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Discovery Today, 2024, Vol.29(2), 103866
. Okuyama R. Leveraging Gorporate Assets and Talent
to Attract Investors in Japan: A Country with an
Innovation System Centered on Large Companies.
Journal of Risk and Financial Management, 2024,
Vol.17(12), 539

3.0kuyama R. mRNA and Adenoviral Vector Vaccine
Platforms Utilized in GOVID-19 Vaccines:
Technologies, Ecosystem, and Future Directions.
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Building a trustworthy quantum era through formal verification

MREHRDDDICHELARE - RN

We welcome highly motivated students with an interest in formal methods and quantum computing, a good knowledge
of mathematics (especially mathematical logic and linear algebra), and strong programming skills (C++, Java, Python).

COWMRTHICOCEEN

In our laboratory, students will learn how to formalize quantum systems as state machines; how to specify state
machines in a formal specification language, such as Maude or CafeOBJ; and how to formally verify that state
machines enjoy desired properties using model checking and/or theorem proving techniques. Through these research
activities, students are expected to become independent researchers with a solid theoretical foundation, advanced
practical skills, and a passion for advancing both conventional and quantum technologies in ways that benefit society.
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With recent exponential investments from governments and
major companies, building large-scale quantum computers
capable of running advanced algorithms, such as Shor’s
algorithm for effectively solving the factoring and discrete
logarithm problems, is only a matter of time and effort. Despite its
promise, quantum computing is fundamentally different from
classical computing because it relies on the unique principles of
quantum mechanics, such as superposition, entanglement, and
measurement, which are often counterintuitive and make it
challenging to design and implement quantum algorithms,
programs, and protocols accurately. Therefore, formal verification
is essential to ensure their correctness before they can be trusted
in safety-critical and security applications. Our current research
focuses on formal methods for quantum computing, including but
not limited to the following research topics.

A unified, expressive, and scalable framework for formal
specification and verification of quantum systems

This framework will introduce a powerful formal specification
language capable of modeling a wide range of quantum systems,
including those with concurrency and classical-quantum
communication, along with scalable formal verification techniques
ranging from model checking to theorem proving.

Our research group has proposed Concurrent Dynamic Quantum
Logic (CDQL) as a logical framework that can be used to specify
concurrent behavior and communication among participants. In
addition, we have developed a Maude-based tool with a lazy
rewriting strategy that automates the entire verification process
and effectively handles the vast number of interleavings with
communication arising from concurrency.

A verifiable recursive quantum programming language with
formal semantics

MEZEDHEES &

Researcher & Engineer

This recursive quantum programming language will provide a
modular approach to designing quantum systems and verifying
them rigorously with formal methods grounded in its formal
semantics, while retaining the unique advantages of quantum
computing.

Our research group has proposed the syntax and operational
semantics for recursive quantum programming that support
unitary operations, measurements, conditional statements, loop
statements, atomic statements, and recursive procedure calls.
Building on this foundation, we have developed a framework for
specifying quantum programs within the scope of the proposed
language and automatically verifying their correctness through
reachability analysis.

1. Canh Minh Do, Adridan Riesco, Santiago Escobar, Kazuhiro Ogata.
“Parallel Maude-NPA for Cryptographic Protocol Analysis”, |IEEE
Transactions on Dependable and Secure Computing, IEEE, 2025.
(To Appear)

2. Canh Minh Do, Tsubasa Takagi, Kazuhiro Ogata. “Automated
Quantum Protocol Verification Based on Concurrent Dynamic
Quantum Logic”, ACM Transactions on Software Engineering and
Methodology, 34(6): 1-36, ACM, 2025.

3. Canh Minh Do, Yati Phyo, Adrian Riesco, Kazuhiro Ogata.
“Optimization Techniques for Model Checking Leads-to Properties in
a Stratified Way”, ACM Transactions on Software Engineering and
Methodology, 32(6): 1-38, ACM, 2023.

Maude (a rewriting logic-based specification/programming language)
CafeOBJ (an advanced formal specification and verification language)
MacPros (a high-performance computing environment for experiments)

[#FZ%22= HP] URL : https://www. jaist. ac. jp/~canhdo/

Our vision is to foster students into independent researchers with a solid theoretical foundation and advanced practical skills,
enabling them to tackle challenging problems with societal impact. Initially, students are encouraged to strengthen their
fundamentals through coursework. They are then guided to engage in research activities and contribute to research projects. We
provide dedicated guidance in our areas of expertise, connect students with leading researchers, and hold weekly lab seminars.
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1. C. O. Mawalim, K. Galajit, J. Karnjana, S. Kidani, M. Unoki, “Speaker
Anonymization by Modifying Fundamental Frequency and X-Vectors
Singular Value”, Computer Speech and Language, Elsevier, vol. 73,
101326, 2022.

2. C. 0. Mawalim, B. A. Titalim, S. Okada, and M. Unoki, “Non-Intrusive
Speech Intelligibility Prediction Using an Auditory Periphery Model
with Hearing Loss”, Applied Acoustics, vol. 214, 2023.

3. C. O. Mawalim, C. W. Leong, G. Sivan, H-H. Huang, and S. Okada,
“Beyond accuracy: Multimodal modeling of structured speaking skill
indices in young adolescents,” Computers and Education: Atrtificial
Intelligence, Vol. 8, June 2025.
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Tan, J. Y. Ying, M. Kurisawa, Carrier-enhanced anticancer efficacy
of sunitinib-loaded green tea-based micellar nanocomplex beyond
tumor-targeted delivery, ACS Nano 13, 7591-7602 (2019).

2. K. Liang, J. E. Chung, S. J. Gao, N. Yongvongsoontorn, M.
Kurisawa, Highly augmented drug loading and stability of micellar
nanocomplexes comprised of doxorubicin and poly(ethylene
glycol)-green tea catechin conjugate for cancer therapy, Advanced
Materials 30, 1706963 (2018).

3. J. E. Chung et al. Self-assembled nanocomplexes comprising
green tea catechin derivatives and protein drugs for cancer
therapy, Nature Nanotechnology. 9, 907-912 (2014).
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