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Figure 1. Configuration of MD-Engine Il (MDE-11). (a) MDE-11 can be viewed as an accelerator that calculates nonbonded
pair interactions at high speed. On receipt of the coordinates and charges from the host computer, the MDE-11 system
calculates interactions (e.g., energy and force) using its dedicated hardware. (b) MDE-II consists of identical computation
boards. On each board, a particle-processor and four arithmetic processors are mounted. The board is connected to a host
computer viaa VMEG64 bus. VMEG64 (Versa Module Europa) is a popular open-ended bus system and typically exhibits a

throughput of 40 Mbytes/sec.
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Figure 2. A hierarchical cell structure of the fast multiple
method (FMM) in two dimensions. The far and nearby
regions (gray and white boxes, respectively) are defined
for each atom (closed circle). The contributions of atoms
in the far region are evaluated using the multipole approx-
imation method, while those of nearby atoms are directly
evaluated using the naive O(N?) method.
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Figure 3. A cell-list method. The cell-list can be ex-
pressed using a list of pairs, each of which consists of a
pointer to the first atom in that cell and number of atoms
contained in that cell.
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Figure 5. A cyclic buffer represented as a window moving around data. The open and solid triangles
represent the positions of head and tail pointers, respectively.
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Table 1. Performance of MDE-Il with or without a
special hardware mechanism for selecting atoms in the
nearby regions in the computation for a system of 10°
random atoms.

B Type L with without
Execution Time (s)

1 | 3 88 10.6
1 | 4 20 4.2
1 1 3 313 38.3
1 1 4 65 16.2
Parallel Efficiency (%)
2 | 3 994 90.2
2 | 4 951 70.4
2 1 3 999 90.5
2 1 4 983 72.8
3 | 3 99.0 83.2
3 | 4 871 52.7
3 1 3 997 84.8
3 1 4 96.7 54.7

* Band L are the number of boards and recursive level of
the FMM cell, respectively. “Type” represents the type of
nearby regions.
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Two Algorithms Designed for Realizing Efficient Combination of
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This paper concerns two algorithms designed for acceleration of molecular dynamics simulations using
the fast multipole method (FMM) and special-purpose machine (MD-Engine II) for calculating pair inter-
actions. One algorithm is based on a three-dimensional cyclic buffer, which enables efficient cooperation
between FMM and MD-Engine 1I. The algorithm is implemented as part of the particle-processor of MD-
Engine 1l. The processor specifically extracts a set of particles which are contained in nearby regions defined
in FMM. The other algorithm is based on a recursive bisection for static load-balancing technique. The
efficacy of these algorithms was confirmed by numerical tests.

Keywords: molecular dynamics, special-purpose machine, fast multipole method, parallel algorithm, load-
balancing
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