Massive Parallelization of First Principles Molecular Dynamics Code
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Abstract

PHASE is a first principles molecular dynamics simulation program for explaining and predicting various
properties of semiconductors and metals through electron-state calculations based on quantum dynamics. Its
code was developed by the Revolutionary Simulation Software project sponsored by the Ministry of Education,
Culture, Sports, Science and Technology (MEXT), and Fujitsu has been participating in the development. As
part of the recent trend toward large-scale computing, the need for simulating tens of thousands of atoms has
been increasing, and to this end, there is a need for high-speed massively parallel processing on tens of thousands
of central processing units (CPUs) simultaneously. This, in turn, requires that simulation programs be converted
to massively parallel code to support such highly parallel operations. In this paper, we describe the method that
we used to massively parallelize the PHASE code; it is a method for achieving massive parallelization of a two-
dimensional decomposition of kernel sections having high computational load in large-scale problems. We show
that the amount of data transferred between CPUs (processes) here is small compared with the computational
complexity, indicating that the performance for massively parallel processing should be high.
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