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Lattice QCD Calculation and Optimization on ARM Processors

SUN Wei',BI Yuyjiang'* and CHENG Yaodong'**"*
1 Institute of High Energy Physics,Chinese Academy of Sciences, Beijing 100049, China
2 Tianfu Cosmic Ray Research Center,Chengdu 610213, China

3 School of Nuclear Science and Technology. University of Chinese Academy of Sciences,Beijing 100049, China

Abstract Lattice quantum chromodynamics(lattice QCD) is one of the most important applications of large-scale parallel compu-
ting in high energy physics,researches in this field usually consume a large amount of computing resources,and its core is to solve
the large scale sparse linear equations. Based on the domestic Kunpeng 920 ARM processor, this paper studies the hot spot of lat-
tice QCD calculation, the Dslash,which is applied on up to 64 nodes(6 144 cores) and show the linear scalability. Based on the
roofline performance analysis model, we find that lattice QCD is a typical memory bound application,and by using the compres-
sion of 3X 3 complex unitary matrices in Dslash based on symmetry,we can improve the performance of Dslash by 22 %. For the
solving of large scale sparse linear equations,we also explore the usual Krylov subspace iterative algorithm such as BiCGStab and
the newly developed state-of-art multigrid algorithm on the same ARM processor,and find that in the practical physics calculation
the multigrid algorithm is several times to a magnitude faster than BiCGStab,even including the multigrid setup time. Moreover,
we consider the NEON vectorization instructions on Kunpeng 920,and there is up to 20% improvement for multigrid algorithm.
Therefore, the use of multigrid algorithm on ARM processors can speed up the physics research tremendously.

Keywords Lattice QCD, ARM architecture, Multigrid algorithm,Kunpeng 920, NEON vectorization
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Fig. 1 Illustration of four dimensional nine points Stencil operation

(two dimensional schematic diagram)

2.2 HEWE

B2 TS AR SO T P AR O BREG 920 ARM 4b 3R
ZeL0l BB 7nm. FH 2. 6 GHz, 323 ARM v8. 2 3544,
e IR 55 25 e T 5 T L BT AEL A WA 48 B CPUL B3R A
96 #% . Hoh—g48 4 (L1D A (L1d) & 17 43 1 4 64 kB,
TYGEAF(L2) K 512kB, AT (L3) A 48 MB, By 4 KT
A 4 4 NUMA (Non-uniform Memory Access) 35 £, N 1% K
256 GB,

WO, AT 3 F 3 A 0 JF TR S A QCD 3 A HE 8
chroma™ "V, SEHUAE AL T AR B 9% G B9k . TEIB 4T R B 7
40 T GCC i Al OpenMPI [ , 3 45 18] 4 3% 2 44 FH]
RoCE(RDMA over Converged Ethernet) [ #5338 , EL& {5 B,
mzE 1 55,

1 RIEETIR

Table 1  Software operation environments
software version
Compiler Geelhzl 7.3.1
MPI OpenMPI 3] 1.1.0
Network RoCE ConnectX-6
(O8] CentOS 7.6

3 Dslash E8E 49 #r

3.1 Dslash ZEWT B
Dslash iz 540X (D s, &35 4B 1% Stencil 18 5, 76 47

D https://github. com/ITHEP-LQCD/chromaxx, https://github. com/THEP-LQCD/mg_proto
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Fig. 2 Scalability of lattice QCD computing hot spot Dslash
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—0.2213 333 3284 131 2.54  2.50
—0.2218 469 3290 172 2.73  2.69
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