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High performance simulation of proteins by the earth smulator
MINORU SAITO," KEna SAYANO™

In JSPP2002, we estimated the execution speed of protein simulation on the earth simulator
which is the fastest computer at the present time. In SACSIS200, we measured the execution
speed of COSMOS90 on the simulator and compared with the predicted speeds. The execution
speed using a node (0.027 sec/step) is almost the same as the predicted one (0.029 sec/step). We
successfully executed a step of simulation within 0.01 sec using 8 nodes. In the presentation, we
will show recent results of further speed up.
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Fig.1 Long-range Coulomb interactions are calculated by the
order NlogN using Particle-Particle and Particle-Cell (PPPC)
method. This figure shows space subdivision based on PPPC to
calculate Coulomb forces acting to the 117tha -carbon atom of
human lysozyme (130 amino acids).
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Table 1 Peak speed of CPU and communication of super-
computers.

Machine CPU oo
(Gflops) (GB/s)
SR2201 0.3 0.3
VPP500 (Scalar) 0.2 04
(Vector) 1.6 04
VPP5000 (Scalar) 12 16
(Vector) 9.6 16
E.Simulator(Scalar) 1.0
(Vector) 8.0 16.0
64.0 (1 node) 12.3
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Fig.2 Structure of COSM0S90. COSMOS90 simulates protein
dynamics by efficiently calculating long-range Coulomb inter-
actions using PPPC method.
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Fig.1 Protein-DNA complex in water (16034 atoms)
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Table 1 Execution time (sec) for 1step MD simulation of
aprotein in water (Fig.3). (*)Estimated in JSPP2002.

Machine/
No. of PE Scalar \ector
SR2201/ 1 21.88 -
128 0.30
256 0.20 -
\VPP500/ 1 9.254 0.886
4 2.382 0.233
8 1.279 0.125
VPP5000/ 1 1.801 0.146
4 0.457 0.040
8 0.233 0.023
10 0.189 0.018
E.Simulator/ 1 1.593 0.189
1 node - 0.027
- (0.029)
8 nodes - 0.008
- (0.005)
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(sec/step) O  http://www.scripps.edu/brooks/Benchmarks/
Pittsburgh Supercomputing Center [0 Lemieux (Hew-
lett-Packard AlphaServer SC ES45/667MHz) O OO OO
Table 3 Performance speed of other MD software for pro-
teins (sec/step)

processors | CHARMM  AMBER7 NAMD2.4
c29b1
1 1.332 1.020 1.385
2 0.685 0.460 0.750
4 0.356 0.250 0.390
8 0.217 0.150 0.198
16 0.142 0.100 0.105
32 0.108 0.070 0.061
64 0.098 0.060 0.040
128 0.104 - 0.023

dihydrofolate reductase (DHFR) in a cubic periodic box
(62.23 A dimension). This protein consists of 159 residues.
The number of water molecules is 7023. Total number of
atoms is 23,558. Long-range Coulomb interactions are cal-
culated by PME method.
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