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Machine Learning: extract knowledge from data

Watson  
• winner of 1M$ in Jeopardy 
• decision assistant in  

lung cancer treatments

winner: Gábor Melis - Diósd, Hungary
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fast, accurate, systematic

• digital security, 
• education, 
• trade prices prediction, 
• big data analysis, 
• animal protection, 
• …



machine learning + quantum mechanics =  
fast materials properties
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M = Representation  
d = Euclidean distance 

α = weights: transferable and adaptable

PRL 108, 058301

Train: ~7k molecules 
Test: 1k molecules
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λ = regularization parameter

database = train + test
from experiments or high throughput ab-initio, …

algorithms



representation

•  complete, non-degenerate,  
•  compact, unique, 
•  efficient,  
•  simple 

JCP 145, 161102
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• 134k QM9 molecules  
• BAML representation

more physics (chemistry), quicker learning 

IJQC 115, 1094



new knowledge from ml

• training set: 104 DFT 
• accuracy of 0.1eV/atom 
• test: 2M (sp elements)  
• 20M cpu-hrs DFT vs. 1 cpu-hr ML 

PRL 117, 135502

x2 x3 x4x1
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• 90 new stable stoichiometries 
• New oxidation states for Al

Elpasolite: K2NaAlF6 
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ml advantages 
• Same accuracy as ab-inito models 
• several orders of magnitude faster 
• transferable and adaptable 
• removes human bias 
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scan of huge compound space 
• ACS: ~70M known substances (alloys, minerals, 

mixtures, polymers and salts) +10k daily 
• 1060 (small) organic molecules 

SCI. 351.6269, 151
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