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Large Scale Simulations of Proteins on the Earth Simulator:

Acceleration Performance by Vectorization and Parallelization

MINORU SAITOf

I measured a performance speed of large scale molecular dynamics (MD) simulations for
a protein (hemoglobin in water; 120,036 atoms) using COSMOS90 on the Earth Simula-
tor. The code of COSMOS90 was highly vectorized and parallelized on the Earth Simulator.
The Barnes-Hut tree code in COSMOS90 was parallelized in keeping with the vectoriza-
tion. I successfully obtained the performance speed of 0.023sec/step for 128 processors of
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the Earth Simulator. This performance speed makes it possible to study biological prop-
erties of hemoglobin by MD simulations. For further speed up, I investigated acceleration
performances by vectorization and parallelization for each subprocess of COSMOS90.
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01 0000000000120,036 000000000 66A
Fig.1 Hemoglobin in water (120,036 atoms). Radius of
water sphere is 66 A.

Loop for MD step
(1) Calculating bonded forces (bond, angle, torsion)

(2) Communicating bonded forces
(3) Calculating nonbonded forces based on PPPC
(3.1) Subdividing a system into hierarchical cubic cells
(3.2) Communicating child cells and next cells
(3.3) Making an interaction table for P-P and P-C
(3.4) Communicating dipoles
(3.5) Calculating charges and dipoles of cells
(3.6) Communicating charges and dipoles of cells
(3.7) Calculating Coulomb and vdW forces from P and C
(4) Updating positions according to eq. of motion
(5) Communicating new positions
Next step
0 2 COSMOSY OIOPPPCOOOIOOOOOODODOODOO
00o0D00000000oooDoooo
Fig.2 Structure of COSMOS90. COSMOS90 simulates

protein dynamics by efficiently calculating long-

range Coulomb interactions using PPPC method.

At~ 107 ¥sec00000000O0O0O000000
000000 10°00 10° 00000000000
000000000000000000000000
0000000000000 00000000000
000000000000000000 100000
0000000000000 00000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000D00D00000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
oooo

00000000000 000000000000

oooooooooooooooooooOobOboOooooooooboo 11

‘QAP C<«METHOD

{l”,
p 2 >

0 3 Particle-Particle and Particle-Celld PPPCOOOODOO
000000000 O(NlegN) DOOOOOODOOOOO
OOooob0ooo13o0000000000000 11700
0 Ca0000O0O0ODODOOOODOODODOOOOODOD
ooo

Fig.3 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 117th a-carbon atom
of human lysozyme (130 amino acids: displayed by
ribbon).
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Fig.4 Parallelization of Barnes-Hut space subdivision.
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Fig.5 Parallel calculation of charges and dipoles for cells.
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Fig.6 Calculation speed of COSMOS90 on the Earth
Simulator.
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Fig.7 Parallelization efficiency.
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Fig.8 Acceleration by vectorization.
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Fig.9 Calculation speed of each subprocess in Fig. 2.
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