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DNA Information Analysis

4810-1124
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Advanced Algorithms
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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. The course also introduces how
to implement quantum algorithms using open-source framework of quantum computing and real quantum device with more than 100 qubits. The course is intended to help
students understand the potential and limitations of currently available quantum devices.
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Academic Writing in English

4810-1170

This class will teach you how to plan and do research in Computer Science, as well as how to structure and write a research paper for publication in English-language conference
proceedings and journals. In particular, we will look at how planning and performing your research affects how you should structure and write your paper and why considering
both together early on can make both tasks easier.We will discuss how to increase your chances of acceptance and how to improve your paper based on feedback and formal
reviews. The class assumes proficiency in English reading and writing. It does not aim to be an English language class. Moreover, improvement in writing comes from actually
writing, so the course will have a significant in-class practical aspect: students should be prepared to write and discuss their work in-class and in English. The class will be useful
for computer science students and researchers, whether native English speakers or not, who have possibly read many research papers in their field but never written one

themselves. The class will be particularly beneficial for students who have already started to do research or at least know in which area they plan to do research.
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Practical English
Presentation Skill

4810-1171

L INEN TEMAL T L LY T2 a ORI AOVWTHERT 2, 31— 2RPERETREALED RN ICEET 24ETH D, 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.
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Interdisciplinary Lecture in
Scientific Computing

4810-1175
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computer simulations.From the vast field of the computational science, we will pick up several topics on classical particle systems, classical field systems (electromagnetic field

#1775, For students specialized in computer science, we will lecture the basic to understand al science, which is the science field utilizing
and fluid), quantum mechanics and statistical mechanics. The lecture will start from the reviews of the basic knowledge of mathematics, physics and chemistry in general

education course of universities.This lecture will be done in Japanese.

Information Science and
Technology Ethics

4810-1177
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IHBETI R —FOBEIEBY HAE, BB, EHFRO=—X 2L > TEENEESDHER 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 Research (fabrication, 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

4810-1178
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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. A5 Tld, NPERE. 7A=Y X L,
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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 BfEF* v F7—2, £¥H—F v b7 =%y —
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Advanced Computer Vision

4810-1189
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Advanced Custom Computing

4810-1190
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VT, TATYZLCETARITE, To/TL—% - A= F Uz THEZEBLTEET 2. Custom computing, which effectively utilizes domain-specific hardware and software,

is a crucial approach for further performance and efficiency improvements of computer systems. In this lecture, you will learn the fundamental knowledge of computer

architecture for custom computing. You will then earn various hardware, software, and system-aware algorithm techniques for realizing 15 via the

development of an accelerator hardware.
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Remote Sensing Image

Analysis

4810-1191

UE—bEv Yy SEGRTOER L BHBIAEPIC &£ HRET S Learn the basics and latest trends of remote sensing image analysis
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Data Compression in
Computational Science and

Quantum Computing

4810-1192
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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

SHEADBAIZ DL TEE, Intoday's computational science, various problems ranging from galaxy dynamics to entanglement between qubits are being studied.

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.c., 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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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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Introduction to Quantum
Theory --- A lecture for
beginners

4810-1195
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Trustworthiness Assurance
for Data-Driven Al Software

Systems

4810-1197
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DEFHHE 5 A% B, Over the 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 ary failures and the course illuminates the path towards developing Al solutions that are not only intelligent but also

reliable, safe, and trustworthy.
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Special Lecture on Computer
Science Il

4810-1206

This course will provide several inatorial search techniques which are used in artificial intelligence (Al).
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Special Lecture on Computer
Science IV

4810-1207
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Computer Science Project
Research |
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Research Il
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Special Lecture on

Computational Science |

OpenMPIZIERITEFAT 2 TFRIC [YAF ALy FiEFHE (multi-threading) | A TE 270, YAFIAT7 /Aty YROLEFLICEERENh TS, K#EHETIEOpenMP
Lk BATMCICBIT A - RBEEET 2, ABBRTHNRT 7Y T —> 3>y (HEREBEE (finite-volume method, FVM) 2k - TRT v »75123t) %0penMPIZL>TwF 3
7A€y Y ETHIMLT BOICBERHTFE TATYXL, TATFTIVIE; &, £BOM, BIHMLBEFROBRFOHRICET2ERLERT S, 7057 IV IER
(Dl R—/8—avEa—%2 25 L (Wisteria/BDEC-01(Odyssey)) %{#F4 %. OpenMP is the most widely-used way for parallelization on each compute node with multiple
cores because multi-threading can be done easily by just inserting directives. In this class, lectures and exercises for parallelization by multi-threading of the target application
(Poisson’s equation solver by FVM (finite-volume method)) on multicore processors using OpenMP are provided, which covers numerical algorithms, and programming methods.
Moreover, lectures on recent research topics on parallel preconditioning methods will be also provided. The Supercomputer System (Wisteria/BDEC-01(Odyssey)) is available for
hands-on exercises.
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Special Lecture on

Computational Science Il

WHHBES AT 7 I RICET 28R, RBEEHT 5, BIEHEICEEAESNTLSEMPI (Message Passing Interface) , OpenMPA{E L7704 7 I ¥ 7 &Rk 5.
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27U —Ya Y IFARERRICL 2 —RTERUVERTERMEERT /077 LTH Y, BRELIEROLER, S, RANLT 07 LAOFMEE T, BI—RARRREL
COEDENTHEH THEEEMT %, Lectures and hands-on exercises on parallel programming methods for large-scale scientific computing will be provided. This class focuses
of programming using MPI (Message Passing Interface) and OpenMP, which is widely used method for “de facto standard” of parallel pi ing. Lectures on i
methods on various types of architectures are also given. Wisteria/BDEC-01(Odyssey) at ITC is available for hands-on exercises. Target applications are 1D/3D codes for steady-
state heat transfer by finite-element method (FEM). This class covers wide range of topics related to FEM, such as fundamental mathematical theory, programming method, and
solving large-scale linear equation.
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