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Abstract

In this study, we propose a new fast algorithm for calculating short range forces in molecular dynamics. This algorithm uses a new
hierarchical tree data structure which has a high adaptiveness to the particle distribution. It can divide a parent cell into k daughter cells
and the tree structure is independent of the coordinate system and particle distribution. We investigated the characteristics and the
performance of the tree structure according to k. For parallel computation, we used orthogonal recursive bisection method for domain
decomposition to distribute particles to each processor, and the numerical experiments were performed on a 32-node Linux cluster. We
compared the performance of the oct-tree and developed new algorithm according to the particle distributions, problem sizes and the
number of processors. The comparison was performed using tree-independent method and the results are independent of computing
platform, parallelization, or programming language. It was found that the new algorithm can reduce computing cost for a large
problem which has a short search range compared to the computational domain. But there are only smalt differences in wall-clock time
because the proposed algorithm requires much time to construct tree structure than the oct-tree and the performance gain is small

compared to the time for single time step calculation.
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2.1 Oct-tree
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Table 1. Comparison between treecode and direct calculation

NO. _ Seardh oct-tree | direct
Processors| Radius NE Tine(s)

0.0%% 10095 0.71 109.79

4 0.10% 10197 0.72 110.07

0.50% 11148 0,74 109.68

1.00% 127.16 0.78 109,75
0.0%% 11825 0,64 5525
5 0.10% 119.17 0.65 55.43
0.50% 1794 0.65 55.16
1.00% 14272 066 5.3
0.05% 182.97 0.63 16.13
16 0.10% 18393 0.64 16.37
0.50°% 19297 0.64 17,33
1.00% 203.00 064 1725
0.0 31145 865 8.02
0 0.10% 31247 065 8.06
0.50% 32201 B8.65 821
100 337.83 064 8.03
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Table 2. Tree size and the time for tree construction

Time for tree

No. noces of tree censtruction (5)
160k [ 640k [1230k | 160k | 640k 1280k
octtree| 241ik] 960k|1,901k{ 0.004] 0.021] 0.045
k=2 319k {1,279k {2,599k | 0010} 0.054 | 0.116
k=3 257k 11,028k | 2,057k | 0.0081 0.045] 0.09%4
k=4 235k| 940k |[1,851k| 0.008] 0.040] 0.05
k=5 223k| 894k |[1,789k | 0.007] 0.0B| 0.078
k=6 216k | 866k |1,731k| 0.007| 0.037| 0.076
k=7 211k| B4ek[1,693k| 0.006] 0033 0.0/
k=8 208k| 831k |1664k| 0.006] 0034} D071
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