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Abstract
One rapidly developing area in scientific computing is the use of general purpose
graphic processing units (GPU). In materials science simulations, the plane wave
pseudopotential method is the most widely used density functional theory (DFT)
simulation method. We have implemented our plane wave pseudopotential code
PEtot using GPU. This requires a redesign of the parallelization algorithm. In
particular, we calculate the band to band overlapping matrix elements in Gspace parallelization, with the wave function to Hamiltonian application in band
index parallelization. We found that it is possible to accelerate the original MPI
code by a factor of 20 by the GPU code. As a result, in a molecular dynamics
(MD) simulation of a 512 atom GaP system, each MD step takes only about 10
seconds using 256 GPUs.
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