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Abstract: AWP-ODC s a software for large-scale 3D seismic simulation based on the finite difference
numerical method. Due to foreign export restrictions on high-performance computing chips to China,
there is an urgent need to develop China's own high-performance computing chips and software ecosys-

tem. The early acceleration of AWP-ODC was primarily designed and optimized based on the NVID-
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IA GPU software and hardware architecture. In recent years, various heterogeneous computing plat-

forms developed rapidly. How to accelerate AWP-ODC based on new heterogeneous computing soft-

ware and hardware platforms showed significant research value. To this end, AWP-ODC was ported

to a domestic accelerator card. By optimizing GPU memory access and grid parameters, the execution

time of the time-consuming kernel function dstrqc was reduced. Finally, performance tests were con-

ducted on a domestic GPU single-card and dual-card setup using the Fréchet Kernels seismic dataset

and the 8+3 Ludian earthquake dataset. Experimental results showed that, under a single-card comput-

ing environment, the FLOPS for the two datasets increased by 30.51% and 25.21%, respectively.

Under a dual-card computing environment, the FLOPS for the two datasets increased by 9.42% and

23.6% , respectively.

Keywords: seismic simulation; domestic accelerator card; AWP-ODC; heterogeneous computing;

performance optimization
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Grid3D U = (Grid3D)malloc(sizeof (float**)*nx + sizeof (float
*)dnx*ny +sizeof (float) *nx*ny*nz) ; //fFEAnal lociH I TRITEAEL

for (i=0;idnx;i+) {
Uli] = ((float**) U) + nx + i*ny:
V/ANbAICEE S

float *Ustart = (float *) (U[nx-1] + ny):
/AgEHREBINER AL
for (i=0;idnx ;i)
for (=0 j<ny; j++)
U[i][j] = Ustart + i*ny*nz + j*nz:
for (i=0;i<nx:i++)
for (=0 j<ny. j++)
for (k=0 :kinz k++)
Ulil [5]1[k] = 0.0f:

Fl6  Alloc3D o R AL T
Fig.6  Unoptimized Alloc3D function

size_t size=sizeof (float**)* nx+szizeof (float*)*
nx*ny+ sizeof (float) *nx*ny*nz ;

Grid3D U ={GriddD)calloc(l, size) : //fBHcal locB{TRITE S BLIOM
ik

MBI ILE —ErEH

float**U2D=(float**) (U+nx) ;

float*Ustart=(float*) (UZD+nx* ny):

IhgBIgHRE
for (i=0:idnx :i++)
U[i]=U2D+i*ny;
for (01 jny 1 j+4)|
w[i] [j]=Ustart+(i*ny+j) *nz;

El7  Alloc3D s ¥l b5
Fig.7 Optimized Alloc3D function
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Table 2 Computing platform parameters

GPU WHFK SM& BT/ FP32/  FP64/
BE NGB R/ 4 (GBes ') TFLOPS TFLOPS

j][%;e 16 4 096 800 11.8 5.9
1080 8 3584 320.3 11.3 0.35
2080T1i 11 4 350 616 13.5 0.42
3080 10 8 704 760.3 29.8 0.46

A100 40 8192 1555 19.49 9.746

Forp R AR T B R Y
SIMT Jin o #5 20 B i SE B o X SERF R 45 17 210 A,
BT S AL S 14 324 CPU M4 2% . CPU
WA 1A NUMA 95 55, 54> NUMA 35 50 84
X86 #% . i 4F R H 2l GPU By 424, i1 16 GB
HBM2 & & N A7 FF 2 7 5 S s 4L o ok 5 i
it PCI-E 5 CPU # 8z, FINAF 5 4 A7 Z 0] i 4L
It 42 iy W F 4 98 R 16 GB/ s
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PO T 15 sHME SRR R . THE 0 A B A
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A B 0L Hb FR B LS B . D — A LS b AR R A
L) I e 2 A T T ) EL Y U A% B B dE
iy 2 UR 200 km N 1 40 A il % 45 o 2R B MR B
PLAY 3 B rp AN X R 500%500%100 A% A5,
25 8] A% K7 A 400 m, B[R] A5 KR 0.02 s, B 483
T A0 s PG RE SRR .
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Fig.8 Fréchet Kernels earthquake simulation wave
propagation
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Table 3 Performance data of Fréchet Kernels on different
GPUs

PRI/ B AT MR TR]/
GPU R % R E n

GFLOPS i

1080 1 48.974 59.618
2080Ti 1 66.714 43.765
3080 1 71.092 41.069
A100 1 88.195 33.693
FE] ™ i R 1 64.066 48.820
1080 2 52.105 56.973
2080Ti 2 119.578 24.871
3080 2 122.983 24.151
A100 2 160.852 18.805

Rl in R 2 115.596 25.863

~ b

100 20
60 s 1228
40 0sH
1 =1
0 04
0 0

1080 2080Ti 3080 Al00  EF=GPU
1.05 1.76 1.71 1.79 1.89
52.50%  88.00% 85.50% 89.58% 94.51%
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Fig.9 Performance data of Fréchet Kernels on different GPUs
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Fig.10 Intensity map of the 6.5 magnitude Ludian
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Fig.11 Simulation wave propagation of the 8+3 Ludian

earthquake
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Table 4 Performance data of Ludian earthquake simula-
tion on different GPUs

TERIBSE A/ AT R/

GPU #I & R

GFLOPS o
1080 1 32.248 474.320
2080Ti 1 53.007 288.570
3080 1 57.591 265.600
A100 1 85.967 178.842
EEDRIIEE S 1 59.482 257.156
1080 2 26.143 588.574
2080Ti 2 110.346 146.073
3080 2 105.208 146.379
A100 2 159.951 99.508
] 7= i R 2 94.452 162.740
2.4
o " —— 1.8
ek
O.GE
0

0080 2080Ti 3080 Al00  Ef=GPU
1.24 1.98 1.81 1.8 1.58
62.04%  99.00% 90.50%  90.00% 79.01%

12 G R R GPU L B PERE S
Fig.12 Performance data of Ludian earthquake simulation on
different GPUs
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Fig.13 Efficiency improvement of various methods under
single-card Fréchet Kernel and Ludian earthquake

simulations
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Fig.14 Performance data of Fréchet Kernels on single-card
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