MRS ISSN 1003-3254, CODEN CSAOBN E-mail: csa@iscas.ac.cn
Computer Systems & Applications,2022,31(11):358-364 [doi: 10.15888/j.cnki.csa.008774] http://www.c-s-a.org.cn
O E RGBT TR . Tel: +86-10-62661041

i

~ > 7’ =
INZYAR

M RELIL®
ML, sk k!, kil Y B, e
(P E B LN (S B, JE5 100190)
(P ERL B, 6 100049)
(P TR, # 5E 210023) .
B(5 /R 5k % 8, E-mail: klzhang@cnic.cn; X %, E-mail: liugian@sccas.cn '
i B AR E T 0% (A QCD) RS T I SR T T AR B B S T S 2
HAE A VUSSR WA, FFH BT (s J) 2 BRI 8 SR b, AR FTN 5T DS BB AN T 325, S — 1R
B AT 9 9 (AR AR AR BT, (X AN R v S bl oK, R B AT KRB AT T 5 55 QCD tHERIZ 0
Fhili A% 2L QCD K, RAETIEAT FE MRS, A R E P Rt B & TS A QCD SRAFZR I SE
S, $2H—FEH% 2 QCD Ejiﬁ@%‘%ﬁ‘] WAL, SCHL T BiICGSTAB Kff#Y, o2 AR 1 IEARUKEL 8 AR Tl
AEFREEAR, BRAK T R SR i AT SR %) 1] 7 e A I - PR RR A, AL T Dislash AR U5 AR AR, S30AERE HH,
#H H:ﬁt%ﬁﬁﬁ‘]ﬂ%ﬁ%%%”ﬂ%?é’ﬂ 30 fE NI b, S = AR A% A QCD B RE AL SRt T s S E A,
KRR A% MR T O3] )15, RRSRERS; AT

K E F i E S IAY

I

UK WL, 7K 5 e, XU ARG VIS 4% 55 QCD B Al 3R figf s S L 7 M vk S S I M RE AL AL TH BEHL R SR ,2022,31(11):358-364.
http://www.c-s-a.org.cn/1003-3254/8774.html

Performance Optimization of Lattice QCD Solver and Its Heterogeneous Computation

YANG Zi-Jiang"”, ZHANG Ke-Long', LIU Qian"?, XU Shun', SUN Peng’

'(Computer Network Information Center, Chinese Academy of Sciences, Beijing 100190, China)
*(University of Chinese Academy of Sciences, Beijing 100049, China)
*(Nanjing Normal University, Nanjing 210023, China)

%

Abstract: Lattice quantum chromodynamics (Lattice QCD) is an important theory and method to study the interaction
between microscopic particles such as quarks and gluons. By discretizing the spacetime into a four-dimensional structural
grid and defining the basic field quantity of QCD on the grid, researchers can use a numerical simulation method to study
hadron interactions and properties from the first principle. However, the computation in this process is time-consuming,
and large-scale parallel computing is required. The fundamental module of the Lattice QCD computation is the Lattice
QCD solver which is the main hot spot of the program running. This work studies the realization and optimization of
Lattice QCD solver from a domestic heterogeneous computing platform and proposes a design method of Lattice QCD
solver, which realizes BICGSTAB solver and significantly reduces the iteration numbers. With the odd/even pre-
processing technology, the study reduces the computing scale of the problem and optimizes the Dslash module’s memory
access in terms of the characteristics of a domestic heterogeneous accelerator. Experimental tests show that the speedup
ratio of the solver is about 30 times higher than that of the unoptimized one, which provides a useful reference for the
performance optimization of Lattice QCD software of domestic heterogeneous supercomputers.
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