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Introduction

Automatic molecular design is conducted by a combination of
molecule design by generative process and evaluation by 
simulators or machine learning models.
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Results
・We optimized the sum of docking score (representing interaction 
with thymidine kinase, calculated by rDock) and the synthetic 
accessibility score.

・We found new molecules whose scores are better than known 
inhibitors. We used isomap to visualize molecules in 2D space.
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In grammatical evolution, a molecule is doubly encoded:
    ・chromosome ― an array of integers
    ・SMILES ― a string representing molecule
SMILES is obtained from a chromosome through the 
mapping process. Molecules are optimized by optimizing 
chromosomes using an evolutionary strategy.

SMILES string is generated by applying grammar rules 
specified by integers in a chromosome to the leftmost 
remaining non-terminal symbol. The left figure 
illustrates how this translation is conducted. 
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Translation from chromosome to SMILES in Mapping process

Grammar
<smiles> ��(0) <chain>

<chain>  ��(0) <atom>
         ��(1) <chain><bond><atom>

<atom> ��(0) C
       ��(1) O
       ��(2) N

<bond> ��(0) -
       ��(1) =

The starting symbol is <smiles>

The number of rules available for the current symbol 

A population of molecules is optimized by the following 
evolutionary strategy.

N th generation

Choose molecules, mutate,
and concurrently evaluate

Choose high score molecules
from the original population and 
generated mutants

(N+1) th generation

mutants
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Conclusion
We developed a new molecular generator using grammatical evolution. 
This work demonstrated that molecule generation is possible without 
costly deep learning and showed a new direction for research.
Our paper is available at https://arxiv.org/abs/1804.02134
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