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Fig.3 Testing molecules 4(A), 5(B), 6(C) for

molecular dynamics simulation
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Table 1 Comparison of computation time by CPU and GPU "

Atom number Simulation step  tcpy/ms topy/ ms tepu/tepy || Atom number Simulation step  fepy/ms topy/ ms tepu/tepy
45 20 38 4 9.5 204 20 148 6.6 22.4
200 319 37 8.6 200 1302 64 20.3
2000 3141 330 9.5 2000 13053 624 20.9
20000 31570 3285 9.6 20000 129602 6208 20.9
200000 320988 33182 9.7 200000 1290516 62752 20.6
83 20 49 4 12.3 397 20 279 11 25.4
200 492 37 13.3 200 2501 105 23.8
2000 4757 375 12.7 2000 24381 1038 23.5
20000 47775 3716 12.9 20000 246409 10872 22.7
200000 496147 37417 13.3 200000 2486682 104367 23.8
109 20 72 4 18.0 775 20 524 18.7 28.0




2428

¥
S

Vol. 29

Continued

Atom number Simulation step  tcpy/ms

topy/ ms

topu/bept

Atom number Simulation step

tepy/ms

topy/ ms

topu/tepy

109 200
2000

20000

200000

657
6478
65287
650815

41
418
4108
41645

16.0
15.5
15.9
15.6

775 200
2000

20000

200000

4883
48624
486024
4852572

179
1813
18274
177743

27.3
26.8
26.6
27.3

# Six different molecules are tested. All simulation are done at 0. 1 fs time step and the total energy is fixed.
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Fig. 6 Evolution of the peptide chain containing 397 atoms in molecular dynamics simulation

Fig.5 Population of O—H bond in peptide chain

made up of 397 atoms
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Molecular Dynamics Simulation Using Graphics Processing Units

SONG Guo-Liang, WENG Jing-Wei, LI Zhen-Hua, WANG Wen-Ning, FAN Kang-Nian "
(' Shanghai Key Laboratory of Molecular Catalysis and Innovative Materials, Department of Chemistry, Center for
Theoretical Chemical Physics, Fudan University, Shanghai 200433, China)

Abstract In this paper, the molecular dynamics program with CHARMM force field is developed on Graphics
processing unit( GPU) at Windows computer cluster server( WCCS) system. From the testing results of pep-
tide chain, the efficiency of GPU is outstanding compared with that of CPU. The efficiency on NVIDIA Ge-
Force 8800 GT GPU is at lease 10 times faster than that on a single Athlon 2. 0G CPU. When the total mole-
cule size is enlarged, the number of vacant parallel units in GPU decreases, so the parallel efficiency increa-
ses. At the same time, while the fragment size is enlarged, the buffer size of a fragment decreases relatively,
so the total efficiency also increases. The maximum efficiency ratio of GPU/CPU reaches to 28 times according
to our test. At last, a peptide chain with 397 atoms is tested for simulation and the population of hydrogen
bond is described at different time steps.

Keywords Molecular dynamics; Graphics processing unit; CHARMM ; Windows computer cluster server
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