%41 5% 34 + K53 E A FROP E DO Vol. 41 No. 3
2019 %6 A Journal of Civil and Environmental Engineering Jun. 2019

doi:10. 11835/j. issn. 2096-6717. 2019. 043
JE T Bl 1L 25 0 0 2 5K SRR 1T I8 Sk fiE

AR B, [h AR
(REXF gRAIBRFR ;KA IRBGASZAERE LSBT, RE 300072)

 E.wE#%FEA (Four-Dimensional Lattice Spring Model, 4D-LSM) & —#+ % /& %7 9] 4t 48 &
R BRI EF R, BHERTELEFINEEHART AR R, RiES £
MBI LiEAT, AT 3B ATHRR AT L =4 %4 THEESE S #3035 T 2+ AD-LSM #4+
FARFRERE BALIA AT HE D AT, TR T KBIAL R XA KR H M E 52t 4AD-LSM
RigaaeagHrn, FEREI, NG TRE T e R AL, 5045 )8 o) 31 5 od 18] 5 A2 A HLABE A%,
EMW L AT A FE % CPU B A AT RO ER Fm, EXF5 BREFREANHFEALT,. =1 FE
S EEfe NGBy M) R RN ES T O %REEAGF /LA, BREAN . A TH
B =6 4D-LSM | K& AT LA B 42850, i T B AT 9L T a7 /5 422 ,4D-LSM B 37
T AR EH/TTEA., RGBT T RARBRMAEN AT LR ERA KF=2F
MR Y Ry F TR ER .

XEIF E L w R SRR AT sy A&

hE 4SS . TUL52 XERFRERRD : A X EHE2096-6717(2019)03-0001-10

Performance of the parallel four-dimensional lattice spring model
using Alibaba cloud
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Abstract ; Four-dimensional Lattice Spring Model (4D-1.SM) is a newly developed discrete numerical method
considering the extra-dimensional interaction. The method needs large amounts of computing resources in
three-dimensional rock failure analysis and therefore is not suitable for the conventional personal computer
(PC). In this work, based on the multi-core parallel technology, the computational performance and
bottleneck of 4D-LSM were analyzed in details. A variety of hardware environments, such as Alibaba
cloud, multi-core PC, and multi-core workstation, were selected to investigate effects of the model size,
problem type, thread number and hardware configuration on the parallel computing performance. It is

found that the memory capacity determines the limit size of the computable model, and the computational
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time of the elastic problem is proportional to the model size. The parallel computing efficiency is affected by

both the CPU performance and memory bandwidth. The flexibility of cloud computing in multi-core

matching and memory allocation is especially suitable for parallel computing of 4D-1.SM without considering

the economic factor. Through analysis, it is found that the maximum size of 4D-1LSM based on Alibaba

cloud can reach 1 billion particles. However, due to the bottleneck lies on the pre-processing and post-

processing, the current maximum capacity of 4D-1.SM is still limited to 20 million particles. Finally, as an

example, 4D-LSM was used to solve a three-dimensional coin-shaped crack propagation problem.

Keywords: cloud computing; 4D-1.SM; parallel computing; 3D crack propagation
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Table 2 Calculating time of different size models using maximum thread number

BT s
RAKH AR /mm
PC-1 PC-2 APC WS-1 WS-2 AWS
20 1. 326 1.277 0. 049 0.721 1. 125 (0. 404)
50 26. 894 23.214 3.68 12. 356 13. 235 (0. 879)
100 218.571 178. 606 39. 965 129. 664 113. 18 16. 484
S
150 753. 637 642. 34 111. 297 378.563 363. 981 14. 582
200 938. 604 825.472 113. 132
250 1 943. 45 1 630. 89 312. 56
20 1.372 1. 376 (0. 004) 0.795 1. 187 (0. 392)
50 31.075 26. 469 4. 606 17. 464 16. 735 0.729
100 275. 371 221. 807 53. 564 178. 568 160. 856 17.712
HEKEFTRL
150 1 106. 14 996. 65 109. 49 894. 115 822. 454 71. 661
200 3 069. 74 2 954. 74 115
250 9 598. 24 8 950. 96 647. 28
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