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ÅBrief notes on machine learning/QSAR

ÅMaterials Informatics and Materials Design

ÅDesign, development and application of the 
Reinforcement Learning for Structural Evolution 
(ReLeaSE)* 

ÅSummary and future work: QSAR without 
borders

*Popova, Mariya, Olexandr Isayev, and Alexander Tropsha. "Deep reinforcement learning for de-novo drug design." 

arXiv preprint arXiv:1711.10907 (2017); Science Advances, 2018, in press



y = f(x)

ÅTraining: given a training set of labeled examples{(x1,y1), 
é, (xN,yN)} , estimate the prediction function f by 
minimizing the prediction error on the training set

ÅTesting: apply f to a never before seen test example x and 
output the predicted value y = f(x)

output prediction 

function

Molecular 

features

Machine Learning Framework



The newly-appointed President-Elect of the Royal Society 

of Chemistry today forecast the impact of advances in 

modellingand computational informaticson chemistry
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The growing appreciation of 

molecular modeling and 

informatics



Automated Retrosynthesis 

(Chematica)
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The growing appreciation of 

molecular modeling and 

informatics



Promise of dramatic acceleration 

of drug discovery



Rise of the machines in 

legal industry



The ultimate dream of a 

computational chemist



~106ï109

molecules
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The chief utility of computational models: 

Annotation of new compounds
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QSAR Modeling Workflow: the 
importance of rigorous validation
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Combi-QSAR 
modeling

Datasets

K-Nearest 
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Forest (RF)

Support Vector 
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Internal validation
Model selection

An ensemble of 
QSAR Models
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D e s c r i p t o r s

Evaluation of 
external performance
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Tropsha, A. Best Practices for QSAR Model Development, Validation, 

and Exploitation Mol. Inf., 2010, 29, 476 ï488

Fully implemented on CHEMBENCH.MML.UNC.EDU

Virtual screening 
(with ADthreshold)

Experimental 
confirmation



ÅExplosive growth of materials data, both experimental 

databases and computational repositories.

ïStructural data: 160,000 entries in the Inorganic Crystal Structure 

Database (ICSD) 

ïExperimental data: Numerous commercial and open 

experimental databases NIST, MatWeb, MatBase etc.

ïComputational data: Huge databases such as AFLOWLIB, 

Materials Project, and Harvard Clean Energy

ïChemical space of possible materials is HUGE ~10100 

candidates [Nat. Chem. 7, 274-275 (2015)]

ÅMaterials Genome Initiative or MGI (US Govt): Need for 

new high performance materials

Material Science and the Rise of Materials Informatics



Materials

Quantitative Structure Activity Relationship approaches (QSAR)

Quantitative Structure-Property Relationships (QMSPR)

theoretical 

fingerprint

x ïray diffraction 

pattern
property

modeling

Closing the gap: materials structure-

property relationships

Isayev, Fourches, Muratov, Oses, Rasch, Tropsha, Curtarolo, Materials Cartography: Representing and 

Mining Materials Space Using Structural and Electronic Fingerprints. Chem. Mater., 2015, 27: 735ï743


