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DNA Information Analysis
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Introduction to Near-Term

Quantum Computation

4810-1166

The goal of this course is to learn how to implement utility-scale applications on a quantum computer. To achieve the goal, the course covers from
the basics of quantum information to recent advances of quantum algorithms for noisy quantum devices as well as circuit optimization and error
mitigation techniques to maximize results. The course also introduces how to implement quantum algorithms using open-source framework of
quantum computing and real quantum devices with more than 100 qubits. The course is intended to help students understand the potential and
limitations of currently available quantum devices.

AR

Academic Writing in English

4810-1170

This lecture introduces the fundamentals of academic writing in English, with both methodology and concrete examples to walk through how to write
an academic paper.
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Practical English
Presentation Skill |

4810-1171
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BIET2LETH D, 2025FKICAF LAFEI [RERENFERRELD 2EET 5 &, We will discuss how to make an academic
presentation during this course. This course is a mandatory course for all master students at Department of Computer Science who enter the
department not after 2024. Please enroll in the course "Practical English Presentation Skill III" if you enter the department in the academic year 2025
or after.
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Interdisciplinary Lecture in
Scientific Computing

4810-1175
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science, which is the science field utilizing computer simulations.From the vast field of the computational science, we will pick up several topics on
classical particle systems, quantum mechanics and statistical mechanics, mainly, for this fiscal year.The lecture will start from the reviews of the
basic knowledge of mathematics, physics and chemistry in general education course of universities.

Information Science and

Technology Ethics
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D=L > TEERAIZZ VR4 S, Best practices for conducting scientific research will be introduced, and the reasons the scientific

community has adopted these procedures will be briefly covered. Appropriate methods of record-keeping and documentation, which are essential to
ensure replicability of research results, will be explained. Research misconduct (fabrication, falsification, plagiarism and other forms of misconduct)
will be defined and explained, and examples will be presented. Authorship of papers, the need to avoid dual publication, dealing with conflicts of
interest, and issues related to intellectual property (mainly patents and copyrights) will be discussed. Issues involved in reviewing scientific papers
and funding applications, and in applying for funding will also be discussed. The need for compliance with governmental and institutional regulations
(governing usage of funds, harassment, safety, animal welfare, field surveys, etc.) will be covered. Appropriate procedures for dealing with the news
media and the public when publicizing scientific research results will be briefly introduced. The material covered by this lecture may differ somewhat
to match the needs of each Department.
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Advanced Statistical
Modeling
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Approximation and Online
Algorithms with Applications

4810-1183

In this class, we discuss basic concepts in algorithmics such as NP-hardness, approximation algorithms, and online algorithms. Then, we give
examples how to apply them to practical research. At the end of this class, students who are not familiar with these theoretical concepts are
expected to learn their importance in practical point of views. On the other hands, students who are familiar with them are expected to gain more
experiences on applying the concepts to practical settings. AFE&E Tld, NPHRE, ALTILTY XL, A2 T4 v TLTY ALHEETILTY XLEFFT
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Network Optimizations

4810-1185

During this class, we discuss fundamental and state-of-the-art research results on network optimization. The class covers results on sensor networks
and social networks. Network design algorithms and efficient algorithms for networks with several million nodes are also discussed during the class.
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Advanced Computer Vision

4810-1189
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HET B ABEERUIEREN%E 5, This course aims to develop practical skills in computer vision through applications such as geometric shape

analysis, X-ray-based internal structure analysis, reflectance analysis, and multispectral analysis.Students will learn image formation processes that
account for optical properties, physics-based inverse problems, and deep learning—integrated scene understanding methods, with the goal of

achieving robust visual information processing for real-world data.
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Advanced Custom

Computing

4810-1190
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BERTIVr—2avaRRTEEHOON—FY 7, V7 bz 7, TATYXLICET BRI B1S5T 5. Custom computing, which effectively
utilizes domain-specific hardware and software optimized for particular application domains, especially Al, is a crucial approach for further improving

the performance and efficiency of computer systems. In this lecture, you will learn the fundamental concepts of computer architecture for custom

computing. You will then learn various hardware, software, and system-aware algorithm techniques for realizing advanced applications.
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Remote Sensing Image

Analysis

4810-1191
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Data Compression in
Computational Science and

Quantum Computing

4810-1192

REDHERZ T, BADLAFIVANLEFEY MHDI Y ZY IUAY FETRRICHIZMBELSARBREL>TWD, IThOSHEAMBELE
HHTRSBICIE, HRROEATBHEZ WAICERL, DROICHEROXEYRNTRRT 200, HBTIREL 4GS, & UZEMBETE, LIE
Lig, WRERBCH LCREBEENICAREN AT 570, BALBBELZ LWAICEI PO EEBNICEEAREL L > TEf, RETE., RXPHIE]
FoAFREDEL ORPHBFTORRBICMA, IWAKEBCEFHEE, > OMEZ2RY ANCERERFENMEEZ2ED TV S, FERTE. HHRER
DEBEE B DBIARE. BICRERESRELZBVE T - TV LORT Y AR Hias, MERZCRNTER THAEOMFENLERIC
ALLNTLATIREZNEIIR LT Y YLy b7 —7RIE DENBEROERICHD T RV ILAY FOBZ, EHIETY YRy b
7= DBFIHEADIEHIZOWTES, Intoday's computational science, various problems ranging from galaxy dynamics to entanglement between

qubits are being studied. When dealing with these problems on a (classical) computer, a common issue is how to compress the vast degrees of
freedom of the target problem and efficiently represent them in a finite memory. In particular, in many-body problems, the number of degrees of
freedom often increases exponentially with the number of components, so how to handle the vast number of degrees of freedom has become a
universally important issue. Nowadays, in addition to developments in individual scientific fields such as astronomy, physics, and chemistry, data
compression methods that incorporate knowledge from applied mathematics and quantum information are attracting attention. In this lecture, we
introduce linear algebra, especially low-rank approximation of matrices and tensors using singular value decomposition, which is the basis of data
compression. Then, we discuss matrix product state and its generalization, i.e., tensor network state, which are used to efficiently compress degrees
of freedom in material science and particle theory, the concept of entanglement in the background, and the application of tensor network to the
quantum computing.

Applied Natural Language

Processing

4810-1193
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Computational Science for
Many-Body Problems

4810-1194
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HEMY a2 —YarELR— FEEEZBLTEET %, From dynamics of galaxy to entanglement among quantum bits, many-body problems have
been studied in the wide range of science by computational science approaches. In this lecture, numerical algorithms for many-body problems in

condensed matter physics, such as Monte Carlo samplings and Krylov subspace methods represented by the Lanczos method, are introduced with
emphasis on treatment of the large degrees of freedom inherent in the many-body problems.Through exercises by using these algorithms
implemented in open source software for many-body problems, students will learn how to utilize them. Papers on application of the algorithms and
software to selected many-body problems are assigned as requirements for a credit.
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Trustworthiness Assurance
for Data-Driven Al Software

Systems

4810-1197
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past decades, machine learning and deep learning-based Al software achieved performance leap in many application domains. Nowadays

trustworthiness assurance of such data-centric Al software systems becomes crucial with urgent social concern and expectation worldwide. This
course explores the forefront of Trustworthiness Assurance in Data-Driven Al Software Systems, an area garnering attention with the growing
demand for high-quality, safe, and dependable Al software systems across various sectors. Participants will engage with the intricate challenges
presented by the opaque nature of prevalent Al models and systems, particularly in machine learning and deep learning. By exploring contemporary
failures and challenges, the course illuminates the path towards developing Al solutions that are not only intelligent but also reliable, safe, and
trustworthy.
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Quantum information and

quantum computation
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KEXEZHPBAEBL L2 B L £7,. Quantum information science is a field that studies a new paradigm of information processing and
computation by exploiting the laws of quantum mechanics. The goal of this course is to foster the ability to understand and discuss cutting-edge

theoretical research in quantum information and quantum computation. Through the introduction and discussion of the research, students will
cultivate perspectives that enable them to gain an overview of research directions in quantum information science and to consider how such
developments can be applied and extended in their own research.
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Fundamentals and Research
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g Challenges in Wireless 4810-1199 of wireless communications and systems, wireless access protocols, radio resource allocation and interference management techniques.
= Networks Furthermore, we will introduce the latest research trends using advanced mathematical optimization and Al tools for the design of next-generation
wireless networks.
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Presentation Skill Il during this course. This course is a mandatory course for all master students at Department of Computer Science who enter the department in 2025
or after. Please enroll in the course "Practical English Presentation Skill 1" if you enter the department in the academic year 2024 or before.
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