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If brick-and-mortar labs were to follow ... a 1 yr experiment in 1986 → 1 s in 2015 (3x107 speed-up)
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If fifty million people say a 
foolish thing, it is still a foolish 
thing. 

Anatole France
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Question: How many?

American Chemical Society maintains CAS w 
~97M substances (alloys, minerals, mixtures, polymers and salts)
~60M sequences (DNA, RNA, proteins) 
~10k compounds being added on daily basis
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[Nature Insight on chemical space (2004)]
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Composition

OAvL, Int J Quant Chem, (2013)



Composition
10 protons

OAvL, Int J Quant Chem, (2013)



Spatial configuration 
Carbon allotropes 

 



 

Virshup, Yang, Beratan et al J Am Chem Soc (2013)

Composition
+ Configuration





First Principles 



First Principles accuracy (DFT/MD/...)



First Principles 

variational (deductive)correlational (inductive)

accuracy (DFT)
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Machine Learning in Chemical Space



Data-driven Science
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Young-Tae Chang et al C&E News 93 (12) 39-40 (2015)
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Machine Learning in Chemical Space



Machine Learning in Chemical Space



(                                        ) 

Kernel Ridge Regression



 

Virshup, Yang, Beratan et al J Am Chem Soc (2013)
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Slide from Klaus-Robert Mueller
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Homometric molecules?
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Homometric molecules?
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Training for N = 1000 
molecules
MAE ~15 kcal/mol

PBE0:  ~1000 seconds
    ML:  ~0.001 seconds



Training for N = 1000 
molecules
MAE ~15 kcal/mol

Systematic error decay

PBE0:  ~1000 seconds
    ML:  ~0.001 seconds



 

http://www.quantum-machine.org/



https://drive.google.com/file/d/0BxXDhC5EnVIiNE9nZFJpbXhJbXM/view?usp=sharing






http://www.youtube.com/watch?v=ZQ3KtucI97o


For 10k models

10k atoms from:
-16800 distortions from 168 C7H10O2 isomers
-9k GDB molecules with 7 to 9 atoms CONF/molecule





Faber et al, IJQC (2015), in preparation (2015)
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PM7 1k 10k
86          → 74 → 58 kcal/mol







 

Supervised-learning: Learning energy and geometry?
    Thermochemistry
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Invert chiral atoms → 10k diastereomers



Invert chiral atoms → 10k diastereomers





S [cal/(mol K)]



with A. Lopez-Bezanillal (ANL), accepted in PRB (2014), arxiv
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