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A Parallel Molecular Dynamics Simulation by
Dynamic Load Balancing Based on Permanent Cells

Ryoko HAvAsHIt and SusuMU HORIGUCHIt

Parallel Molecular Dynamics simulations have been widely noticed as an important ba-
sic technique for material design. Domain Decomposition Method is one of efficient parallel
methods for short-range classical Molecular Dynamics simulations. However, Domain Decom-
position Method has a problem of computational load unbalancing. To remedy this problem,
we propose a dynamic load balancing method based on cell redistribution. We introduce a
concept of permanent cells in order to reduce the communication overhead between PEs. The
performances of the proposed dynamic load balancing method are discussed by implementing
it on a parallel computer, CM-5. It is seen that the proposed method achieves sufficient load
balancing for each PE and reduces the execution time of parallel Molecular Dynamics com-
putations. Moreover, we analyze the relation between the concentration of molecules and the
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effective region of computational load balancing theoretically.
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Fig.2 Three domain shapes in three-dimensional MD
simulation.
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Fig.3 The permanent cells and the movable cells in
a cross-section of a square pillar domain.
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Fig.4 An example of allocation cells to PEs.
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Fig.8 Algorithm to decide a moving cell.
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Fig.9 Execution time as a function of time step of do-
main decomposition method and DLB domain de-
composition method on 16 PEs of CM-5 (N = 8000,
C = 1728, T}, ; = 0.722, p* = 0.256).
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Fig.10 Execution time and force calculation times of do-
main decompsition method and DLB domain de-
composition method on 16 PEs of CM-5 (N =
8000, C = 1728, :ef = 0.722, p* = 0.256).
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Fig.11 Execution time as a function of time step of domain
decompsition method and DLB domain decompo-
sition method on 64 PEs of CM-5 (N = 17576,
C = 4096, T}, ; = 0.722, p* = 0.256).
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Fig.12 Upper bound of Cy/C and trajectories of parallel
MD simulation.
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Table 2 Number of cells to be transferred on domain
decomposition method.
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Table 3 Number of cells to be transferred with maximum
size of domain on DLB domain decomposition

method.
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