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ds (mm) dt (s) Err
—3
Diterence in displacement TCOVFEM| 2.000 5.0 x 10~% 0.03947
[response in z-direction VFEM 2.000 5.0 x 107% 0.28057
5 wroe| VFEM 1.500 2.5 x 107° 0.09579
' —— VFEM2mm-CFEM1mm VFEM 1.333 2.5x 107% 0.05743
VFEM1.33mm-CFEM fmm VFEM 1.200 2.5 x 107" 0.03602
5000 15000 :Ximnf:mcfgm:m VFEM 1.091 2.5 x 107% 0.02343
—_— - = —8
_  OVREMZITCEEM A VFEM 1.000 2.5 x 107% 0.01570
A VFEM 0.500 1.25 x 10~% 0.00104
BEXTEGREER I CILVERERERZY M1 X2 mm)
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[1] Ichimura, T., Hori, M., Wijerathne, M. L. L.: Linear finite elements with orthogonal discontinuous basis functions for expéicit
earthquake ground motion modeling, International Journal for Numerical Methods in Engineering, 86:286-300 (2011)
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Computation type|Fraction bits Value
FP128 112 507813.690592559616827867910192902549
FP64 52 507813.6905925632
FP32 23 507814.750
INTS8 (M = 4) 28 507813.7802133318
INTS8 (M = 8) 56 507813.6905925595
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Input source

Computation type ds Elapsed time (s)
(mm)|Time-step loop Matrix-vector product
OVFEM FP64 2.0 48.3 43.3 [2.1 TFLOPS]
Orthogonal OVFEM FP32 2.0 18.9 15.5 [5.9 TFLOPS]
voxel FEM " poovEEM INTS (M = 8)| 2.0 14.2 0.62 [64.4 TOPS]
1.2 242.8 -

Standard voxel FEM  VFEM FP64
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C: % }JL/’EE Predicto Solver Process #0
. . ep (step it — 1)
* Predictor@CPU : BEDRKET —X & _ N
EATHILT. ROKALRTy T £|| Prede o
DR % HETE 2 :
E’ Predicto Solver
e Solver@GPU : 17/ IL/N— (2L V) w ep (step it)
KA .
Predictor olve
+ B3&7: CPU-GPUA > 2 —2 27 | IC sepie+ ) | M
J: U prediCtOr/SOWer%:mt% 7& I%\ﬁ_i_ L: EHH Arrows: Data synchronization

between CPU and GPU
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Predictor@CPU

« BEDSKEIRT v 7DT — 2 XU = x5 x-S+ | xit-1} Fit = {fit=s fit=s+1
W3 Z &T, RORTy 7DfE% %= predictor (X%, F¥%, fi*) & 54
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s ZHRT T DT —RIFGPUX TV IZHEMTEL WD, KBREDCPUXEY Z7FAL

CPU ETE

1.00E-02
1.00E-03
1.00E-04
1.00E-05
100E-06 g* —
1.00E-07
1.00E-08
1.00E-09

Adams-Bashforth predictor
(used in baseline method)

Data-driven predictor

(s =8,16,77)

Relative error of solver

1 11 21 31 41 51 61 71 81 91 101111121 131 141 151
# of solver iterations required to attain accuracy below 10-8 error
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. £ 150 9.7x speedup
GH200 COMREEDAIKER @ & by use of GPU
CPU: 72-core Grace with 3 100
480 GB (384 GB )
GPU: Hl(OO (34 T/E)Lgsgn)my - 3.7x speedup by 1.9x speedup by SpMV
with 96 GB (4000 GB/s) £ 168  Mmatrix-free SpMV with r = 4 right-hand sides
= 4.56 2.39
memory . e ‘
CRS@CPU CRS@GPU matrix-free@GPU matrix-free-4@GPU
Memory Bandwidth (% to 0.21 TB/s (55%) 2.0 TB/s (561%) 0.58 TB/s (15%) 0.51 TB/s (13%)

peak)
TFLOPS (% to peak) 0.049 TFLOPS (1.4%) 0.47 TFLOPS (1.4%) 9.5 TFLOPS (28%) 18 TFLOPS (53%) 13
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Solver
40 Total @cPy Baseline method
= 30 30 accelerated by
= 30 higher GPU memory _
o bandwidth Use of data-driven Further accelerated by
o . - ;
S 50 predictor: iterations multi-vector matrix-free
= Solver reduced by 1/2.3 SpMV kernel
o Solver Predictor .
Total Solver Predictor

g 10 31 80 Total @GPy @CPU Total @GPU @CPU
= ' ' 13 1.3 0.1 0.35 0.34 0.31

CRS-CG@CPU CRS-CG@GPU CRS-CG@CPU-GPU matrix-free-MCG@CPU-GPU

Relative speedup 1.0 10 26 86

Relative energy usage 32 7.0 3.2 1.0
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