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Summary of the project

We will promote application R&D for fault-tolerant quantum computers with a

focus on computer-aided engineering (CAE) and computational materials science.

We will also conduct exploratory research toward new applications such as
machine learning. Beyond theoretical study, we will integrate algorithm design,
compiler development, and implementation evaluation to quantify quantum

Iime: 0.20 ms

Katsumata et al, No. E-07-01, Proceedings of the 26th
Conference on Computational Engineering and Science, 2021.

Milestone by the year 2030

By 2030, we will achieve at least one demonstration of end-to-end quantum
speedup in a new application and quantify the required number of logical qubits
and error-rate requirements.

Milestone by the year 2028

By 2028, across quantum CAE, computational materials science, and
fundamental quantum algorithms, we will establish representative task workflows
and resource evaluation frameworks, carry out theoretical verification of
asymptotic quantum advantage, and define the prerequisites needed for a
quantitative demonstration of quantum advantage by 2030.
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From 2030 to 2050

Achieve speed and accuracy that satisfy
ndustrial requirements, improve user
nterfaces, and build out development

environments.

L

Focus on the highly promising areas of
"materials science” and "computational
mechanics,” quantitatively demonstrate

practical applicability, and test the
potential for fundamental
breakthroughs.

Priority Areas of Work Through 2030

From 2030 to 2050

Examine cal applicability in other
domains s as machine learning and
discrete optimization.

Application-Level Maturity

Coverage of Target Domains

industry, and security by 2050.

Project structure

1. Quantum CAE Team
(Leads: Terada / Endo)

[1-1] Quantum acceleration for
nonlinear structural analysis and
elastic wave problems [Kenjiro
Terada]

[1-2] Fluid computationand
physics-informed models that
realize quantum acceleration
[Kentaro Yajil

[1-3] Quantumacceleration for
optimization, inverse analysis, and
topology optimization [JunjiKato,
Yoshihito Yamamoto]

[1-4] Quantumacceleration for
microstructure evolution
simulation of materials and inverse
estimation of microstructures
[Mayu Muramatsul

[1-5] Core algorithms and end-to-
end technologies for quantum CAE
[Katsuhiro Endo, Tomonori Fukuda,
Masafumi Kadowakil

Here begins our new MIRAI

Resource estimation
from real-world
problems and
feedback on issues

Provision of core
algorithms and
subroutines

3. Core Algo Team
(Lead: Mitarai)

[3-1] R&D of core

Know-how
Sharing
Joint
Research

methods for resource
reduction [Kosuke
Mitarail

[3-2] Exploratory R&D
aimed at expanding the
applicationareas of
quantum computing
[Koichi Miyamoto, Hayata
Yamazaki, Naoyuki
Takedal

2. Computational
Materials Science Team
(Leads: Mizukami /
Yoshioka)

Resource estimation
from real-world
problems and
feedback onissues

Provision of core
algorithms and
subroutines
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