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Tsuyoshi Ichimura, Kohei Fujita, Seizo Tanaka, Muneo Hori, Maddegedara Lalith, Yoshihisa Shizawa, and Hiroshi
Kobayashi, Physics-based urban earthquake simulation enhanced by 10.7 BInDOF x 30 K time-step unstructured
FE non-linear seismic wave simulation, SC14: International Conference for High Performance Computing,
Networking, Storage and Analysis, 15-26, 2014.

Tsuyoshi Ichimura, Kohei Fujita, Pher Errol Balde Quinay, Lalith Maddegedara, Muneo Hori, Seizo Tanaka,
Yoshihisa Shizawa, Hiroshi Kobayashi and Kazuo Minami, Implicit Nonlinear Wave Simulation with 1.08T DOF
and 0.270T Unstructured Finite Elements to Enhance Comprehensive Earthquake Simulation, SC15: International
Conference for High Performance Computing, Networking, Storage and Analysis, Article No. 4, 2015.
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ize-u scalablllty 96.6% effICIency from 9,216 cores to full K computer
663,552 cores)

. Enables 18.6% of peak (=1.97 PFLOPS) & 1.08 trillion DOF @ full K computer

- 8.6 times faster than conventional solver (CG + Element-by-Element + simple
preconditioner (block diagonal Jacobi preconditioner)

« Speed-up scalability: 76% efficiency for 9,216 = 294,912 cores

* \Very good scaling considering non-uniform mesh is partitioned using METIS
« Similar scalability can be attained for practical problem

Normalized 2 92@%552 # of cores
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time 1/2 \
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Tsuyoshi Ichi

mura, Kohei Fujita, Takuma Yamaguchi, Muneo Hori,

Maddegedara Lalith, Naonori Ueda, Al with Super-Computed Data for Monte

Carlo Earthquake

Hazard Classification, SC17: International Conference for

High Performance Computing, Networking, Storage and Analysis, 2017.
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Fquation-based modeling & data analytics
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Tsuyoshi Ichimura, Kohei Fujita, Muneo Hori, Lalith Maddegedara, Naonori
Ueda, and Yuma Kikuchi, A Fast Scalable Iterative Implicit Solver with
Green's function-based Neural Networks, 2020 I[EEE/ACM 11th Workshop
on Latest Advances in Scalable Algorithms for Large-Scale Systems
(ScalA)@SC20: International Conference for High Performance Computing,
Networking, Storage and Analysis, 2020.
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Distribution of the Young’s modulus of the target head model —8—CGBJ GF-based NN initial solution + CGBJ —#—Proposed method
heterogeneous problem generated based ona CT Convergence speeds of solvers for the head model
scan-based Human head model with sharp measured on one Oakbridge-CX node. The
material property contrasts. The material convergence ratio (ratio of change in relative error per
parameters in this example ranged from V.= 50 iteration) was greatly improved by the use of the GF-
to 120 m/s (with fixed I,= 200 m/s, density o = based NNs in each refinement iteration in the
1000 kg/ms, damping A = 0.001), with void part proposed method. The simple scheme using GF-
filled with a soft material with .= 50 m/s. The based NNs for initial solution of PDE solver scheme
domain was discretized with 512 x 512 x 512 (CGBJ) could not utilize this improvement in the

elements, leading 405,017,091 DOF problem. convergence ratio.



GF-based NN

Proposed

CGBJ:

(without accuracy
assurance):

(with accuracy
assurance):

0.0 1.5E-11 3.0E-11 (m) 0.0 8.0E-8 1.6E-7 (m)

First time step
(t=0.001s)

20-th time step
(t=0.020 s)

0.0 6.5E-5 1.3E-4 (m)

200-th time step
(t=0.200 s)
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