes a trainable proposal to modify 
chemical graph fragments, which is parameterized 
by an MPNN.

• Our experiments verify that MARS outperforms 
prior approaches on five out of six molecule 
generation tasks.

• It is capable of finding novel and diverse bioactive 
molecules that are both drug-like and highly 
synthesizable.


