. Vol.2022-ARC-248 No.30
(MBI V0l.2022-SLDM-198 No.30

IPSJ SIG Technical Report Vol.2022-EMB-59 No.30
2022/3/10

EFEFLSalL—arnEEk
HeE & Bk B AR R 5 H) P

BE: BErbkFrIal—ra r TRHBICHV OIS ELEEE (DFT: Density Functional Theory) T

i, ZEBAHEDICE L OHERMNESLEND Z RO TWD, by b A7 ERUIEDOE T H
@mﬁwm%ﬁﬁﬁéﬁu ko THE EmUﬁﬁéﬁ AR E LC B OFEEE D% S A3
I > TWD, ATl FPGA IZ TS ORmELETRET D, BT, FPGA ~OT7 —F{lk
%%ﬁ@kéﬁétw v4YRUC %%A®ﬁ4%¢@%ﬁ T 5, VQJV_VEVHWW
IZBWTH v M7 4% %lﬂwﬁé&¢5?4/%?%x%k/b 74y RUICHAY T8 F
PRANCE T L2 LK, By AT EROHERR B ELHIE S, ZE S @ﬁﬁ%ﬂﬁ?
%, BT I al— a7 FTHDH CP2K IZOWTIREFIEOAEZHEGER LT,

F—U—F: BEREKE N—b)—T+voE ZEFES FPGA, CPXK

An Accelerating Method for Quantum Chemistry Simulation

TAMIYA Yutaka* HAMAMINATO Makoto* ISHIHARA Teruo*
IKE Atsushi* YOSHIKAWA Takahide*

Abstract: The Density Functional Theory (DFT), which Quantum Chemistry simulation generally uses, is known
as a time-consuming process. The reason is it must calculate an enormous number of two-electron integrals. In
order to speed up the simulation, it exploits the approximation, where it ignores electron pairs located beyond 'cutoff
radius'.  Although applying this approximation, the two-electron integrals are still time-consuming. In this paper,
we propose FPGA acceleration of two-electron integrals. To supply input data to the FPGA efficiently, we also
propose a windowing method, which scans the window with the same size of the cutoff radius all over the simulation
space and efficiently enumerate electron pairs located within the cutoff radius. We have found the efficiency of the
proposed method with the public-domain quantum chemistry simulation: CP2K.

Keywords: Density Functional Method, Hartree-Fock Method, Two-Electron Integral, FPGA, CP2K
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