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Performance Optimization of First-Principles Molecular Dynamics Simulator
for Nanomaterials "PHASE" for the K computer
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We optimize the first-principles molecular dynamics simulator for nanomaterials "PHASE"
targeting the K computer. PHASE performs convergence calculations using the steepest
descent and the conjugate gradient methods, which are based on orthogonalization and
diagonalization. Also, FFT is used in order to expand wave functions with the Fourier series.
These calculations are O(NV3) for a given system size N. For this reason, we expect to
increase sustained performance largely by improving the calculation methods. However, it
has been said that it is difficult to achieve massive parallelism because calculation time
diverges in large systems. In this paper, we introduce optimization methods developed to
achieve outstanding research results with large scale computations. By doing actual
performance measurements with the K computer, we confirm that the methods increase

parallel performance and achieve sustained performance of 20 % or higher.
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