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Introduction

The lean divide and conquer density functional theory (LDC-DFT) algorithm [1,2] realizes O(N) quantum
mechanical calculation for an N-electron system, in which the three-dimensional space 1s represented as a
union of spatially localized domains. In spite of the simple methodology and easy implementation, a high
parallelization efficiency on a multi-core processor architecture on Blue Gene/Q Mira (16 cores/node)) has
been achieved [1,2]. However, the parallelization efficiency in the many-core processor architectures, which
will be the mainstream of the next generation, 1s still unknown. Thus, we investigate the optimization work on
the Oakforest-PACS (OFP) system (64 cores/node).

While the parallel performance of the LDC-DFT method on Mira realized a high efficiency of 98.4% (weak
scaling) and 80.3% (strong scaling) up to 786,432 cores, the strong scaling on OFP 1s 60.0% up to 256 nodes
(17,408 cores). Furthermore, when the number of nodes exceeded 512 nodes (34,816 cores) on OFP, the
parallelization efficiency sharply decreased (35.0%). Although we are investigating the reason for this, LDC-DFT based MD simulation [1,2,4] .
probably the thread parallel performance of the FFTW library [3] has not yet been exploited sufficiently. (LiAl alloy + H,O system (16,661 atoms)) (Alkali
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Lean Divide and Conguer Density Functional Theory (LDC-DFTI) Method

Original DC-DFT O (V') — O (N) [6]  [Local Hamiltonian] LDC-DFT optimized prefactor of O(N) ((I + 2b)° = b°)
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[Global charge density p(r)] ~ [Local charge density p,, ()] u: Chemical Potential ©: Step function each Q.. In addition, instead of the finite
(1) = 2 0.(1) p, (r) =p%(r)pr) Y& (r) of each Q_ is selected using u determined so Linear response formula for Ap, (1) difference method of real space used in the
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[Partition Function p%] oreserved. The global information is transmitted to - - dp(r’) e §ach Q, was perfomed by efficient numerlcal
Qi — Qi each Q_ via u and the calculations at each Q_ are ocal approximation for response kernel (356, implementation using plane wave basis  set
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a performed in parallel to achieve O(N) calculation. (§>0) based on Fast Fourier Transform [1,2].
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Benchmarks for BlueGene/Q Mira (16 cores/node)
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Benchmarks for Oakforest-PACS (64 cores/node
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Summary/Achknowledge

In summary, we nvestigated and showed the parallel performance of the LDC-DFT method [1,2] on many-core supercomputer Oakforest-PACS (OFP) as well as BlueGene/Q Mira. The
number of processor (cores) per node are 64 and 16 for OFP and Mira, respectively. Parallelization performance on Mira realized a high efficiency of 98.4% by weak scaling using up to 786,432
cores, while strong scaling 1s 80.3% [1,2]. On the other hand, parallelization efficiency of strong scaling on OFP 1s 60.0% up to 256 nodes (17,408 cores) only with Flat MPI and automatic
parallelization. However, when the number of nodes exceeded 512 nodes (34,816 cores), the parallelization efficiency sharply decreased (35.0%). Although we are investigating the reason for
this, probably the thread parallel performance of the FFTW library [3] has not yet been exploited sufficiently.
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