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Simulation techniques for analyzing the complex 
phenomena comprising various physical effects are essential 
for resolving issues created by the accident at the TEPCO’s 
Fukushima Daiichi NPS, such as the environmental dynamics 
of radioactive substances, the volume reduction of polluted 
soil, and the study of severe accidents (SAs). These techniques 
are also required for research and development of future 
nuclear systems. For example, severe-accident analyses 
require not only macroscale thermal-hydraulic simulations for 
the melt-relocation behavior of nuclear fuels and structural 
materials but also state-of-the-art multiscale and multiphysics 
simulation technologies, which enable AI-based integration 
of mesoscale simulations for evaluating complicated interface 
formation owing to mixing of molten debris and fracture 
events such as crack growth as well as microscale quantum 
simulations for estimating diffusion, chemical reactions, and 
phase transitions in extreme environments at high temperature 
and pressure. In addition to these new simulation technologies, 
computational technologies that support high-performance 
computing on future exascale machines are required.

Thus far, we have developed simulation techniques such 
as quantum and fluid simulations, which form the basis for 
analyzing complex phenomena as well as computational 
technologies such as numerical algorithms and visualization 
systems. We further advance these techniques and address 
the development of new simulation and computational 
technologies that enable exascale analyses of complex 

phenomena (Fig.9-1). Such simulation techniques for complex 
phenomena will form a common foundation for general 
nuclear research and development. 

In FY2017, as a computer-science contribution to the 
reconstruction and revitalization of Fukushima prefecture, 
we disclosed mechanisms for cesium absorption on various 
clay surfaces in soil via first-principles-based simulations 
(Chapter 1, Topic 1-18). In addition, in the following 
three topics, various micro and mesoscale simulations that 
are needed for the analyses of complex phenomena were 
improved: 
(1)	AI-based acceleration of quantum Monte Carlo simulations for 

quantum many-body systems in strongly correlated electron 
systems such as heavy-isotope compounds (Topic 9-1). 

(2)	Kinetic Monte Carlo simulations of the condensation 
mechanism of impurities at grain boundaries in steel 
(Topic 9-2). 

(3)	Establishment of a new materials’ radiation-damage formula 
that accounts for damage recovery due to atom-relocation 
processes observed in MD simulations (Topic 9-3).  

(4)	Development of a new in-situ visualization system 
that enables interactive visualization of extreme-scale 
simulations at runtime (Topic 9-4). 

We are steadily promoting research on simulation and 
computational techniques, which form a common foundation 
for nuclear research and development and are providing them 
to the community.
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Fig.9-1  Computer-science research at the Center for Computational Science and e-Systems
To analyze complex systems in nuclear research and development, exascale simulations are being developed by advancing the 
simulation and computational technologies that were originally devised for tera/petascale simulations. 

Altix3700 (10TF), BX900 (200TF)
2-4 core/PE → ~1000 parallel

Simulation technology
Development of basic codes

Computational technology
Data visualization

Application to realistic problems

Parallel computing technology

AltixICE-X (2.4PF)
10> cores/PE → ~104 parallel

Exa scale computers
1000 cores/PE → 109 parallel

Exa scale computing technology

Tera scale 2005~ Peta scale 2012~ Exa scale 2020~

Cs

Absorption of
Cs in soil

Physical properties of
nuclear fuels PuO2

Intra-block
comm. 

Inter-block
comm.

Global
reduction

Optimization of
comm. topology

Strong scaling of CFD code
up to 106 coresOpen source remote visualization system PBVR Many core optimization of CFD codes

10
2

10
3

10
2

10
1

10
0

10
3

10
4

10
5

Cores

K-computer

BX900 (JAEA)

S
us

ta
in

ed
 p

er
fo

rm
an

ce
 (

T
F

lo
ps

)

Sandy Bridge
(172.8GF)

Xeon Phi
(1010GF)

GPGPU
(1310GF)

FX100
(1000GF)

×1.00
×1.00

×3.85
×1.37

×7.55
×4.03

×7.24
×4.98

0 2 4 6
Acceleration Ratio

Semi-lagrangian

Finite-difference

8 10

・Optimization for accelerators
・Comm. avoiding algorithms

Fracture materialsNuclear materials

Analyses complex systems in SA

Multi-phase thermal-hydraulic
simulations

Micro Meso

Multi-scale
complex system

Macro

Extreme scale MDFirst principles model

AI‐based
modelling

Physics
property

９９９９９９９９９９９９９


