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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



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



GRAPE 1 ($2K, 1989)

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

purpose computers 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)



GRAPE & Gordon Bell Prizes

J. Makino 
& Grape 6

(2001)

www.green500.org (Nov. ’10)



Enabling Science by Hardware

CPC homepage



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 http://cacs.usc.edu/education/cs653.html



More N-body Simulations at SC

2009 Gordon Bell Prize
Price/Performance Category 

IEEE/ACM supercomputing, SC12
Machine

&
algorithm!



Enabling Science by Online Game



Ising Machine

J. Plasma Fusion Res. 70, 332 (’94)



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



Quantum Chemistry on Quantum Computer
Challenges
1. Small number of qubits (<102) of “nonadiabatic” quantum computer →

(1) small basis set or (2) divide-&-conquer on QPU? 
2. Environmental noise & dissipation → Variational formalism

Science 309, 1704 (’05)

20-qubit computation of H2 molecule



Intel’s Future Computing
1. Quantum computing

2. Neuromorphic computing

49-qubit chip


