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Enhancement of Earthquake and Tsunami Analysis with Hetero-computing and
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A finite element analysis using the high-fidelity model is expected to be
able to further improve the reliability of the earthquake and tsunami hazard analysis. However, it
was too difficult to conduct such a finite element analysis due to its huge computational cost since

the target domain is huge and its required resolution is very fine. This research has developed a
new method for constructing a huge-scale finite element model and a new finite element analysis
method for computing responses of such huge finite element models enhanced by adaptive
preconditioner, mixed precision computation and fine-coarse solution space constrain etc. These new
methods on hetero-computing environment with CPU and GPU show several application examples which
present effectiveness of a finite element analysis using the high-fidelity model.



1000

CPU
CPU-GPU

CPU-GPU
CPU

100

1000

1000

100

10X10km 1000

240 km x 240 km x 300 km
4.2
10000



976X784X400km Nonlinear Time-evolution Problems on
Low-order Unstructured Finite
Elements, 2018 IEEE International

1000 8000 Parallel and Distributed Processing
1 Symposium (IPDPS), 620-629, 2018.
360 8000 (2) Kohei Fujita, Tsuyoshi Ichimura,
36 CPU-GPU Motoki Kazama, Susumu Ohno, Shingo
9 Sato, Development of

three-dimensional soil-amplification
analysis method for screening for
360 seismic damage to buried
1000 water-distribution pipeline networks,
Geosciences, 8, 170, 2018.

(3) Takuma Yamaguchi, Kohei Fujita,
Tsuyoshi Ichimura, Muneo Hori,
Maddegedara Lalith, and Kengo
Nakajima, Implicit Low-Order
Unstructured Finite-Element Multiple
Simulation Enhanced by  Dense
Computation Using OpenACC. In:
Chandrasekaran S., Juckeland G. (eds)
Accelerator Programming Using
Directives. WACCPD 2017. Lecture
Notes in Computer Science, 10732,

(b) Whole view of FE model.

of FE mod del.

2018.

1000 (4) Ryoichiro Agata, Tsuyoshi Ichimura,
Takane Hori, Kazuro Hirahara, Chihiro
Hashimoto, Muneo Hori, An
adjoint-based simultaneous
estimation method of the

asthenosphere®s viscosity and
afterslip using a fast and scalable
finite element adjoint solver,
Geophysical Journal International,
N 213, 461-474, 2018.
(5) Kohei Fujita, Keisuke Katsushima,
Tsuyoshi Ichimura, Masashi Horikoshi,
000 000 Kengo Nakajima, Muneo Hori, and
(i) Average (11) Standard déviation Maddegedara Lalith, Wave Propagation
2 Simulation of Complex Multi-Material
Problems  with Fast  Low-Order
Unstructured Finite-Element Meshing
and Analysis, Proceedings of the
International Conference on High
Performance Computing in Asia-Pacific
Region, HPC Asia 2018, 24-35, 2018.

27

(6) Tsuyoshi Ichimura, Kohei Fujita,

(1) Tsuyoshi Ichimura, Kohei Fujita, Atsushi Yoshiyuki, Pher Errol Quinay,
Masashi Horikoshi, Larry Meadows, Muneo  Hori, Takashi  Sakanoue,
Kengo Nakajima, Takuma Yamaguchi, Performance Enhancement of
Kentaro Koyama, Hikaru lInoue, Akira Three-dimensional Soil  Structure
Naruse, Keisuke Katsushima, Muneo Model via Optimization for Estimating
Hori, Maddegedara Lalith, A Fast Seismic Behavior of Buried Pipelines,
Scalable Implicit Solver with Journal of Earthquake and Tsunami, 11,
Concentrated Computation for Article No. 1750019, 2017.




(7) Tsuyoshi Ichimura, Ryoichiro Agata,
Takane Hori, Kenji Satake, Kazuto Ando,
Toshitaka Baba, Mueno Hori, Tsunami
Analysis Method with High-Fidelity
Crustal Structure and Geometry Model,
Journal of Earthquake and Tsunami, 11,
Article No. 1750018, 2017.

(8) Kohei Fujita, Tsuyoshi Ichimura,
Kentaro Koyama, Hikaru Inoue, Muneo
Hori, Lalith Wijerathne, Fast and
Scalable Low-order Implicit
Unstructured Finite element Solver
for Earth"s Crust Deformation Problem,
PASC"17 Proceedings of the Platform
for Advanced Scientific Computing
Conference, Article No. 11, 2017.

(9) Takuma Yamaguchi, Tsuyoshi lIchimura,
Yuji Yagi, Ryoichiro Agata, Takane
Hori, and Muneo Hori, Fast crustal
deformation computation method for
multiple computations accelerated by
a graphic processing unit cluster,
Geophysical Journal International,
210, 787-800, 2017.

(10)Takuma Yamaguchi, Kohei Fujita,
Tsuyoshi Ichimura, Takane Hori, Muneo
Hori, Lalith Wijerathne, Fast Finite
Element  Analysis Method Using
Multiple GPUs for Crustal Deformation
and its Application to Stochastic
Inversion Analysis with Geometry
Uncertainty, Procedia Computer
Science, 108C, 765-775, 2017.

(11) , , ) ;
Lalith Wijerathne, GPU

Al ;
73, 1310-1320, 2017.

(12) Tsuyoshi Ichimura, Kohei Fujita, Pher
Errol Quinay, Muneo Hori, Takashi
Sakanoue, Ryo Hamanaka, Fumiki Ito,
Iwao Suetomi, Comprehensive Seismic
Response Analysis for Estimating the
Seismic Behavior of Buried Pipelines
Enhanced by Three-Dimensional Dynamic
Finite Element Analysis of Ground
Motion and Soil Amplification,
Journal of Pressure Vessel Technology,
American Society of Mechanical
Engineers, 138, Paper No. PVT-15-1184,
2016.

(13)Tsuyoshi Ichimura, Ryoichiro Agata,
Takane Hori, Kazuro Hirahara, Chihiro

Hashimoto, Muneo Hori, Yukitoshi
Fukahata, An elastic/viscoelastic
finite element analysis method for
crustal deformation using a 3-D
island-scale high-fidelity model,
Geophysical Journal International,
206, 114-129, 2016.

(14)Kohei Fujita, Keisuke Katsushima,
Tsuyoshi Ichimura, Muneo Hori,
Maddegedara Lalithe, Octree-Based
Multiple-Material Parallel

Unstructured Mesh Generation Method
for Seismic Response Analysis of

Soil-Structure Systems, Procedia
Computer Science, 80, 1624-1634,
2016.

(15)Agata, Ryoichiro, Tsuyoshi lIchimura,
Kazuro Hirahara, Mamoru Hyodo, Takane
Hori, and Muneo Hori. Robust and
portable capacity computing method
for many finite element analyses of a
high-fidelity crustal structure model
aimed for coseismic slip estimation,
Computers & Geosciences, 94, 121-130,
2016.

(16) , . ) .

, Al
, 12, 1768-1776, 2016.

(17)Kohei Fujita, Takuma Yamaguchi,
Tsuyoshi Ichimura, Muneo Hori, Lalith
Maddegedara, Acceleration of
Element-by-Element Kernel in
Unstructured Implicit Low-order
Finite-element Earthquake Simulation
using OpenACC on Pascal GPUs,
WACCPD"16 Proceedings of the Third
International Workshop on Accelerator
Programming Using Directives, 1-12,
2016.

(18)Tsuyoshi Ichimura, Seizo Tanaka,
Muneo Hori, Yujin Yamamoto, Hiroshi
Dobashi, Mitsumasa Osada, Naoto Ohbo,
Takemine Yamada, Full
Three-Dimensional Seismic Response
Analysis of Underground Structures
with Large Complex Cross Sections and
Two-Step Analysis Method for Reducing
the Computational Costs, Journal of
Earthquake and Tsunami, 10, 1640016,
2016.

(19)Kohei Fujita, Tsuyoshi
Development Of

Ichimura,
Large-Scale




(22)Kohei

Three-Dimensional  Seismic  Ground
Strain Response Analysis Method and
Its Application to Tokyo using Full K
Computer, Journal of Earthquake and
Tsunami, 10, 1640017, 2016.

(20) Tsuyoshi Ichimura, Kohei Fujita, Pher

Errol Balde Quinay, Lalith
Maddegedara, Muneo Hori,
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.

Lalith MADDEGEDARA: 3

Al ( ), 71,
1680-1688, 2015.

Fujita, Tsuyoshi Ichimura,

Muneo Hori, Lalith Maddegedara and

Seizo Tanaka, Scalable many-case

urban earthquake simulation method

for stochastic earthquake disaster

estimation, Procedia Computer Science,

51, 1483-1493, 2015.

(23)Ryoichiro Agata, Tsuyoshi Ichimura,

Kazuro Hirahara, Mamoru Hyodo, Takane
Hori,
Numerical verification criteria for
coseismic and postseismic crustal
deformation analysis with large-scale

high-fidelity model , Procedia
Computer Science, 51, 1534-1544,
2015.

(24)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.

» WIJERATHNE

Maddegedara L. L.,

; A2

Seizo Tanaka,

Chihiro Hashimoto and Muneo Hori,

, 70, 1613-1620, 2014.

(26)Ryoichiro Agata, Tsuyoshi Ichimura,

(27) Tsuyoshi

¢y

@

®

*

Kazuro Hirahara, Mamoru Hyodo, Takane
Hori and Muneo Hori, Several hundred
finite element analyses of an
inversion of earthquake fault slip
distribution using a high-fidelity
model of the crustal structure,
Procedia Computer Science, 29,
877-887, 2014.

Ichimura, Kohei Fujita,
Muneo Hori, Takashi Sakanoue, Ryo
Hamanaka, Three-dimensional
Nonlinear Seismic Ground Response
Analysis of Local Site Effects for
Estimating Seismic Behavior of Buried
Pipelines, Journal of Pressure Vessel
Technology, American Society of
Mechanical Engineers, 136, Paper No:
PVT-13-1131, 2014,

27

Tsuyoshi Ichimura, Fast Scalable
Implicit Solver for Low-Ordered
Unstructured Finite Element Analysis
and Its Application, 18th Society for
Industrial and Applied Mathematics
(SIAM)  Conference on Parallel
Processing for Scientific Computing,
9th of March, 2018

Tsuyoshi Ichimura, Fast and scalable
finite element analysis method on
low-order unstructured elements for
Earthquake and Al, 2nd International
Symposium on Research and Education of
Computational Science (RECS) 18th of
December, 2017

Tsuyoshi Ichimura, Fast Scalable
Finite Element Analysis Method for
Crustal Deformation using a 3D
Island-scale High-fidelity Model,
Japan  Geoscience  Union-American
Geophysical Union Joint Meeting,
Makuhari Messe, 24th of May, 2017

Takuma Yamaguchi, Kohei Fujita,
Tsuyoshi Ichimura, Muneo Hori, Lalith
Wijerathne, Fast Crustal Deformation
Computation Method Using Openacc for
Stochastic Inversion Analysis, 18th
SIAM Conference on Parallel
Processing for Scientific Computing,
2018.




(5) Kohei Fujita, Tsuyoshi Ichimura,
Masashi Horikoshi, Larry Meadows,
Kengo Nakajima, Muneo Hori, and Lalith
Maddegedara, Recent Progress on
Low-Order  Unstructured Implicit
Finite-Element Earthquake Simulation
on  Oakforest-Pacs, 18th  SIAM
Conference on Parallel Processing for
Scientific Computing, 2018.

(6) Kohei Fujita, Tsuyoshi Ichimura,
Masashi Horikoshi, Muneo Hori, and
Lalith Maddegedara, Adaptive

multistep predictor for accelerating
dynamic  implicit  finite-element
simulations, Research Poster in
International Conference on High
Performance Computing, Networking,
Storage and Analysis, (SC17).

(7) Ryoichiro Agata, Tsuyoshi Ichimura,
Mamoru Hyodo, Sylvain Barbot and
Takane Hori, Quasi-static simulation
method of earthquake cycles based on
large-scale viscoelastic finite
element analyses, AOGS 14th Annual
Meeting, 2017.

(8) Kohei Fujita, Tsuyoshi Ichimura,
Kentaro Koyama, Hikaru Inoue, Muneo
Hori, and Lalith Maddegedara, Fast
Implicit  Unstructured Low-Order
Finite-Element Solver for Enhancing
Integrated Earthquake Simulation, HPC

in Asia Poster Session, ISC High
Performance, 2017.
(9) Takuma Yamaguchi, Kohei Fujita,

Tsuyoshi Ichimura, Muneo Hori, and
Wijerathne Lalith, Unstructured
low-order implicit finite element
earthquake simulation using OpenACC
on Pascal GPUs, GPU Technology
Conference, 2017.

(10)
Wijerathne Lalith. OpenACC
22
, 2017.
an
Wijerathne Lalith. GPU
72
, 2017.

(12) Takuma Yamaguchi  Ryoichiro Agata

Tsuyoshi Ichimura Muneo Hori
Lalith Wijerathne. Crustal
deformation analysis using

heterogeneous computing The 12th

World Conference on Computational

Mechanics, 2016.
(13)Kohei Fujita, Tsuyoshi Ichimura,
Muneo Hori, Development of
High-Performance Finite-Element
Solver and Application to Seismic
Ground Strain Analysis of Tokyo,
Techno-Ocean 2016, 2016.

(14)Kohei Fujita, Tsuyoshi Ichimura,
Kentaro Koyama, Masashi Horikoshi,
Hikaru Inoue, Larry Meadows, Seizo
Tanaka, Muneo Hori, Maddegedara
Lalith and Takane Hori, A Fast
Implicit Solver with Low Memory
Footprint and High Scalability for
Comprehensive Earthquake Simulation
System, Research Poster for SC16:
International Conference for High
Performance Computing, Networking,
Storage and Analysis, 2016.

(15)Kohei Fujita, Tsuyoshi Ichimura Muneo
Hori, Integrated earthquake
simulation enhanced with fast wave
propagation analysis using full K
computer, WCCM XI'1 & APCOM VI (The 12th
World Congress on Computational
Mechanics and 6th Asia-Pacific
Congress on Computational Mechanics),
2016.

(16)

Wijerathne Lalith. GPU

19
, 2016.

an

Wijerathne Lalith. GPU

71
, 2016.

10

http://ww_eri._u-tokyo.ac. jp/sensing_an
d_simulation/J/information/ichimura.htm
#

o

Ichimura, Tsuyoshi

20333833



