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Advanced Natural Language
Processing

4810-1103

Reading papers in turn to understand and discuss advanced theories and technologies for natural language processing.

Programming Language

Systems

4810-1109

HEEFL, BYRFAGEDTOSS Iy VEREORBERE, ZOEELER, 7055 LRELEADOBAICOVT, BHO MY 2 ERXBH
SERRT 5, SEERFIC, LTHEEFVICERELT, BTHEORRNAETLTHHCCS, nitFi LY Hif, RIFNEK, HREEDOLHD
BIBRE, RIFE UEM. ETVRE. BYRTL) ( %2 VT4 70 ANAOEREEICOVTERT 5.

Multimedia Interface

4810-1130

HCI(human-computer-interaction) 5 O BT O3 % Sk o HCID RED FEy 7 RICET2REEFDD & L bIc, HiE
%175, Seminar style class reading recent papers in HCI (human computer interaction). Gain insight into recent topics in HCl and
also learn paper reading, presentation, and discussion..A T & [Al—#%% identical to the following course4860-1073 £ 2 —v >4 > 2 7 = — Xk
4860-1073 Human-Computer Interaction
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Information Analysis for

Functional Genomics

4810-1132

#EDBIZ - #Z * A (Course Objectives/Overview) Each cell in a multicellular organism holds all biological information (i.e., genomic
information) of its whole body, and this information is recorded in the form of DNA molecular structure (nucleotide sequence), where various
proteins, whose structural information is written in the genetic code, control significant life phenomena. This lecture aims to provide students with an
introduction to computer analysis of genome information (bioinformatics) by answering basic questions such as what genome information is, what
kind of information is written in what form, and to what extent functional information can be read from the DNA sequence of genomes and the amino
acid sequence/three-dimensional structure of proteins, as well as recent topics in genome information analysis, which have made remarkable
progress, without requiring much prior knowledge.
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Algorithms for Sequence
Analysis

4810-1149

XFFILR, XFFIRR - BR. XFFIEM HAEDEEYIyFYIEOTLITY XLILDNTRER, £ - EREAOERBIIOVTHHNS
B TITY XLCEE LA HBROBREERE TS,

ETHER

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.
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Academic Writing in English

4810-1170

This lecture introduces the fundementials of academic writing in English, with both methodology and concrete examples to walk through how to write
academic paper.

RERAENERIET |

Practical English

Presentation Skill |

4810-1171

AHWEICIE, BETHEMNA L2 T—2aryoRyBion T, 2020FFELEIICAZ L2 o — ZREHERELRRAZE N RANIC
BETH2LETHD, 2025F RIS AF LAFER [RBEBEIERRALI] 2EET5 2 &, 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 Il if you enter the department in the academic year 2025 or
after.
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Interdisciplinary Lecture in
Scientific Computing

4810-1175

FEERFEEM LT IFEATIC, HERFT ALY Ea -2y Iab—Ya v EERATARNE, AERY S0 ICREARRABIC OV THE
TR 5. AERFRAZEVSHTHEH, Z0ohhoHANTFR, 85 (BEES. iE) 020BLHEHNY. BEFNAR029H S BYLERE
WY EF5, AFPHERLICH I 28%. YR LFOMBOEEH SME%1T4 5. For students specialized in computer science, we will lecture the
basic knowledge to understand computational 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, classical field systems (electromagnetic field 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.
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Advanced Data Analysis

4810-1176

@, 94 RFTHE, 77220 > S, RERE, FEFBELEOT - XRITEHOERNLE 2 F L BRNER, BLU, RENETLTY XA
&, BIIO MY 7 ERABNOEST S, /We lecture fund,

1tal concepts, f

1s and advanced algorithms of data analysis

including regression, 1, dirr ity reduction, clustering, outlier detection, and deep learning.

Information Science and
Technology Ethics

4810-1177

REOHFHROLE LWEDHH L ZOELNERERA LK, UTORBICOVWTHRT 2. BREDOLHO/ — b TH - BROMY K - RED
AL E MEFREDER (88, WA, FHE. T0Mh) LZORPL #HNRXOFRICARDINED (Bo>TRLIARWLDY) | BT r—2a>
IEoWT oL —b, FlESR, MEME (ZIHD ICET2HENEE. AREFFRVRIEROF A, BT L AREBOBRREERUHER
Bl (FERIT. N72AAY b, B2 BPEREE, FABELL) OBTFOLEE, TRAIREETI N —FOBENEH Y FLE, b, FHK
D=—RIT &> THRENRIZZ D EL B, 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 Operating
Systems

4810-1182

FNL=T A YTV AT LRV AT LY 7+ 2T ICET 2B ORMCARDEERRT 5, RROI Y Ea—R Y AT LEXR 5 REHM~DE
BERD, AV E2—20O LY HBENLEREAEEICT S L %287, Tounderstand the latest technologies and research trends in operating
systems and system software.Aiming to enable more effective use of computers by deepening understanding of the fundamental technologies

supporting modern computer systems.
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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. &#& Tld. NPEE, HHT7LTY XL, ¥ T4 Y 7L TY ALk ETLTY XL ERET
THEROBELRAL, BHEE Y T E_—2BEEASBICERT 2B EETE, 70T XAREMDE L7 2 & h e W2E T IZ BRI A BT
DERMERBI Y, WL ENHIPEIRTLTY ALHOGAERRELD L ZANELTNS,

HHEEF 21U TADLEHOTIL
YL

Algorithms for Information

Security and Privacy

4810-1184

In this class, we discuss algorithms that use for speeding up systems for information security and privacy. Particularly, the class focuses on
algorithms for elliptic curve cryptography, one of the most well-known cryptographic system. We also explain ideas behind discrete algorithms that
can protect users’ personal information in large-scale database. ZE%(Z (1, HREF 21U T4 - EEHT ANV A RETIVRATLERBET ST
TYZLIEDVWTHET S, HIS, £F2 U T HIFORKIL > TV EMERESORETVTY ZLIOVTHER L. BAT—KR—RIZA-T
WHEANEREZRET BTN TY XLEERT 5,
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REOHERZ TR, BADLAFIIXHLEFEY PADIY XY IUAY FETERICOI MBI MRGREL>TWS, INLSHEAREE
FTEE TR RIS, HRROEALBRELZVAICEMRL. HENICEROXEYANTRRT 200, HEBTHHEBEA D, & USSHEMETIE L
ELIE, BAEREICE LCRERBISMICBEEI AT 5700, BARBREL LWAICERS MO EBNICERLFRBE K> TEf, BETR, RXP
WEF, LFLEDELORFSFTORRICINA, ISAEECEFHERY > OMREMY ANERERFENEEZED TV 2, FHETE. B
EfROER L 55 BIPAHR. FICHRESBRS AW, 170 7Y YLOET Y 7EMOBN D i, MEMECERNTFER CHREONFENLE
AL ONTWBITFIBREZNEIIRL AT vV Lgky b7 — S RIE. DENLCEROBFRICHDZ T XY TNA Y FOBER, S0IKET YL
Data Compression in Fy b7 =0 DEFHEADIGHIZDOWTES, Intoday's computational science, various problems ranging from galaxy dynamics to entanglement
FTERS - BEFEEICH B Computational Science and |4810-1192 between qubits are being studied. When dealing with these problems on a (classical) computer, a common issue is how to compress the vast degrees
RIEHE Quantum Computing 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.
ZUHER, RAOXAF I/ ZNLEFEY FEAOIYZYILAY FET, B AROBL LigEICRA, HE#REAVLHERZOTLMR
HWREM>TWD, AFERTIE, PWEMNPZEGP L LTSEMBICRND, EXTHLOEP, 7Y FaREREOYT U ATHHEMEL L. M
BEHANST2EALERELZEROHEEARCES o0 TV TY ALEFR, o, ERICINODOTLVITY ALERELLT TV r—>av%
Computational Science for EoffEMY T2l —vavELR— FEEABLTEHB TS, From dynamics of galaxy to entanglement among quantum bits, many-body
SUHMBEOHERE Many-Body Problems 4810-1194 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.
TR EMERRERT /I 7. AV Ea— L —PA IV RO EDHHFTHLHRT MR TH D, AHETH, 77 7ICBNZA-N HH5WES
O—NLBEEE 7 77T ALOBEREEZRRT 5 FETH D, o, KBLED, JI7E2NRETHITABL ST 77T ALORKRLE
25 IHBE 55 7 7L T X |Graph Algorithms and Graph E%fif*& 3, EAMICIK, 777 OBERITEERNICITI CLETRETEN, I 7RV F I ICHT2EETNTY XLBEELEE, 550
. Structures 4810-1196 I$BEICAND TETH %, Graphs appear everywhere in computer science. It turns out that, in order to develop efficient algorithms, one needs to
understand graph structures. In this lecture, we highlight graph structures and algorithms. Topics include expander graphs, planar graphs and social
networks. Moreover, graph invariants, like tree-width, play an important role to develop graph algorithms. We will introduce some graph invariants
that help to develop fast and scalable algorithms.
~ Special Lecture on
a2 — 2 RPRRIEEI Computer Science Il 4810-1206 This course will describe several combinatorial optimization search techniques which are used in artificial intelligence (Al).
T2 [RAFATHFITATY XL WEPH— AP LPC, HAKEBEETYALFAT, A=—aAT7LTN2, 7Oty Y OBFRRADKBUA R
Special Lecture on L. HRERATIC L > TRLESEBRERICA o7, o TTATY XLHWIBS N, 7077 LHEFIBET S &5 ICBANTWRINIE FE
AYEa— ZRPHFIEEV Computer Science IV 4810-1207 HOESIHS> THER LTS Y 7 M 72710 A bR, AERTH, BAOYALFAT /0Ly FICBEWTHES €270 0RANETLTY X4
IE2LTHRS . HLOVHFTHRFEVTVEHTTHE. AR THUTOLI G PEY Z7ICHLT, EREHEFIOVWTRNT S, - wALFaT 70
Ly YORE - TAFAT IOy AT TLTY XLOR - T AF AT TALy AT T TY XA0E)
o _aRmmo oo - -
;;; FTARETAY st i:?e:‘::lsc'eme Project | 16101213 RWESEIOWT, HUREAOERDL &, HRETS
VI P T - -
;;EJ ERFETRT b (;Zsme;;:::ir"Sclence Project 1810-1214 SRR ST, SEREOEEOL b FRETS,
OpenMPIZIETATEBAT 2 1F TFEIC [TLF 2Ly FIEFHE (multi-threading) | AT 278, UF a7 704y FTRADILEFLICE ERE
NTW5, AHETIZOpenMPIC £ B IFLICEIT 255% - EBAENHT S, ABBTHART 7V T —> a> (BEREE (finite-volume method,
FVM) 12> THT Y »7512:) %#0penMPIZL > TRAFAT 708y % ETHINLT 2 DI BERFHEFE TLTYXL, TOT7 IV IFED
Special Lecture on EE, REOM, BIFLRBFEOBNORARICHTIHERLEET S, 7RSI IV RBICER—/\—2¥Ea—% > XF L4 (Wisteria/BDEC-
REMFET I 47 Y RR#E | . . 4810-1215 01(Odyssey)) %{EFd %, OpenMP is the most widely-used way for parallelization on each compute node with multiple cores because multi-
Computational Science | 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.
WHFHETRTT I SERICETEER, EBEERT D, HHFEICKCERENTLSMPI (Message Passing Interface) , OpenMP% &/ L 72
TRTT IV TEALICERS . A BRERICE T 2RBELETICOVWTLHY THE, RBERETS, 707 IV IRBICIEARERER Y
% — D Wisteria/BDEC-01(0dyssey) BT %, 4—7 v b&F 277U =2 a VISAERBERACL 52— RARVERTESMEERIT /O /T LT
SHERST 547y RASEE |Special Lecture on HY, BREBDZEROAERN D, RANATOS 7 LOFREE T, EI—RARAEEL COBDRMLEH THEREEET 5. Lectures and
| Computational Science I 4810-1216 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 programming. Lectures on
optimization 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.
AHBIC, BETHMNETL LT -2 a v ORI HIOVTHERT 2. 20265 ELURICAT L3 Ea— S REFRIELREAFE DRI
Practical English EETBLETH D, 2024FLFNCAZ LFoPE N [REBREMEREAT) £/EET 5 L. We will discuss how to make an academic
REEERERR Presentation SKill Il 4810-1223 presentation 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 11l if you enter the department in the academic year 2024
or before.
N b AR Computer Science Seminar 1810-2003 HEOMEAEH 2 VWIREETIXRMICOVWTTLE Y TF—2 a v ATV, HFMREEHREN DEENICER 27002227 —> a3 v Eiflid %
(Doctoral Program) | 3, e, oFEOTLEYTF—vavE L. BREIGER 74— PNy %175 2T ARICET2EMNLEREZ T B2 2.8,
S Computer Science Seminar 18102004 HEOMEAEH 2 VWIREETIXRICOVWTTLE Y TF—2 a v ATV, HFMREEHREND DEENICER 27002227 —> a3 v Effid %
(Doctoral Program) Il B Ef, OFEDTLEYTF v a v EEBEL, BRISGEL 74— KRy 02175 2T RICET2HMINAEREITI Rt e $.3
Db ARSI Computer Science Seminar 18102005 HEOMEAREH 2 VWREETIXEICOVWTTLE Y TF—2 a v ATV, HFMREEHREN DEENICER 27000227 —> a3 yEflid %
(Doctoral Program) Iil 3, e OFEOTLEYTF—vavE L. BREIGER 74— PNy %175 28T ARICET2EMNLEREZ T BTz 2.8,
R Computer Science Seminar 18102006 HEOMEAEH 2 VWREETIXRMICOVWTTLE Y TF—2 a v ATV, HFMREEHREN DEENICER 27000227 —> a3 v Eflid %
(Master's Program) | B Ef, OFEDTLEYTF L a v EREBEL, BRISGEL 74— KRy 02175 2T HRICET2HMINAEREITI Rt e 2.3
Sy Computer Science Seminar 1810-2007 HEOMEAEH 2 VWIREETIXICOVWTTLE Y TF— a v ATV, HFNREEHREN DEENICER 2700227 —> a3 v Eflid %
(Master's Program) I B Ef, OFEDTLEYTF v a v EEBEL, BRISNEL 74— KRy 02175 2T HRICET2HMINAEREIT I Riia$.3
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y Research Project on _
aY Ea— 2R ELRRIETR K 4810-3002 ERREICBWT, BLRIXORE IR LHRERET 5.
Computer Science (Master's

Ri h Project
v — AR o e on 4810-3003 ERRZHLT, BERXONBI A LHRERIET 3.
Computer Science (Doctoral

. Research Project on B
a¥ Ea— 2 BEELRRIETR K 4810-3004 ERREICBWT, FERIXORE IR LHRERET 5.
Computer Science (Doctoral

v Ea— 2 RPEIREINR  |Research Project on

N 4810-3005 EFEMREICEVT, BERXORBICEIFARERET 5.
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