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Why parallel MD? It’s hot in computer science!



Anton: Computational Microscope 

David Shaw

A conversation with David E. Shaw, CACM 52(10), 49 (’09)

16 μs/day simulation on 512 nodes 
(5 μs/step execution time)

“... there’s still a lot of juicy, low-hanging fruit in this (molecular simulation) 
area ...”

“... make all these discoveries 
because they were looking at 
the world in a different way.”

D E Shaw Research

Named after Anton van 
Leeuwenhoek, who is often 
referred to as “the father of 
microscopy”

http://archive.fortune.com/magazines/fortune/fortune_archive/1996/02/05/207353/index.htm
https://dl.acm.org/doi/10.1145/1562764.1562782
https://www.deshawresearch.com/index.html
https://en.wikipedia.org/wiki/Anton_van_Leeuwenhoek
https://en.wikipedia.org/wiki/Anton_van_Leeuwenhoek


MD on GPU Clusters

CACM 52(10), 34 (’09)

17.6 petaflops Titan at Oak Ridge National Lab.

18,688 NVIDIA Tesla K20 GPU accelerators

https://dl.acm.org/doi/10.1145/1626135.1629155


GRAPE 1 ($2K, 1989)

Tomoyoshi Ito & comics he authored
• GRAPE (GRAvity PipE) = special-

purpose computer for the 
gravitational N-body problem built 
by astrophysicists at Univ. of Tokyo

• GRAPE 1 designed by a 1st-year 
Ph.D. student (with $140K/year 
income)



Gravitational Pipeline

D. Sugimoto et al., 
Nature 345, 33 (’90)
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• Small 𝜺 to avoid if (i ≠ j) 
& pipeline stall

•  𝒙!𝟑/𝟐 was implemented 
as table look-up using 
read-only memory 
(ROM)

https://www.nature.com/articles/345033a0


GRAPE & Gordon Bell Prizes

J. Makino 
& Grape 6

(2001)

www.green500.org (Nov. ’10)

Gordon Bell Prize, 
commonly 
referred to as the 
Nobel Prize of 
Supercomputing 
[Wikipedia].

http://www.green500.org/
https://en.wikipedia.org/wiki/Gordon_Bell_Prize


Enabling Science by Hardware

CPC homepage

In Univ. of Tokyo, computer 
science started as part of 
physics department (not math 
or CS)

Submit your first paper 
to CPC!

https://www.journals.elsevier.com/computer-physics-communications


Enabling Science by Algorithm



ACM Best Theses: Machine vs. Algorithm

Watch: Hillis on Richard Feynman
http://longnow.org/essays/richard-feynman-connection-machine/

See lecture notes at https://aiichironakano.github.io/cs653.html

http://longnow.org/essays/richard-feynman-connection-machine/
https://aiichironakano.github.io/cs653.html


A Small Step in Parallel MD



More N-body Simulations at SC

2009 Gordon Bell Prize
Price/Performance Category 

IEEE/ACM supercomputing, SC12
Machine
&

algorithm!



Now It’s Deep MD

https://aiichironakano.github.io/cs596/Jia-DeePMD-SC20.pdf

Pushing the limit of molecular dynamics with ab initio accuracy to 100 million 
atoms with machine learning 

Weile Jia, Han Wang, Mohan Chen, Denghui Lu, Jiduan Liu, Lin Lin, 
Roberto Car, Weinan E, Linfeng Zhang

Proc. Supercomputing, SC20, Gordon Bell prize
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Phys. Rev. Lett.
126, 216403 (’21) 

J. Phys. 
Chem. Lett.
12, 6020 (’21)

https://aiichironakano.github.io/cs596/Jia-DeePMD-SC20.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.216403
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.216403
https://pubs.acs.org/doi/abs/10.1021/acs.jpclett.1c01272
https://pubs.acs.org/doi/abs/10.1021/acs.jpclett.1c01272
https://pubs.acs.org/doi/abs/10.1021/acs.jpclett.1c01272


Enabling Science by Online Game



Ising Machine

J. Plasma Fusion Res. 70, 332 (’94)

cf. Original GRAPE was a 48-bit machine

https://aiichironakano.github.io/phys516-lecture.html

https://aiichironakano.github.io/phys516-lecture.html


USC Quantum Computation Center

http://www.isi.edu/research_groups/quantum_computing/home

• D-Wave 2X system with 1,098-quantum bits 
(qubits)

• Adiabatic quantum optimization
Daniel Lidar

Bob Lucas



Machine Learning on D-Wave

Boltzmann machine modeling of layered MoS2 synthesis on a quantum 
annealer

J. Liu, A. Mohan, R. K. Kalia, A. Nakano, K. Nomura, P. Vashishta, and K.T. Yao 
Comput. Mater. Sci. 173, 109429 (’20)

• Computing power of D-Wave allows unrestricted Boltzmann Machine to 
enhance machine learning performance

Final project by Ankith Mohan (MSCS) with Jeremy Liu (PhD-CS)

Visible
nodes

Hidden
nodes

https://www.sciencedirect.com/science/article/pii/S0927025619307281


Quantum Computational Science
• Quantum computing for science: Universal simulator of quantum many-body 

systems [R. P. Feynman, Int. J. Theo. Phys. 21, 467 (’82); S. Lloyd, Science 273, 1073 (’96)]

• Successfully simulated quantum many-body dynamics on publicly-available 
IBM’s Q16 Melbourne & Rigetti’s Aspen quantum computers [L. Bassman et al., 
Phys. Rev. B 101, 184305 (’20)]

• AI-inspired domain-specific quantum compiler has reduced the circuit size 
by 30% below that by the vendor’s native compiler [L. Bassman et al., Quant. Sci. 
Tech. 6, 014007 (’21)]
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https://link.springer.com/article/10.1007/BF02650179
https://science.sciencemag.org/content/273/5278/1073
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.101.184305
https://iopscience.iop.org/article/10.1088/2058-9565/abbea1/meta
https://iopscience.iop.org/article/10.1088/2058-9565/abbea1/meta

