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Career summary

1990 Department of Civil Engineering, Nagoya University
1990-1991 Engineer, Shimizu Corporation
1996 Ph.D. (in Applied Mechanics, The University of Michigan, USA)

1996- 1997 Research Associate

— Department of Naval Architecture and Ocean Engineering, The University of Tokyo

1997-2012 Associate Professor
— Department of Civil Engineering, Tohoku University
2012-2023 Professor

— International Research Institute of Disaster Science (IRIDeS), Tohoku University
2024-Present
— Department of Civil Engineering, Tohoku University

Selected research topics (Computational Science and Engineering & CAE)

— Development of multiscale numerical analysis methods for materials and structures based
on mathematical homogenization theory
e Engineering application of nonlinear multiscale analysis methods
e Commodification/commercialization of the nonlinear multiscale methods for practical applications
e Structural and topology optimization
— Modeling and analysis methods to characterize the mechanical behavior of heterogeneous
media, Image-based modeling and structural analyses
— Failure analyses using FEM and its deviations
*  Finite cover method/Phase-field crack model/Material point method
— Development of solution methods for disaster simulations
e landslides, fluid-structure interaction associated with tsunami, progressive failure, many others
e Visualization and simulation for risk assessment of multiple components in urban and reaional areas
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Elevation[m]
-

570

I Materiall(Base)
Material2(Weak)

3D view I Material3(Surface)

y 320m

A/T\\ Material3(Surface layer
z » materiall (Base layer )
Material2(Weak layer)

Parameters Surface layer weak layer Base layer
Y o TR K (Pa) E  400x10° 4.00x10° 1.0x10°
K7V vk v 0.40 0.40 0.30
R EEHR A (residual state)(°) b 3.0 6.5 53.4
NEBEEHE A (peak state)(®) bp 30.9 10.0 57.3
HALRNZ B 1T B E8 s 10.0 10.0 100.0
K E A IR AR ER (kPa) c 30.1 23.0 300.0
inertial number|Z 3 1} % &K s 0.75 0.961 0.75
inertial number!(Z B 1} 5 X Iy 0.01 0.01 0.01
K (mm) d 0.0045 0.030 0.20
k75 (kg/m?) Ds 2,529 2,534 3,000
BRETVIZEITZER w 0.6 0.5 0
BRETNVIIBIIBEH Pa-s) no 1.0 1.0 1.0
BRETVIZBITBER @ 1.0 1.0 1.0

- BFHAX - 133 1.0m
- FIFEX : 8 (2x2x%2)
- BRI AiE : 1.0x103s
- AR RS T : 100,000

- MIFEX : 14008

- I8 FEX : 18008

- 512X : 5760 cores
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1) Ishiyama, T., Fukushige, T., and Makino, J.: Publications of the Astronomical Society of Japan, 2009.
2) Miki, Y. Umehara, M.: New Astronomy, 2017.
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Simulated annealing (SA)  Quantum annealing (QA)

foly gy

Quantum annealing (QA)!I:

Combinatorial optimization
with Quadratic Unconstrained
Binary Optimization (QUBO)
model attracted much

Hamiltonian

attention. State State
Tunneling effect??!
Target: Optimization problem in solid mechanics

Factorization Machine with Quantum annealing (FMQA)&3!

Black-box optimization:

Functions that are unknown or difficult to solve
directly, search for the parameter sets
corresponding to the minimum/maximum.

Black-box function

FMQA has been applied in automated material search!®], but
few examples in structural and geotechnical engineering

[1] Kadowaki T, Nishimori H. Quantum annealing in the transverse Ising model. Physical Review E. 1998;58(5):5355.

[2] Gunther, L. Quantum tunnelling of magnetisation. Phys. 1990;World 3, 28.
[3] Kitai K, Guo J, Ju S, et al. Designing metamaterials with quantum annealing and factorization machines. Physical Review Research.2020;2(1):013319.
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e Quantum annealing-based structural optimization with a multiplicative design update, Naruethep
Sukulthanasorn, J. Xiao, K. Wagatsuma, S. Moriguchi, K. Terada (Under review)
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1. BT v)LIR)ILF—s/JME (QUBO)
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e Application of FMQA to hyper-parameter optimization and metamodel-based simulation optimization
in Granular Flow Simulations, J. Xiao, K. Endo, M. Muramatsu, R. Nomura, S. Moriguchi, K. Terada
(Under 2" review)
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