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•  Reactive MD: Method development
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supercomputers
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HPC Meets Big Data: Computer-Aided Drug Design

•  Finding key (drug) for the lock  
(target protein) 

•  Quantitative Structure-Activity 
Relationship (QSAR)

Anti-depressant drug:
Serotonin–norepinephrine reuptake inhibitor: 

Cycloalkanol ethylamine scaffold

Predictor Activity

Regression/
Classification 
e.g. SVM, PLS

3D QSAR	

-  Experiment
-  Simulation	

-  Experiment
-  Simulation	



HPC Application: Molecular Simulation

• QM: Density functional theory (DFT)
! Degree of freedom: Electron density, atom positions
! A first-principle calculation
! Computationally expensive (atoms < 500)

 

• MM: Molecular dynamics (MD)
! Degree of freedom: Atomic positions
! Empirical force-fields
! Less expensive (atoms < 106-107)

ATP molecule passes from one side of the membrane to the other 
through the transmembrane pore. (Adapted from Yoo & Aksimentiev, 

J. Phys. Chem. Lett. 6 4680-4687(2015))

H2 production from Al superatoms. (Adapted from Ohmura 
et al., J. Chem. Phys. (134(24):244702 (2011))
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Biorefinery 
•  Biorefinery integrates biomass conversion 

technologies to product biopower, biofuels, and 
bioproducts

•  Biorefinery in Thailand’s Strategic Plan:

•  Thailand’s New S-Curve

•  NSTDA focused research (Bioeconomy)

•  Potential project in EECi (NANOTEC)

•  Integrated platform (bio-based material)

•  Multi-national centers collaboration

•  MTEC, BIOTEC, NANOTEC Source:	United	Stats	Environmental	Protec5on	Agency	and	the	Na5onal	Renewable	
Energy	Laboratory,	State	BioEnergy	Primer,	2009	
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HPC & Big Data Applications: Similarities and 
Differences

• Both require huge computing power
•  HPC: high computation per byte (computation & memory-bandwidth bound)
•  Big Data: Low computation per byte (disk access & network transfer bound)

• Data point obtain from HPC application (and other scientific simulation) 
is usually expensive
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