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BEOBW - MERUVER A The students artlclate in academlc conferences related to data science to deegen understanding of data science research.
TAREHRICET 2 ERERODH L.

FIEOEEER

OGoogle Classroom
$B%(21% Google Classroom ZFIMA LAY

Classes will be NOT delivered on Google Classroom

OFEDEMERE
BEANE - HRLEETTE HRERCBMLT, ZOLR—FERETS.

The students participate in workshops and/or conferences, and submit reports of it.

Japanese, English

RESINFLAR— F %50,
RUAEETE 7 %

Based on the submitted report.
BHERUSEE

- ISBN/ISSN

BEHIERI

BEURL

REERNEE

Pl FRICA—)LTEEZLTLES L

HRELSFMERFICHAT SFEMIERRIMEET £ U ERICIRH.

Details will be announced by the DSP, AIQDS, GP-DS office (ILO).
THMOIRERBR, 45BHOFEELELTINREL > THEBRTHCLERELLTVEYT ., 1HUDBRIRELLLFEREOBRE, T#E - &EE) IOV TIH 15~ 3 0BMHICR
EHIVIREBBNRE (FT - BELL) 30~ 158, IER, FERUERI SO0 TIE30~4 5HHEOBES S IRERBNZE (P - AELL) 15~0BMTY.
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The students participate in academic conferences related to data science to deepen understanding of data science research

REOBH - MERVER 5
&% (B)

T—AHERRICHT 2ERERDL L.

To deepen understandings of data scince studies.

OGoogle Classroom

2 (21X Google Classroom ZFIF L ALY

Classes will be NOT delivered on Google Classroom

ORENEMEME
BERNE  HELEETE HRERCBMLT, TOLKR—FERET S

The students participate in workshops and/or conferences, and submit reports of it.

Em Japanese, English

REShILR—FE

o

.

FRARRT M 75 3%

Based on the submitted report.

BHERUSEE

E=2 Hi R HibRE ISBN/ISSN HHIER

BEURL

RERRNEE

T4 RFT— B FRICA—LTELZLTLLES Y

R - RERHIURE

WREGDFEMELZICHT SFBREERZREEE & Y ERIRE
Z Dt
Details will be announced by the DSP, AIQDS, GP-DS office (ILO).

1ENORENFIL, 45BHOFEENELTINTEL > THEATHCLEREL LTVET, 1 BNOBRICHREL QI FERMOBRE, TH#% - FF) (TOLTIE1 5~ 3 OBMICE
EBSURERMNFE (PE-HELL) 30~ 16mM. [FR, FERUVER [TOWTEFI3 0~ 4 5HHENEES S VRERMNFE (FF - HELL) 1656~0BHTY.
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The students participate in academic conferences related to data science to deepen understanding of data science research.
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T—AHERRICHT 2ERERDL L.

To deepen understandings of data scince studies.

OGoogle Classroom

2 (21X Google Classroom ZFIF L ALY

Classes will be NOT delivered on Google Classroom

ORENEMEME
BERNE  HELEETE HRERCBMLT, TOLKR—FERET S

The students participate in workshops and/or conferences, and submit reports of it.

Em Japanese, English
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.

FRARRT M 75 3%

Based on the submitted report.
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E=2 Hi R HibRE ISBN/ISSN HHIER

BEURL

RERMNEE

. FHRICA—LTELZLTLLES Y

WREGHEMERFICHT SHEMIERRRMAET L VERICRH.

Details will be announced by the DSP, AIQDS, GP-DS office (IL0).
THEHOREMEE, 4 SHEADFEELELTINTEL >THMT S LERELELTVET ., 1RNOBFICHELLLFEREOBRE, THH - ®E) [TDOWTIE15~ 3 ORISR
EBLUREBBNZE (FF - BE4HL) 30~ 158H,. MER, EERUERI TOVTF3 0~ 4 5HHOBRES LVREBENEE (FT - EE84E) 15~0KHTY,
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The students participate in academic conferences related to data science to deepen understanding of data science research.
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To deepen understandings of data scince studies.
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2 (21X Google Classroom ZFIF L ALY

Classes will be NOT delivered on Google Classroom
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The students participate in workshops and/or conferences, and submit reports of it.
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Based on the submitted report.
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Data Science Challenge

F—LENTEBROEY I T—2DONY RYVIORBEGREMUTOS ) MIRYME I LT, ERORBERROEDHEFER. ZREXEROHESLVT—
ST EAY L, SERTORLEERT. FAFBRIERWATOISI D TREEEBRL TV SAERRET D RBERHLNLD [T—4HEIL—ZVT
BEDOEHY - BERVER 7 RREEANEES PRI N

BH

By project-based learning on a team, students will learn how to handle and analyze big-data. This course is designed for students who have
E=E D)= RESE 3 Al exper ience with computer programming. Attendees are recommended to take “Data Engineering” before the attendance to this course.
=% B

LTFISRY B ER/T A&,

1) FRI52 07128 BT 28I
(2) KIMEHHHOFIA

@) EvIT—20mYEL

FEOEERR

To obtain the following skills:

(1) Data analysis by programming

(2) Using high performance computing

(3) Handling of big data

Google Classroom Code:

FEFIN—TIOTH) FMIBYBHET, TU—TTOVH bR TAMEEERALERRE IO 1) FOSEROMBERRTHERSWET,

BERBORE ([T—AMEFr LD 3—2ADD) F772)T—2—0ORFNEHSL, IRZ—0FE ([T—42HEIL—=VJI) a—20b) F—
MG RERREOREIERLET,

The students will work on a group project. The group projects will consist of 8 weeks of problem-solving of a big project using Data Science
The PhD students (from “Data Science Challenge” course) will have the role of facilitator while the master students (from “Data Science Training
BEANE - HRLEETTE I1” course) will have the role of the general problem solver.

Friday, 14:40-17:50
Jun 05
Jun 12
Jun 19
Jun 26
Jul 03
Jul 10
Jul 17
Jul 24
Jul 31

English

EIRPRRE TF - S AR ET

(1) BEILEYT—avNE

(2) LR—h&SlackiziBTbazy AV R
Q) RBEhtza—F

@) BEICHT BEEEF—LAOEM

AAEETE % Based on the following criteria.

(1) Quality of the presentation

(2) Report and commitments on the Slack channel
(3) Submitted code

(4) Participation and contribution to the team

CORMEHA S AT LASEESNDZENBYET,

This grading system is subject to change

BHERUSEE

=2 iR H R4 ISBN/ISSN HRHER

FTRTOBEEHPOERILGoogle ClassroomZBEH S NET .

BEURL

BIChL.
R ER S P

BEEH: EVvIT—2FVYLUDERBIIZFENFER, T—ARFEIL—ZUJIERICEELTIEZSLN

Prerequisites: Students are required to take “Data Science Training I1” before taking this class
THEMDREREE, 45RHEDFBELELTINBREL > TEATHACLEFRELTVET., 1ENDBRICHRELLLFBREADERE, [#E - &EE) (TDULTIE15~3 0RHICE
EBLUREBRNZE (FF - EE4HL) 30~ 158H,. MER, EERUERI TOVTF3 0~ 4 5HHOBRES LPRENENEE (FT - #E84E) 15~0KHTY,
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VI bz 7HEmkiR / Software Construction

AEZETIE #+Google Classroomx+ Z{HEFAF S (¥ 5 Xa—F : ataxmba) .
Google Classroom [C7Z AL, ¥ 5RaA—FEANDS X, ERICHS 2 &,
COREEIHETERL., BRIIRF, BREAXETITS,

BRURTE, AX—F I+ P2V E1—4PAENICEASA, & - - BR - TRAF—L0oHREBL IV E1—F (T - THIMS ATV ST
O, VI LI T7OEBEEERRNZBOFEL LTS, AEB TR, CORBICRHBT E-0, VI LIz 7EERTHTOI S LOEEERBMICHERL.
ZFOHBEADBEEEMAEL L FRATIHEMTHL TOT S LRIEICOVTER, HICFORABERTHIFADARBORBENEHTHRT. EROBBLED
HOERFIMTH LR - B OCEBTEELH. BT —LOBBEERICDOVTES,

REOBH - MERVER 5
%

In this course, *xGoogle Classroom+x will be used (Class Code: ataxmba).
Access Google Classroom, enter the class code, and follow the instructions
This course will be conducted in person, with materials in English and lectures in Japanese

In modern society, smartphones and computers are used daily, and societal infrastructures such as transportation, finance, healthcare, and energy

BEOEY - BERVER 5 meﬂmcmhﬂdecmmmm.Mar%mpgmmMgmemuwHHyﬁyﬁmmeMngmanm@mi%@.thSMﬁmainq@rm

2= (F) address this challenge, we study program verification, a technique for logically reasoning about the properties of programs and proving or
refuting their conformance to specifications. In particular, we cover its foundational theories such as fixed-point logic and weakest precondition

transformers, as well as enabling technologies for automation including constraint solving and optimization, automated theorem proving, and

strategy synthesis in mathematical games

L E A OWRE
. E@ﬁ&jﬂ77A®ﬁJﬁﬁ#b ETQ MR Z L Y E R~ D IFE
.E$M7D77§®ﬁﬁﬁﬁ#?gm7§ MO Z L Y E R~ O IFE

miEtD;é&#lJEFﬁrEb\b‘T ‘#U‘F’Jﬁﬁ HEREA~DIRE
RIE DT Y IEHERRED S B EFINAEREA~ O RE
FIREDT-0 O K BIBEITFHE R
REOZLIEFIE DO OERERAIRR
ﬁ%&yjhﬁ:?%v»ﬁﬁ

OBBAER
mn7u77A®ﬁJ)

RENS - HELEETFE

1. Introduction: Basics of Program Verification
2. Reduction from Imperative Programs Verification to Validity Checking of Fixed Point Logic
3. Reduction from Higher-Order Functional Programs Verification to Validity Checking of Higher-Order Fixed Point Logic
4. Reduction from Probabilistic Programs Verification to Validity Checking of Quantitative Fixed Point Logic
5. Reduction from Validity Checking of Fixed Point Logic to Predicate Constraint Solving

6. Reduction from Validity Checking of Higher-Order Fixed Point Logic to Predicate Constraint Solving

7. Reduction from Validity Checking of Quantitative Fixed Point Logic to Predicate Constraint Solving

8. Counterexample Guided Inductive Synthesis for Predicate Constraint Solving

. Cyclic Proof Search for Validity Checking of Fixed Point Logic

. Cyclic Proof Search and Software Model Checking

. Primal and Dual Perspectives on Program Verification

. Strategy Synthesis for Validity Checking of Fixed Point Logic

. Advanced Topics: Verification of C Programs and Rust Programs

. Advanced Topics: Strategy Synthesis in Mathematical Games and Its Applications to Reactive Synthesis

. Advanced Topics: Program Synthesis and Concurrent Protocol Synthesis

LR— FERREIC & - TRHET .

Evaluation will be based on report assignments

BHERUVSEE
=2 ISBN/ISSN

BEHIER

BEURL

BEERXDFE - BF. RE.

2 EMRN 2B Preparation and review of related papers, and assignments.

FEBs, BRTCA—ILTHREDFEELRET DI &,
T4 RTT—
As needed. Confirm the instructor’s availability by email in advance.

R - RERREE

TEROBRENBR, 4 SHEOFBELELTINREL 0 THBRIHCEERELLTVET, 1ENOBRICLBELLZFEHREOBRE. T#% - &SE
Z Dt I2DWTIE1 5~ 3 OBRIICIBER &K VIR EBMN2E (T - BEAL) 30~ 150, ER, EERUER] 120 TIE3 0~ 4 5EMOBERS L URE
BRSNS (PE - #ELE) 15~0MMTY .

10 /183



Computer Science Overview

HREH - BY

HLHE #EE BE. 1K —. WAIDYASOORIYA HASITHA MUTHUMALA

FH

BMEFONNYVT

20265 ERE

Computer Science Overview

BRUKCBENT, AVE1—F 5 IVRAOEREROAHRMEZRICOZ DB TEEL TN D, ChbDEELENFICEITIHARL, SELHROREIC
BEFARTHD, A#BBTIE, AVE1—2 YA T VROV ONOHARAIFLIEL MBS 5. CABFHERBNL DD, TOHERICHHEREROLIRERMIC
VEREL TS, BB, KXBRL, BREED. ETHBETERT 5,

REOBH - MERVER 5
EHE

In modern society, the fundamental theories and advanced technologies of Computer Science are actively utilized in a wide range of fields

Research in these diverse areas is indispensable for future societal development. This course will provide a broad overview of some research areas
within Computer Science. We will introduce some application examples, and focus on the fundamental theories and advanced technologies that lie
behind them. This course will be conducted entirely in English.

REOBH - MERVER 5
&% (B)

Students will gain an understanding of the connection between foundational computer science knowledge and current research. Students will also
develop a broad perspective on various research domains within the discipline

Please see Google Classroom. Class code: zb6rakhw
01. Introduction of this course
(The order of the parts is subject to change.)

[Algorithm Theory]
Algorithms now play a very important role for the reliability and efficiency in several social systems. In this part, we focus on design and
analysis of algorithms from the viewpoint of theoretical computer science. The main topics are as follows:
02. What is algorithm? Power of “efficient” algorithms
. How to evaluate algorithms
. Basic techniques for algorithms (1)
. Basic techniques for algorithms (2)
. Algorithms for computationally hard problems
. Online algorithms
s P~y A =
BRNE - TEEERTR [Communication Network]
Communication network infrastructure needs to be resilient to natural disasters. In this part, we focus on the information and communication
technology for disaster response and recovery. The main topics are as follows:
08. Basic technologies for communication networks
09. UAV network
10. Wireless mesh network
11. Device to Device (D2D) network

[Parallel Computing]

Parallel computing is extremely important in many fields such as numerical simulations, artificial intelligence, machine learning, optimizations
etc. In this part, we focus on leaning different parallel computation techniques, their bottlenecks and how to simply run a program in parallel
The main topics are as follows:

12. Basics of parallel computing

13. CPU-based multicore computing

14. GPU parallel computing

15. Introduction to FPGA-based parallel computing

& This course will be conducted entirely in English, including all instruction and course materials, such as handouts and assignments
EE

Grading evaluation will be based on the combined scores from all three parts of the course; therefore, students need to attend all three parts
Evaluation is performed comprehensively through reports, exercises, and in-class activities, etc. Details will be announced in the lectures.
RUAEETE 5 %

BHERUVSEE
B4 HhR#E HhRE ISBN/ISSN BHIERI

Iease see Google Classroom. Class code: zb6rgkhw
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Students are required to make a thorough review. They are also expected to learn topics related to the class by themselves. Such related topics
and keywords will be provided during the lectures

RERRIEE

Please make an appointment by email. Contact details will be announced during the lecture

THHEDOIRENBLE, 4 SHHOFEELELTINBEL >THATHCLEREL LTVET, 1HNOBRICHRELLLZFERHEOBRE, TH%E - &EE) [CDOWTIE15~3 0FMEICER
EBSURBERENFE (PE - HE4L) 30~158M. EFR, FERUERI COWTEHI 0~ 4 5HENBES S URERMNZE (FT - H#E4L) 15~0BHTY.
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AXIEREL AR

#BE

HREH - BY
e & .HE RBCORE SO FHE BEER L OA RE BF. RE OB BN BA BR ES. B T8 NB #$-—
FH EARBIERL
(=R AU

20265 EERITH

AXERE R
Humanities and Social Studies in Information Sciences
AR EBRHFERICHAET 5AX - HE2HFROHEN., TATIAORRLEH - FFIOLBH S, BEFRRIEHRICHE T HHEBEEHRL S,

+ Google ClassroomZzFALNT, HHOFEEITS, BETFFIURENDISA—FEAVTEET S &,

CE1E (4/13) &, 8:50~9:40IC BARF TREME, 9:50~10:30IHKBTHAZT 5. WITANRLTEMT 52 L. HETOSMHAPLLE/T TEHNMESE
&, A—T4x—2—IEHKT D&, ERERITRSE,

EEORN - BERVER 5 | REEACRERES eI FUTFTUFRBRE - VT7LEALBERE) I220TE. E1EICT7ZFIVRT S,

7

Faculty in GSIS Human-Social Information Sciences Department will discuss issues around advanced information society from their respective field
of research

= This class will use Google Classroom for communication. Classcode to be announced

= In Session 1 on April 13, course overview will be given in Japanese between 8:50 and 9:40. Course overview in English to follow between 9:50 and
BEOEY - BERVER 5 10:30. Students must attend at least one of them. If unable to attend in-person for inevitable reasons, contact the course coordinator. Contact
2= (F) address to be found below.

- Class style (e.g. : face-to-face in a classroom, on-demand videos, realtime online) from the second session and onwards will be announced in
Session 1.

BRAPICEITHAXRHEREOER - il - REULEZERL. ThTIOPHUTATUT AT« EBET DL LT, EME - PHRUEEEET 21588
FOARMFHEITED ZEMNTES,

Students will understand the significance, values, and importance of human-social information science, construct respective academic identities,
and explore the essential characteristics of interdisciplinary information sciences.

1) A2 bAF 23 ~EEHMESRE @E ¥ 2—T3—4%—)
Q) AT4T7T9/00—EXE ORE $BF AT« 7XEH)
(3) KEEBA - R - FHR BRI 23a=4s—2 3 ibES)
4) FHFEFER (P 7 BIEHSEF SR T LA
(6) BRBUaEHY (RE BE BA1Ia-7—23avil)
TO/RAO—FEEY D (F —B ARFEREE)
MEEIER (KR EOHE)
) BEAVTUVES—ZVITFITAOR (RE B BRITIO—H)
8) BHMELERL=-N—YLTYAY @I EA 23a=4/— 3 4R%)
9) HBEREEMAR Y FT—0 RIR B HEEHE DX T L
(10) R T — S RITIC & BB B0 GrE 5= ZEHEEERE)
D - FE $ ET X R MRITER)
(Egk \L\oH FHEIERF)
A (FIE #B—  BEDEFRSP)
(14) R EERHFZOER (B T8 FTLEHERS)
(15) FHE
*FEEOAREEEHYES,

BRERNE - HELEETE
Introduction: Course Overview (Aya Okada from Sociology of Communication Lab)

Media Technology and Culture (Kuniko Sakata from Media and Culture Lab)

Disasters and Cognition, Psychology and Information (Toshiaki Muramoto from Cognitive Psychology of Communication Lab)
Economics and Information (Ryo Itoh from Socio-Economic Analysis of Urban System Lab)

Historical Political Economy (Masataka Harada from Political Communication Lab)

Logic and Information (Hitoshi Omori from Philosophy of Logical Analysis Lab)

Educational Content and Learning Analytics (Toru Nagahama from Media and Information Literacy Lab)

Human Diversity and Universal Design in Information (Naohito Tokugawa from Regional Econometrics Analysis Lab)

Geographical Information and Complex Networks (Naoya Fujiwara from Sociology of Communication Lab)

(10) Uncovering Unique Regions with Geospatial Data Analysis (Ryo Inoue from Transportation and Geographic Information Science Lab)
(11) Language Change/Development and Corpus (Yoshiki Ogawa from Text Structure and Linguistic Information Lab)

(12) Natural Language Processing and Large Language Models (Tentative) (Itsumi Saito from Language and Information Science Lab)

(13) Cognitive Psychology of Manga (Yuichi Wada from Visual Cognition Lab)

(14) Interactions of Neuroscience and Culture (Chihiro Hosoda from Human Learning and Memory Lab)

(15) Contingency Day

*Subject to change

FICEAFE - BHMICKE

Mainly Japanese with some sessions provided fully or partially in English
CEHBEDLAR—FBEUEHBEANDI =y hR—I—IT& Y, REMIZFHET 5,
C Sy bR—S—F2/30 k. LAR— RGBT RIERET B EAROEND,
CRECFRALITONTIE., FHEDETRICHES &,

= Students will be evaluated on 3 essays and 15 minute papers

» Students must submit minute papers for more than two thirds of the sessions as well as all three essays
- Topics and expected word counts will be given by faculty in each session
BHERVSEE

22 ISBN/ISSN HHE
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BEURL

LAR— g 3ERHT 5 &,

BEBRESN 2 You must submit the report three times.

(1) FEEORBIZDOVTIE, FEISHBICEEERL T,
(2) EHMLTEMOERT. O—FT 4 R*—42—[REZE T (masataka. harada. e4 at tohoku.ac. jp - "at"% @ LBEZ#H|Z TLEEWY),

(1) Please contact each instructor directly regarding the content required for each submission.
(2) For administrative questions or communications, please contact the coordinator, Harada, at [masataka. harada.e4 at tohoku.ac. jp] (replace
“at” with @).

BEIOEMHEME IE - A>T FERIE - V7LE A LREZE) [SDOVWTIE, BI1BISTTFIURT %,
FHEMOLR— MEHZIL. Google ClassroomTiT5. ¥ 5 Aa— K&, BIE7+FoURXT %,
HEABD DD 1UERFELIBE (=3 =y hR—/S—KIRH) &, BERELHET,

£ BAAEAR RERK] (2009) [AXHMRIERBZAM] HEXPZHES

) Class style for each session (e.g. : face-to—face in a classroom, on-demand videos, realtime online) will be announced in Session 1.

) Google Classroom will be used as the platform for distributing handouts and submitting essays. Classcode to be announced.

) Absence for more than one third of the sessions (= not submitting minute papers) will be considered as an abandonment of the course.
Reference: Sekimoto, E. (Eds.). (2009). Introduction to Humanities and Social Science in Information Sciences (in Japanese). Tohoku University
THEMNDREREE, A5RHEDFBELELTOINBREL >THEATHACLEFRELTVET., 1RNDBHICHRELLLFBREADERE, [#E - &EE) (TDULTIE 15~ 3 0RHICE
EBLUREBBNZE (FF - BE4HL) 30~ 158H,. MER, EERUERI TOVTF3 0~ 4 5HMOBRES LPRENMNEE (FT - EE84E) 15~0KHTY,
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BRERHNFER, AT LABBHEER. AFHKERHPER. BRAERAZER

WA #ME@E. ZHAO Y IKAI

EARBIERL

E ERBITNTIVISAT40T] TE, RROXEERAFIVICMZ, BROFEWICFARGY—ILOEREEZFVET, TICRD2OOPFICEREZE
L\’Cl,\éi‘é' LaTeXIZ & B2 XEDER & . PythonZALV=T— 2 DAEIETT,

LaTeX2 BT 5 & T, FEREMMEOBVRROE S R MXBEMERTEDLSCHYET, CHEHREROERICEVTRELBALGYES, Fio,
T—AAREORFILIE. EREARBEREDLHY LT RTTIDICRILGET . COENZ. RROPMAXITENT, FTEITEEHEELTVFET,
REOBH - MERVER 5 2=

e K%ﬁ;'ﬁ@%zéﬁ;; BOMRMGRTAEOTHEIRZ—FTHIET, FEFREROFEMII 27— 2 aVITROLNIERALRXEERT 5 HhEHIC
DMtBIENT o

REOBH - MERVER 5
&% (B)

AKI—ZRETHIZE. ZHEIUTORFXILEZERLET :

LaTeXI= & 5 XCEERL

- LaTeX%EMA L. 2SRRI N-XEEERT DHEH

- BRX R BIRBEOERLCEREZECEELANE I+ —T v FORR
- BibTeX&# FAL\=31 M7 5| AEE L SEXH Y R FOMER

- SHGEMBNICHET 2HDREILXNEI SRPOT YT L— OB

T—ADARIE :

- PMHRICE T ST — 2 ARILONRENLRBOER &S

- BRJFEL TS OUEEEE L-RELARIEFEORR

- PythonZ A L1-. BBRTEMK. N OREMICENT-S S T0F v— FOER

Google Classroom®iBFa— K :

AI—RF2EER T, SHTEROEERR TTDOIET,
BEBADNAVIAVERECHS LTSN,

158 : 2HTXEBIER (LaTeX) (I~T:EB)

. LaTeXDEARGE L XEHIE

. LaTeXIZ & B M L HFREDRE

. LaTeXZERAULV =k L RIDERL

. HEBBENA A=Y VI DER

. BibTeXIZ &k 2 Xk EE

. LaTeXDBEELEEEL DR 2T (X

. RXORRXDI=HDLaTeX T TL— b

“I‘ T4 AR 8~14:E8)
. TR BOBR L EY AR FEORR
ATOAREL : EX M SLEFEETOY b
CNFIU—tE  EISTERYIRATOY R
. BREORE  HARERT IOy b
BENE - HEALEETE BRFI MLV FORIRIE : TR S LTS 57
| BBORT A5 7 EMALIFETST
. TFAAEREIZE TR A S—EBRE LA T MRETORA

AI—RAFETEBTERSIFT . BXRBOBME—PRBEAFLADT, TTHRIFESL,

BAEHE LT D2 ODRBICESVTHTVET
- PAXCEVERERE (60%)
BEMETEALLaTXAFLEEFAL, BRESAETUTIL—F2AVT2RORX EIRORIRIEER L TWEEET,
AR - TR AHRILEE (40%)
. ‘ BEEETEBLIPythonlCk 5 T— 2 AIRERFLEEHEL, 5Xon-RBICRYMBATOEEET,
BREDFHEMOVNTIE, ETEABLEBEORETHLIHHALET.
R LAR— MERICHT->TId, KBEEEETIL (LW OFEBEHALET. ChickY. L YMBRMGEIEBERNAIREICKZY ET,
BHERUSEE
2 HihR 4t Hi R4 ISBN/ISSN FRHER
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BEURL

RERRIEE

THHEDOIRENBL, 4 SHHOPEELELTINBEL > THATHCLEREL LTVET, 1HNOBRICHRELLLZFERHEOBRE, TH%E - &EE) [COWTIE15~3 0FRHICER
EBSUBERMNFE (PE - HE4L) 30~158M. EFR, FERUERI ITOWTHI 0~ 4 5HHNBES S URERMNFE (FT - HE4L) 15~0BHTY.
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#BE

HREH - BY

e . NE Z#. £4 SR B $—. B8 HX. EH EX. NWE #. BT BR. & B RE BF.R B

FH EARBIERL

(=R AU -
E 20265 EERITHA

TEMMIESR

Information Ethics

BRARE, BREMALICEIMELZZL., ZTLT, FREMOERE ZOREASM-EOHRLE-LTRE - FIEMRRGZ, REMICERLDDOH%. LHLEA
BFIC. BEFRCHREIEL QR - EZHEY - REMNCHEICLERL TS, [FRAEF) X, ZOL 5> BHEHE S AN - FEMISRE L TLCEOHIC
BEIN-FHEBETH S, BROBMEFAINYICLTESBFTEALN S, HE~NOBRELRHEZ T, BRUESOUNTEZ LI LOBKEDRICHVE
LT Z LR, ShnbDHED—BICE S TRARDEANZETH .

7

Ei(bﬁﬂ'«] CBERVER A

Information Ethics is one of the applied ethics. Our society has become more convenient and more comfortable by means of information technology
But, at the same time, the rapid change and development of information society has brought many problems in various fields of our daily life. In
studying and researching in this graduate school, it is one of the requisite trainings to think carefully about the problems of information
society

REOBH - MERVER 5
=% (B)

BES L TERROFEREHERNORZ SHMBEESAMICEZ. BFRY DREANOFEBHERMHEOHYFITHT MRERD S

The aim of this course is that students think about issues associated with Information Society from many aspects and deepen their own idea and
visions about how to solve problems of Information Technology Society for future generations so that they can acquire abundant knowledge and
identify a research issue

2025 FIERMBEFDOBRREL T OME
OB % TldGoogle ClassroomzFIALET,
Google Classroom is used in this class.

OBREDEMMAE : HE - AV TIVRRIE- UTILEA LERERE
Classes will be conducted in face-to-face in a classroom, on-demand videos, or realtime online.

WAB108 (April 10)  KF= (Hitoshi Omori) : 4> rB%&% < 3> A general introduction to this lecture

W48178 (April 17) EIFEE (Kiyotaka Naoce) : RIEEE DM Ethics of Science and Technology

W4A248 (April 24) [R¥} (Saku Hara) : YRV AZa=4—23VIZETHRIEDKE] The Role of Emotion in Risk Communication
W5818 (May 1) &iB#%X (Takuo Suganuma) : *F4 v b Netiquette

W5H88 (May 8) #FHF—ER (Ichiro Mori) : ORw FD#&HE Robo-ethics

R L 5 156 (May 15)  K#( (Hitoshi Onori) : 32 8% Logic and Ethics

W58228 (May 22) SEHFIER (Masao Sakai) : 7@ w%H Fx—@IHE Blockchain ethics

W58298 (May 29) MHERXS (Katsuya Uchida) : 4 d&if&IE Bioethics

W6858 (June 5) F1M#— (Yuichi Wada) : BRZICHITHEBME (reproducibility) M SHZEMIEEE X S Research Reproducibility and Research Ethics
W68 128 (June 12) 3REFFF (Kuniko Sakata) : v —7 1) XLOMHIEE Ethics of Journalism

W6F198 (June 19) [EMEF (Aya Okada) : Fft%& < 51HHE Ethics of Donations

W6H268 (June 26) & 7TA3B (July 3) €8T (Yoshinari Kanaya) : Al &R - 351F Al and Ethics/Law

W7H108 (July 10) & 78178 (July 17) #AE® (Toru Matsuoka) : 401#484EE4#E Intellectual Property Right

W7A248 (July 24) F{%E Reserve day

TLUR—F (FHEARTIEMBA) | & TFER (I=v bR—/3—) | OREFETT .
B (E2y bR—/3—) (&, BEERHETT,
COBEFED2DTN—TIZHDRTEY ., TOZE2EBI—EDOLKR—FERELES,
LEROFAFHEICEBWVET,

= Minute Paper will be required in every class

= Three assignments are compulsory in the term as a whole. This lecture is divided into three groups of classes and each professor gives the topic
of the assignment. You must select one topic in every group of classes

- Instruction about the topic and word count will be given by each professor. The details will be announced in the first class (Introduction)

BHERUVSEE
£ HihR4t HhRE ISBN/ISSN BEHIER
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BEURL RIEKRFE FXiEHEBEEVA— BITF@EEYIVIY
e http://www. ccle. ihe. tohoku. ac. jp/section/russian/

RERMIEE

THHEDOIRENBLE, 4 SHHOPEELELTINBEL > THARTHCLEREL LTVET, 1HNOBRICKRELLLZFERHEOBRE, TH%E - &EE) [COVWTIE15~3 0FRHICER
EBSUBERMNFE (PE - HE4L) 30~ 158M. EFR, FERUERI ICOWTHI 0~ 4 5HHNBES S URERMNZE (FT - HE4L) 15~0BHTY.
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FRIEBHEHR

JKEE5ER . JKEE6RR BE

HREH - BY

HuHE \LUE  f§E. 18HE

FH EARBIERL

BMEFUNNYUT

FEEE 20265 R Y

"%

FRREREER

REER

Interdisciplinary Information Science
PEZFOEBRORBTIOATNSLSBEMTOD L) MIRYMBT I ET, T—ARMOEDHEES. ZEEEIHARFEOIRTOT —F BATICIRY BT
T EBHARXMBELVRE SN I LDOEHAT 5.

REOBH - MERVER 5
EHE

Students will learn how to conduct data analysis by working on a pseudo-project that is being carried out at a private company. Students will work
on research planning and data analysis. Data are provided by Dentsu Inc.

REOBH - MERVER 5
&% (B)

LTSRS HTEE/T S L.

1) FRYSIUIIC&BT— 2@
(2) KRB EHOFA

@) EvITF—2nmYKL

4) HRABOILE - ZITHER

To obtain the following skills:

(1) Data analysis by programming

(2) Using high performance computing
(3) Handling of big data

(4) Direction of research projects

OGoogle Classroom

Google Classroom Code : RFE
Class invite link: RE

%Google Meet IZFIALEHA. MetaLife ZFALET.
XGoogle Meet will NOT used. Instead, MetalLife will be used.

OREDEMEME
FOE & REEDAME, TAUNEAUF1Y (VTLEAL)
0ffline only for the 8th and last classes, online (real-time) for the rest of the classes.

OREDANE

RADBEEPythondDFELVA, scikit-learnZEFIMA L - HMEE XD VA, TensorFlowzFIA L RBREEOENAENV AT URRTHE.

The first seven classed are hands-on lectures on how to use Python, machine learning methods with scikit-learn, and deep learning methods with Ten:
= e o Lo - ## (textbook) : https://yamada-kd. github. io/introduction-to-artificial-intelligence/

= R L EE ; A

b e LR = 5 47K B 1652053 5 1955305

2026510 R07TAIO T 5 2 VU EE NV XA VIKIBHATRY EBEE)

SUUEE WX VFIBERSTRYBEE) (TETIARHETE)
'S EUTRE NWVAFUHIERSTRYIZET) (TEHIARHUEFRE)
SUUEE WOXFVRIBERSTRYREE) (TETHARHETE)
FIUTEE VAT UHIERSTRYIZET) (TEHARHERE)
'S EUTRE NWVAFUHIERSTRYIZET) (TEHARHUEFRE)
FIUTEE VAT UHIERSTRYIZETE) (TEHARHEERE)
FIUTEE WURAFUHIERSTRYIZET) (TEHARHETRE)
2026512 A02BBBLOA » FAF Y a3y (RHEHRECTHETOEM)

202612 A09BEAREBEIDIE - Wiy

20265128 16A T — 4 %%

20264124230 EHEIF &

2027401 B06 A E 7 ILIEE

2027401 A 13AE T ILHEE

2027401 208 {3 & B ER

202701 A2THMERK S (PHEBEIC THE TOERE)

REFEXRMICITAARE EKBTORLLALE.

Mainly Japanese.
Presentation: Japanese or English

EIRPRRE T AN DET

(1) BRILEYTF—vay

(2) PRsER

Q) BEOHATSA P E1—
RUAEETE 7 %

Based on the following criteria.

(1) The final presentation
(2) The mid presentation
(3) Weekly a few minutes interview

BHERUVSEE
£ HihR4t HhRE ISBN/ISSN BEHIER
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20255 E

FTRTOIREENOERLGoogle ClassroomlTBEHEShET .

All information will be shared in the Google Classroom.
BEOHERRETHEEZED D LEHRE.

RERMIEE

BEBF. FRICA—LTEEL TS
T4 AT I—

£ - REREE

TE2FER D TITA 5. 2158 (30:EE) 2. HEHRREALE MBELTCOVAEVSEREMCERSBEOWV-LEYT. SEEGERFEICET SELANLNHEESE
PN L AehOTaTSI VI EREFRATELILENFELLTT

Two classes / day, totally 30 classes. You need your own computatlon environment. If you do not have your own laptop, please tell us in advance.
1EEOBENADE, 45BROPBEENEET SNEESL > CHMT 5o LEABELE LCLET. 1 BEOBAIC Z\E&&é—?—ﬂ%ﬂ#ﬁﬁd)ﬁxli THE - BBl SO 15~30BRECE
EBSURERMNFE (PE - HELL) 30~ 16mM. [FR, FERUVER [TOWTEFI3 0~ 4 5HHENEES S VRERMNFE (FF - HELL) 1656~0BHTY.
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HREH - BY BRERANFER. AT LBRAMYER. CABRRAER

ek R EX. BB B

FH EARBIERL

(=R AU
E 20265 EERITH

ETEH#HER / Computer Structures

B, Y4070ty YFEARAARNLRA—NA—2VE1—FChH2BEVAHFTHRASh, BROBEAREXAZF—T0/ 00— LTHEDITSL
h3 ABBETR AVE1—SOHEAERETORMFEOERIOVTHEET S, 2V E1—20EKER, HEORE #HSGS, BEARX, Jotyy
T—XTIF % (T—RRREHIH) , 184 T54 B2 BN, TRAENLZENEREELT, N—FIIT7EYIFITTOL 42T 2—RIZET S
BRERHLIELEENET .

[ %]

A#EZ(XGoogle ClassroomzFIFA L EY. Google ClassroomlZ7 XL, UTFTDYS5Xa—FKEAALTTFEW
KERHFHRRP - OS5\ - BEE - FEFE

20264 EGoogle Classroona— F—%& [1EHMAFHAER] THLIHR LW

JZRaA—F:

REOBH - MERVER 5
%

The microprocessor is considered to be a key technology in present-day information society — its applications are ranging from embedded systems
to high-end supercomputers. The course will introduce the basic organization of computers and their design principle. The goal of this course is
to learn the fundamentals of computers, performance measures, performance evaluation with benchmarks, machine languages, computer arithmetic
processors (with datapath and control), performance enhancement through pipelining, and application case studies, resulting in better
understanding of the basic concept of hardware/software interface

ﬁi?gm BERUER 5 [ Attention ]

This lecture is available online via Google Classroom. Please access Google Classroom and input the following class code to join this lecture

Class code

A4 o070y OBREBERE, BRISOVTERT 5,

Understand the configuration, operation principle, and application of the microprocessor

. AVEA—S0EAHE (BEHER)
. AVEL—S2OEERE
. ANUFI—Y & BERETHE
. WIEOER N\ FYIF7EVIRIITOAUETI—R)
. BHEORERE W\—FYz7ICETEFHEFCHELOGAR—)
. BIREES, SHHME~DER
. AVEaA—4DEE (BYEH)
. AVEA—SORE GFR/BGRER
. Tatvy HE—HSLILII)
. TaEvY (RLFHAIILTIY)
M TSAVERWEERERAL UM TS5 4 VREOBE)
LN TSAVERWEEREALE (F—2/820/81 T54 U1b)
L R=R=RN T EBMIA TS5 4 R
. ZTOMOBEREIEFiE
. R4y TOE Yo OEREGAER
RENE - HEALEETE
. Fundamentals of Computers (Historical Perspective.
. Performance Measures for Computers
. Measuring Performance with Benchmarks
. Fundamentals of Machine Language (Hardware/Software Interface
. Fundamentals of Machine Language (Supporting Procedures in Computer Hardware,
. Translating High-Level Languages into Machine Codes
. Computer Arithmetic (Integer Operation,
. Computer Arithmetic (Floating-Point Operation:
. Processor (Single-Cycle Machine:
. Processor (Multi-Cycle Machine
. Enhancing Performance with Pipelining (Overview of Pipelining
. Enhancing Performance with Pipelining (Pipelined Datapath
. Superscalar and Dynamic Pipelining
. Other Techniques for Performance Improvement
. Practical Microprocessors and Their Applications

BAE #ANFLBREHRE.

BB LAR— @ E), HFERREGEISEDEREANIFHET 5.

Evaluated based on the results of final examination, home assignments (three times) and record of attendance

BHERUVSEE
B4 HhR#E HhREF ISBN/ISSN BEHIER

AVE1—S DHER TAEY R -A NE2—v>, |BfEBP #
N—=FOz7EYT LYz T7D|Par L AxI—

A3 71—R
Computer Organization and David A. Patterson and John |Morgan Kaufmann Pub
Design: The L. Hennessy

Hardware/Software Interface
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BREBBIROATNL0OT, BIFENEEICHS. FE - HEELIATILIICTHIL.

12 2RI S The session time is limited and therefore self-directed learning is important. Students are required to prepare and review for each class.

BFA—ILTIAVAY FERBI L.

Students can contact the instructor via e-mail.

BREBICRSIPEEERHT LT THS, BASADZ TV MILYRENBEEETTEI L. MRYELAATIN, PYBLDHLEETT.

Students are required not only to submit class assignments but also to review each class using handouts. The lecture is challenging and hard, from
which students can learn man
THMOIRERBR, 45BHDFEELELTINREL > THERTHCLERELLTVEYT, 1HUDBRIRELLLFEREOBRE, T#E - EE) SOV TIH 15~ 3 0BMHICR
EEIUIREBBNZE (FT - BELL) 30~ 158, MER, FERUERI SO0 TE30~4 5HHEOBES S IRERBNZE (P8 - AELL) 15~0BMTY.
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HBEEE VAT LY

ERERAFEFR, VX TLERAFEEL
HRER - B
Computer and Mathematical Sciences, and System Information Sciences

HLHKE EL E#. WAIDYASOORIYA HASITHA MUTHUMALA, H4%E #Hsh, 25 HH

o TARGERGL

BMEFORNYVT

20265 EERTH

HAEETE S X T L% /Intel ligent Integrated Systems

EREBRRFE IOy 7—FTIF v, SLICHELENIRESNAEER X TLOEREZHE DT 5. BENDE, MEEHIATLOBER, Bitfkile
EHBBALEHEALLWSITOE Y HONS LALL U DR, MSEREROSMHRILSEEEEAL, VAT FrS5TLVLILS I, RRICSERT M
SIEEERS B DEMREVLSIOEBRN, BREKRVI O SRICELIRERN, A TLSIORARHRENLGETHD.

REOBH - MERVER 5
EHE

Fundamentals of intelligent integrated systems such as integrated circuits technology, VLSI processor architecture and intelligent VLSI
computation are presented in the lecture. The contents include: introduction to intelligent integrated systems, high-level synthesis of high-speed
low-power VLSI processors, characteristics of a short-channel MOS transistor, low-power CMOS VLSI architecture, reconfigurable VLSI, circuit
implementation technology for high-performance VLSI processors related to timing closure, signal integrity, power integrity and clock
generation/distribution, VLSI design CAD, and design for testability

BREOEN - BERVER A

=% B

FREHMERO IOy YO7—F TV F v L ZOBMHKEIHE MSEREBROEEL - EEBRBAILFE, FPGAOHMRICE L TEAEATE H. / Students can
understand the processor architectures of application-specific integrated circuits(ASICs), the high-level design methodologies, high-performance
and low power technologies of CMOS integrated circuits and field-programmable gate arrays (FPGAs)

COMBE, BERBERS S FEMEAVTITVEY. BHIERE Google Classroom (= |EShET

1 EEEER S R T LOBE - MEEEERERICHAHRAD
2. MRS Ot v H DA LRILERDOERE
SRy Ta—yYry

4@ —vay

5 EtEE - EEBETHASI Tt v HOARES

6.M0S 52T RAMEENE - BERE S R
7.CHOS VLSIMEFE & HEEH DR & 5FE

8 BAMGIEHBEEAWSIZ—FTIFx

9. ERGA& Z DI

10. B9 2> 7 1 ¥ 5 TJLVLSI

1. BHEREVLS] T Ot v 4 O EIRE 1T & B IR AARE
12.BTFINA 0T T 4 5B L I-EREEHT
1B8.BI—AVF7 YT 1 25K L BB

14. WOSIEEt B &1L (CAD) &Verilog-HDL

15. @R FEZILEEE OFT) - WSIDTR hEffi & Bt Fi%

RENE - HEALEETE

In this subject, you will watch videos and use slide materials. Class information will be posted on Google Classroom.

1.@tline of intelligent integrated systems- VLSI chip with built-in intelligence -
2. Edndamental on high-level synthesis of high-performance VLSI processors

3. 8dhedul ing

4. K location

5. 8ynthesis example for high-performance, |ow-power VLSI processors

6. Characteristic of a MOS transistor

7.Bdalysis and evaluation of speed and power dissipation of CMOS VLSI

8. Kdvanced Low-power VLSI architecture

9. ERGA and its applications

10. Dynamical ly reconfigurable VLSI

11. Crcuit technology of high-performance VLSI processors and an interconnection problem
12. Crcuit technology for signal integrity

13. Circuit technology for power integrity

14.Y0SI CAD and Verilog-HDL

sign for testability

3

BARIEHRABR O L AR — FOFRICE YSFEZETS.

5% 2 iPAR Overal| evaluation will be done based on the results of the final examination and/or lecture reports

BHERVSEE
E£: HihR4t HhRE ISBN/ISSN BHHIER

[Digital Integrated J. M. Rabaey, A. Prentice Hall 2003 978-0131786097 BEE
Circuits—A Design Chandrakasan and B. Nikolic

[Modern VLSI Design: Wayne Wolf Prentice Hall 1994 978-0130619709 SEE
System-on-Chip Designl
[High-Level Synthesis: D. Gajski, A. Wu, N. Dutt Kluwer Academic Publishers 1992 978-0792391944 SEE

Introduction to Chip and and S. Lin
System Design)

TLSTER 5t O EHEF AT ] BHAE T/ TLR 1999 978-4924998339 SEE

['Deep-Submicron CMOS ICs, H. Veendrick Kluwer Bedrifs Informatie 1998 978-9055761289 BEE
From Basics to ASICs, ]

[Operation and Modeling of |Y. Tsividis WCB McGraw-Hill, 2nd Ed. 1999 978-0195170146 SEE
The MOS Transistorl]
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[Design of High-Performance |A. Chandrakasan, W. J. 1EEE Press 2001 978-0780360013 BSEE
Microprocessor Circuits] Bowhill and F. Fox

[Low-Power Digital VLSI A. Bellaouar and M. 1. Kluwer Academic Publishers 1995 978-1461359999 BSEE
Design-Circuits and Elmasry

[FPGADHERL & [RIE] REFHEE +—Lit 2016 978-4274218644 SEE
[Microelectronic Circuits] |A. S. Sedra and K. C. Smith [Oxford, 7th Ed. 2014 978-0190853464 BEE

BEURL

BHTHAMNICEROEARFREZFE - BETSHL. T, REOEREZHI I SL-OORBFERHET S L.

BEERNFE Review and study the fundamental concepts outlined in the distributed materials in advance and after class. Additionally, submit assignments to
assess your understanding of the lectures.

AIER16:00~18: 00 P& : BRBEHRFAIE4FE6/SE PERRE.
ABER16:00~18: 00 3Rill : BFIEM R T L - ISWRISAE0T RILHIRE.

Monday 16:00-18:00
[Contact to Hanyu, and Natsui]l Main building 4th floor Room 467, Research Institute of Electrical Communication
[Contact to Hariyama, and Waidyasooriyal Department of Electronic Information Systems 3-307

1ENORENEL, 4 5BHOFEENELTINTEL > THRATHCLEREL LTVET, 1 BNOBRICRELGHFERMOBRE, TH#% - FF) (2OLTIE1 5~ 3 OBMICHE
EBSUBRERMNFE (PE-HELL) 30~ 168, [FR, FERUVERI [TOWTEFI3 0~ 4 5HHNEES S VRERMNFE (FF - HE4L) 1656~0BMTY.
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REFR - FW BREBAFER, X TLEREFEEFK / Department of Computer and Mathematical Sciences, Department of System Information Sciences

HuHE I EIE. WME —F

FH EARBIERL

BMEFUNNYUT

20265 R Y

V7 b 7EERZE / Foundations of Software Science

FUFIUER ®FEICLYRE THITS

12%(Z1XGoogle ClassroomZFIA (7 5 RAa— RIFHFEFIWeb<K— https://www. is. tohoku. ac. jp/jp/forstudents/syl labus. html ZZH)

HEEBNIVEL—FITES>THBEINBZERURTE, VI LI 7OEEMENEETHS. ABBETIE, VI b7 2HEREFNICERL, TOBEE
=l =0 R0 s oA | B2 133 - RFEY BRSOV TRET 2. WIS, VI Y7 ORBOREEGLHAETILE TORRMERS, ThICRIC YT Y7 OMKRER B
Py B, BURTFLBECODNTHEES .

On-demand (in-person by request

Will use Google Classroom (see the Graduate School’s Web page https://www. is. tohoku. ac. jp/en/forstudents/syl labus. htm| for the class code

Reliability of software is crucial in modern society where social infrastructures are controlled by computers. We lecture methods of

BEOEY - BERVER 5 m@mmMMgmﬂ@mwhhmmmnmmj%mamdmm%my@HWMgHsmmwmwhhﬂgp &%HMQW,#GWﬂcmmmﬂmmmﬂsmd

2= (F) their formal semantics that form the basis of software description, as well as software specification, verification, and type systems based on
those models and semantics

see above

May vary every year. Will be announced in the first lecture

Standard schedule as fol lows:
Introduction, basic logic (propositional and predicate) and elementary set theory
Inductive definitions; syntax of untyped lambda-calculus
. Small-step reduction (operational) semantics of untyped lambda-calculus
. Church encodings in untyped |ambda-calculus
. Simply typed lambda-calculus
. Natural deduction for propositional logic; Curry-Howard correspondence/isomorphism
. Review and midterm exam
BERNE - HEEEETE . Introduction to concurrent systems
. Automata and non-determinism
. Labelled transition systems and (bi)simulations
. Sequential process expressions
. Concurrent process expressions
. Calculus of communicating systems (CCS)
. Strong and weak bisimulations for concurrent processes
. Review and final exam

written in English, spoken in Japanese

by assignments and exams

RRARETAf 75 %

BHERVSEE
E£: HihR4t HhRE ISBN/ISSN BHIER

Communicating and Mobile Robin Milner Cambr idge University Press [1999 9780521658690 ##E / Textbook
Systems: the m-Calculus

BEURL

, iRRE / reading, review, and assignments

RERMINEE

T4 RT7T— FERs. FHTIICA —LTHEDFELERT H-&. / appointment by e-mail

R - RERHIURE

Z Dt

25/ 183



20255 E

THEDOIRENBLE, 4 SHHOPEELELTINBEL > THATHCLEREL LTVET, 1HNOBRICHRELLLZFERHEOBRE, TH%E - &EE) [COWTIE15~3 0BFMICER
EB S UIRERMNFE (FE - BELL) 30~ 1 5FM. TRER, EERUER) ISOLTIE3 0~ 4 SHEDEREL S TERERENFE (FE - BELL) 165~0BHTY,
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HREH - BY BRERHNFER. AT LRREFER

ek =N

FH EARBIERL

#MBFNYLY

1ERRIEZ / Logic for Software

skrpkx Z DIZE(L Google Classroom (¥ 3 X3—F : jnnwpdde ) ZRLVS. Hwpkrk
wprrek Google Classroom [C72 AL, 95RA—KREANDI X, FOIETRITHD T &. werorx

VIR REQEREGHREIOVTEET 3. 1V Ea—SOHMRNOALISHEL, HSTHE, BFHECRELGTAC, ANEOREE - 0y b
GHEQARMELDETHY I kYT FISL YRESNE S EABRELYDoBD COE3GY T Ry 7EBRLGLATAEET 58, ABIHHF
PO T VST S o KOG EY SRECRASARMT DEXDNE KW BRCEHEY D [T ORMICKIAY Y MISLFOXBLBY, TaT 5 L0

; F 1y RADLOICRINKAEEMALE, VI RO TP OTHICE SFPAEAT=1—RELoTNS. SO, VI RI P ABREY ISEL <
AIBCL) ERIEY 5T LHERLCERTH. AWRTH, ChERRT DBAWREFHOLRE 45 2WEREERY, TOBAE LTETLREVATA
PEFIRXERORFELET 5

swkkiok The |ectures will be conducted via Google Classroom ( class code: TBA ). skt
*skxrkk Please access to Google Classroom with the class code and follow the instruction shown there. ks

This course introduces a mathematical logic for software verification. Improvement of the performance of computers makes it common that not only
electronic devices and appliances but also automobiles, aircrafts and spacecrafts are controlled by software. Unintended bugs in such software
BEOEY - BERVER 5 mymmewmfnma@MmmamcmmmmbmhmMMsInhﬁ,mﬂeMWb%nmwimMmmdmtomﬁmwam:a@memmﬁhu

#Z (E) exploded because of a tiny error in the control software; a bank has suffered severe damage because of the omission of checking values in the
account management program. They tell us the significance of a firm assurance that software does work correctly as the developers intend. This
lecture introduces a formal software verification method to solve those problems and how to use model checkers and proof assistants. (This lecture
will be given in Japanese but the lecture slides and home assignments are available in English.)

VI ITREIICE T RETAREORELE TOHMAITONTERL, ETLREBCEEIAXEREZHEATELLEERLET D

BPPANVEYS:
. BAFEOER
- REBBRIZEDETIL
. REEHEH—
- ETILORY
. ETLRE
. EHEIRIE O ER
. BHEAHRE (CTD
. CTL EFLRE
. RRFEFIEEREE (LTL)
CTyFRF—bR by
L LIL EFLRE
. ESMETILRE
. ETLVRER
. EERIAXER
RENS - HEALEETE
. Software Verification
. Introduction to Formal Methods
. State Transition Systems as Models
. State Variables and Guard
. Model Synchronization
. Model Checking
. Introduction to Temporal Logic
. Computation Tree Logic (CTL)
. GCTL Mode! Checking
. Linear Temporal Logic (LTL)
. Bichi Automata
. LTL Model Checking
. Symbolic Model Checking
. Model Checkers

._Proof Assistants

=5
aa
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RRARETAE 75 3%

BHERUVSEE
£4
Mode! Checking

BRI EITEm SN HBROBEL L AR— MREICK - TS 2.

The score will be evaluated based on the results of subject-wise examinations and home assignments

E. M. Clarke, Jr. et al

HiR#E
MIT Press

R4

ISBN/1SSN
978-0-262-03270-4

BHHIER

Systems and Software
Verification

B. Bérard et al

Springer

1999

978-3-642-07478-3

BEURL

RERRIEE

FTITARTT—

EH - REMIRE
Z Dt

RELGEZBLTPFELPREEEZBTSCL.

A—JLETF=IF Google Classroom TEAIZTHRA U AV FERBI &

THHEOIRERNBE, 4 SHHEOPEELELTINBTEL > THBATHCLERELLTLET,
EBSUBREERARE (FE - ®EGE) 30~ 1 58,

1THUDOERICREL GHFERHFMO BRI,
TR, RERUER [TDOWTIE3 0~ 4 SHHEOEES L RERMNFE (FE - EELGLE) 165~0BHTY,

T3#% - ®E | ([CDOUL\TIX1 5~ 3 OFMICHE

28 /183




2025%F &

HREH - BY BRERHNFER. AT LRREFER

e D

FH EARBIERL

(=R AU
E 20265 EERITH

Sa=H—23avik

=

Communication Theory

ARBEEA 54> (Google meet) THTVET
$2%(Z(%Google ClassroomzFIALET., ¥ 5 X3— K& Tevr3hplc) T, Google Classrooml=7# &AL, 5 Xa—FKEAALTFEL,

#EEH(EGoogle Classrooml=7 v FO—KLET,
Nz o = hes A SR ERAE LTHETHTNES . EES HBRICEBEDICHALET.

A=Y MIRRINDEERY FT—21F, AROBEEFPHABFICBELRIZI2=r—LavaXA2ERL LT, ABREOPIZEBELDOH D, K
BTIE, BETO FLPEEHHEDOR Y T HTE TOBMERILICET 2. BEUBTFA—LPONSHFEOII1=r— 3 Y —LORBEORREIC
BT 2EREEL. HRBERFICIMULIZ03 2 —2a VY RTAICDVWTEREBLICLEENET 5,

This lecture will be given online (google meet)
Lectures are given online via Google Classroom. Class code is “evr3hplc”. Please access Classroom and input the code. Lecture notes are uploaded
to Google Classroom

The lectures are given in a face-to-face fashion. The change of the lecture style will be told in the lecture.

REOCBH - MERVER A

b3 ()

A wide-area network represented by the Internet becomes pervasive in human society as an infrastructure that supports the communication necessary
for daily life and work

In this lecture, we will discuss network technologies such as communication protocols and congestion control methods and their performance
improvement, and also issues and solutions of communication tools such as e-mail and SNS. The purpose of this lecture is to understand
communication systems based on information and communication technology through discussions

BETOFILEZOBMELICET P2EM. SLUAI227—Ya VP RTLOBREEEEZERT 5,

Understand communication protocols and their performance improvement, and understand the structure and characteristics of communication systems

. BEHRH

. BIETO LR

. LWN@EETa R (1)

. LMNO@EETB R 2
ARy b
FSURR—FETB RN (D)
FSURR—FEIB RN (D
. AV =3y NEESIE (1)

. A V=% NEESIE (2

10. Webi&E 70 ~a)L

" =/ b= REL

12. Fv b7 — REEHE BT

13 asaz=s—vavy—i

14, BEBEBAN

15, #34E

AEZE(L, Google Meet [Tk BT ILA A LllebiRE, BERE. EMBMACLIBEZEOVNTANE LET, REFERIL Google Classroom“/EF S ET
RENS - HEALEETE

. Introduction

. Communication protocol fundamentals

. Communication protocol in LAN (1)

. Communication protocol in LAN (2)

. Ethernet

. Transport-layer protocol (1)

. Transport-layer protocol (2)

. Internet congestion control (1)

9. Internet congestion control (2)

10. Web communication protocols
11. Server/network virtualization
12. Network performance evaluation

13. Communication tools
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14. Wireless networking technologies

15. Summary

This class is held in real-time with Google Meet, on-demand video, or lecture materials. The information of the class can be found in Google Clas
BAGE

LiR— b, HERRFICKYRENIFETS 5.

5% 2 ipAR Evaluation will be based on report and attendance

BHERUVSEE
£4 ISBN/ISSN

Computer Networking: A Top- |James F. Kurose fi Addison-Wesley 0321227352
Down Approach Featuring the
Internet

BEHIER

BEURL

BEMNE, PESAEREBBICOVTSEREZAVTTEETS>H. RERI. $FF. BLUBHERLIERIALEHNEERAL. BRTEALEMIIONT
DERERESEH L,
RERMINEE

BFA—ILICK YRER. EADBERXEFA—ILTHRERAET S

THEDIRENBL, 4 SHHOPEELELTINBTEL > TR THCLEREL LTVET, 1HNOBRICBRELLLZFERHEOBRE, TH%E - &EE) [CDOWTIE15~3 0FMHICR
EBSUBERMNFE (PE -HE4L) 30~ 158M, ER, FERUERI ITOWTF3 0~ 4 5HHNBES S URERMNZE (FT - HE4L) 15~0BHTY.
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EARBIERL

20265 R Y

BHREHEEERTAR—/A—OVE1—42 ATLIZDOVWT, N—FIz7&EYT bz 70OMEN SBET S5, ABERTE, LINBOETERZF RN FHICH
MBS R T LON— R 7HERARX, BH7ILTY XLFEE, BHTOTS I VIFE, BLUCHEETEAECOVTHEET 5.

BEEH(LGoogle ClassroonTEA L, FEDOPCEAN:-TOI S IV IETLRA THAT 5,

BxoRN - BERUER 7
%

This course reviews high-performance computing systems from both aspects of hardware and software. The course talks about the importance of
parallel processing, parallel system architectures, parallel algorithm design, parallel programming, and performance evaluation methodologies

Class materials are uploaded to Google Classroom, and students will do programming practice with their own PCs.

BEOEY - BERVER 5 Class code : otopgmgd
=% B

RENE - HEALEETE

Em £+

HERRCMZTHRELAR— M, 26, KRELKR—MEZEEL. TORSTHET 5.

RRARETAf 75 %

BHERVSEE
E£: HihR4t HhRE ISBN/ISSN BHIER

Parallel Programming in C Machael J. Quinn McGraw-Hi || Companies 2002 978-0072822564 Reference
with MPI and OpenMP

BEURL

BREBMNICLRECRYBACREEREL, HINTOTSI VI LEORBITRET 2

RERMINEE

FTI4RTIT— BEKEAFHRAIBNOEH3 05 (HBHICA—)L - BEFTERTSHIL)

R - RERHIURE

Z Dt
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THEDOIRENBLE, 4 SHHOPEELELTINBEL > THATHCLEREL LTVET, 1HNOBRICHRELLLZFERHEOBRE, TH%E - &EE) [COWTIE15~3 0BFMICER
EB S UIRERMNFE (FE - BELL) 30~ 1 5FM. TRER, EERUER) ISOLTIE3 0~ 4 SHEDEREL S TERERENFE (FE - BELL) 165~0BHTY,
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HREH - BY BRERHNFER. AT LBBHEER. AFHKERHPER. BRAERAZER

HuHE B OEX. EM R HEE FA

FH EARBIERL

BMEFUNNYUT IM20111600

FEEE 20265 R Y

"%

REER

BEERORENEREZERT 5L L4612, HRICETIWSEMOISAISOVWTERT S

REOBH - MERVER 5
EHE

To understand mathematical foundation of cryptology, along with cryptographic applications in the society

REOBH - MERVER 5
&% (B)

BEARERRT - HOERIERLE L TORKH, REF HEREROERZERTHL.
CBEEARORSMICHYT IERNGEX S EERTESLSICHEHI L.
FHRICETIESETOCAEACOVWTERNGEREESTS S L.

- To understand the basic theory of mathematics, including the number theory, abstract algebra and computational complexity theory, as a
foundation of establishing cryptographic schemes

- To understand the basic ideas of the security notions of cryptographic schemes

- To acquire basic understanding on cryptographic applications in the society

S AUIVT—Yay - BEME
&S D& AR
ESEROBPIHER MEBREGH S MRABEL S OELR (1))
. BEEROHRFHER RFBIH L HRAREDL 5 DERK(2)
EEERORFHIER RFBYH L HRAEED, 5 DER Q)
ESEROBPIHER MEBREGH S MRABEL S DERK @)
. ARRESAXOERE0)
. ARRESAXOERE Q)
ESHXDOREMMS (1)
EEHXDREMHS (2)
. OAEEEEA
M ARE T DHEE
- BEEREXLY T OTNICEET SEMICET SRADEE (1)
L BEREXLY T OTNICEET SEICET SRIADIEE (2

* U4 VIREBEL S WITEHHEGoogle Classroom T TABEN D

BRERNE - FELEETE

. Orientation: Guidance of the class

. Introduction to cryptology

. Mathematical foundations (elementary number theory and abstract algebra(1))
. Mathematical foundations (elementary number theory and abstract algebra(2))
. Mathematical foundations (elementary number theory and abstract algebra(3))
. Mathematical foundations (elementary number theory and abstract algebra(4))
. Basics on public-key cryptography (1)

. Basics on public-key cryptography (2)

. Security notions (1)

0. Security notions (2)

. Zero-knowledge proofs

. Some cryptographic functions

. Recent topics on information security and related technologies (1)
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14. Recent topics on information security and related technologies (2)

15. Term paper assignment

The lecture movies and handouts will be provided by Google Classroom.
BAGE L HEOHA

Both Japanese and English will be used.
PHRDFBLAR— MRSV TEHET 5.

ARAEETE £ The course grade is evaluated by the term paper assignment proposed in the final lecture.

BHERUVSEE
£4 ISBN/ISSN

BHHIER

BEURL

RERMNEE

TI7ARTT—FBRAE. BERI-ET PERBENHLEEIE, BETI-BNT 2BM7 RLASaVE T FEERHCE

We do not assign any specific time or day as office hour.
In case of you having questions on the lecture, contact your teachers.
The contact address will be provided at the first lecture.

1ENORENFIE, 45BHOFEENELTINTEL > THEATHCLEREL LTVET, 1 BNOBRICHRELGHIFERMOBRE, TH#% - FF) (2OLTIE1 5~ 3 OBMICER
EBSURERMNFE (PE-HELL) 30~16mM. FR, FERUVER [TOWTEFI3 0~ 4 5HHENEES S VRERMNFE (FF - HELL) 1656~0BHTY.
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FILT) X LG

JKEE2MR. £ Dt #BE

HREH - BY BRERANFER. AT LBRAMYER. CABRRAER

e E B, B H#E

FH EARBIERL

(=R AU
E 20265 EERITH

731 XLk Introduction to Algorithm Theory

FILTYXLR, §PPRTLOEEECEEREZELIEELAREA TS, LUDI, BULMEEBMEEZERT -0OICEF, ELLWTILTY XLEAXEOHMBABA
Thbd, FEBTE, 7ILITY XLEHARBMEORAN SERWICEV. TOERNGREECEITEERETTLELANLT S, FERTE, BHFLTUX
L, SERT7LTY XL, EEATLTIALGELRY AN, ZLTYXLOEERGAIZOVNTHHATNERL,

REOBH - MERVER 5
EHE

Algorithms have become a key factor in determining the reliability and speed of modern systems. In particular, knowledge of correct algorithm
development is essential for achieving high reliability.

The goal of this course is to study algorithms theoretically from a computer science perspective, and to master fundamental design and analysis
methods. The course will also cover parallel, approximation, and randomized algorithms, while touching upon their practical, real-world
applications

REOBH - MERVER 5
&% (B)

FHEETHE. TLTVXLEHERBZOBRAD SERMICEZV, TOERNLRINECRITEEZEBT2FEEELT 5.

The goal of this course is to study algorithms theoretically from the perspective of computer science, and to master fundamental design and
analysis methods

. BESA
FILT) X LOFFHE
HEIMEE

wE

L WHFILTY XL
LR ILTY X L
. HEEMTILT) XL
. EE4

. REBEOFELD

H A A4 40N ORWON =

RENE - HEALEETE
. Introduction
. Evaluation of Algorithms
. Divide and Conquer
. Exercise 1
. Dynamic Programming
. Greedy Algorithms
. Exercise 2
. NP-Comp | eteness
. Preprocessing
0. Exercise 3
. Parallel Algorithms
. Approximation Algorithms
. Randomized Algorithms
. Exercise 4
. Conclusions

BAE (L LEAMENCHEFERE
Japanese (Text/Assignments in English)

HE. LR— FS&K YREHIZFHEYT 5.

Evaluation is performed comprehensively based on attendance count, reports

BHERUVSEE
B4 HhR#E HhREF ISBN/ISSN BEHIER

Introduction to Algorithms [T.H. Cormen, C.E. Leiserson, [The MIT Press
R.L. Rivest and C. Stein

. 20244 &&= A MGoogle Classrooma— K: |gbolal
Google Classroom code for 2024 lectures: lgbola3

35/183



2025%F &

SERADBEEER

BREME, BEYV IV A MIBHEISERRSA FE2FEL, BHREBRELTHE L, BERRG, BBOEE (BNBSTHEREZES.
E) EI52&. Tl BETHALEMERICEEXHESRL. MBELITRIESEDIENEELL,

RERRIEE

FEEFSERG L ET A, A—ILISTHFHL TS,

THHEDOIRENBLE, 4 SHHOFEELELTINBEL >THATHCLEREL LTVET, 1HNOBRICHRELLLZFERHEOBRE, TH%E - &EE) [CDOWTIE15~3 0FMEICER
EBSURBERENFE (PE - HE4L) 30~158M. EFR, FERUERI COWTEHI 0~ 4 5HENBES S URERMNZE (FT - H#E4L) 15~0BHTY.
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HREH - BY
ek

2]
BMEFORNYVT

#) [3, BROIZ2=f7—3avIc BVWTFARGERTT, E-BARMRF, ZACRBEEEA. MBERFL, RFEERL—XI ﬁ&)éf‘&) 35
=¥’£’Fﬁb‘¥'§'c _*Lbd)jﬂtx’é‘_l EICLTVRDE, EENFEOMMG=2T7 VR, ENOEKR. TLTHEICEEFLDAE

ﬁmﬁ%éé:/tl AnE FFTLEf%é;olté#mm7»:uzAbT AHBEICOVTREVES, TSI VIEET
SEEFITOT 53 VT EEPYthonIZHEHEBETRLTVWS I LEFRMHRELET,

BROBN - BERUER 5
e {UTOREMNBYET, WEABFGogle Classroonl=7 v FO— K LET, £ WAMMO®E - AASELRET 5705
EFEELET, EREMBESOFMIBEZENTTFIURTHEEEIZ, Google ClassroomTHBHLET,

Language is a key part of how we talk to each other every day. It helps us share our ideas and feelings, spread knowledge, and facilitates smooth
conversations. It's also crucial for thinking about complex ideas. The unique aspect of language is how it can convey subtle meanings and evolve
with new words

In this lecture, we will learn about algorithms and data structures that enable computers to process the complexity of language with high
precision. In programming exercises, we will tackle application tasks in natural language processing. It is assumed that participants are familiar

BEOHY - BERVER 5 AL

=80 Course Format:

The course includes both in-person and online lectures. Lecture materials will be uploaded to Google Classroom. Additionally, in the latter half
of the lecture period, we will conduct programming exercises related to natural language processing (assuming in-person participation). Details
about the implementation and other information will be announced during lectures and also notified through Google Classroom.

FE) OEANLTMESEERL, 2R, T2ty b, ETL, FHEEREEOEREZERT 5.
. BEOREHRONPEN & EDRRALEMRT 5,
. NLPICBI 2 RBMARREHE (FnI5307RE) .

. Understand foundational concepts of NLP, including tasks, datasets, models, and evaluation metrics.
. Learn state-of-the-art techniques and their limitations.
. Develop practical skills in NLP through hands-on programming exercises.

Introduction / A

Classification with n-gram / n-gram 12k %548

Sequence Labeling and Structured Prediction / RFIS A L4 &L Fi8l

Large Language Models 1 (Word Embedding) / KIR#ESEETIL | (BEEEDHAH)

Large Language Models 2 (RNN ~ LSTM ~ Transformer) / K#H#SEEETIL 2 (RNN - LSTM - Transformer)
BENE  HEEEETE Large Language Models 3 (Recent Topics) / KHESEETIL 3 (REDFE YY)

Guest Lectures (Advanced Topics) 4R ~E& (REFE YY)

Programming Project / 70453 Vg

The order of topics may change depending on the progress of the course and guest speaker availability. / EZBEDOETKROCY X FEOEHESIZKY .
RELIEEFELFTRT D ENHYET,

BEIBLICAXBTEILL, XBOBEMNEHALES,

The course is given mainly in Japanese with lecture slides and material written in English
40%: Exercises in classroom

BREADEE

60%: Final report (Programming project)

FERLA—F (0TS VIEE)

BHERUSEE
2 ISBN/I1SSN FRHER

Speech and Language Daniel Jurafsky and James H. [Prentice-Hall reference

Processing: An Introduction |Martin (https://web. stanford. edu/~j
to Natural Language urafsky/s|p3/)

Processmg Computational

Linguistics, and Speech

Natural Language Processing [Steven Bird, Ewan Klein, 0'Reilly Media, Inc. 2009 reference
with Python: Analyzing Text |Edward Loper
with the Natural Language

Toolkit

B B DERE MR B, TR BiE, K [A— Lt 2022
. 45 B, =R HN

RIFESEETILAM iu;aaz% SAER. AR |[Rifarmit 2023

BEURL

RERRNEE
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THHEDOIRENBE, 4 SHHOFEELRELTINBEL > TR TS LEREL LTVET, 1HNOBRICHELLLZFERHEOBRE, TH%E - &EE) [CDOWTIE15~3 0FMEICER
EBFUIRERMNFE (FE - BELL) 30~ 1 5FM. TREBR, EERUER) ITOLTIE3 0~ 4 SHEDRELS S CERERENFE (FE - BELGL) 16~0BHTY,
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LML

Department of Computer and Mathematical Sciences, Department of System Information Sciences, Department of Applied Information Sciences
RARBPER, R T LABRHNPER, CHBERHNPER
s #HZ
T ARIEEGL
#MBFNYLY
FSEE 2026 F ERHA

EPE S I -PEPS

BT, OVE1—42ECa ETBLEL,. REZEOERNOREKD FEV I ETEARMITKS. —1—F L%y FT—Y ORFHER L R#EL, ER
DRBELTEARA=21—F L3y bT—2 (ON) OBEEFHRL, ETILORARUCEMN, DT—2FE, BEEL O -LBEEERT L. 5612, BR
A DEBETHDTransformer CEEHHE) OTLFE—FILEE, ERETILOANZXLERF L. SRTETICFARGERNSERABMBICOVTELHET

%o
2026 Google Classroom Class Code: i4tyu2pj
fﬁiéo) B - BIERUER A

7

This course focuses on computer vision, covering a comprehensive range of topics from the foundations of deep learning to cutting-edge research
It provides a detailed examination of the mathematical principles and optimization techniques of neural networks, as well as the architecture of
Convolutional Neural Networks (CNNs), the cornerstone of image recognition. Furthermore, the course discusses practical challenges such as
visualization techniques, learning from limited data, and model robustness. It also explains the mechanisms behind modern Al foundations
including Transformers (attention mechanisms), multimodal learning, and generative models, while providing an overview of classical multi-view

= n. Q2 o geometry essential for 3D reconstruction
ﬁi?gm BERUER 5 2026 Google Classroom Class Code: i4tyu2pj

The objective of this course is to systematically master modern visual information processing techniques by comprehensively understanding deep
learning foundations, cutting-edge topics in computer vision, and classical multi-view geometry

?E?‘—E?Eﬁb\%ﬁ%ﬂﬁm FEYY., SLUTHRMNLGSHARAFZETEMRBNICERL. BROVE1—FEDa VTS 2#BEMNERRMICEBET S
LERRLT B,

Introduction
. Foundations of Neural Networks
. Training Neural Networks
. Convolutional Neural Networks I
. Convolutional Neural Networks 11
. Visualization of Neural Networks
. Learning from Limited Data
. Alternative Learning Paradigms and Robustness
. Handling Diverse Data Modalities
. Attention Mechanisms and Transformers
. Vision and Language
. Generative Models
. Multi-View Geometry I
. Multi-View Geometry 11
. Summary and Conclusion
BRERNE - HELEETE
B2 N=E 0%
L Za—=FEy b= ORE
L Za—=FLRY FI—VDFEE
. BHRAAZA—FNHRY FT—D 1
. BHRAAZA—FNFRY FT—H 1
. Za—FL3ry 7= ORERIE
CDBEWTF—ahs0FEE
. ZTOMOFEESE, ONR ME
. BAalhT—4E
. GEE#E (Transformer)

| B
. BEAREED
FLH

GE= FY2026: English FY2027: Japanese

The final grade is based on the evaluation of reports related to the lecture content
/ BAERHEIL. BEABICEEY S LAKR— FOFMICEINTITS,
RUAEETAE 5 %

BHERUVSEE
B4 EE5% HhR#E HhREF ISBN/ISSN BEHIERI
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FE : Google Classroom#zBEL TRASNLIEHRICEEFELTH L.
BE  BREONFERFA TRAFEHEHRAREL, BRHESNI—FZESTETL, BHETHESBEFICETZEREREDS

RERRIEE

THHEDOIRENBLE, 4 SHHOFEELELTINBEL >THATHCLEREL LTVET, 1HNOBRICHRELLLZFERHEOBRE, TH%E - &EE) [CDOWTIE15~3 0FMEICER
EBSURBERENFE (PE - HE4L) 30~158M. EFR, FERUERI COWTEHI 0~ 4 5HENBES S URERMNZE (FT - H#E4L) 15~0BHTY.
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HuHE RA B—. B ®A

FH EARBIERL

BMEFUNNYUT

20265 R Y

EH1EHEIF Acoustic Information Science

AEBE, IFEHER [BATA7I%) EOBRERTT. Google ClassroomZEALET.
MQMCM%mm®77Z:—FMFﬁﬂ%ﬂ FiWebR— T THERBL TSN
TESRBIEFRR S SN - BERIE| - 224 EE (https://www. is. tohoku. ac. jp/ jp/forstudents/syl labus. html)

DESICERLTVEIONEERT L LEBELET S,

BENEBLRT L, BHEELRTATE, BRORELBEOENEL LT, AMMAAEHAMERLLTNS, LEMST
NI E T N = TE 2 VR T LEEY LI B0, AMOEBUEOLAZRON-T 2 EATARTHD, ARETE, LEORAND, AMOFBLERMBEI=D
: WT,_ ZOEBEPDICHL, HOYT, BELEEEELRTACREGSRERRTACOVTHT 5. REOSEEED X7 AL AMOHRLEHEN

HTEMNEARBRETHREIZE

15

This class is a joint class with the lecture of Graduate School of Engineering, “Sound Media Engineering.”
The class code for Google Classroom can be found on the Web site of the Graduate School of Information Sciences:
https://www. is. tohoku. ac. jp/jp/forstudents/syl labus. html (JP Only.

7

information processing mechanism is related to modern sound communication systems

Humans are parts of information processing and communication system as senders and receivers of information. Thus, knowledge of human information
BEOEY - BERVER 5 m@%ﬁmm%mmmgmimmmm@mfmdwﬂwMgmmmMﬂanﬂmsmny%Hmcmhﬂ&hpmwM@ﬂmemnmmmfmawmgme
[3) this viewpoint, in this class, we give lectures on fundamentals of human perception of sound. In addition, principles of advanced acoustic
communication systems and technologies for realizing comfortable sound environment. The purpose of this class is to understand how the human

FEi1E BEZEOER

E2E FEZDAEEDERE

36 AROIERNED LR £ DEYESR

FAE BEEEBZORE (1) NEELHE

E5E BEEAEPOAE (2) RE

$6E BEEOEZOERE (1) BEEMBLIHE SOXES, TXXVY, BOFS
FIE BEOEFOER (2) GEBEEEHOE

O KEFEEESRTL BET 4T LA

EG)EKE’J&&E&E&E’J&H?N&%
PELEFES LA —T 1 A HEILAR
BERB LT L ES0E
EEOEMRBMEANK
F14@ FROFRQE
F15E F&H

RENS - HELEETFE

. History of acoustics
. Basics of sound and sound measurement

. Fundamentals of human information processing and psychophysics

. Fundamentals of audiology (1) the outer ear and the middle ear

. Fundamentals of audiology (2) the inner ear

. Fundamentals of psychoacoustics (1) hearing threshold, hearing impairment, loudness, masking, pitch
. Fundamentals of psychoacoustics (2) dichotic listening and spatial sound perception

. Advanced sound communication system: the virtual auditory display

. Multi-modal perception and hearing

. Basics of speech production and basic coding methods

. High-efficiency speech coding and audio coding

. Speech enhancement and array signal processing

. Recognition and synthesis of speech

. Music information processing

. Summary

B O(AMIEEFEHE)

Japanese (Some parts of the slide are written in English)

FELTLAR— FORBISESVWTEHET 5. AHICIE, AFRELELTASHOLVREBZT O LAR— FHIRETHD. 4H, HEEMKT HHELH5.

5% 2 AR Evaluation is based on reports. To pass the class, a participant is required to appropriate quality of the report as a graduate student. It is

recommended to attend more than 2/3 classes. Attendance might be considered for the evaluation

BHERUVSEE
=2 ISBN/ISSN

BEHIERI

http://www. ais. riec. tohoku. ac. jp
BEURL
http://www. spcom. ecei. tohoku. ac. jp
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EREONBTEREBRNET IO LEERET B,

BRSNS It is required to review the contents given in the class.

THHEDOIRENBLE, 4 SHHOFEELELTINBEL >THATHCLEREL LTVET, 1HNOBRICHRELLLZFERHEOBRE, TH%E - &EE) [CDOWTIE15~3 0FMEICER
EBSURBERENFE (PE - HE4L) 30~158M. EFR, FERUERI COWTEHI 0~ 4 5HENBES S URERMNZE (FT - H#E4L) 15~0BHTY.
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BREAEIEHNER

HREH - BY BRERANFER. AT LBRAMYER. CABRRAER

HuHE SEER FF. T A REX B—

FH EARBIERL

BMEFUNNYUT

FEEE 20265 EERITH

BREEEREE
Higher Order Vision Science

BEORN - MERCEREEE

ABREERZE L CHRAZHEAL, TAICESIKTHELTVS, REFAMICE2TH2LLBEARENVLEDOTHY, TOERIE K DRPHFORZREIMD
BOAHGLY, BREOEBERICLFSTHLNHFTCES, AEREL, R, BHR. IARE, BEH., BEERKIChY, SoICREFTELLBEEY 8
HARISEOTHRYI->TV D, TOBRRICFENL7 TO—F LBENLETANFARTHD. FBHETIE. AFOBREROEREOHIC, BBk, MBI, KRR
BEOEM - BERVER 5 HEHOREBEITONT, HRLENT TO—FICESEHRT 5.

“ Humans estimate how the world is through processing information obtained by senses. Vision is one of the most important senses and understanding
vision will contribute to wide variety of scientific and engineering fields. Understanding vision also contributes to the understanding of essence
of brain functions. Vision is a complicated system, which includes color perception, motion perception, depth perception, form perception, and
more, and has important relationships with learning and memory. Appropriate approaches and models are necessary to study vision. This course
covers the functions of eye, retina, and visual cortex and information processing approaches to study them

AEFEERZBE L CHRZEAL, TAICES(THZLTVS, RERAFICETE2ELBEEARBENVEDOTHY, TDERIZDHNFOHERMD
REOAL LT, NEEOBRICLHFSTHC LN/ TE S, ARBEG. BX, EBR, IHAER. BER. BESRIChRY, SoICREFTLLHET 8
HERICKSTRYIZI->TWD, ZTOBRBICKEYR7 TO—F LBULETINFARTH D, AERTIE. ABOREROEROHIC, BB, MBE. KB
EHRORERECOVT, FRLENT TO—FICEIEHRT 5,

BEOEY - BERVER 5 mmmeﬂmneMWmemﬂdmtmmﬁpm@%mgmhmn@n®mm@bymm%.WﬂmigmeﬁtMmMFmMnmtmm%aMUMﬂHMMQ
2= (F) vision will contribute to wide variety of scientific and engineering fields. Understanding vision also contributes to the understanding of essence
of brain functions. Vision is a complicated system, which includes color perception, motion perception, depth perception, form perception, and
more, and has important relationships with learning and memory. Appropriate approaches and models are necessary to study vision. This course
covers the functions of eye, retina, and visual cortex and information processing approaches to study them

BREk, #MIE, KNREHORERECONT, FHROLENT TO—FICESTAHOREREZEMEERT 5.
To understand the functions of eye, retina, and visual cortex through information processing approaches

BREHE
AREZ(LEEEM, B ME (Tsen, Chia-huei) D2& TEMET 5,
This class will be held by two professors: Kowa Koida and Chia-huei Tsen

1. Wsual acuity, sensitivity, and their measurement methods
BALBEZAES 2HE

. Eye and retinal
IREREF R SRR A S

. Oght and color

RELEE
. [8xture and material perception
TORFr—LER

. W@tion perception
EER

6. @pth
i)

7. Cortical processing
BRNE - FEEEETE KRS AOERIE
8. IR

Object recognition

9. Eye movement
IREREH)

. Wsual attention
REMEE

=t

Consciousness

. B & TR ORI
Brain, cognition and behavior

. B E LR
Irradiance coding, ipRGC, healthcare

. BREH#E
Multi-sensory integration

15. 8440 HLE—YaveEREaIIazyr—ay
Biological motion & communication

Em BAGE - FEMAIS

HE L LAR— MEH
Attendance and course assignments
RRAEETAE 75 %

BHERUVSEE
HihRtt AR ISBN/ISSN BEHIER
(1) BEROWE L NH = R% HEEE 2007
HaE GRE “BE - HEOH
HE () /EROHH -BR |[BEA @ &R HEEE 2007
HaE GEE “BE - HEOH

43 /183



20254

EﬁFﬁMEA>F7U7(ﬁ HAREZSR (B), & &% |HEEE 2017
BREMELESE 6) FARLE |F E RHE HEEE 2008
FHE 6)

B REDFHR HAREZSR (B), & &% |HEEE 2022
ALTLHRRE BIWR E Kandel AFAAN - HAITUR - A2 |2022
Principles of neural science A—FTaFi

6th ed

BEURL

BREEHICLHEE
RERRIEE

SR (RFEHR) 12:00-13:00

THHEDOIRENBLE, 4 SHHOPEELELTINBEL > TR TS LEREL LTVET, 1HNOBRICHRELLLZFERHEOBRE, TH%E - &EE) [COWTIEL15~3 0FREICER
EBSUBERBMNFE (PE - HE4L) 30~158M. ER, FERUERI COWTHI 0~ 4 5HHENBES S URERMNFE (FT - HE4L) 15~0BHTY.
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HREH - BY BRERANFER. AT LBRAMYER. CABRRAER

HuHE B f1Z

FH EARBIERL

BMEFUNNYUT

FEEE 20265 EERITH

%E??7?1#7747Zm
hysical Fluctuomatics

JEF@%%MCM%mm®75X:—FMEﬁﬂ$ﬂﬁﬂ%M%e
https://www. is. tohoku. ac. jp/jp/forstudents/syl labus. html
ISTHRTHENTES.

#llff’tﬂ EELBFEOIZOHENFH SV XERHNFOLAERHL DD, HRR %ﬁ=+7—db&lﬁﬁ§¥:&f;’&§ﬁ&‘é’éﬁE:EB’JT‘ﬁLiEOJ+ﬁ&iEﬁE’EE}Z.é HI
#HEHS D E DK FA - HROETIVE, BEHEHAFOBAICEHT7ILTY XLEIZOWTEBLE, /82— EHRGEEHE LTHEBT S,
fii(bﬁﬂ'{l CBERVER A 35 _é_ﬁEEEE’JT‘ﬁLiEI SKBT—HRIZHNET B0 5 FOIYFKNZHhbh, ébl~.§7‘ﬁ§$tﬁz’%"’:b‘f‘¢:$ﬁkig ﬁ?&*u FI—OHEOREORMICOVTE

KRBE LA TEIRE LGoogle Classroomh > DGoogle MeetsMA oD FILE A LA VS 4 UBEEHALTTS.
MEREDRER A (LGoogle ClassroomZ THEIIREMBRDIBFRICA—IVIZTTFIVRT S
ZHEALELGoogle ClassroomD Y 5 R a— K & 1E5HE £ T Webpage

https://www. is. tohoku. ac. jp/jp/forstudents/syl labus. html

ISTREERICHERT S L,

The class code for Google Classroom of the present class in this year can be confirmed on the webpage of Graduate School of Information Sciences:
https://www. is. tohoku. ac. jp/en/forstudents/syl labus. html

Applications to many fields in engineering |ike control, signal processing etc. and in information sciences are in mind through the lecture course
for the basic knowledge of statistical machine learning theory as well as stochastic processes. Brief introduction will be given to methods for
applications |ike statistical estimation etc., and to the relationship with statistical-mechanical informatics. We first lecture probability and
statistics and their fundamental properties and explain the basic frameworks of Bayesian estimation and maximum |ikelihood estimation
Particularly, we show EM algorithm as one of familiar computational schemes to realize the maximum |ikelihood estimation. As one of |inear
statistical models, we introduce Gaussian graphical model and show the explicit procedure for Bayesian estimation and EM algorithm from observed
b AON=N:0 R Y A0 = 3oy data. We show some useful probabilistic models which are applicable to probabilistic information processing in the stand point of Bayesian

5% (E) estimation. We mention that some of these models can be regarded as physical models in statistical mechanics. Fundamental structure of belief
propagation methods are reviewed as powerful key algorithms to compute some important statistical quantities, for example, averages, variances and
covariances. Particularly, we clarify the relationship between belief propagations and some approximate methods in statistical mechanics. As ones
of application to probabilistic information processing based on Bayesian estimation and maximum |ikelihood estimations, we show probabilistic
image processing and probabilistic reasoning. Moreover, we review also quantum-mechanical extensions of probabilistic information processing

The present class will be proceeded in both the face-to-bace and the google classroom for the present class

The lecture style for the first class will be announced via e-mail from Google Classroom in the afternoon of the day before the first class
begins.

Students should confirm the google class code in the following website by themselves:

BEXTT1—)L]

F1E HEENFRLEORE

E2E BEPRIREN (1) - B - A

FIE HFHER Q) - EREAROESRE L EXBEKEM
FAE RAHEELENTILTY XL

5@ HYLT 2T 5T 4 hILETIVIZ & BHERMIERLIE (1)
BE6E HYLT 2T 5T 4 hILETIVIZ & BHERMIERLE (2)
EIE HEERERE (1)

E8E HEEEME ()

EIE HEEEWE Q)

F10E HEEEHRE @)

FE HEEROERNE L ERGHE

E12E MEERICETHAA OTF Ry b ERREIE
F13E EFNFEH, b H-HERMFRNE & FERIGHE

FE14E By bT—0

F15E F&H

[Progress Schedule of Class]

Review of probabilistic information processing

Mathematical Preparations (1): Probability and statistics

Mathematical Preparations (2): Variational principles and orthonomal expansion of descrite functions
Maximum |ikelihood estimation and EM algorithm

Probabilistic information processing by Gaussian graphical model (1)
Probabilistic information processing by Gaussian graphical model (2)
Belief propagation (1)

Belief propagation (2)

Belief propagation (3)

10th Belief propagation (4)

11th Probabilistic image processing by means of physical models

12th Bayesian network and belief propagation in statistical inference

13th Quantum-mechanical extentions of probabilistic information processing
14th Complex networks and physical fluctuations

15th Summary

W% OAm WB/—FEASAF EE TAAF BAR

Lecture: Japanese, Lecture Note and Slides: English, Textbook: Japanese

BRETHEL, RESAELR— ML YBBOFEET 5.

R AE ST 5 % Evaluation is performed comprehensively based on submitted reports

BHERUVSEE
£ L HihR4t HhRE ISBN/ISSN BHHIER

BERLEOHIET) VT — |FEE KEEZ THRE, |[HIHR 2018 ISBN978-4-320-11123-3 BHE
HENT S T4 HILETIVER |APZ

R=RETFYTHLDTT

O—F—,

RADF Uy FT—9 OH#iEt |HHRZ anF# 2009 978-4339024418 BEE
HIEER DR

HRETIVIC& SERLERM |BFZ FHILHER 2006 978-4627846616 SEE
AR

AVEA—REDIVRERS |MaEe BER ®RE— [FFaL- 2T 47 2010 978-4915851407 BEE
4 K3 — Bundle Adjustment, |75, AL, THR

ICP, Bag-of-Features, #, FREE% BRinz

Nearest Neighbor Search

Stochastic Image Processing

45 /183



20254

Statistical Physics of Spin [H. Nishimori Oxford University Press 2001 978-0198509417 BEE
Glasses and Information

Processing, ———An

Information, Physics, and  |W. Mezard, A. Wontanari Oxford University Press 2009 978-0198570837 SEE
Computation

Pattern Recognition and C. M. Bishop Springer 2006 978-0387310732 SEE
Machine Learning

Graphical Models, WM. Wainwright and M. 1. now Publishing Inc 2008 978-1601981844 BEE

Exponential Families, and Jordan
Variational Inference

[Machine Learning: A K P. Wurphy [MTT Press 2012 978-0262018029 SEE
Probabilistic Perspective

HENTS T4 HLETILE |BFHZ (DERE) F 37 H AR 2016 978-4-320-11139-4 SEE
Ak, HHHEER, F8E <

)L 0 TR & RN BRI
BEURL The main lecture note in English is available at
= https://doi.org/10. 1007/978-981-16-4095-7_10

REBRBEIELATNSOT, 2BEMEBECBIFENERICLS.
RERRSEE

T4 RFT— BFA—JL (kazu [at mark] tohoku.ac. jp) ISTFHRA Y hEE 2 ETEETH L

£ - REMEE

[EE L DEH]

BEICEIHOTEN Y, BOBHHY BREERBLCT7—VIRTOMBALETY. BBRIBXBTTONET. HEBE/ — FOEEMIIWebpage
https://doi. org/10. 1007/978-981-16-4095-7_10

MoA T 0— FABETY.

[Remark]

Differential and integral calculus, statistical mathematics, complex analysis and Fourier analysis are necessary as background knowledge. This
lecture is presented in Japanese. English version lecture note is available in the webpape:

https://doi.org/10. 1007/978-981-16-4095-7_10

THHOREMBE, 4 SHEADFEELELTINTEL >THMT S LERELELTVET ., 1RNMOBFICHELLLIFEREOBRE, TH%K - ®E) [TDOWTIE1 5~ 3 ORISR
EBLUREBBNZE (FF - EE4HL) 30~ 156MH,. IER, RERUERI TOVTF3 0~ 4 5HMOBRES LSURENMNEE (P - #E84HE) 15~0KHTY,
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HEFR - EX ERERHZER, AT LERHNZFER, CABRNFER
482 B iz

FH TARIIEERL
(=R AU

20265 EERITH

AWM HEXR

Theory of Differential Equations

LERFEFDGoogle Classroom® ¥ 5 X 01— RILIEHRE FZHAER DWebsite
https://www. is. tohoku. ac. jp/jp/forstudents/syl labus. html
ISTHERT S

1. I%, 98 BREFCEALIREZOBRAICEEZLR/INEZLTERSAES, EHOSAERX, JU—VERICOVNT, ERESEEREYD.

2. BEWMAIC& D 2BHEEMNARAORE FHAFEIXOEFEMEL Y ) —VER 7Y - BAROEROLEE. AYILL - UIE2LOEER, 57
e JONELORR = D A0S I 5 X SFEH . AL LARILY AERXICDNTES.

EHE 3. WAABRETRICETSELAOMBICISATESLSI1ZT 5.

AREZIKETOXMNETE LGoogle Meetsh SDA LS4 UIBEEFHALTITS.
AEREOBERELAEZDGoogle ClassroomZ THEIREMBER O BFZICA—LIZTFFIVRT S
ZEFLHE(IGoogle ClassroomDy 5 R 0— K #I1FREFHAE R Webpage

https://www. is. tohoku. ac. jp/jp/forstudents/syl labus. html

IST4RLAICHERT B L.

The class code for Google Classroom can be confirmed on the website of Graduate School of Information Sciences:
https://www. is. tohoku. ac. jp/en/forstudents/syl labus. html

1. The differential equations play a very important role in physics and engineering. In this lecture, sutudents study some ordinary differential
equations of a complex variable, some partial differential equations and the method of Green's function on the basis of the contents studied in
the undergraduate course for the differential equations

2. The main topics are as follows : integral representations of solutions for second order ordinary differential equations of a complex variable
EE )= ORE Y A0S oMl partial differential equations, heat equations, Laplace's equation, Poisson’s equation, the eigenvalue problem of partial differential equations
E=H (D) and related Green's function method and so on.

3. Students study those topics by keeping application to engineering in mind, along with their fundamental concepts

The present class will be proceeded by either the face-to-bace style in the specified lecture room or the online style in google meets

The lecture style for the first class will be announced via e-mail from Google Classroom of the present lecture in the afternoon of the day before
the first class begins

Students should confirm the google class code in the following website by themselves:

https://www. is. tohoku. ac. jp/en/forstudents/syl labus. html

[EEsHE]O
F1E 2B RBEMIAEXOBRURTRE |
2 2R EMAAREXORYETE 11

F5mE BRMMOHEXE S;ﬁﬁ:iﬂ%ﬁﬁﬁﬁﬁ&‘twi‘&ﬁi'rﬁﬁ
56 2 RO HERXOBNRTME

%H@7U—z¥ﬁ®§$%&§&%ﬁﬁﬁ&ﬁ®Gmm@&
%512[8 Laplace AFEX B KU Poisson HFEXD Green E%K
2513[8 Helmholtz A%2xX M Green BA%K

%14 Sturm-Liouville A58 Green F%k

FI5E F&oH

BRERNE - FELEETE

[Progress Schedule of Class]

1st Linear ordinary differential equations of second order and solutions in power series I

2st Linear ordinary differential equations of second order and solutions in power series II

3nd Legendre’s equation and solutions in power series

4rd Bessel’s equation and solutions in power series

5th Hypergeometric and confluent hypergeometric equations

6st Integral representation of solutions of linear ordinary differential equations of second order
7th Integral representation of solutions of Legendre's equation

8th Integral representation of solutions of Bessel’s equation

9th Integral representation of solutions of hypergeometric equations

10th Integral representation of solutions of confluent hypergeometric equations

11th Fundamental properties of Green's function and Green's function of Ordinary Differential Equations
12th Green's function of Laplace equations and Poisson’s equations

13th Green's function of Helmholtz equations

14th Green's function of Sturm-Liouville equations

15th Summary

BE BXE RE: BAE BB/ b BB

Lecture: Japanese, Writing in Blackboard: Japanese, Lecture Notes: Japanese
FELTHEL, REShILR— ML YREDFmET 5.

Evaluation is performed comprehensively based on submitted reports

BHERUVSEE
£4 L ISBN/1SSN

BEHIER

T B AR AR KERE

BRAEFED-OOHFEEA |FRE— EREE 9784000054805 SEE
KR KFERER HREE 4000214128 SEE
ML) — OB SHE HREE 400007900X SEE
MERE | BLSH - NPER HEERE 4254137036 $ZE
Wﬁmﬁ BAER 4254137044 BEE
i_%ﬂ%ﬁl - BREBEAMS FE [AABE H 37 R 4320015932 SEE
%ﬁﬁ%g&%—?—ﬁﬁ%h%ﬁmﬁ NREE TBAEHIR 9784486018872 SEE

47 /183



2025%F &

EFRRAOGAAE R - [BTWZ, WIE BEELE [FAER 2007 9TB42RAZZBITS sEE
TP T2EMS ) —X21) #E: BEFHEBROLAKE

A Course of Modern Analysis [E. T. Whittaker and G. N. Cambridge University Press 0521091896 SEE
Watson

BEURL

BRERBBEIBRLATNSDT, BXFBELNEEICLS.

RERRIEE

T4 RFT— EFA—JL (kazu [at mark] tohoku.ac. jp) ISTFHRA Y hEL S LTRETEIL

£ - REMEE

FEBRB LT~ IRNONBIDLETHD.
TIT %.
ZAFE&EDCGoogle ClassroomM B FERNEHF I VA—FLTHELZ &

Differential and integral calculus, complex analysis and Fourier analysis are necessary as background knowledge. This lecture is presented in
Japanese. Writing on blackboard is also in Japanese

Lecture notes in Japanese are available in the google classroom of the present class

THEHOREMEE, 4 SHEADFEELELTINTEL >THMT S LERELELTVET ., 1RNOEBFICBHELLLIFEREOBRE, TH%K - ®E) [TDOWTIE1 5~ 3 ORISR
EBLUREBBENZE (FF - BE4HL) 30~ 158H,. MER, EERUERI TOVTF3 0~ 4 5HMOBRES LTREBENEE (FT - EE84E) 15~0KHTY,
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HREH - BY BRERANFER. AT LBRAMYER. CABRRAER

FEEE it BE. BB ZER. AR F

FH EARBIERL

BMEFUNNYUT

20265 R Y

ICFKIBEY 7 by T 7E

Fik .
FUSAVFELEFNA T LY I ABRICTEEZTVET, BEICHT 5158 Google Classroom [CTREHMLETDT, BT 7V EALTLESL,

1. B

ABRETHE, BLAUHBERREXIIES DICAMEY 7 bV I7ICHAT MBI AT LIZOVNTES, 757 FBERICETAMBIRATLL, TOBEERLLTO
939 RA42 58, SROMBCMEMELZERL TR - R SHRLERMIERCBRERL LGS, RURICH T HEOMBERRE BiE S ISAMEY
T b7 OBREBEEICOVNT, V57 R4 VI SHEM. RUFRSMHER S /2 — U IFRLERTORAORRIMNSHRT 5.

2. BE

UTFORBEIZONTES,

= N - 957 FOHRE

ot b LR 5 5 Koo — v Em e REE
! 57 FO#EA

Infrastructure as Code
=

m%—>%ﬁmmumu
EREREEN D L URILA
EMRIERICE D /2 — U iERmE

Google Classroom® ¥ T R 21— FIFIERIFHARRNebR—JICTHRT S &,
https://www. is. tohoku. ac. jp/jp/forstudents/syl labus. html

How to join:
The classes will be held online or in a high-flex style. Information about the classes will be posted on Google Classroom, so be sure to access
it.

1. Objectives

In this course, students will learn about knowledge systems related to applied intelligence software that supports various problem solving. In the
era of cloud computing, the key components of knowledge systems are cloud infrastructure as the operating platform and information processing
technology to design and realize them by utilizing various knowledge and processing functions. The composition and functions of applied

intel ligence software that aims to solve various problems in the real world will be discussed from the viewpoints of both cloud infrastructure
technology and pattern information processing technology that handles non-symbolic knowledge

= . - 2. Abstract
Ei?sm BERVER 5 The following topics are addressed:

- Overview of the cloud computing

User management and permission settings in the cloud computing
Cloud computing costs

Infrastructure as code

Containers

- Monitoring the cloud

- Authentication infrastructure

- Handling of pattern information

- Image understanding from signal to symbol

- Pattern information processing based on image understanding

The class code for Google Classroom can be found on the Web site of the GSIS:
9597 FBRICEIT2HRALRBERAEXET 2B ATLERET S IICAMEY I LU 7) OBREHEICOVWTERT 5, BRMICIE. SHREMELL
AL TR L TRE - RESh, ERBY doractical WISAHMEEY 7 b 2 7 RUZOEEERICET 2508 - BT & H(<H1T5,

nfrastructure as Code

=

957 FOEER

EEnE-S 20y

HFBRIEEIE
NASRY FD—9 (GIRBMGEEDBHIT)
BENE - FELEETE NAZGRY FT—9 DR

A*ASxy bI—Y DA

BRIZAN S DIFRIE (KIRIBRIGIE(E DFI2)
BRIZAN S DYHMAE IR D
BRIZAN S D AMIERDOHH

/A

BRPOEE. PROLKR— &L EITREICFHET 5.

RRARET 75 3%

BHERUVSEE
B4 HhR#E HhREF ISBN/ISSN BEHIER

93RRIV TOHEME  [EFS. FERE—. NMNEEE. |CGRBIZA 2022 978-4-86354-371-3 BHE
Namihira
Multi-Camera Networks: Hamid Aghajan, Andrea Academic Press 2009 978-0123746337 BEE

Principles and Applications [Cavallaro
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BEURL

RERRNEE

BHER %% LIX. Google Classroom. X —LETHUVEHEDC &
Please contact lecturers after the lecture, via Google Classroom, or by email.

takak i [ATMARK] tohoku. ac. jp

THHEDOIRENBL, 4 SHHOPEELELTINBEL > THATHCLEREL LTVET, 1HNOBRICBRELLLZFERHEOBRE, TH%K - &EE) [COWTIE15~3 0FREICER
EBSUBERMNFE (PE - HE4L) 30~ 158M. EFR, FERUERI ITOWTHI 0~ 4 5HHNBES S URERMNZE (FT - HE4L) 15~0BHTY.
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HuHE S

FH EARBIERL

BMEFUNNYUT

FEEE 20265 R Y

BRAY FT—UH
Information Network Systems

BN REEXZABERIY FT— I VRTLREDESICBREN TV SNECERT S LEAMET B,

BEORN - BERULR 5

7

The purpose of this course is to help students deeply understand how the information network systems that support our daily activities are
organized

REOBH - MERVER 5
&% (B)

BHRAY FI—Y PRATLOERESR - B2 BEL. TAOAEDESICHAEDL I >TREDF U514 VEBHEXZ TSNS,
Students understand the components and technologies of information network systems and how they are combined to support our online activities

. FCsIZ

Fv U8R F oy FT—YTAINS
RSy bI—0

IP7 KL

L—T12Y

FAL DR—LIRT L
FI)r—=ravrFakan (1
FI)r—ravFakan (2
U5 F

. BRIy T—Y
. eduroam

L EFa YT B
L EFa YT q B
L AVTFIL—h

L EED

)
)

H LA A4 0N ORWON =

XIBE DR AIZ(EGoogle ClassroomZFIA (¥ 5 R3— K : 3eTo2quu)
KUTNAALDA VS U BEERRET D

RENS - HELEETFE

. Introduction

. Campus Network TAINS

. Wired Network

. IP Address

. Routing

. Domain Name System

. Application Protocols (1)
. Application Protocols (2)
. Cloud Computing

. Wireless Network

. eduroam

. Security Technologies (1)
. Security Technologies (2)
. Integration

. Review

BELKR— b, BRLR— N EERENIZFHET 5.
Submitted reports and so on are evaluated
RRAEETAE 75 %

BHERUVSEE
E£: HihR4t HhRE ISBN/ISSN BEHIER
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BEURL

BRYBLOFEENVLETH S,

RERREE

BRFFEA—LTRITR}TS.

THHEDOIRENBLE, 4 SHHOPEELELTINBEL > THARTHCLEREL LTVET, 1HNOBRICKRELLLZFERHEOBRE, TH%E - &EE) [COVWTIE15~3 0FRHICER
EBSUBERMNFE (PE - HE4L) 30~ 158M. EFR, FERUERI ICOWTHI 0~ 4 5HHNBES S URERMNZE (FT - HE4L) 15~0BHTY.
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REOBH - MERVER 5
EHE

REOBH - MERVER 5
#=% (B

7

BRENS - HELEETFE

/A
RRARET 7 3%

BHERUSEE

BFZERAMRETET ) VU BB

Bl HA. L EA
EARBIERL

20265 R Y

BEMETY VT AN

AFBTE, BEEMT—2ISHT AMANET ) VI DEOOEANLTHEERS. AL, BOBMNENDIIRATLEAF IV RETHET SBATILITETIL
CRBEMETILERER. RAXETYUITOBENS INSDETFILER—MICERY, KENAEOMRE L LICHRALIEA RIZRNT 5. BEL EHNE
BRI EICRET DRBNAA ALY FERRY 5 RBREEMHT S, ABB T "B (temporal)” FMBREICERELTT, EAFHLRARNWEETILTHS
R7 Y VBEOAR—) RBEICOVTRFL, BRIBT~OEAEBNT 5.

This course will provide introductory lectures on basic methodologies of spatio-temporal statistical modeling. Emphasis will be put on: (i)Hidden
Markov models, (ii) state-space models, (iii) point processes. We focus on mathematical aspects of these models as well as theirapplications in
data science.

BZEMET) VI OEREEEEEL, BHETIXHERDHDILSI1HD

BEIPFRUTOIETED S
1. BhILITETIL
BiEE - AZFFILIIUXL
EM7Z LT 1) XL

2. A ZREERETIL
BRAA XHEE

AT 4LE - TR - FiRiE
BEBRIETI VT
ENEF 54 & RITHIR

3

5 75 R

HFIT 1A

FEAIREHETIV
AR

ISBN/ISSN

BEHIER

AProbabilistic Perspective

FEERPEER HREE 4000054554
A N2 ~ERIIEER AP MUESR, BIEFE AR 2023 4764906619
Pattern Recognition Christopher M. Bishop Springer 2006 0387310738
andMachine Learning
Machine Learning: Kevin P. Murphy The MIT Press 2012 0262018020

BEURL

RER RSN FE
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THEDOIRENBLE, 4 SHHOPEELELTINBEL > THATHCLEREL LTVET, 1HNOBRICHRELLLZFERHEOBRE, TH%E - &EE) [COWTIE15~3 0BFMICER
EB S UIRERMNFE (FE - BELL) 30~ 1 5FM. TRER, EERUER) ISOLTIE3 0~ 4 SHEDEREL S TERERENFE (FE - BELL) 165~0BHTY,
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HREH - BY BHRERHNFER. AT LBBHEER. AFHKERHEER. BRABRAZER

HuHE R B+, BRE BEF

FH EARBIERL

BMEFUNNYUT

FEEE 20265 R Y

HERITFE TR, HERFTOL-OIREGERE ZOBAPNEIHENCERSNETT,
SEEIF. HRERG L VIR EZRO28MMELLET,

FILClassroomE SRS 5 &

Ei(bﬁﬂ'«] CBERVER A

7

This lecture gives an advanced knowledge on the numerical analysis methods that are the basis of analysis such as fluid mechanics, thermodynamics
strength of materials, and measurement control engineering. Main topics of this lecture are application of numerical analysis

This year, Professor Kanjuro MAKIHARA and Associate Professor Aiko YAKENO will be in charge

See Classroom for details

REOBH - MERVER 5
&% (B)

RIBMRTOERB S E AR TERT 5.
- BUERITICOWTIERRERED 5.
FBEMBTEREELT, HERFICHT 2RHEETS.

We understand the basic concept of numerical analysis
* We learn the fundament of numerical analysis through the whole class, without going into depth of details
* We expand our insight into science technologies for numerical analysis, to cover a wide range of study contents

BN HEXORIERE
B BREE QBB A
BEAMTEREZELARERE
RS AERXDESBEE
AREEST —RAEEXDRE
Rk & BB E

Numerical solution method for ordinal differential equations
Numerical solution for eigenvalue problem

BENE - HEELEEFTE Weighted residual method and finite element method

Finite Difference Method for Partial Differential Equations
Solution Methods for Large-scale Linear Systems

Optimization and Numerical Computation

HAZE Japanese

Bk, 280HENSHINRBICHT HLAR— FORBICEYFHET 5.

R AE ST 5 % Evaluation is based on reports of each professor

BHERUVSEE
£4 Hi R Hi R4 ISBN/1SSN BRIER
Finite Difference Methods Randall J. LeVeque Society for Industrial and (2007 978-0898716290
for Ordinary and Partial Applied Mathematics
Differential Equations:
Steady-State and Time-
dependent Problems

Reference book

BEURL

LR— MMER
REE RSN FE

Fli, FRICA—)LTELKT D&,
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THHEOIRENBE, 4 SHHOFEELELTINBEL > TR TS LEREL LTVET, 1HNOBRICHRELLLZFERHEOBRE, TH%E - &EE) [CDOWTIE15~3 0FMEICER
EBSUVIRERBNZE (FPE - E#E4L) 30~ 15KH. MER, EERUERI IOV TIF3 0~ 4 5HEORES LURERMNEE (P8 - #E84E) 16~0KHTY,
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EHRERHNFER, ARHKERHEER, CRABRHAER

Computer and Mathematical Sciences, Human-Social Information Sciences, Applied Information Sciences

S OXE. W B X

EARBHERL

BMEFUNNYUT 1C0-PIN615J / IHU-PIN607J / TAI-PIN611J

PSR 20265 EERITH

"%

REER BF R FIARHTR / Time Series Analysis

THRANCEHT IHRRINT—HICHTEARY FLBITOERZBRT S LEAMNET S, FIETERARY MLBTORKGEERNBEEHARL, RFETIIH
%ﬂgi%g;??mgﬁﬁiﬂ?—éﬁﬁt?ht%ﬁ?é.%E#a%a%mm%#&%tﬁLt,X&bFwﬁﬁb%%ﬂ?—@ﬁﬁé%mﬁﬁééﬁéﬁ
BT IFHEEBEITER %.

7

f&i(bﬁﬂ'«] FBERVER A

This course aims to present the basic theory and practical applications of spectral analysis for time-series data. In the first half, lectures are
given on the overview and the fundamental theory of spectral analysis. In the second half, lectures are given on stochastic processes, their
engineering applications, and time-series data analysis. The objectives of this course will be achieved if students acquire the basics of
utilizing spectral analysis and time-series data analysis for their own research topics

REOBH - MERVER 5
&% (B)

ARY FVEPHERIT—SBMEEATESEREBEL, ThEESBROMREEZICHALTERATELLSIZHD I E.

To acquire the basics of spectrum analysis and time-series data analysis, and to be able to utilize it for your own research subject

EREZARHOBMER D (BHRIEMA (X IEARHIRIZERO TAR7 MLER CORBEBERNETY. BREHOBECHTIEREIRT IR
#71 DClassroom(Z#B#E LFE S ( TBFRFIMRITH/] OClassroomlZ(FIBI L EFRA) . F=1ZL, HHRBEMARHOPEE TEHRIBTHR (CBEBEEHREELTTFIL.

TRARY ~JLEEHT] DGoogle Classroomy 5 R 3A— FIZTEHRM Iz THA + (RERV /AR - BEAE - BEER ITTHERT L.
https://www. eng. tohoku. ac. jp/edu/sy! |abus—g. html

RETHY LF2HEERUTOEY THS. BL, REOETRAEFICIYERT S ENHDH. TOBEZRERF (X0l assroonDIBRIR TEKT 5.

. ARY MV ORFHER, T TRKE TOERNMEE

BRI IHRY EHRO—)TEHR OFN), EERI—UIEER FFD, HYRLARK T4U7>0d
. BT —4, YUYV ER EBAEEE) , FAFRMEARE FAFREL—F
. 7—YIHS, 7—IEH EHAH

. BEH, AR MLOFERE, TUFIAUTR, BYFEY

. BRTERAM  EREH, BEARI ML (CRE—AY MEREH) | FHTEREE
. BEEIBIE  EEME LT Rt BCEEEK NT—XRY MLEEREK

. A RBEER

L ALRUTANBERFT LG

. BRESMRICE D T2 1)

. BRESRICE DT 282

. BIME— RIS & BRI (1)

. BIME— FORRIC & BRI (2)

L BEICKBRER (1)

15, BECKBHREK (2

KHETO~I13TIRETEIREEZEMALILETE1TS.

BEANE - HRLEETTE The course “Time Series Analysis” in the Graduate School of Information Sciences (GSIS) is concurrently offered with the course “Spectral Analy
Civil Engineering department. All lecture materials and class-related information for “Time Series Analysis” will be posted in the Classroom for
Analysis” (NOT in the Classroom for “Time Series Analysis” ). It should be noted, however, that students of GSIS must register (rishu-touroku) f
Series Analysis.”

The class code of “Spectral Analysis” for Google Classroom can be found on the Website of the Graduate School of Engineering:
https://www. eng. tohoku. ac. jp/english/academics/master. html
(under “Timetable & Course Description”)

The following contents will be covered in the lectures. The contents and schedule of the lectures are subject to change depending on the progress
lectures, school events, etc. Any changes will be announced during the session time or on the bulletin board in Classroom

. Mathematical preliminaries for spectral analysis; Fourier series
. Complex Fourier series; Discrete Fourier transform (DFT); Fast Fourier transform (FFT); Frequency folding; Aliasing
. Discrete data; Sampling theorem; Nyquist frequency; Nyquist rate
. Fourier integral; Fourier transform; Convolution
. Window function; Smoothing of spectrum; Anti-aliasing; Moving average
. Multivariate normal distribution: Random variables, Probability vectors (Second-moment random variables), and Conditional Probability.
. Random field: Ergodicity theorem, Auto-correlation function, Power-spectral density function
. Gaussian process regression (GPR)
. Kalman-filter and Particle filter
. Data Analysis Using Singular Value Decomposition (1)
. Data Analysis Using Singular Value Decomposition (2)
. Time Series Analysis Using Dynamic Mode Decomposition (1)
. Time Series Analysis Using Dynamic Mode Decomposition (2)
. Student presentations (1)
. Student presentations (2)
: In Units 6-13, exercises using the R language will be given for each unit

[JE] #3ZZEA8%IH : Lecture is basically given in Japanese, with additional explanations or material in English for foreign students

LR— FREORE (FEHE) BLUREHRR (1E) £RH, COMBRICEYFET 2.

Students are evaluated on their submitted assignments (almost every week) and individual presentation (once in the term)

BHERUSEE
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=2 EEA kR4t HRE ISBN/ISSN #AER

B R HIEHTAPS (Introduction [dLJIRERER (G. Kitagawa) =i®EE (Iwanami Shoten, 2005 978-4000054553 B%EZ (reference book)
to Time Series Analysis) Publishers

- WERBOARY MLEHTA |KIFIEE (Y. Ohsaki) EBHIRE (Kajima Institute [1994 978-4306032705 B#EE (reference book)
F9 (Introduction to Spectral Publishing

Analysis for Earthquake

[Mot ion)

ARG ~LERHT (Spectral A& M. Hino) BiEE/E (Asakura 2010 978-4254121834 B%EZ (reference book)
Analysis) Publishing

FERBORENRICE L EF/EENROONS. ZIFFE MBOERLE/EAMELI-LAR— MREEZHRET. LAR— FRBEICMAT, FERRERRER
T #-oT BEBMNOFRESVATHD. BEENBLIAMICHEE BFZIT, BRENICERPESSUREICRYBTC I L2015,

BEBRENEE Students are required to prepare for class according to the goal and contents of each class. Assignments will be given almost every week. In
addition to the assignments, students are required to make their individual presentation during the term. Therefore, self-directed learning is
necessary to complete the assignments as well as to prepare for the individual presentation. Students are strongly expected to voluntarily develop
a plan and goals and to undertake preparatory learning as well as assignments

HRE~OHGFREROBMEERLE T 2H, EHLKEORAREICHR T CAITALELR YRGS 5.

FI74RT7T—
Questions are accepted at any time (after class, in particular). Students can email their questions

£ - REREE

thDREXHE L OMERVEELDOEE

HERTEALVEL—2—TOISIVIICHT L FHUBALATHS. TAIFEROKRFRFZE [HIERIT 2LTLTEBTHENEELL. LR—F
FETRREHEARELLDINT, FARAFOIVE2—2I2TOJSLMRBRBEEMBLTEC 2. RECRYMACKIZE, FBEOIVE1—42—T0J35
s B BFEVILYIT, BRAMBY I Y TEEALTEL.

Relationship with Other Courses and Prerequisites for Taking This Course:

Preliminary knowledge of numerical analysis and computer programming is required. Students are strongly recommended to take the following relevant
courses provided for Civil Engineering students: “Numerical analysis.” Students are also required to prepare a program developing environment on
their own computer, since numerical computations are necessary to complete assignments. Students can use any computer programming language
mathematical software, and computer algebra systems when they work on assignments

THEMNOREREE, 45RHEDFBELELTOINBREL > THEAT A LEFRELTVEY., 1RNDBHRICHRELLLFBREADERE, [#E - FE) (TDLTIE15~3 0RHICE
EBLUREBRNZE (FF - EE4HL) 30~ 158H,. MER, EERUEHRI TOVTF3 0~ 4 5HHOBRES LSPRENENEE (FT - EE84E) 15~0KHTY,
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e IR ER

FH EARBIERL

BMEFORNYVT
E 20265 FE R HA

BRNFZRDNSA—F—FERET LTI TO—%4E / Parameter spaces of complex dynamics and the Mandelbrot set

AEETHE, BRI EROAEEBNERT SV —IVRELONFREREBST S £<IC, FEEAROENSEZ ONI-EEIC, ThEADERT 2 HERE
BENCHHETHSLEARELT, NTA—2—Z/ (—RIZE, FEBMUOEKREMAORITHRSZEZEZD) ICBTH IDEER) OMEEZAND. [HEE
Bl EFNFRVBEMICERT 54— —KETHY, 2 REBXKITEITD [RUTLIO—KE] (DHEREHS) FTORBMADEARWAHLLE>TY
3. COESBHDERENLOEMB ISV ZVBEICHAEEAL L AEROBETHS.

REOBH - MERVER 5
EHE

This lecture series provides an introduction to the

theory of dynamical systems on the Riemann sphere, generated by rational functions of

a single complex variable. Specifically, we will study the structure of the bifurcation set
within a given family of rational maps, with the goal of classifying dynamical systems in

a systematic way. The bifurcation set refers to the set of parameters where the dynamics

= . 0% undergo qualitative changes. A classic and fundamental example is (the boundary of) the
ﬁi?gm BERUER 7 Mandelbrot set, which arises in the study of quadratic polynomials. One of the primary
objectives of this course is to explore and describe the intricate fractal structure of this
fascinating set

BEETEC, BELUTOME - BAZFIIOT TSI LEBELET S

1. BEEHO, RELONEHEEE LTOMEEERT S,

2. EMEOBSEERL, HRENFROT1VTERE - 77 b RBOEREEMRT S,

3. DaAUTHREEFLYIUOBBEEAVTERLT S CAhE2RAVT, REAYAACLUTERANTHETHLC LOMHEERT 5.
4 FEBRBOKEEDNSIA—S—EMEER, TOIRERCHEEADERLERT D,

5 4 OEEFIELT, 2 REAXKRICEHFZIUTILIO—REOEANLHEEEZERT 5.

Students will learn and understand the following topics:

. Properties of rational functions as branched coverings of the sphere.

. The concept of normal families and the definitions of the Julia and Fatou sets.

. Formalization of Julia sets using Zalcman’ s lemma, which provides a concise proof of the density of repelling cycles in the Julia set.
. The concepts of J -stability and bifurcation sets for families of rational functions, as well as their parameter spaces.

. The Mandelbrot set in the quadratic family, serving as a concrete example of J -stability and bifurcation sets.

ROIEBR b5 [CHELT, ThEAEREDREREZTS. BANICE ROEBEEZRYLITFEFPETHS :

)—< UHE, AEBER K® SR AEEROFRKZER
. ERfE EVTIADER, Ca)TEEET7 hYES

. BHIADNE FILYTUDHE RENEHSOEZT ML

. NWEROE£E, ENES, J-REME SEES

L RUTLTO—%E, TaUTEELOBEUE (AU DOTEHE)

will deliver multiple lectures on each of the topics (1 to 5) listed above. More specifically, the following key concepts will be explained:

BERE  HEEEETE . The Riemann sphere, rational functions, degree, critical points, and the coefficient space.
. Normal families, Montel’ s theorem, and the Julia and Fatou sets.
. Classification of periodic points, Zalcman’ s lemma, and the density of repelling cycles.
. Conjugacy in the context of dynamics, holomorphic motion, J —stability, and the bifurcation sets.
. The Mandelbrot set, and its similarity to Julia sets (Tan’ s theorem).

&

LiR—MIZ& > TEHET 5.

RRARET 75 %

BHERUSEE

B4 HhR#E HhRE ISBN/ISSN BEHIER

(3%&%E1) AF. Beardon,
Iteration of Rational
Functions, Springer Verlag,
New York, Berlin and
Heidelberg, 1991.

(B&2£2) J. Milnor,
Dynamics in One Complex
Variable, third ed., Annals
of Mathematics Studies

vol. 160, Princeton
University Press, Princeton

(BEE3) LtREE - /0%

E-HREN HRNERFH
-7359 I EERRT, R
£8, 1995
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Brascamp—LiebFZE K & M faFE~ DA

Brascamp——Lieb inequality and application to convex geometry

KEH TIL, Brascamp—LiebTEX L ZDEE, RUBET 2OEMPNTER &L DBERICOVTREET 5.

Brascamp—LiebFEX L FZBRMLEATERXTHY, ANBNZCSVTREL.

— 5 CLEFMIZELoomis—Whitney RE X D—A2b & L TEME N, Brunn—Minkowski FZ =X {>Blaschke——Santal¥ (o} FERX A ELEF B RERXE LTEB SN
5.

BHETIL, Brascamp—LiebFEFXICHITZEANTEETHLLicbDFEZBNAL, COFEALEDEL S ICL TEMENTEXNFEINZMEAN LI
f’ii(bﬁﬂ'{l CBERVER B

In this lecture, we will introduce the Brascamp——Lieb inequality and some of its variants, and discuss related geometric inequalities in convex
geometry.

The Brascamp—Lieb inequality is a multilinear integral inequality that was developed in harmonic analysis

It generalizes the Loomis—Whitney inequality and also encompasses important geometric inequalities such as the Brunn——Minkowski inequality and
the Blaschke——Santal6 inequal ity

BEOEY - BERVER 5 Inmmjwmm,mMHaNoMmmsU%ktmmm,mgﬁj@fm&mmmr%mmcmmmMgme&%mmnuwimmmhyaMemmmhw
2= (F) geometric inequalities can be reduced to analytic ones via Lieb's theorem.

BRETHIC, BEESLUTOMH - BHZHITOFTWSIEZBRET S,

. Brascamp—-Lieb R EX & BT 5.

. LiebDEEZEMBL, FX5L51245.

. BROBMFHOTEXEERT 5.

the end of this course, participants are expected to have acquired the following knowledge and skills:
. An understanding of the Brascamp--Lieb inequality.

. An understanding of Lieb's theorem and the ability to apply it.

. An understanding of several geometric inequalities.

. Brascamp—LiebAZ = &Loomis—Whitney RZE =

. Reverse Brascamp—LiebZA" %= &Brunn—Minkowski F& =

. Inverse Brascamp—Lieb7 %= &Blaschke—Santal¥ {o} R&=

. Brascamp—LiebF %= (Lieb®EIE) MDIIEA

. BEY 5 EE

LERFETHY, EROREEEICELE THNELBEEBET SAEEMENAHS.
RENS - HELEETE

1. Brascamp—Lieb inequality and Loomis—Whitney inequality

2. Reverse Brascamp——Lieb inequality and Brunn—Minkowski inequality

3. Inverse Brascamp——Lieb inequality and Blaschke--Santal¥ {o} inequality
4. A proof of Brascamp—Lieb inequality (Lieb’s theorem)

5. Related topics

The schedule is subject to change depending on the progress of the course.

& BAGE

LiR— &> TEHET 5.

RAEEE M A & Evaluation will be based on submitted reports.

BHERUVSEE
B4 R HhRE ISBN/ISSN BEHIER

The Brascamp-Lieb J. Bennett, A. Carbery, M. Springer 2008 https://doi.org/10.1007/s000 |33
inequalities: finiteness, Christ, and T. Tao 39-007-0619-6
structure and extremals.

Convex Bodies: The Brunn- R. Schneider Cambridge University Press (2014 9781107601017 EZ S
Minkowski Theory. 2nd edn.

BEURL

BRENT-EEICLY. BRRNTOEREROEL £,

RER RSN FE
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If you have any questions, please contact me at tsujihiroshi[atlmath. sci. isct. ac. jp.

1ENORENBIL, 45BHOFEENELTINTEL > THEATHCLEREL LTVET, 1 BNOBRICHRELGHIFERMOBRE, TH#% - FF) (TOLTIL1 5~ 3 ORMICE
EBSURERMNFE (PE-HELL) 30~16mM. IFR, FERUVER [TOWTEFI3 0~ 4 5HHENEES S VRERMNFE (FF - HELL) 1656~0BHTY.
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HEERE. RYSRET Bi ZEVNT. DALHEL SO DEBEBRNBWVMERIEZEZTO CENHELINEHMRT 2H0H T, HF. BHREFE. ERALRIE
L. BRAGIGNMLORRMNEATHOA TS, FEXRTIE. REWFSERICHT 2EROTHERETL. HIS. BERHFBICOVT, HEETHFI UL ED
MHEEHBELEOBECERLT, MRETS,

REOBH - MERVER 5
EHE

Codes are an important class of combinatorial structures for both theoretical and practical reasons. In this class, [ talk about an introduction
to algebraic coding theory. In particular, self-dual codes are studied. Some relationship with combinatorial structures are also given

REOBH - MERVER 5
&% (B)

REHFSERICET HER. HIC, BERRAFSICOVT, HERTFI VB ENHEEHER EOBEIC OV TOERERED S,

An introduction to algebraic coding theory is stduied. In particular, self-dual codes are studied. Some relationship with combinatorial
structures are also studied

CFSERAM (1)

C FSERAM (2)

C FSERAM (3)

C HSEROER (1)

C HSEROER (2)

c FSEROER (3)

 BERHAFS (1)

 BERHFS (2)

: BERAFS (3)
 BERHAFS (4)

: BERHFS (5)

: BERHAFS (6)

 ZDMOFE (1)

 ZDMOFE (2)

CEED

RENS - HELEET

B S R Y S R Y R R

o
o
7
»

1-3: Introduction to coding theory (1)-(3)
4-6: Fundamental of coding theory (1)-(3)
7-12: Self-dual codes (1)-(6)

13-14: Other codes (1)-(2)

15: Conclusion

$2%(Z1%GoogleClassroom% F| FH

BEOEMBEIAVSAY FVTIVE) &F%
& BAETIREZITS.

HEBELUPLAR— ML YFHET 5.
(By attendance and report).
RUAEETAE 5 &

BHERUSEE

E=23 ISBN/ISSN HAER

BEURL

LR— FRE~NOREET B
(Respond to report )
KRS P

FHIZED
(By appointment)
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[GEVES
MR T LI, HF. MEA/NEE. MR, R, B, BEE. ASERFEVSERENGEBERERS. ARETHIEKOMRABICH LT, RATREREL
BH%, —AT, EREREVITAELEROERMOMEERICE >TRYI2TEY ., XY IV ORANLT—FEBINT HC L1E. EHRRODERICHHT
&gcf?%ﬁm~%EEKBH%*VFU—7$EK%EL~%mﬁﬁ&ﬁﬁ¥%é$$:&f\iﬁﬁ%@*vFU—7ﬁﬁKDUTW%%EEﬁEﬁbé:
CEREY.

REOBH - MERVER 5
%

Biological systems exhibit a hierarchical organization consisting of molecules, intracellular organelles, cells, organs, organisms, populations
and metapopulations. Depending on the phenomenon or problem under consideration, the appropriate level of analysis differs. At the same time, each
level is composed of interactions among a finite set of elements, and analyzing data from a network perspective is an effective approach to
understanding biological phenomena. This course focuses on network structures at different hierarchical levels and aims to develop a systematic
understanding of network-based analysis of biological systems by examining their characteristics and analytical methodologies
REOCBH - MERUVER A

=% B

AEBTE. ESRHLCBETS2 Y FT—IBROREBZER L. RENCBNFEEENCER - BRCTEIRNEFITOFTHILZIERRET B,

RPNV P EY
. EYT 2 O E AR R
. NFEMEEERRY FT—2
L TADRY ERE
CBEETRBET SR
. BEFERET—2OERE
. BIETREORMLEK
. BEEFHRERSRY FT—Y
. HEBRR Y hT—9 OFE
. EEFHIERY FO—2
BENS - HELEETE . MR FD—Y

. R#RY D=2

. BREMEEERTY FT—Y

. TERIEE DR R

L FED

i 333

FEICHESNSREICK YETHT 5.
RUAEETHE 5 %

BHERUVSEE
£ HihR4t HhRE ISBN/ISSN BEHIER

BEURL

FE-BEERELTITSIE,
RERMNEE

BIZRTEV, RRNMREGHAEEMICA—LGETERT S L, BADEREIRENIER 5,
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Topics in Statistical Sciences

RERPICB T2 EECHBTHSBERMECOVTES, BAREEORLEZLANERBADIOABRBHNTHS. BERFBHHICIT SHEMERICOVNT, £
DHEBHRBRICOVNTESR, MBRUESEHEUOMAEN EEBET 52 & T, HEAWEINOREMATEHASNS L NEREERLET . BAGEMEEICS
I BHEET IR OV TLRRESRES

REOBH - MERVER 5
EHE

In this course, we will learn “Function Estimation” which is an important area in statistical sciences. Multiple regression is one of the most
fundamental settings of function estimation. Hence, we aim to understand mathematical contents for the inference in multiple regression
Specifically, we will understand that the optimality of inference can be proved by using the linear algebra and the calculus for multivariate
functions. Statistical asymptotic theory appeared in various areas of function estimation are also addressed

REOBH - MERVER 5
&% (B)

LUTORBEERT S :
SEEWEEN
EERETIL
REEHEE

fopingsd )

SRBRESHOEME
SEEERS M
SEBEERSHOME
SEEERAHICET2REHTE
HhA 2R

AVSVDER

VS VDOEERDIGH
BRERIBETIVERN2REX

. BRIEESORAFHIEE

L HIR - TIILATDEER

. BE
. PEEDDHETE
. RLEEEE
L 74y —ERITIEBHMEEE
. RINREEEDIIESD
. FEHEHRRE
BRERNE - HELEETE
Basic of Multivariate Probability Distributions
Multivariate Normal Distribution
Properties of Multivariate Normal Distribution
Maximum Likelihood Estimation in Multivariate Normal Distribution
Chi-Squared Distribution
Cochran’ s Theorem
Applications of Cochran’s Theorem
Linear Multiple Regression Model and Least Squares Method
. Geometric Property of Least Squares Estimator
. Gauss—Markov’ s Theorem
. Residuals
. Estimation for Variance Component
. Maximum Likelihood Estimation in Linear Multiple Regression Model
. Fisher Information Matrix and Efficient Estimator
. Asymptotic Distribution of Least Squares Estimator
. Summary and Final Subject

EEANORY A EHMRFE~NORY A TRAEMIZETHT 5.

BHERUVSEE
E£: HihR4t HhRE ISBN/ISSN BHIER

Multivariate Statistics: Y.Fujikoshi, V.V.Ulyanov and [Wiley 2010 978-0-470-41169-8
High-Dimensional and Large- [R.Shimizu

Sample Approximation

Introduction to Multivariate [T.W. Anderson Wiley 2003 978-0-471-36091-9
Statistical Analysis, 3rd
Edition

Linear Statistical Inference |C.R.Rao Wiley 1973 9780471708230
and its Applications: 2nd
Editon
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To understand the system of natural language
REFERF, SEIFLLALTHEELRSATVS, FF, BERISHEAE béh’c TEMEE) ATE, T3] & T3 OMBEHRLGHEAAEHEIZEY T4) ©
I3 hMESND, Eohi T4 1% Ta) X Txy d)W“Mﬁzal:lt iREEam. MRRER. TERM. E"* BEDSESELRAUMNERAEND, T, —HDE
EOBXOERE XD RIE ﬁﬁ%l L 2h X ~EIEDEROFELMON TS,

RFHETIE, ERSTEER, = SiER. BH EREEY. 5 REENSEFOENTORFDOMELBRERFTA T, BASEOREDKR
& TIICREENZEAMEICOL g B, Fiz BEWRABRMICEDLSICEL L TED, TORRELT, HROFFBICKEDLSBER
BEORM - BERVER 7 RIS &&@Fﬁmﬁk’)b‘f%%??’éc

Natural languages are structured at every size of linguistic unit. Morphemes are combined to form complex words, words are combined to form
phrases or sentences. Each linguistic unit is subject to various rules in syntax, morphology, phonology, and semantics. Some of the words or
constructions will undergo diachronic change, about which general tendencies of grammaticalization and/or constructionalization are known to
exist

In this lecture, on the basis of recent theories and discoveries in linguistics including generative syntax, lexical semantics, morphology
BEOEY - BERVER 5 MMMQMhmmHmIHQMﬂM&IM@BHGWMMQ,mdmomy@wHIMaMemI%maMﬁtMswmmﬂcﬂmﬁmeﬁnnmmIm@a%
2= (F) how and why languages have changed, and why there are so many varieties of languages in the world, and so on

BRICEHHREBEPICT>FEIRELZEL T, BA
ISEDESITEIL L THA, TORRELT, HRD

ZDMBEBEDKRRE %;lﬁménéﬁ*“maim&kout Fl-. ER0OERX EBENSERN
BICREDESBERNR SN EMNICOVTERT S

Through the lecture and assignments in class, you will be able to understand what the system of natural language syntax is, how the form and
function of languages have changed diachronically, and what kind of variations there are in world languages

B, B) BAFBLEEBAESVSATHEL, ESVSRATRUE-2TLRDA, () BARFBLEEEN. ThTh, ﬁﬁ%l&@&jl%kbf%k@#\m)%w
HBHHBEOERFABON, BECDNTEREEDIZ, B) ZOLSBHEFHO—HZBLHARLSFROIDELTOEFI—/SROBENHEHICDTEHIEE

CORETE, HBICLIHEBL. FASAIEHELEAENEZELT. W) (BAFE- R;EU)J:?&) BREEOEH - E - HiE Eﬂilzﬁﬁé‘éélﬂ‘m‘oj

BROKRERD, FCHBECES(HERL. TOTHEBSATLIEKRVEEREOHEMNC. ThICHET IEEFREALHALIHMALTLLEREIND,
RER. BBTH. UTORNBLIEFTED S FE,

| SEERBEHIE
: AR
=SH&A

oy T (EEEER (Ui WXL ERL
SIS 0 RELI TR B/FIR - 2—/ b bhh NROEERE

Most of the classes in the entire semester are conducted in a lecture style, with particular attention to major theories of the syntactic, morphol
lexico-semantic, and phonological aspects of the linguistic structure, as well as (syntactic) theories of grammaticalization or diachronic languagg
the latter part of the semester, you will learn how to use linguistic corpora for collecting various types of linguistic data

1st: Linguistic typology and language universals

2nd: Phonology and phonetics

3%4th: Morphology and word formation

5%7th: How to use electric corpora

8th: Essential properties of human |anguages

9th: Syntactic structure

10th: Syntactic relations

11th: A-bar movement

12th: Nonfinite clauses

13th: Ellipsis

14th: Historical linguistics: Grammaticalization, constructionalization and lexicalization
15th: Theory of language acquisition: How to see language development of infants from a corpus

FHRRICIRE T 5FREE50%., FHRICIRET 5 LR— F£50%&E LT, REFET 5.
RAESHE A 5 Evaluated based on assignments in the mid of the class (50%) and your term paper (50%)

BHERUVSEE
£ L HihR4t HhREF ISBN/ISSN BHHIER

T—8 EEBITRRERGED [BEH— FAtRit 2025 978-4-7589-2419-1 BHE
i

F<hhBERE ZEHEX RE) SRLTTER 2019 9784623086740 SEE
SHEEEDLSIZEILT 20 [/MIEH - LT (BER) [BFRd 2019 978-4-7589-2272-2 2EE
SGHIE - BXUE - BEBRAE (BRI [/MISEH - BIBERE - EAERE |BRL 2020 978-4-7589-1422-2 2EE
BT - SHYY ') —XE22 | (#F)
RYAVHEBNETED | T & |FARRKEER VDO LEERE 2019 978-4-89476-964-9 SEE
ENEBRHERD % -TRMHER
T, BX - EHEBM>I—/N
FLHTOEREER -TEX (RKiLE (&) BREE 2015 9784000058391 2EE
HISEIFIO—F—
FaLRX—LEEREE BEHABE & A8 —FatILiE 2019 978-4797680379 SEE
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https://ling. human. is. tohoku. ac. jp/change/home. html (EEEZ1L - TEHERI=v ~)
https://clrd. ninjal.ac. jp (EFEHI—/SXAK—45 L)

https://www. engl ish-corpora. org/corpora. asp (BYU Corpora!) X k)
https://clrd.ninjal. ac. jp (EZEHI—/RZAR—42)L)

http://www2. aasa. ac. jp/people/smiyata/CHILDESmanual/chapter01. htm| (CHILDES)
https://www. researchgate. net/profile/Yoshiki_Ogawa (ResearchGate)
https://1ing. human. is. tohoku. ac. jp TXR RITERTE)

BESN-HEHMBEZEEBAL. BRICEL>THAEDDEELIC, REPICHENEAT 2EBCLEN - FRICEZBEL T, SHEFOEREERT L&,
REOPBRTHREINLIBEFI—/AOFENVAERFEAT, B, BRBOLRFOFRPLEXICOVTORRERN. S5 &,

RERRN S o ]
You should buy the textbook and read it in advance. You should also read the handouts given out from the teacher and read them before and after

the class in order to understand the fundamentals of |inguistics and deepen your knowledge of syntax.

WOTHAEETY A, BRICA—LTTRA VAV PERD I E,

NYIAVDFHLAHBELEET B,
1ENORENFIL, 45BHOFEENELTINTEL > THEATHCLEREL LTVET, 1 BNOBRICHELGHIFERMOBRE, TH#% - FF) (2OLTIL1 5~ 3 ORMICE
EBSUBRERMNFE (PE-HELL) 30~ 16mM. FR, FERUVER [TOVWTEFI3 0~ 4 5HHENEES S VRERMNFE (FF - HELL) 1656~0BHTY.
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2EDBIEREIZ  Learning Psychology from Brain Science

REBEETEADOEAPIZAICECEST 5 ] EHARNRET DRHENHFLLEZNS, WOHD FE Y EEY, ERNOTMED, ORFOMEETHAN
T5, CONFIIMEE - DBEZ - EYZEFLOHELTER - IT% - PEFENEE L TZTORHA ESHATVWSZEME IO T4 THEETHY . BIELT
DISANPFEN TS, IRETRAE - BEAOOEF LE, HH, FMERR, BERRELEODAOBRBMIZE TS, NHER (FHROLERE, BROME. £5
BIHIFD) ENBIER (KR, 48 OFA. BLTZORMOEEERICONTO, RFOMBFHHMEZLLIZ, TAOK © i) EZOEAZICOVWTERER
Hbd 12, BETIRXERS. TORIDOPWBREERRTELLSICHEILEBMET S, In this lecture, several topics will be introduced from
BEOEY - BERUVER 5 basic knowledge to the latest findings in the field of neuroscience and psychology, which focus on the “brain” that is deeply involved in human

&

abilities and mind. This field is an interdisciplinary frontier area where neuroscience, psychology, biology, medicine, engineering, physics, and
other disciplines are coming together to elucidate it, and it is expected to have a wide range of applications. In this course, students will
learn about the use of internal resources (information processing mechanisms, empirical knowledge, innate constraints) and external resources
(situations, others) in higher-order human cognition, such as memory, reasoning, problem solving, and decision making, and the interaction between
them. Deepen the understanding of “human knowledge” and “mind” and their individual differences

BREE—EHEYFUTIVE (—8FU31Y) £F 5,

CHIEPRE, BBELGEEV o TR OHEA. MEICHT IERMGNHEFETHL LI, ChOoOFHENSBEFRT HLEENTHERREERTE S,
DI & T ORBIEHERCET DR ERAMEERRTED
i EDOBRERRSERMBIEEARICEATES

ﬁi?gm BERUER 7 To be able to learn the basic knowledge about the mechanism and function of “knowledge” such as perception, memory, and thought, and to understand
various psychological phenomena related to these matters

To be able to understand psychological characteristics and their basis in brain science

To be able to apply experimental techniques for investigating the relationship between the brain and the mind to research

CHIEPRE, BELGEEV o TH) OfEA. BEICHTIERMUGNEEFETTSL LI, ChoOFENSBERT SLERNUERREERTE S,
DI E T ORBFHEREEBIHLATES
i EDOBRERRSERMBIEEARICEATES

To be able to learn the basic knowledge about the mechanism and function of “knowledge” such as perception, memory, and thought, and to understand
various psychological phenomena related to these matters

To be able to understand psychological characteristics and their basis in brain science

To be able to apply experimental techniques for investigating the relationship between the brain and the mind to research

A rRE 3y —DBREEG-
MRS & HEE. TRIRFE
BRERIDHEZ

PRI IR

DI RERE S & UHEHRAT
RIS LR

HBIES

RENDIBR, NP

EFA— 3 UOKITHREEDRTF
$E L

FE DB

DNIBHEET

HOHE & ik

FERE - FEREOMKEE

15 BELMERLEILAUII VA VE—TI—R

CEROEEFEIL. ETRRICELTEESNDBENHD
FTF—RICAEDEERXICOVT, BRTEL, ThEBBEBNTEL5GA 0859 T4 TLHEBETS
CHEEBEERALAZD, BEICECTEE, 3EXRELER/NT 5.
CBETRITE-TIE. HREROTEVA M —YavERYANDIBELHD

BEANE - HRLEETTE Introduction -What is brain science and psychology?

2 Structure and Function of the Brain - Brain Development and Plasticity
3 Wonders of Perception — Illusion and Brain Mechanism

4 Experimental Methods and Statistical Analysis of Learning and Memory in Psychology
5 Experimental methods and statistical analysis of brain science

6 Social psychology

7 Physiological psychology

8 Brain science of language ability

9 Brain science of motivation and executive function

10 Brain science of memory

11 Brain science of decision making

12 Brain science of thinking

13 Brain science of intelligence

14 Brain Science of Learning Disabilities and Developmental Disorders

15 Brain Machine Interface to control the brain

The above schedule is subject to change depending on the progress of the course

In principle, the class will be conducted in a PowerPoint presentation format

In principle, the class will be conducted in the form of PowerPoint presentations. In addition to the above, we will also introduce reference mate:
necessary.

In some cases, simple experiments and demonstrations will be used depending on the class theme.

Interactive lectures will be provided

reports

B Japanese

FEEE (50%) &ELR—FEEU, BERXOLE1—FKG0%) FHREMICHKLTEHELET .
Attendance and participation, and the term paper

BHERVSEE
E£: HihR4t HhRE ISBN/ISSN BHIER
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Thinking critically on Science, Technology and Society

GUTAHI - oF 0 TERE, MADEREBREHCTHC ELL, BKRLFET 27-00FERTHD, COBRETR, FUT1hL - PoFVITD=ZBHRE
LTHEFLNATND, $#. ¥, BECONT, HUHKBORRLTTE, HEFICLDERNDSMELROEAL, HITHTTHE5L2BMET

%o

Critical thinking is the methodology for examining and evaluating other people’s claims without accepting them blindly. The aim of this seminar is
to acquire three key elements for critical thinking, namely knowledge, skill, and attitude. This will be acheived not only by lectures by the
BEOEY - BERVER 5 instructor, but also by requiring participation in discussions by participants.

7

REOBH - MERVER 5
=% (B)

7Uz4g»%>>$>7mz§§&Ltéﬁ%htué~ﬂﬁ\x*» BEICOVWT, EAMLTRREZERT S L. RUThZBEL TERMGBENEES
CEEEMET S,

This seminar is designed for participants to learn the three key elements of critical thinking, namely knowledge, skill, and attitude, and to
strengthen the practical ability to think carefully

745> 2A / Introduction

BIEFHEBZEY (1) / Genetical ly-modified crop (1)

BIZFHEBZEY (2) / Genetical ly-modified crop (2)

MRl OERI (1) / Implementing neuroscience (1)

IR RlFEOERI (2) / Implementing neuroscience (2)

BEEBHDHMED (1) / Smoking or not smoking? (1)

BEEBHDHMNED (2) / Smoking or not smoking? (2)

FEHEE - BEAOQMEIRE (1) / Public investment for space science and exploration (1)

[9] FHHY - BE~DLAWLIRE (2) / Public investment for space science and exploration (2)

[10] #EADF4 (1) / Earthquake prediction (1)

BENE - HEELEEFE [11] D F40 (2) / Earthquake prediction (2)

[12] B=EEROEIE (1) / Pros and cons of animal experiments (1)

[13] BEERDEIE (2) / Pros and cons of animal experiments (2)

[14] RIBRTORFEZEZHR/LHEDESM (1) / Is it meaningful to debate the pros and cons of the use of atomic bombs? (1)
[15] FIRIRTOREZHR/LDHEDENM (2) / Is it meaningful to debate the pros and cons of the use of atomic bombs? (2)

BAE

Japanese

HBRLAR— F0%RUFER (HF - BRADBME) 50% TREMIZHET 5.
The grade will be given based on the final essay (50%),and attendance as well as participation in discussions (50%).

RRARETAE 75 i

BHERUVSEE
E£: L HihR4t HhRE ISBN/ISSN BRFER
HEREMELCERD FEEEE AHEEAFHER 2013 978-4-8158-0728-3 BHE

BEURL

BRAFEEE LTHET 2BHEOREERART S L.
Read the related chapters of the textbook carefully both before and after the seminar.

RERRSNEE

BRIz C %,

By appointments.
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FEDFUICH EDCEFENAORL

Improving your English skills by learning lingfuistics
CORETIH, BRSE (HFE. BARLE) OBELEROBREXRT 52— MR (Wb D I3E) ) OMBBEBALIET, A ITESCEXDRE
MM EMXERDENZALSEL-ONDETE1T5. EAMNICE, BRELTORELAREOEETHICERLILET, TAICEDSOWTEEDHMEEX
DIFETS LT, FMARIEASIERTCRELCREORASENEN (VT50—) £HICDHHZEEBET.

REOBH - MERVER 5
EHE

In this class, you will be given lectures on the general rules that govern the syntax and semantics of natural languages (the so-called

“grammar” ) such as English and Japanese, and practical activities that will help you improve your own skills of logical reading and formal
writing of English. More specifically, you will be expected to learn how to read and write an accurate and sophisticated English that is formally
acceptable in academic activities, by understanding the grammar of English and Japanese and making practices of reading and writing based on the
knowledge

REOCBH - MERVER A

b3 ()

EMARICEA DI ERCRELRENIIA-r—23a VEENERICTDT S,

You will be expected to learn how to communicate in an accurate and sophisticated English that is formally acceptable in academic activities

CORETE., HEEH - BER - BREKRRZEM LT ILEN. SEFOBRINORTERLLEZ D LOOBAANEFETIHBICOVTORMP, KE
EEISOVTORENZ LLVUTORBMISOVTOMBRETL. TABITOVNT, RRKFEOFLSE - #H - N - PRI ESETEREREZY—RET D
DEPIZHRBFREE LTRBEL., ChOEDEXDFEMBP. CALOEXTEFEONIRRITIEDITS-HOMXEROEEREL LTS,

: BAGE - KEOER

- SEERSR

A=A shhBI L EBRENGOMNDI L
: BN L ATER O EARMELR LR S =Bk
RO —

- HEAHE - BIFRORE

| MR - BMRET - FRE

: REE

CTARG RFEEFTYT 4

AREE

: REODEH L BREOEAEH

: REORBHREAHALER. BABORTEALBRAEH
: WERR - AEEN - REXR

: 1ERIBE S BIE - ARIEBUARX
cBEOELEER

S A A4 4400 0NOOOPPON =

The grammar of the Japanese language is quite different from that of English in many respects, and that will prevent you Japanese from writing Eng
BENE - HRLEETE formal ly acceptable expression. The teacher of this class is a |inguist who is specialized in syntax and morphology and the other of which is spec
syntax and semantics. The teachers will give you several pieces of advice and know-how you need to be careful in writing English in a formal, acadq
context, including how English is different from Japanese

The materials for the class activities and assignments will be taken from various corpora that compile texts of spoken languages, newspaper articlq
academic articles, and so on, and you will use them to improve your ability of reading academic articles written in English and/or your own EnglisH
composition

This class will be conducted in Japanese.

. Introduction: The history of Japanese and English

: Linguistic typology

. Arguments and adjuncts /adverb

: Verbs and Prepositions: Their basic meanings and extensions

: You can see different things from corpora and from dictionaries
. The patterns of complements

. adjectives, relative clauses, and appositive clauses

! Passives

: Aspect and modal ity

: Subjunctive mood

. Phrasal verbs in English and verbal compounds in Japanese

: Adjectives and nominalizing affixes in English, adjectival nouns and formal nouns in Japanese
: Numeral expressions, negative polarity and measure expressions
. Information structure and inversion: cleft and pseudocleft

. Language change and language variation

=5
aa

RERIATSREDHE L HEKD LAR— FTREFET 2.

You will be evaluated by the grades of several assignments you will submit and by the term-final report

BHERUVSEE
£ HihR4t HhRE ISBN/ISSN BEHIER
HABEZERALTEREXE [BERS - ZFRNEGE) MESNERFELIRD 2020 978-4-8315-3013-4 BHE
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https://ling. human. is. tohoku. ac. jp/change/home. html (EEEZ1L - TEHERI=v ~)
https://clrd.ninjal. ac. jp (EZEHI—/RAR—4F)L)

https://www. engl ish-corpora. org/corpora. asp (BYU Corpora!) X k)
https://clrd.ninjal. ac. jp (EZEHI—/RZAR—4%)L)

http://www2. aasa. ac. jp/people/smiyata/CHILDESmanual/chapter01. htm| (CHILDES)
https://www. researchgate. net/profile/Yoshiki_Ogawa (ResearchGate)
https://ling. human. is. tohoku. ac. jp (EFET ¥R FMRMTBHEE)
BREDCHNRY SRR (RBOFBEEE L LTERAADERNLTHARIHEZTI L TRIDEXDER) CEET S,
FHROLKR— FEECERETS,

£ o)
BRERISNFE You will write in English the paragraphs the teachers assign to you (including a Japanese-to-English translation of article-style sentences and
paragraphs that we need to be careful of as a non-native, speaker of English) and submit them by a designated deadline.

You will also prepare for the term-final report.

WOTHEARETI AN, FAISTRA VR A FERDCE,

You can talk with the teacher at any time by making an appointment via email in advance.

yoshiki.ogawa. e3[at]tohoku. ac. jp
O

1ENORENBIL, 45BHOFEENELTINTEL > THEATHCLEREL LTVET, 1 BNOBRICHRELGHIFERMOBRE, T#% - FF) (2OLTIE1 5~ 3 OBMICE
EBSURERMNFE (PE-HELL) 30~16KM. FR, FERUVER [TOWTEFI3 0~ 4 5HHENEES S URERMNFE (FF - HELL) 1656~0BHTY.
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HEBELEEH . METALHREE

THE) HEEE EFHNENLGHETAEZONHELORR (ZOBKTOVRTL) ELTEET S, ZOC L&Y, BiEH - RERNLGBEREEHRENIC
qusgg’u\ FYBERHTRERVERICEUOT S, ERELGIORBEIC TR v IHEERR] THD. BEORRX (FF) . TR LOBREETOE
EThd,

SRDEN - BERUER 5 (ST
el b Ll il (2 EIAE) THAK. 77 A LR ETHRRMIS, Eo v SAAGERTHEH EDHMIEY . Google Classroon ERLT, 4254
VIO TYTLEALL N TYR) FF TH0TIU R 2laa0E S,

We will learn to see “society” or social structure as the process of interaction and its institutionalization (as a system in that sense). We wil
try to look back on our everyday practice reflectively, and make it more thoughtful. The basic standpoint or theory is the symbolic
interactionism. The form of the class is the reading and application of the text

The class will be conducted in face-to-face classroom, but we may use online support system of Google Classroom according to the situation. The

BEOEY - BERVER 5 class code is yayvlzx
=% B

HEZHETAL ZOHELORRE L TERET S,
BHZAEZENNCEEL, BROGEBRNEHIZHT 5,
THE|ETILOBER) £BMRL. A2 T 1 TEHRNEBREWHET 5,

TH*R FEIERGZAHED BN D, ROGFEEEMBCHARDE THL B,

1) FF&# introduction

1. BEME#2E everyday and the social structure

2. HEfTAREGMAE interactionism and the qualitative method
2) Bif

. BB L#RER language and experience

. #EMAT I —E4EEITA social category and interactionism
. BSER&E clinical study and care

. EEFELMHEEITAR disability studies and interactionism
BENE - HEELEEFE . ¥EEL EK story and meaning

Sa=4#— 3 @O/\Y— K communication hazaard

. BIR&EE reflection
. BHEEOF#EEEL dialogue between voice and ear

&
EF AZA3E Japanese

TEREPHRLKR— b, LERT : 3BE.
RRARETAf 75 %

BHERVSEE
£4 HihR4t HhRE ISBN/1SSN BRIER
BEEANEEY Db SDHRF [FIEA EEER 2016 4865000488

http://www. sp. is. tohoku. ac. jp/toku/sakuhin/book/2016sikikaku. html

BEURL

BHRICTFRANERATLDAAZEEYET,
Loaxid, DEELEBIORE - BH) . BEESIABECEEORE) . IEANAESR Lo THRLEY.
BRERBNEE FMEFERAE - BEHNER SN, FEMERJRY - BERNERERYETS,

BICHRITERA, A—ILTODTHERALETT,
http://www. sp. is. tohoku. ac. jp/toku/access. html

EFRFRREFEER BIRE M 2F0RB) OFBEICL - TE THEVATLRI ERYFET,
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BT 4 —IL KD —2 4% Introduction to the method of qualitative fieldworks

HERICBT2EMNAROEREFRCOVWTEVET, SMBEREMEHS. BHRECEERELEORRERA L LT, BRERDET.
SEEFBINECHELLES,

BERFERNIC THEI THVETH, T7ALRBELCEOHRDD. HBVEF v VRN ERTHL L EFEDHEH DT, Google Classroom THH
BEORM - BERVER 7 | EREESLXIER
EE

Tokugawa is the instructor of this class this year. Students will learn some methods and theories in sociological qualitative inquiry in
introductory lectures, and understand them through reading texts, and some practice of documents collection and observation in everyday life

The class will be held in face-to-face classroom setting, but we will also use online support system of Google Classroom.

REOBH - MERVER 5
&% (B)

1) BRBRRZEOERNEE, XA, BELBANEMTELLS51T4 S,
2) T4—ILFI—90f VA E1—%NSMEHR TEE TS IEBREENFIZOL,
3) AEDESILME, BEICOVWTERTED L5124 5,

Understanding fundamental perspective and method, and the significance of, the qualitative inquiry
Acquiring the fundamental technique and procedure of fieldwork and interview.
Considering on the morals and responsibility of the research act

LTOIRIZELES, BEBICODVWTDOTHRABLITEENRALBZYFT, BEOBRETEMEEIF—T7— FOGBAPLEBEROONFTT . FHRICETHARTIE
B LR—FHRENES,

. BHDIEAM
B
FEELTOIA—ILRE/—F
. R - FEENA VA E 1 —LABEDRE

SseoNoaRwON -~

L IRITST4—

. BRIRTEEI IS
CEFEREELI T FFRaAVE
e e | sk ) e e e L TFhYaY s UY—F
BENE - HEALEETE | GpEmE

13.Life History and Human Documents
14. Action Research

HAECTECBAWLET,
We use the Japanese language

FEEA (500 EFHRLAR— (G0 EHREMICMKLTHELET .
Attendance and participation, and the term paper
RRAEETAE 75 %

BHERUVSEE
E£: HihR4t HhRE ISBN/ISSN BEHIER
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BEOBEBICODVWTDTHRABLVEENREALBYFT,

RERREE

A—VETHER I FHFET,

BMELTHYSTHLTER FERBLTHY ET, IEIBICPDFELTEMLET .

We use original text written by the lecturer. It will be distributed in the first session as PDF files.
THMOIRERBR, 45BHNFEEZLELTINREL > THEBRTHCLERELLTVEYT ., 1HUDBRIRELLLFEREOBRE, #E - EE) DL TIH 15~ 3 0BMHICR
EBLURBREBENRZE (PF - #E4L) 30~ 15KH. ER. EERUERI ITOLTIF3 0~ 4 5HHOBES LUBRENMNEE (38 - EE84E) 15~0KHTY,
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T4—ILFI—HEF

IV ATAREAEEROREREENR LT .

- This course is open to graduate students in the Human-Social Information Sciences major

HLHE FEEB . &I BEA

FH EARBHERL

HEFUAYLY

PSR 20265 R T

"%

T4—ILFI—UFEE
Practice of Sociological Fieldwork

REEE

HERBCET 2ERNLERESFEZ T, HRFM I —ILFT—IDFE, EXITA VA Ea—, BEME, £/ 77 IMNAEGEICOVTESR, ZFEDY)
Y—FOEMH, BB, THA L, FE. BFALIIBMT S LRABIC. HREAR, FEMREBABOBR. Fib, KRR, ALV MBSOV TEREL, #RE
HIE. ARH/BEBICOVTERERD D,

AEEL. BESELDEBEHELAY . NPOICEHE T4 —ILKIT—0FFELTLVS,
?inWIM§&UEm:E + Google ClassroomzFALNT, BHO#XEZITS, V5 XA—FRBET7TFIRENB,

S CHETCOREEERET B, U541V TORBIE. KRITK > THES 5,
CEEBICBEITE TR —ORR. HDIVE (74— FIO—0% FT#) | ORBEEBEHLET S,

The course will cover fundamental methods of sociological fieldwork including qualitative inquiries, case studies, interviews, and monographs.
Students will participate in the process of developing research designs, preparing and conducting fieldwork, conducting interviews, and analyzing
collected data. Students will examine the position of sociological inquiries within the society as well as meaning of writing, representation, and
power to deepen their understanding of fieldwork and research ethics

BEOEY - BERVER 5 Aya Okada will be the primary instructor this semester. Fieldwork will be conducted around the topic of nonprofit organizations.

G B

2% ©® + This class will use Google Classroom for communication. Class code to be announced

+ The class will meet face-to-face. Online participation will be permitted only when necessary

- Enrolled students are expected to have had some experience of fieldwork during their undergraduate training or have enrolled and completed the
lecture “Methods of Sociological Fieldwork.”

REMLGBRICEICT—LFRT—VEREL, ETTEDLSI1ZH D,
Students will be able to design and conduct a sociological fieldwork

1408 TA—LRI—VOEHERE

*EEDAREMLHY FT,

Session 1 Course overview
Session 2 - Session 14  Preparing and conducting fieldwork
Session 15 Wrap-up

BREND - HELEETE

*Sub ject to change

FFITERE, KRICE-T, KEERZD LN DD,
= Mainly Japanese, but we will use English when necessary.

3

SEER (15%) ( TA—LFI—I~ADBMET 4 —IL K/ —YDER (60%) . FHRLK—F (25%)
- Attendance to class (15%), Participation to fieldwork and writing fieldnotes (60%), and Final paper (25%)
FRARRTA 75 %

BHERUVSEE
E£: HihR4t HhRE ISBN/ISSN BHHIER

BEURL

C 74— FOBMEN D, BRERBNCEB 2T EAHE0. FRAREAROLON D,
- Fieldwork may be conducted outside the class time. Flexibility is expected

RERRNEE

AXTI IV FhbA—)L7 FLREROHT CEBLCLZaly,

&)1l : http://www. sp. is. tohoku. ac. jp/toku/index. html
FEIM : http://www. sp. is. tohoku. ac. jp/oka/index. html
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s TO4— L RD—0% ZBEORE, FLHRHERNE, BEOIBFEZEELBAT L LD H 5,
« Students who have completed the course “Methods of Sociological Fieldwork” and/or those studying social sciences will be given priority.

BHEOREELGL, BELLHER - BXE. BRERIHETT 5,
- There is no single textbook for this course. Relevant books and papers will be recommended during class.
TE#% - ®E] [CDOLTIE15~3 0BREICE

THEHOREMBE, 4 SHEDFEELELTINTEL >THMT S LERELE LTVET ., 1 RMOBRICBHELLLFEREOBERIL,
EBSURERMNFE (PE-HELL) 30~ 16KM. FR, FERUVER [TOWTEFI3 0~ 4 5HHENEES S VRERMNFE (FF - HELL) 1656~0BHTY.
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REER 7 — LI

T—LERFERDOEIRMICGEALGERREZT S -ONEMTHS, ABBCRABFTNRELLIAMOBMHILERREEZSNT S TRHT—L1 £F5
IO — L, BREYS —L, BYIRLY—L, Nashigfl, #5345 —LZLHE. NashZSBE ENEAREEHEH DS 5. TORFZIBVTOLAEEZ. ¥—L
BROT vV REER/T 5,

SEEOREFAXRBICE>TITS. RBICLIHAREFLT SEIEHC2024FEICUNEK L -HFEICL SEBDEERMT 5,

Ei@ﬁm-ﬂ%&ﬁémﬁ

Game theory studies how several intelligent and rational individuals make their decisions. In this lecture, students will learn noncooperative
game theory, which considers the case that different players have conflicting interests and they interact with each other. I will introduce the
concepts of matrix game, extensive game, repeated game, Nash equilibrium, Subgame perfect equilibrium, Nash bargaining solution. Some applications
in economics will be illustrated for students to deepen understanding of the essence.

BEOEY - BERUVER 5 I use Japanese this year. | also provide my English lecture movies recorded in 2024 for students who expect lectures in English.
=% B

BiRwER BE
1. BAMOBRREESMTED
2. BAGHEBIEISATES

Some specific aims
1. To be able to analyze the decision making of several individuals

2. To be able to apply various equilibrium concepts

SEEDREIZIF00ogleClassromZEFEA L. BEDEEREBEEITA LS4 F2TIVEF) T,
1EE: 7—LERANDBRF
26 H: RS — L DR
3EE : BEFERORMY 7 — L
4 BB : XEHEE &SRS
S5EE : FTREBREFTHE~DEA
6EE : FvaEE
7EE: —RORRRYT—L4
8EE : RYUELT—L
9EE : [EAR: BERK
10E1B : FEHIERO Y7 —L
1MER : FERIERORME S — L
12|18 : ZXi$T—L4
1BEE: BhT—LER
14EIE: #ib 7 — LB
15E B L DA DE A GERE/ AR
RENS - HELEETE
We use Google Classroom. There will be 15 lectures as fol lows
. Introduction
. Strategic Form Game
. Extensive game with perfect information
. Dominating Strategies and Applications
. Application in Imperfect Competition Market
. Nash Theorem
. General Extensive Games
. Repeated Games
. Application: Optimal contract
. Games with Incomplete Information
. Extensive-Form Games with Imperfect Information
: Bargaining Games
: Cooperative Game Theory

. Evolutionary Game Theory
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15. Some Interesting Topics/Examination
BARE. REICLIERLFETIRBEI2014EEICRF L-REEZZDEEZRET S,

Japanese. | also provide my English lecture movies recorded in 2024 for students who expect lectures in Japanese.
RERABR (50, TERE Q0% CIREAOBIGE (HM - HEGE) (20%)

RRARETAf 75 3%

Final examination (50), homeworks (30%), lecture involvement (questions and attendance) (20%)

BHERUVSEE
£4 ISBN/ISSN

I —ILT—LERAM B AR F I AR 978-4532133467

BHIER
#HE

57— LIB5R (F7hR) AEE HER 2011 978-4641163829 SEE

BEURL

RERIBREICE>TEET 5,
RERRNEE

T4 RT7T— A —JLTHEEIS

£ - REMIRE
Z Dt
THHEDOIRENBL, 4 SHHOPEELELTINBTEL > THEATHCLEREL LTVET, 1HNOBRICLRELLLIFEHHOBRE, TH%E - &EE) [CDOWTIE156~3 0FRHICR
EBSUBERENFE (PE -HE4L) 30~ 158M, EFR, EERUERI ITOWTIF3 0~ 4 5HHNBES S URERMNFE (FT - HE4L) 15~0BHTY.
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SO NHERFVRAT LR

BEFDARS v JR FOEREZBEICELV . KERLALOI I ORFZORBREZFET S5, FEERLALEUTOEY

I (FRFBERMICECCLENTELG) ETLOLEHENTEENEETES
FBAEHRU—EHEETILERVEEMTOAEZEELCERLTWLS

RZORFEARHEERBICE UV LALEECHESTNS o, ERAETEARLALDIVORFREBEFHATHDLEMRET D,

BH., 20265 EDAREZEIL. Google classromZEALTAHUS A VU TREFTS, Z#AIIclass roont TEMINDIFEREH (/—b) TR, EFEHMPPTE
# TETFAERBREL CEEY 5. T0®%. BREEFELR— FERET S,
ChDDHMDONTIE, BEITH L TclassroomZiB#Hi$ 50T, FEFTvIT5I &,

Flo. REBROANETERET 5. HBRALE 1 AHABRTENT 5.

REOBH - MERVER 5
%

You will learn some fundamental micro-economics in this course. You are expected to be able to apply microeconomic theory when watching various
issues and data in the real world. Level of this course is standard for graduate school, and students participating the course are required to
understand microeconomics of undergraduate level

In 2026, this class is held online Google Classroom. Students can get notebooks and PPT or MP4 videos to study by themselves at the fol lowing
class codes. After watching them, submit homeworks and reports

ﬁi?sm BRRRUER 7 Please note that this course in 2026 will be held online using Google Classroom. Participants will study independently using the lecture materials

: (notes) distributed in classroom, as well as audio PowerPoint materials or videos as needed. They will then be required to submit homework or
reports
Details on these will be posted on classroom as necessary, so please check them

Only the final exam will be held in person. The exam date will be announced in the first lecture.

The goal of the class is to master the basics of microeconomics for writing master thesis in related issues and conducting practical microeconomic
analysis such as cost benefit analysis, empirical estimation, and general equilibrium analysis. For that purposes, the class teaches basic
theorems in microeconomics with detailed proofs, and how they can be used for evaluating welfare gains. Students also learns how to conduct
comparative statics analysis in generalized economic model even without anly specific functional forms

Introduction
. Utility maximization and cost minimization(®
. Utility maximization and cost minimization®@
. Comparative statics(: Envelop theorem and its application
. Comparative statics@:Slutsky equation
. Consumer surplus
. Production®
. Production®
. Cost function
. Monopoly
BREND - HELEETE - Oligopoly
. General Equilibrium®
. General Equilibrium®@
. Externality and Public goods
. TBA (Detailed explanations for the final report

BRADRE (50%) &mEHAE (50%) (C&£B (BRARLERITEEEEER)
Homework submission (50%) and final exam (50%) (Homework submission times are approximately 5 times in total)

RRAEETAE 75 %
BHERVSEE
HiR#E HhRE ISBN/1SSN HRIER
S ) OFFF EATHNRE EEEER
Microeconomic Theory, Mascol lel, Whinston, Green Oxford University Press

BEURL

BRAICRYMBE &

RERRIEE

YOTARMIELT, AV 54 U THBERES 5. A —LTT7RSI YV FERB &
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ER 2%/ Urban Economics

i - BIRICE T SRFFHOEMAN M ENTT SFMNE & L THIEFIY Regional Science) b5, EFF: - Mt - MBEFZEEBR LI HFHBEHTH
2, T TOEMORAFIE, TE] T SOMBMEERE LTORNE, ERPLATEE LTORWVCKEEIND, AHMBETIE, #FO7IO—FITER
EFBELGND. EHPICETIEELEBICOVTRBENICAERT 5. [FLHICHLMIBHR EvonThéuum] ;nen DREEETILEOHRETIVICHN -,
Alonso BE—diDETILERNT B, Ff. UEPFICETIHALT—TITO2NT, THMMASERNZLDOET. B - REEORAOREN SEBEBNT
%o

AEEIZBWT, ABREE (—8HA >S540 TRE) TEET 5. EF(EGoogle ClassroonTEHT 5,

REOBH - MERVER 5
%

Regional science is known as a field to study the spatial distribution of economic activities in cities and regions, and isbhased on economics
city planning, geography, and other related disciplines. Though the spatial aspect is indispensable, itsperceptions can be classified into two
categories: one is to treat “;countries” ; or “;regions” ; as discrete points, and the other is to treat them as the continuous figures
Basically focusing on the latter approach, this course introduces various issues in the regional science. After reviewing some of the redecessors
in classical location theory, such as the central place theory and von Th?nen’s agricultural land, Alonso’s onocentric city model is introduced
BEOEY - BERVER 5 This course also introduce variety of issues regardless of modern or lassical, and of theoretical or empirical

% ©® This class may be done onsite. The lecture materials (notebooks) distributed on the class room.

BREFLCETHIERMBOTRE. TELSEORNOER

To learn basic knowledge on urban economics, and understanding the main |iterature

EE I

(1) #eh EBOBFLBHORMK (2) HHEAIIHER : von Th?nen. Weber, il hIBEH (3) HELAIIHER : hotelling EFIL(4) Alonso EILT : HARE & 9L
#(5) Alonso ETIL2 : BAMERTICE 1T B LLEFH (6) Alonso ET)L3 : BIHERTIC S 1T B LLEE (1) EMIEI LI : Fujita & Ogawa (1982) (8) @RS
MOERE(9) MARROHE & FBERZ (10) BARFOREE : 74 FEBA LSBT A =7« FHB (1) BAEFOREL? - EHORF (12) BHEFOREIS : X5
BRAOFE (13) FARBSOEREET(14) BAEHSHECGE(15) FLoHELHR

(1) Introduction: agglomeration economies and emergence of cities(2) Classical location theory: von Th?nen and Weber models(3)Classical location
theory: Hotelling model and central place theory(4) Alonso model 1: basic assumptions and equilibrium conditions(5) Alonso model 2: Comparative
statics in open city(6) Alonso model 3: Comparative statics in closed city(7) Interfirm transaction and location : Fujita & Ogawa(1982) (8)
BERNE - HEEEETE Fundamental theory for analysing traffic cobgestion(9) Equilibrium city size and the developer theorem(10) Empirics in urban economics: bid land
prices and urban amenities(11) Empirics in urban economics: agglomeration economies(12) Empirics in urban economics: influence of trade costs(13)
Tax competition: Theory & empirics (14) Input-output analysis and CGE models(15) Review session and examination

Basically use Japanese for speaking but partially speak in English. Materials (ppt, handouts etc. ) are provided in English.

LR—F (50%) . BEFLIZNTRA L (50%)

Report (5 0%) . Small exam or homework (50%)
BHERUSEE
E=2 ISBN/1SSN

BHHIER

BEURL

RERMBIEE

ZBEENLDY VIR MG L TEERITS

Upon request. Please make appointment by emai |

BE/—FEEEL, BULEHNBORLBRERT L. /

Review the lecture notes after the class. Read the relevant sections of appropriate reference books.
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THEDOIRENBLE, 4 SHHOPEELELTINBEL > THATHCLEREL LTVET, 1HNOBRICHRELLLZFERHEOBRE, TH%E - &EE) [COWTIE15~3 0BFMICER
EB S UIRERMNFE (FE - BELL) 30~ 1 5FM. TRER, EERUER) ISOLTIE3 0~ 4 SHEDEREL S TERERENFE (FE - BELL) 165~0BHTY,
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HREH - BY AR SERHFER

fiE

FH EARBIERL

(=R AU
E 20265 EERITH

StE Y AT L5 H/Econometric System Analysis

BEICH T 2ERRICET 2R, BT 4N LREESNIBENH D, sTERFEFRF, COBMNISHLTHERLGFEZRHET 2, CORBTHE, SAEREFO
i, BLUEHHERFETILORER LI URED-ODERNLEFRCOVTHEET 5, EANICE, KEERETILOERERHRE, BEEZKE. EHE
#475. EEWECAEBEELZDEMFARBEETL. FOT—INEFEND, BE. BERICHEBCEIRECOVTHENT 570, /—k PC HBLF4ET
Ly k PCEHBSTHIENLEFELLY,

REOBH - MERVER 5
EHE

Various hypotheses regarding economic systems must be tested against the data observed in the real world. Econometrics provides powerful tools for
that purpose. This course focuses on econometrics and spatial econometric models, and discusses the basic techniques and problems associated with
the estimation and statistical testing. Specifically, basics of the linear regression models and hypothesis testing, the method of instrumental
variables, spatial weight matrices, spatial autocorrelations, and various spatial econometric models are included in the lecture. Installation and
implementation will be demonstrated in the lecture, and bringing either laptop PC or tablet PC to the lecture helps the understanding.

REOBH - MERVER 5
=% (B)

HERFFEZETIL. THHERFFOERENET 5, Tz, ZHHERFOFEAOHERICLIEEETVET —2OSMEATESL512F %,

Review econometrics and learn basics of spatial econometrics. Furthermore, implement spatial econometric models applicable to analysis of real
data.

i AAERFRLE

HHMRBERE T ERFOER )  ERAESLRN_FE
HHMRBERETTILEHEMER Q)  RINZFELEAIR=TILaTDOEE
HHEARHEIRE TIL L RPHERE )  RERE
HHMBBERET IV ERFNHER @) ETLBRENITR
HEAMRTERE TIL L BPHERG) : REMCIREESCE
ZERIME AR & ZREAHTH (1)

HIEBIER S X T L (GIS)

BB EMoran’s |

ZRMNBREERETIL

SARAR(1, ) ETILEZRNRRILT—4

TR E SEEORE

Ao XHfEt & ZREEZFE (1)

Ao XifEt & ZREERFE Q)

FEHERAR

$2%(ZI1%GoogleClassroom (# 5 RXAa— K Imbjfakt) #FALTEKET 5.

BEGRAMICHETERT 20, —HORXTAHUTIV FEEEZFATLHZENDH D,

AEEHETEET 5.

BRERNE - FELEETE

Introduction: What is econometrics?

Classical linear regression models and mathematical concepts (1): Basic concepts and least squares
Classical linear regression models and mathematical concepts (2): Least squares and Gauss-Markov theorem
Classical linear regression models and mathematical concepts (3): Hypothesis testing

Classical linear regression models and mathematical concepts (4): Model selection and biases

Classical linear regression models and mathematical concepts (5): Endogeneity and the method of instrumental variables
Spatial autocorrelations and spatial weight matrix

Geographical Information Systems (GIS)

Spatial autocorrelation and Moran's |

(10) Spatial linear regression models

(11) SARAR(1,1) model and spatial panel data

(12) Testing spatial autocorrelation

Bayesian statistics and spatial econometrics (1)

Bayesian statistics and spatial econometrics (2)

Review session and exam

The lecture is provided with Google Classroom (Class Code Imbjfakt)
The lecture is in principle given face-to-face, but some classes may given by on-demand video
The first class is given face-to-face

AREMIEETHERT 5. BRFEBBITRXETTS,
Lecture notes are in English. Lectures are given in English and Japanese

HRHAR, HER, BLIURFICBVTHENSRBORMEICK > THET 5.

Examination, class attendance, and homeworks in classes

BHERUVSEE
£ HihR4t HhRE ISBN/ISSN BHHIER

A Primer for Spatial G. Arbia Plgrave Macmillan 2014
Econometrics: With
|Applications in R
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BEURL

RERRIEE

THHEDORENBL, 4 SHHOPEELELTINBEL > TR THCLEREL LTVET, 1HNOBRICHRELLLZFEREOBRE, TH%E - &EE) [CDOWTIEL15~3 0FRHICER
EBSUBRERMNFE (PE - HE4L) 30~158M. EFR, FERUERI TOWTHI 0~ 4 5HHNBES S URERMNZE (FT - HE4L) 15~0BHTY.
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HRFH - BB AEH S EREPER

Department of Human-Social Information Sciences
HLHE

24 ERGL

HEFUAYLY

PSR

"%

iRREE Spatial Information Analysis
ABETHE, [EREER] OMABTFEEES. ERBRESE, ERMLGMAEC EE;ELT.T‘?&G) EEVL, BATOMIBOERENT - IBET 5 L THRALIER
EZEATVS. EHEROBEL LT, BRIMALGERBROEMAMICEAT 1ER [EBLE-—BOBRCEVTHRASAER HH0E TREAAADL
ENERMBRICEIERHFSNIFR OLS HOBBOBEENHY, TAThELLT7 TO—FICEEPHNBETHS. AFB TR, ThThOZMER
1B MBI FEZERL, TOHEMUR - HERZIBET S L2BMET S,

BROEN - MERUER 7 ML
%

7

This lecture covers statistical analysis methods for “spatial information”. Spatial information refers to information related to spatial
positions, and is useful for analyzing and understanding the actual conditions of cities and regions. The spatial information is divided into
three types: information on the spatial distribution of point events (e.g., facility location points), information observed at some points (e.g.,
temperature), and information compiled based on spatial units (e.g., municipal population). These data types require a different approach for
analysis. The purpose of this lecture is to master statistical analysis methods for each type of spatial information and to understand their

BEOEY - BERVER 5 similarities and differences.
=% B

The class will be held in face-to-face classes.

TERBRICET 2BRAGMHABMFEAEER/L, TOHEMUN - HEREIRET S LEANET S,
The purpose of lecture is to study the several statistical analysis methods of spatial data, considering their similarities and differences.

1 B ZRIEREN B

"

R

REROERSHARHT]

1-2 B 5% RO/ 4B - FO—+=&#E528]

3 B EZMRBEOETIV [CHERBE - K7 Y2 RiBE]

4 B RAMNE—DOFN [h—FIVEE - BahBIEREE - K BI%CE]

5 Bl RBEREROKRY [SEREME - BRI ¥ v U#E - FOR HIf#E]
6 B v bT—9 5T - BERSTA~OHRE

7T A REROEMASMENICET SREORE

. BEFEROZEMS AR

B ZRECHAEOHEE [Join HETE - Moran's [ #iEtE - LISA]

WREERETIVICEY B FiwE [0S - {AX - SEHRRM - RIAEE - HHTH—]

EHMESHEEOETIV (ZRERETIL) [(ZMBECEFKRETIL - ZRREETI]

ERMBECHEBEOET IV (ERBREETI) [(REMERNE - ZREBE - €IAUATSL - anNUA TS 4]
ERTFH - HE [REEETRETR - VX5 - O UFXUT]

EEMER-AVEMFROST MEONERR, BEENY MLEMI LY VY]

ZeREHE{E#HEET [GEV, Max-Stable Process - Extremal Coefficient]

15 B BHEFROZMIMRFTICET 2REORR, BLS, FFROELD

EER R R

. Introduction

. Analysis of spatial point pattern]
1-2. Tessellation [Voronoi diagram, Delaunay Triangulation]
3. Models of spatial point process [Binomial point process, Poisson point process]
. Analyses of point pattern [Kernel density estimation, Nearest distance analysis, K function]
. Spatial cluster detection [Multiple testing problem, spatial scan statistics, FDR-controlling method]
. Analysis of a multivariate process, a process on network, and a spatio-temporal process
. Presentation on data analysis of spatial point pattern

[I1. Analysis of spatial attributes]
8. Statistic of spatial autocorrelation [Join count statistics, Moran's I, LISA]
9. Basics of linear regression analysis [OLS, Maximum |ikelihood, Multicollinearity, Serial correlation]
. Models of spatial autocorrelation (Spatial regression models) [SAR, SEM]
. Models of spatial autocorrelation (Spatial process models) [intrinsic stationarity, second order stationarity, semi-variogram, covariogram]
. Spatial prediction (interpolation) [Best Linear Unbiased Prediction, kriging, cokriging]
. Analysis of spatial data without stationarity [Geographically Weighted Regression, Eigenvector Spatial Filtering]
. Spatial Extremes [GEV, Max-Stable Process, Extremal Coefficient]
. Presentation on data analysis of spatial attributes and summary of lecture

& FICHAE
Mainly in Japanese. Handout and brief explanation are in English.

EET—HERAVERITICETALA— FERR, BLU, BBEABICHT 2ERETHET 5.
Students are evaluated on papers and presentations that report the results of spatial data analyses, and homework.

RRARETAE 75 3%

BHERUVSEE
HihR4t AR ISBN/ISSN BHHIER

"’FEJT SETYOT-ZRMG MR, KRB F37 AR 2001 432012006X BEE
HEOLR (T894

HERIRET WEREHFAREE R RiR FAL R 2003 462709521X SEE

TREY: BREENOAN  |[EA Bl B BA HEEE 2014 4254128312 SEE
X *i)%ﬂ?‘—i’c* (#Ets17
Y=

Spatial Tessellations: Okabe, A., Boots, B., and Wiley 2000 0471986356 [Reference
Concepts and Applications of [Sugihara, K.
Voronoi Diagrams (Wiley
Series in Probability and
Statistics) 2nd edition
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Statistics for Spatial Data [Cressie, N. IWiley 2015 1119114616 Reference

(Wiley Classics Library)
Revised

Handbook of Applied Spatial [Fischer, M.F. and Getis, A. [Springer 2010 364242452X Reference
Analysis: Software Tools, Eds.
|methods and Applications
Multivariate Geostatistics Wackernagel, H. Springer
3rd edition

2010 3642079113 Reference

BEURL

BABHMEAVTTE - BEETHILP, BERCASIRRRICATTERT 2 EAVBTHIROONS.
Students are required to prepare for and review the lessons using the handouts, and to analyze spatial data for the presentations they will give

BEBRESN 2 during the lessons.

SERFHTH
Friday morning

SEE IR - KT LERMBMBEET S EAZELL.

Students are required to have mastered the basics of probability theory and statistics
THMOIRERBR, 45BHNFEELELTINREL > THEBRTHCLERELLTVEYT ., 1HUDBRIRELLLFERHEOBXRE, #E - EE) SOV TIH 15~ 3 0BMHICR
EELVIRERFNFE (PE - HELGL) 30~ 165KH, FR FERUERI ISOVWTIFI0~4 5HHNIRES L CIRERMNFE (PE - HELL) 1656~0KMTY.
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HREH - BY AR SEREFER. SRABBHEERK

fiE

FH EARBIERL

BMEFORNYVT
E 20265 FE R HA

STE1T#H# Quantitative Behavior Analysis

BHOMRDHIBEE AT LOEHEHLANICTHLT. TOTVRTFLORNBICHET 2BELDTL—V—OTHRELZETIIETHCENEL. ZOE, EF
WIZEEND RS A—2F, EAFLRIRATLOBRT—2 EAVTHETICES T Z2LEENAH S,

COMBTRE, BAOTHETILL LTRRWICEASA TS —RIEBBETILEL Y HIF. ETILOERNER. HE2OEE, HHAE. HEREROBRO
FEIZOVWTHRT B, BIZ, KBELEDU RV IZHT B2ANLRDOTENTERIEHRAT 5,

REOBH - MERVER 5
EHE

To learn theoretical bases, estimation method, application examples of the statistical models frequently used for behavior analysis; Generalized
linear mode! (GLM). Applications to risk related cognition and behavior will be focused.

REOBH - MERVER 5
=% (B)

HEAETILEZBREEH >TERLLL. T2 ZRAVTHALHEEL. TORRCOVTRRTEDLSICHD. TOHEERRICAVNT, ARDJRIITHT 55X
FRABEERTESLS12G 5,

Students will be able to formulate, to estimate on data and to discuss the result with confidence of statistical knowledge. That methods will be
applied to analyze human behavior, especially risk-related matters

HETBOFDERLIDOOHHFNERS
. BOHA &Rk E

. HERIBEET S E MEETROHETE

- HERIRET S & RERE

. BRSO REE RS &
. BRI~ ORI F DA
. —RAERETILAM

. R ETILOHE

. —RILBMETILOBRE

. BEEAREAETIL
1213 Y R BENETEDHT
15 RERRS

. Basic concepts of statistics and behavior analysis
. R language software and descriptive statistics
. Inferential statistics and estimation
. Inferential statistics and statistical test
. Linear Regression and descriptive statistics
. Linear Regression and inferential statistics
. GLM (Generalized linear models): Introduction
. GLM: Estimation Statistical tests
. GLM: Statistical tests
. Structural Equation Model (SEM)
.12.13.  Risk Recognition and related behavior
14,15, Presentation of their own topic application

BAAZERUZE:E Japanese and English

ZREDBHICEYEASELZHNT S TATADSEICLLEN, BBENBORBFETH 771 )L, Google Classroom 2BLCTAFTES.
Language for explanation will be selected depending on the class members. Materials including explanation video in both languages will be
delivered through Google Classroom

EEABTORRE LR— MZEYFHET 3

Presentation and short report on their own subject

BHERUVSEE
£ HihR4t HhRE ISBN/ISSN BEHIER

BEURL

¥ NTOT5 L%, &8, BRENRVATFTLETETLERT S Ffz, FEOBDICESNTT—<, T2 &BEL, BERICHIRITOE
. RROEFETS.
RERRNFE
Based on explanation in class, each student should select own topic and conduct statistical analysis after class. Presentation will be assigned in
the last two classes
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Materials will be delivered in Google Classroom, using the class code originally prepared for the Students in School of Engineering. Please
register on that classroom.

MELENZSL Google Classroom TEAY 5. EHRUFAEHDOELEDL, TEREMAOTBANClassroom=&iFS 5 &
THEORERBL, 4 SHEDFEELELTINTEL > THRTHCLEREL LTVET, 1HNOBBICHELLLFEREOBRE, TH#%K - &E) [COLTIE1 56~ 3 OBMICE
EBLUVIBEBRMNEE (FT - #E84E) 30~ 158, IR, EERUERI I2OVTIE30~4 SHEEOBES L UEBEBENSE (FE - BE4L) 15~0BMTY .
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HREH - BY AR SERHFER

HuHE

FH EARBIERL

BMEFUNNYUT

20265 EERITH

HRHIER

FEETIE TZHORFER) (COVTEICER, BEREAVNT, TEHI & 1222 T14T) EVS200BRA D, HEIATLERRT HHIECHBED
FHAERZERLEY, JYFZFLOGECEROBRMAHICOVTHERT 5, ZAMORFERIE, THZNER S FEHINERO 2 2ITKEHINE. Th
ZThOERMBMAA S OVNTRALRIS, BAGEEL TREROUKMBEAOBRIZOVTESR,

REOBH - MERVER 5
EHE

This course lectures the basis of contract theory. Using this theory, from the viewpoints of information and incentives, we discuss the reasons of
the existence of various social institutions and the design principles of better social mechanisms

BEORN - BERVER 5 The contract theory consists of “complete contract theory” and “incomplete contract theory.” First, we learn the basic theory. Then, we apply it
5;% [3) to the current topics of social issues.

COREOERTEIC ) THEHRI & TM0E2T471 EVWS2OOBRATHEOHIFENHBERBATEELS1CHDIE L, 2) ZRORFEROERNET
LORFHNBRERBATESLS5I1CHHZE, 2BET.

At the end of this course, students are expected to be able to 1) explain the characteristics of real social institutions from the two
perspectives of “information” and “incentives” and 2) explain the fundamental model of the economic theory of contracts

REOERHMEZNEDERTROET

The format of the course will be decided in the first class session.

20264 = ADGoogle Classrooma— K: RE

. AvrREs Yy
F—LERER (1) BEES—L, BYERLS—L
BE#E: aEVX

BAEEAE - SMNEBMEE O —RDEE

. BRI Ty YA KSR

TR ER—IL K7 FRIRE

. FEMROER

L R—Hy bk EER SRR

. BROBRMBERER Y —=2

. F—LERER (2) BEARS—L, FEHIERT—L
L YIFILY

A= var®

L F=02av®

L ANZZALTHAY (1)

L ANZZALTHAY (2)

O©CONOOODWN =

RENE - HEALEETE

Google Classroom code for 2026 lectures : unknown

. Introduction
. Game theory (1) strategic form, repeated game
. Property rights: commons
. Property rights: externality and Coase’ s theorem
. Bargaining game: Nash bargaining solution
. Land assembly and holdout
. Incomplete contract theory
. Adverse selection
. Voluntary disclosure and screening
. Game theory (2) extensive form, incomplete game
. Signaling
. Auction (1)
. Auction (2)
. Mechanism design (1)
. Mechanism design (2)

B

EREE o

EEMRE (LAR—F) ORETHET 5.
Grade will be evaluated by the achievement on take-home assignments
RRAEETAE 75 %

BHERUVSEE
£ HihR4t HhRE ISBN/ISSN BHHIER

v bTJ—%9 - KR -<—%4 v [Easley, D. and Kleinberg, J. |#3IHikR 2013 432012331X SEE
b RS ORMEEREEIC

DVTOHER
E TS Krishna, V. R EFA 2018 4502237612 SEE
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BEURL

T—LEBEROBEEZZBLIY, AFILRLOHHRECGAAZRFET S ELN

It is advisable to take a course in game theory or study introductory textbooks and applications on your own.
BERRISN IS )

ERECFHELE LT, REABICHART PEBICOVTIERRES 52 L.

Students are expected to gather information on topics related to the course through books and newspapers.

Friday, 15:30-17:00

THHEDOIRENBLE, 4 SHHOPEELELTINBEL > TR TS LEREL LTVET, 1HNOBRICHRELLLZFERHEOBRE, TH%E - &EE) [COWTIEL15~3 0FREICER
EBSUBERBMNFE (PE - HE4L) 30~158M. ER, FERUERI COWTHI 0~ 4 5HHENBES S URERMNFE (FT - HE4L) 15~0BHTY.
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PEREVAETE]

AR, ZOfh #BE

HREH - BY AR SERHFER

HuHE g EC

FH EARBIERL

BMEFUNNYUT

20265 EERITH

702z bR

BOFAEEETHCLEAMETH, BLLRLER - FAIERERMITHD,

REOBH - MERVER 5
EHE

BRE, BB, BE. BB, XL, 2. STERE, AR, BERREEOXXTOT ) MY #HR - BFIRETHRE TOURBFNFMICET 2BHREE

This course pays attention to the public projects such as constructions and improvements of roads, railways, ports, airports, dams, breakwaters
urban redevelopments, parks, and anti-disaster preventions. The objective of this course is to study the theory and practical methodology to
analysis the influences of those projects and to evaluate those from viewpoint of socio-economics. The main topic is cost benefit analysis

REOBH - MERVER 5
&% (B)

R E(Z[XGoogleClassroomZFIA (U 5 X2— Kiedbekd) . BEH, #0542 (VTINEAL) BHEETD.

E1E OAEOARHEEOEBLA#TOD ) MHEORK
F2E AHBEFFOER
BEREEATOLENE, BREESTOFIE
BREESTOMELRLE
— AT E T 2 BBEESH
Ya—rhy FER
SO HLBEFICH T 2 BAEHESH
EiEMTiS & N TES
HEWBESIROEZ A

BRABERDTIEE

THEETORBERES T

MRATE A

1li5%)

CWM ({83

CGELM T (RHEEMEIC & B —RRIOM 2 4)

BERESEATICET SFALOTER

ransition of Japanese public expenditures and the current project evaluation
Basic public economics

Necessity of cost-benefit analysis and its procedure
Efficiencies of cost-benefit analysis

Cost-benefit analysis in a general equilibrium framework
Short-cut theory

Cost-benefit analysis in a distorted economy

Direct and indirect markets

Social discount rate

Cost-benefit analysis indicies

Cost-benefit analysis in an uncertain world

Travel cost methods

CVM (Contingent valuation methods)

CGE (Computable general equilibrium) analysis

Caveats as to cost-benefit analysis

NN}
]EIEIEIEIEIEI

RENE - HEALEETE

R EE T T

EREE

BROEELZLR—F (58/0) , FRLAKR—F (25KF) / A simple test each lecture (5 scores/lecture) and the final report (25 scores)

RRARET i 75 3%

BHERUVSEE
B4 HhR#E HhRE ISBN/ISSN BHIERI
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IZEBROREANRICS CLEFENROLON S,

RERREE

A—VIZTEMES T21F5.

¥ v VIRADSDERBMEDIOIZ, 72542 (YFILEAL) #EHETS. Google classroom #F v o5 &.
THEORERBL, 4 SHEDFEELELTINTEL > THRTHCLEREL LTVET, 1HNOBBICHELLLFEREOBRE, TH#%K - &E) [COLTIE1 56~ 3 OBMICE
¥R L UVIBEBRMNEE (FT - #E84E) 30~158M. IR, EERUERI I2OVTIE30~4 SHEEOBES L UEBERENSE (FE - BELL) 165~0BMTY .
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Ed
&R #HE
HEFR - EX AR EEHEFEHFR / Dept. of Human-Social Information Sciences
iE 3 Bt
FH T ARIIEELL
HMEFURYLY
E 2026 FEATH

REER #ths=#R# / Urban Landscape Design

BURBEERL. BIETS-OOERNLEEL. FHOCYEERT H-OOERMLREEEESR,

REOBH - MERVER 5
EHE

OBJECTIVES: To learn a difference of urban philosophy between Western and Japan through the history. And, to learn a cognition mechanism of town
scape.

GOALS: Students should be able to explain or criticize town scape from the viewpoint of history and cognition

REOBH - MERVER 5
&% (B)

o A% vay

BRREBHTH A VFE (Pi1)

TR T YA VU FE (PiH2)

BEEERT T VB GER)

BAREHTH A U (hiH)

BAREHTH A OB (HiH2)

BASMH T U8 GER)

ERRER [EOE - BROE

ERRER RMBE - BSH

BHTHA DOBE MDA A— DML
FVIVTF—La VA& S A=

BHTHA OOBE —RAA—D

BHETHA VOBE ZRAA—D

BHTYA D OBE HEERSECA A—

BHTHA VFETLEVT—Vay (BR)

BHTHAVBETLELT—Yay (F—RUTHIY)

1 Introduction

2 Western urban design historyl medieval 1

3 Western urban design history2 medieval 2

4 Western urban design history3 modern

5 Japanese urban design historyl medieval 1

6 Japanese urban design history2 medieval 2

7 Japanese urban design history3 modern

8 Space cognition 1 environmental psychology

9 Space cognition 2 cognitive science, semiology

10 Urban design method 1 Image of the city and orientation
11 Urban design method 2 Primitive image of the street
12 Urban design method 3 Secondary image of the street
13 Urban design method 4 mage of the street network

14 Students’ Presentations on Urban history and design 1

15 Students’ Presentations on Urban history and design 2
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EEHRERICELYHT S/ Grade will be evaluated by students’ presentation

RRARETAf 75 %

BHERUVSEE
£4 ISBN/ISSN

BHIER

This syllabus is for “Urban Landscape Design” offered by the Graduate School of Information Science, but the classroom will be that of “Urban
Landscape Design” offered by the Graduate School of Engineering

COOSNARIEREFHAREFED (EHHRMH) TIHN. VSN —LFSTIEHREHD [BHRBH OLDEANEY.
Students need to prepare for presentations.

REFRESNFIE BFETLEVT—La VOEBIBETHD

1ENORENFIE, 4 5BHOFEENELTINTEL > THATHCLEREL LTVET, 1 BNOBRICHELGHIFERMOBRE, TH#%E - FF) (2OLTIL1 5~ 3 OBMICHER
EBSURERMNFE (FE-HELL) 30~ 160, IFR, FERUVER [TOWTEFI 0~ 4 5HHNEES S VRERMNFE (FF - HELL) 1656~0BHTY.
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E
HREH - TR AR SEREFER
BREARNPEY, R T LERMPEYR, EAKREPER

HuHE

o TARGERGL

BMEFUNNYVT

20265 EERTH

HEEBHEORE - & - MEFBEOIE - 41 - FMORICE, ERREEFECATLOET) VT ETNICEDIGFENIMDPRNELL. KBEE, TOEDH
DEANLGHMHEVRTIT VI BATOTERERBS D, JYERKMNICK FT, BE-@BfErY FT—7 - 70— (EBEHEOEIHN) , SLVIH - +
WFIARE BEHEOELE) ISHT IZENTHEETILEBAL, Thoh, RFUI v - F—LPEPTERMBEL L TH—MICKRBRTELILET
T ZLT, 2OHEAERVEETIUVEEOBTOHE7ILT ) XLBREORMUBTENREIND. 512, ChALOETILE—RIELEEESY—L
(population game) D#HfH & ERTEXMBOBERPL, #EILY—L - T4 FIHRITHIHEROREMICOVNT BEHEOENE) #HRd D

REOBH - MERVER 5
EHE

See the Google Classroom page for this course (class code: uoojdéb4)

REOBH - MERVER 5
&% (B)

See the Google Classroom page for this course (class code: uoojdéb4

[ 1. ZRHHEETIL, KE7—L EHFERXMNE ]
01 ZERMFEEINLENTHR

02 ZEHAEN & BB LMD R

03 £MY —LEENTERME

[ 11 @ AERERERY bT—2 - TR—0HES T ]
04~06 v bT—% - 7 O—DHEIHT
07 ZERMMEK%E MR MOMIRMZZH9%E) ST

[ 111 32 - TH0FIA - AOBEDHE ST ]
08~09 #ATAEEIM (LFIM) OB
10 R EHERBEOHEETHT TOILMIEIH

[IV. MY —LE#ELEAFZIHR ]

N ARFUIvL - F—L, REWT—L, EFFERX

12 #EEFAF 39 ADOER

13~15 HABELLFIAFTIVR - ETILEZTOMEE

BRERNE - HELEETE
[ 1. Spatial Equilibrium Models, Population Games and Variational Inequality Problems ]
01  Introduction to Spatial Economic Models and Variational Inequalities

02 Basics of Variational Inequality Theory
03  Population Games and Variational Inequality Problems

[ 1. Traffic Network Equilibrium Analyses ]
04-06 Traffic Network Equilibrium Analyses
07 Spatial Price Equilibrium Analysis

. Location/Migration Equilibrium Analyses ]
Residential Location Equilibrium Analyses
10 Location Equilibrium with Interactions among Firms and Workers

[ IV. Population Games and Evolutionary Dynamics ]

11 Potential Games, Stable Games and Variational Inequality
12 Basics of Evolutionary Dynamics

13-15 Families of Evolutionary Dynamics & Their Properties

Japanese (Lecture notes are written in English)

FRLA—F, BERLKR—F (BETZTORR) ITEYFHET 5.

R AE ST 5 % Students are evaluated based on the midterm paper and the final paper (with a presentation)

BHERUVSEE
£ HihR4t HhRE ISBN/ISSN BRIER
KEr v FT—7 OBEST- [LAHEERRZER TRE |tA%¥R 1998 4810602230 References

HHDER & fRE vy b7—0 ) HIRDNEER

Population Games and W.H. Sandholm The MIT Press 2010 9. 78026E+12 References
Evolutionary Dynamics

Transportation Systems E. Cascetta Kluwer Academic 2001 0792367928 References
Engineering: Theory and

|Methods

Urban Economic Theory E. Fujita Cambridge University Press 1989 0521346622 References
Economics of Agglomeration [M.Fujita and J-F.Thisse Cambridge University Press (2002 0521805244 References
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BEEURL Google Classroom (class code: uoojd6b4)
=3 http://www. plan. civil. tohoku. ac. jp/~akamatsu/MathUrban/sy| |abus. html

Google Classroom &% ~R—> (class code: uoojd6bd) [ upload § A EHRERB LV ERBEE TE - BRI H_ L.

RERRNEE

JKEER 15:00-17:00

HWEFEETY.

Google Classroom M4 5 X 3— K, FHREFHARE L IFAERHMTELIOTERL TSN
Y S5 AA—F : uoojdébd (IEREIFHZE)  6r6v335z (THEARED)
THEOREMBL, 4 SHEDFEELELTINTEL > THRTHCLEREL LTVET, 1HNOBBICHELLLFEREOBRE, TH#%K - &E) [COLTIL1 56~ 3 OBEICE
¥R L UVIBEBRMNEE (FT - #E84E) 30~158BM. IR, EERUERI I2OLTIE30~4 SHEEOBES L UEBERENAE (FE - BELL) 15~0BMTY .
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HREH - BY AR SERHFER

HuHE SRE 3F

FH EARBIERL

BMEFUNNYUT

FEEE 20265 EERITH

"%

REER AF4F7 22245 —Tavh

Wb ZEYFEATATRBENDECHILCERLL TGN T, ATAF7EBELOZI2=45—2a 0OHYAICEVTHREFEOERORMATIEHRBEL ENKG
W GREOEBNELCTWD, COEIBATA7 - 33224 —2 3 VICHT IREETHOERBICOVTERT 2LODA T« THEOERS L UHE
WEBNLEAD, ATA7 » A2/ —2 3 VRSB 2HE-4G7 TO—FORRERICOVTRT 5,

FELTH, BREFER. SLUBALBEALOSOOMEN 5. (1) BHELICOVTHEX M ARE S YEFT SLHOAF(7 - A52a=h—3>
PPN IR i ) iR AR 5. () WEHEICETAYO— UEEFORIMEE VS KERERDLE, BED AT 1 PHEITREDF SATLNSHMECD
i WTHEMZT 5, () WEHEIZETAXLHMBRYBEOOAT7 « 13 2= 41— 3 VROFEAREICONTHRET 5,

Recently, as media environment is radically developing, we often find extremely complicated situation in our modern global society. We attempt to
catch up these changes as well as find relevant methods in order to find difficulties and academic approaches to solve them

In this class, theory, methodology and case studies in relation to media communication will be considered as the main three approaches.

REOBH - MERVER 5
&% (B)

BMY HFEICE. FEOHREADICEHLENESHICRBIEIMT, AT 7HIBE) 2FISHTFTI LV,

Students are expected to, theoretically and methodologically as well as based on some case studies; - acquire basic knowledge and thought of media
communication study: - clarify certain problems media communication study has confronted under globalization and digitalization of media. - obtain a
new perspective of media communication study

RER. WEKEBIBLV4BMEBISTVET. KEBZIZEH. SHHEAHE. 4BMBER

1. )T oF—vay

(%] BEANROHRHA

(7] [&<hD2ATAT7 - R8T4—X (B2 | FBEFHEE. [AT 4 7XIEH @FETR) | SRED
2. B/ RREOBRE

[#R] AT«7&BFEAN?

AT TN PEHR, [BEAT 1 THEMN WA= R =2, R

o

[B#] [ATA47EARM:aza=y—Yavimn
3. B/ HRORKE

(B8] AT47&EXEHR

[B#] [HLFaFi-RET4—XAM: B EETORR] 2—F+—, G. ‘Encoding/Decoding’ Hall, S. Hall, S.
4. F—RRAT4 1

[BE] AT+ T7LME

(5] £ - K- "= [XEDFF-RR Fan=7 ) XLDORHE]

5. Hy—RRAT4 2

[BE] ATA4T7EKF

[B5] RAHF (ATATEHNLE=T 1 RERKRBRICET2EHRNBEL (HbLY )

6. 7—RRHAT4 3

CELERR IS S (R 4T 7 R

(%] )Y D —IN=FLT oty [AT 17 ERIFEOBEAR]

7. Fiki

[BE] ATAT7THROFELH/XOEESSH

(B3] (AT« 70FHK (F26k) 7—< - Fik - TR BAEXRE

TAF AT+ TS9O TAADMTE] KB AT 47 - TS5 T4 R BEZRA-THRAEEZ D] Kl - ERERR

8. #iE (%]

BEOFELYD LR—bF - T5UHK

This class takes 1 and 2 periods on Friday every 2 weeks. This class is made by 2 parts; 1 period is lecture and2 period is reading and discussion.
break time between 1 period and 2 period

. Orientation

. Theory: What is Media?

. Theory: Genealogy of Media Communication Studies
. Case Study: Media and Others

. Case Study: Media and Disaster
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6. Case Study: Media and Emotion
7. Methodology: How to Make Your Research and How to Write Your Thesis

8. Summary and Feedback / Presentation of Term Essay
BARE (WEIZH L THE)

i 333

HRLA—F 50%) BLUBREAOEHRE (50%)

AERTE A 50% of term essay and 50% of commitment

BHRERUSEE

4
FLSONBATAT - RS
F4—X
ATATRILH-ATA7EF |SREH HER 2012 978-4-641-12487-5
BAD f=H®D 15 5

ISBN/1SSN BRIER
9. 78462E+12

BEURL

BREXBOFEL L URRER

RERRNEE

*—)L<kuniko. sakata. d7@tohoku. ac. jp>IZTF7HRA > FERSTTF &L,

MEFETIZ [E<OhBATAT - RETF+—X (F2k) | FHTFHRE (2015) . BLU [A T« 7XIEH @i ] SREE (2012) ZAFLTHATEL
TFEW, MBICHBICHET 2HELT RAvavELET,

Ftz. BETIEClassromzERALFETOT, BET HH5E1E. BTEAICEHEELTTFIL,
WEAVITVT—2avid, 4A8HIC, SEIEBRBETIVET,

1EGORERBX, 45BEOFBELELTINTEZL>THEAT A LEZZEREL LTVEYT, 1HUDBEIILRELLLIFEHEOBRIE, T#EH - &Z) IOV TIE1 5~ 3 0BFMICHE

(L L VIRERBNEE (P8 -BELL) 30~158M. IFH, FERUERI ICOVWTIE30~4 5HHOBES S URERBN2E (FT - BELLE) 15~0BHTY,
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ABHESBERHNFERORFREERRET S,
HEFR - EX
This course is open to graduate students in the Human-Social Information Sciences major.

HuHE %

£ BER L

BMEFORNYVT

BSERE 20264 E %

TR R
Study of Civil Society

THR#AS) &3, BF (8#€04—) ©fF - his (Eflt/42—) CRRASID, #SMBEFROEEEET. ARB TR, BREIITEVTEHLER
BERELTWS IMR#R] CEBL. ThICHET2ERNOXBOBREZEL T, TOERLRREERMN DORAMICREFET 5,

REEFE, MRICE D [FfH CEBET S, [FfH EVWSTAEARDRATIRICAVLGNS IREr IS U—] ([ZEB LBREBNLT TO—FOaHENE
ERAIZOVWTEZ D,

?;‘#0)53’«] (EERRUER S B Google Classroomx AALNT. 1EHRDHLHE

e % 9 522A—FRBIETFTIVRT B,
CRHETOREEEREL, KRIZECTA

175,
34 VEHRT B,

“Civil society” refers to the realm of social interactions distinguished from the government (public sector) and economy/market (profit sector)
This course sheds light on “civil society” playing diverse roles in the contemporary society and explores theoretically and empirically its
significance and |imitations through careful reading of relevant literature

The topic of this semester is “giving.” We will examine the potential and limitations of an interpretivist approach to understanding giving,
BEOEY - BERVER 5 with particular attention to the vocabularies used to articulate why people engage in such practices.

p B

2% ©® = This class will use Google Classroom for communication. Class code to be announced.

= The class will meet in-person. Online participation is permitted when necessary.

BAMARICETS THRE#HR] ORENZOVT., ERHINADELMICHLEDIZEATE S,

Students are able to discuss theoretically and empirically the role of “civil society” in the contemporary society.

TE{t) IS 2BBOEE - RXEHRH, TARAhv2arT s,
FE1EICT, #lE)—T1 2T YR NERAT 5,

F1E REOHE

F2@E ~ F14E XBOHS

F15m FEH

*FEEOAREMEHYES,

BERNE - HEEEETE The class will read and discuss books and articles on giving behaviors.
A detailed reading list will be distributed in Session 1.

Session 1 Course overview

Session 2 - Session 14  Discussions

Session 15 Wrap-up

*Sub ject to change.

BABERE

Japanese and English

BRENTOHRE (30%) . FER~OEBHLZSM (40%) . BRLA— b (30

In-class presentations (30%), active participation in in-class discussions (40%), final report (30%)

BHERVSEE
E£: HihR4t HhRE ISBN/ISSN BHHIER

BEURL

BE, BROAXOCEREEHRH. BFRICTAAAVavTHIENROLOND,

ISEERIFE Students are expected to read assigned literature and to participate actively in in-class discussions every week.

Bk, CHLRBEA—ILICTHEHMDE (&L, aya. okada. e3 [at] tohoku.ac. jp (QEBEEME T EELY)

Upon request. Email your preferred date and time to aya.okada.e3 [at] tohoku.ac. jp (replace with @).
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THHEOIRENBE, 4 SHHOFEELELTINBEL > TR TS LEREL LTVET, 1HNOBRICHRELLLZFERHEOBRE, TH%E - &EE) [CDOWTIE15~3 0FMEICER
EBSUVIRERBNZE (FPE - E#E4L) 30~ 15KH. MER, EERUERI IOV TIF3 0~ 4 5HEORES LURERMNEE (P8 - #E84E) 16~0KHTY,
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HREH - BY ISABEHNEER. ARHRBEHRHFAER

HuHE —i&. B #—

FH EARBIERL

BMEFUNNYUT

FEEE 20265 R Y

RAERE

Cognitive science

AR EHET 2004 D= XALRCZNI-Hh S WBRE T 2 BBEET 5. B ARECE. VENEE. RANEHE. RNLVBEEARET 5.

Ei(bﬁﬂ'«] CBERVER A

7

The aim of this lecture is to introduce you to cognitive science. Cognitive science is a mixture of cognitive psychology, neuroscience
engineering, linguistics and philosophy. Our specialty is psychophysics, cognitive psychology and neuroscience. Therefore, most of the topics wil
be research works in those fields

REOBH - MERVER 5
&% (B)

ABOZMITIHHEOHEAZERL. TOLIGHREERAL-ONEROZAFEER/ISCLEERLET S,

The goal of study is to understand mechanisms of human cognitive functions, and to learn experimental paradigms to investigate these functions.

1. GBOER LT HHMEHEE
2. EE AT

UEDE>BTF—T T, BADESR UEENTOERHIE RN LA SIEE < ARGHOEEIZ 5 HH0A EERT 5, SETNEEEBCHET 5,
$2%(2(%GoogleClassroomZzFIAH (/5 Ra—FK )

BEEEREE. GoogleMeetIZk 2454 L EFE (https://meet. google. com/ )

BREND - HELEETE ) ) )

1. Perception as the basis of behavior

2. Perception and action

3. Multisensory integration

4. Perceptual plasticity and memory functions

5. Thinking and intelligence

Based on these topics, we discuss the underlying mechanisms with various experimental paradigms related to cognitive psychology and neuroscience
The details will be explained during the first class

LR— DR
Submission of a report

RRARETAf 75 3%

BHERUVSEE
E£: HihR4t HhRE ISBN/ISSN BEHIER

Basic Vision Snowden R, Thompson P, Oxford Univ Press 2012 019957202X BEE
Troscianko T

REIDER FEEBE - HEEFR - IIBF  |FEH 2010 978-4-641-05374-8 BEE
B - B

HMEDER 1 EAR HA4 TR 2019 978-4-7819-1452-7 BEE

BEURL

BETHVWSNRT—RI U FDRS A FEFDITREET SO, R34 FORBIIOVWTSEELREE/ > TLCERTH L,

12 XIS S We uses PowerPoint slides for this lecture, so understand the contents of the slides using the reference textbooks above
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THEDOIRENBLE, 4 SHHOPEELELTINBEL > THATHCLEREL LTVET, 1HNOBRICHRELLLZFERHEOBRE, TH%E - &EE) [COWTIE15~3 0BFMICER
EB S UIRERMNFE (FE - BELL) 30~ 1 5FM. TRER, EERUER) ISOLTIE3 0~ 4 SHEDEREL S TERERENFE (FE - BELL) 165~0BHTY,
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FHRERHNFZER, AT LBRHEER. AFHKERHEER. BRAERMZER
HREH - TR
Departments of Computer and Mathematical Sciences, System Information Sciences, Human-Social Information Sciences, and Applied Information

HEHE {IL 2#/. WAIDYASOORIYA HASITHA MUTHUMALA

o TARGERGL

BMEFORNYVT

FEEE 20265 EERTH

"%

®REER 83 R L/Highly-Reliable System Design

BRSO AT LOBEORBEICHT 2E5RE - BEBILEERT L-OOEREEHET 5. BANICIE, BEEOERES TRECHAICLYRBEZEET S
f=HDT+—L b LS M, BRE - BEEECATLOBREREGAIOVWTEEYT S

REOBH - MERVER 5
EHE

Fundamentals of highly reliable and safe information system design against faults and errors are presented in the lecture. The contents include:
basic concept on reliability, fault-tolerant technology using redundancy, and highly reliable system design methodology

REOBH - MERVER 5
&% (B)

AEEE, BDERBERAS M FEMEAVTITVEY ., BRERBREGoogle ClassroomZBEHEhET

CBRTLOBEBRLEOER - B#
CBRT LOEEEOER
CBRTLOBEBELHE

RV TBEERVEE
A E Ve OO

8 BUYRHASI

9. BYRHAS2

10. B Y BRH#FS3

1. 27 oz 7DEEHEE
12.27 bz 7 DEIEHEE2
13 @mFE £ AV ERERHI
14 @IBFE £ AV RERH2
15.8&8

RENS - HELEETFE

In this subject, you will watch videos and use slide materials. Class information will be posted on Google Classroom.

1. Background and Objectives of High-Reliability Systems
2. Edndamentals of System Reliability

3.D@sign for High-Reliability Systems

4. Réliability Analysis Using Markov Processes 1

5. iability Analysis Using Markov Processes 2

X iability Analysis Using Markov Processes 3

7. Railability Analysis

8. Efiror Detection and Correction Codes 1

9. Efror Detection and Correction Codes 2

10. E#ror Detection and Correction Codes 3

11. High-Reliability Software

12. High-Reliability Software 2

13. Kdomaly Detection Using Machine Learning 1

14. Kdomaly Detection Using Machine Learning 2

15. §immary

HRABOBM LAR— FEAVTHEEZTS.

Overall evaluation is based on the results of the final examination and reports

BHERUVSEE
E&: HihR4t HhRE ISBN/ISSN BHHIER
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BEURL

RERRNEE

HIEHT6:00~18:00 BFRBUAT L LRSS AE08 RILMRE.

Monday, 16:00-18:00
Location: Hariyama Lab. Room 308, ECEI Building 3

THHEDOIRENBL, 4 SHHOPEELELTINBEL > THATHCLEREL LTVET, 1HNOBRICBRELLLZFERHEOBRE, TH%K - &EE) [COWTIE15~3 0FREICER
EBSUBERMNFE (PE - HE4L) 30~ 158M. EFR, FERUERI ITOWTHI 0~ 4 5HHNBES S URERMNZE (FT - HE4L) 15~0BHTY.

110 /183



2025%F &

EREFERETS

HREH - BY BHRERHNFEY, DR TLRREFER

MEE BA. BEY X

EARBIERL

BMEFUNNYUT

FEEE 20265 EERITH

#%E

BX%rEE TEREFEHEEE /Mathematics for Information Sciences

BEMBPEZOLONEELRES, BTRUFOERL LTROLWLES, W, &8, TR RE REBR EFER L0 BROEEEEARRX, IR
B BRELEORHR, JI57EETERATEY, FREZOREVEREBSOTRERET.

REOBH - MERVER 5
EHE

We will learn fundamental mathematical tools for Information Sciences |ike as sets, mathematical logic, mappings,

mathematical relations, properties of integers, congruent equations, algebraic structures and graphs through exercises.

REOBH - MERVER 5
&% (B)

BEMBEOLONEELES, BFRUEOERL L TROLND

K& WE a8 TR RE REBR IEFER BLU

BHOHME L AR, FRE KRER JIT70RKBEEEREL
HEENTEELII1ZTD

/

This course is aimed at understanding fundamental mathematical tools for
Information Sciences such as sets, mathematical logic, mappings
mathematical relations, properties of integers, congruent equations
algebraic structures and graphs

and learning methods for calculation through exercises.

$2%(2(XGoogle ClassroomzFIFT 5.

FICHBEICK PIBEEERT 50, BEICKk > TlKGoogle MeetITk 24254 VIBELT I LELHHS.
BEH, PRTRA FEHETOREEFE.

1.&&50)
2560

B &R
=< 10)]

B2 10)]

- BEfR (1)
B2
CEROME )
CEROME Q)
10. BROMHE Q)
1. am=K 1)
12. R (2)

13. R#%R
149352
RENE - HEALEETE 15 £ EHEMETR b
/

1. Sets(1)

2. Sets (2)

3. Mathematical logic

4. Mappings (1)

. Mappings (2)

. Mathematical relations (1)
. Mathematical relations (2)
. Properties of integers (1)
9. Properties of integers (2)
10. Properties of integers (3)

11. Congruent equations (1)
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. Congruent equations (2)
. Algebraic structures
. Graphs

. Summary and Final examination
BAGE

LR—bF, DNTFRMBICEERTR M& YT 2.
FLCIIHEORETHRET 5.

RRARET 75 % /

Course grades will be based on reports, exercises and the final exam.
The details will be explained at the beginning of the course.

BHERUVSEE
B4 ISBN/1SSN
TREHRBEEDEEE LA B PEEPZE 978-4781912103

BEHIER

BTERRKR 1ERRE - BAAL PEEPZE: 2018 978-4781914206 BEE

BEURL

CRBEOFEESEIC, BEENHLTSERCEEET.
RERRSNFE HE BBV THEALALAETMELHERR TRREETIZHEL.

BERTICERRIEEL, HHABLES.

BREISEEEHALANLOERT 5. FLIPEOBRETHRND,
THEEORENBE, 4 SHMOFEEVELTINBREL O THRTHCEERELELTVEY, 1 BUOERICRELLLFERBMOBRE, [#ZE - HE) I2DL\TIE1 5~ 3 ORI
EBSUREBMNFE (FF - BELYL) 30~1 5K, TERR, EEFRUER) SOV TIE3 0~ 4 SHHEOREL L VRERMNFE (FE - HELLE) 15~0BHMTY,
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AHEEH -
FizE

2]
BMEFORNYVT

REOBH - MERVER 5
%

REOBH - MERVER 5
=% (B)

RENE - HEALEETE

TEEBATER. L7 LARATER

ELES

EARBIERL

20265 EERITH

BERE/Discrete Mathematics

BRCBITLAXEORINER-T. FALREOREEETES. TOORXORINER-THBBLLRBZONSICE T E2HEES (ES, RALREOREL
BRUFPELSETRERARTHAENY THL, AV E2—2T05 5 LOERI SRITHXENERLEREICENTL, RENLBELTILOICEETH
%o BBHEE. COLSTREBNGEROBREDU-HORKBELTEMTH S,

In this course, the student will first learn the notation for sets and logical expressions, which serves as the grammar of mathematics. Examples
in discrete mathematics and algebra will be given to solidify understanding of the usage. The ability to use proper notation is not only necessary
for learning modern mathematics but also helpful in writing computer programs and understanding and writing technical documents logically.

Discrete mathematics is an excellent subject for the training of logical thinking

BEOEABPSTHS THE, £E. TR ITOVTEREL, FUILEDHEI12H %,
EnIT, AL ZEEICLEBETLECEOMIBMTEZERT S,

Flo. EAGNEBEZRICL THHAREBEZRAERICLIDEDIAANTED L5124 %,

You will be able to understand and master the basic concepts of mathematics, “logic, sets, and mapping.”
In addition, you understand the concepts often used in mathematics based on these
You will be able to prove a proposition by accumulating simple logic based on a given definition

BHRICEIT A1EHRILL T Google Classroom [ZHBH#T 5. #H&EIL Google Meet ITKBVTILAA LT USAUBATIIZEEFELTL S,
All course information will be posted on Google Classroom. The lectures are planned to be live online via Google Meet.

iR logical expressions

21t S logical quantifiers

SFBAD$ki% proof technique (1)

SFBAD$ki% proof technique (2)

&R set theory

S£ADEELET cardinality and direct products
ZIERS{% binary relations

FEMERS{% equivalence relations

E1% mappings

10 B5f & 2£5f injections and surjections

11 B3 & HIEH Integers and rational numbers
12 2—% 1) v FOERRE The Euclidean algorithm
13 &R Congruence

14 £18= Polynomials

15 FXRI~ E#kE Formal power series

RELEEBTITO,
Lectures will be given in English.

BEOREBNLSN, BERVERHAR SMEBETERRICELEN S LZEOH) I12&5,
By active class participation, homework, and the final exam (only for those who failed to get enough points with participation and homework).

BHERUSEE

E=2 HiR#E HibRE ISBN/ISSN HHIER
REHECLIZLH: FIAED [(REE RRAFHES 2019 978-4130629232 SEE
f=®Ic

WELRANSROIBFOE [FE BB B ATt 2008 978-4535784721 BEE
B

%5 56 ROBABRE) |EH B BEEE 2019 978-4434756936 S
TI3v—¢ELT

&5 - 5B HE BFEOEKX [vBE— H37HAR 2012 978-4320110182 BEE
EES

Discrete Mathematics : Rowan Garnier, John Taylor |Boca Raton : CRC Press 2010 9781439812808 SEE
proofs, structures, and

Discrete Mathematics Norman L. Biggs Oxford University Press 2002 0198507186 BEE

BEURL

RERMIEE

EBREECLT

Homework assignments

FHICED
By appointments
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THEDOIRENBLE, 4 SHHOPEELELTINBEL > THATHCLEREL LTVET, 1HNOBRICHRELLLZFERHEOBRE, TH%E - &EE) [COWTIE15~3 0BFMICER
EB S UIRERMNFE (FE - BELL) 30~ 1 5FM. TRER, EERUER) ISOLTIE3 0~ 4 SHEDEREL S TERERENFE (FE - BELL) 165~0BHTY,
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BUAZRICH T HRRHER
R¥EBER

Causal Inference in Political Science

AREFRENHEY T FTHIREFEA L TBUAICHT A EAMEANBLRXERETELLSICADILEZERLELTVES, BIS. T2 Z2AVTAE
REREBET SDOILECRARERDAEEZERMICFVET, o, AFRLALORELE LT, LEHKHY I FERLOETANT HDOTREL, BOAE
TFHFECHENANA TS aVIIDVTENLS HBETHASMIZONERL TV IBENHYET, T, EETHAVIMAFECOVTHLRRELET,

PEFIFHOFPRHAZETL, THLSZHAONIL L TEREEZZEITILHNROONES, BETHE, PETEEIER L EFTHASIC OV TOERMLHA
BEORN - BERVER 7 ERE ol P S pl S
&

AHETEREAVTETZTVET, LHL, ERBECOVTIRS BREIXE O, ZEEETH Thttps://www. datacamp. com/| D& 5 41— ETRO
EZF#%{;F[;’JL"CE??&L’CU%C&’EEKDEI‘H—E«‘: LET, Ffz. AHBOKHEFIROtidyverseLStataliDBHELHY FT, BEIZ. ChOOEEITHLHE
LTWET,

The goal of this course is to enable students to write a master’s thesis using quantitative analysis on politics using R, a statistical software
program. Particular emphasis will be placed on the causal inference methods necessary to identify causal relationships using data. In addition, as
a graduate-level course, students need to understand how the methods and detailed options they use are calculated, rather than just running
statistical software to analyze them. For this reason, the statistical methods used in the practical training will also be explained.

BEOEY - BERVER 5 Students are expected to study the scope of the preparation in advance and clarify any points that are unclear before attending the class. In the
*;% [(3) class, both theoretical explanations and practical explanations using R will be given for the unclear points that each student faced in the
“ preparatory study.

In this class, we will conduct exercises using R. However, since there is no time to cover basic operations, it is assumed that students have
already mastered basic R operations through free courses such as “https://www. datacamp. com/”. There are also tidyverse in R and Stata versions of
the textbooks. This class is also offered to the users of these languages

1. BHBORBEAXOARKEROFEZAVEATRREERLGATE S,
2. HZHEBICH T AREENTIOI S L— FEHATED
3. REETERMERBOFEREAVNTT—E2AHHTE S,

Through this course, students will be able to:

1. understand and explain the results of analyses using causal inference methods in textbooks and English language papers
2. explain the code written in the R language in the textbook

3. analyse data using causal inference techniques in R

. A bkO&5< 3> / Introduction
. BRE1 1712 ROEBE / Textbook 1.171.2: Basics of R
. HEE 3 BABOIER / Textbook 1.3: Creating Functions
. HEELS  1EOEERIE / Textbook 1.5: Problem Sets for Chapter 1
. BRE2172.4 . ERT -2 ERVE-RREFROEE / Textbook 2.172.4: Identifying Causal Relationships with Experimental Data
. BRE2572.7: BRT A ERV-RREFROEE / Textbook 2.572.7: Identifying Causal Relationships with Observational Data
. HRE2.8: 2EDEERIRE / Textbook 2.8: Problem Sets for Chapter 2
. BREI N4 H—RAFE. 1EEDEH / Textbook 3.173.4: Survey Research, Summary of One Variable
. HEES 3.8 2ZEBDEHN. VS5XA2—5#7 / Textbook 3.573.8: Summary of Two Variables, Cluster Analysis
. HRE3 9 IEDEERIRE / Textbook 3.9: Problem Sets for Chapter 3
BENE - HELEETTE . BREL T L— T / Textbook 4.1: Loop Functions
. HEEL 2 BRASFTOERE / Textbook 4.2: Fundamentals of Regression Analysis
. HEEL I BRASFOEE / Textbook 4.3: Applications of Regression Analysis
. HEEA 4 AZOEERIRE / Textbook 4.4: Problem Sets for Chapter 4
. F & / Summary

AHETRE. PEDEFHEZERE L. BAREZE-XEETIEREZITVET . Class will be held in either Japanese or English depending on the proficiency
of the students.

1. {%REE / Class participation : 40%
2. #iKLAR—+b / Final report : 60%

REDOBEL, BHICHEBEERAI—FEETL. RHAREZHEICL TRECBATVLSD, FLZOMORENOEZICEAMICRYBATNEINERE
POERGETECTHRELET,

* Classroom performance will be assessed by confirming, through in-class questions and discussions, whether students have read the textbook in
FRAEETE Ak advance, executed the code, clarified any points of confusion beforehand, and engaged proactively in in-class exercises.

FHIERAR—A—F, BAOBELDOHIBARROT 4 EAVTREFE STAM LD, 74 T7ORAIMEEL T—IOT— R CE SV FEDBRROE L)
& MTOERS EEEICRAMICTHLES,

* The final paper should present an analysis conducted in R using data on a political phenomenon of the student’ s own interest. It will be
evaluated comprehensively based on the originality of the idea, the appropriateness of the analytical methods chosen in relation to the theme and
data, and the accuracy of the analysis

BHERUSEE

E=2 Hi R HibRE ISBN/ISSN HHIER
Quantitative Social Science: [Kosuke Imai Princeton University Press [2017 978-0691175461 HEE
An Introduction

HEHZOODOT—E A |SFHEN R 2018 978-4000612456 HRE
M (k)

Quantitative Social Science: [Kosuke Imai and Nora Webb Princeton University Press 2022 978-0691222288 SEE
An Introduction in tidyverse |Williams

Quantitative Social Science: |Kosuke Imai and Lori D.
An Introduction in Stata Bougher

Princeton University Press [2021 978-0691191089 BEE

BEURL https://press. princeton. edu/student-resources/quantitative-social-science
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REOFZEFHEOHHELHA. I—FEETL. ECTANLBL LA, HEHVFEMAZHEEICT S, (90%)
FENBEMOANCHATELLALTERTETCWSINERT S, 30%)

HRLKR— b EEDH D, (605)

= oy

BRREFRIS S * Read the textbook section assigned for the next class, run the code, and clearly identify where you became confused or what questions arose.
minutes)

* Confirm that you understand the material at a level where you could explain it to someone else. (30 minutes)

* Work on your final paper. (60 minutes)

(90

1ENORENFIE, 4 5BHOFEENELTINTE L >THEATHCLEREL LTVET, 1 BNOBRICRELGHIFERMOBRE, T#%E - FF) (2OLTIL1 5~ 3 OBMICE
EBSUBRERMNFE (FE - HELL) 30~16mM. IFR, FERUVER [TOWTEFI3 0~ 4 5HHNEES S VRERMNFE (FF - HELL) 1656~0BHTY.
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AT LI ]

JKEETRR, 7KBEE2[R BE

HREH - BY

HuHE BA E—. FH RA

FH EARBIERL

BMEFUNNYUT

20265 EERITH

FESZFLELTARY FERY LIF, MENICHIET 52-O0FECOVTHERT 5, EARNICE, ORY hFXITIX, ORY FISAFIHR, €U
VU TFT=RTFIOFXICOVTHHRL, EDaTAY—RIRTLORBEBELEZHAT 5, FRECEIHHEERT IBRREMELT, 1 A—DEY
. EMRALIE, ERERERY LFT. REOTOTSLRETEVRARNL—2aVvERZA B OERT .

REOBH - MERVER 5
EHE

The aim of this lecture is to obtain the basics knowledge and to know the latest trend for intelligent control systems
Lectures on robot kinematics, robot vision, and feedback control theory will be given. Lectures on building blocks for robot vision systemssuch as
image sensors, image processing and visual tracking will also be given.

REOBH - MERVER 5
&% (B)

ORy FOKIEAE. ERLELE TOBAGEEZANTEETELNEDT S,

Google Classroom class code:

RENE - HEALEETE

&A English

RRARETAf 75 %

BHERVSEE
E£: EL-E] HihR4t HhRE ISBN/ISSN BHHIER

http://www. ic. is. tohoku. ac. jp/
BIEURL http://www. ic. is. tohoku. ac. jp/"swk/lecture/
http://www. cat. csiro. au/cmst/staff /pic/vservo. htm

RERMIEE

FEEF (BRICA—ILTTRA Y FERL>TLESLY)

Please make an appointment by E-mail.
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NEEH - ER BREREFER, XA TLRREZER,. ABULXEREFER. TABBRHNZER
isE £E &
FH EARBIBEEL

BMEFORNYVT
E 20265 FERITHA

& A T« 7H &M Information Media Education

AEBCTE. BEIFENHFOS>5, BRATA 72 5ALEBERAEZICEFEHLVETITONT, EBREEBOBANOBERERRLET, FEX, EFEEIC
BHFBZTIN—TEHEEL, HREFORIEOCATMEDRENKECHL 5T HBISOVTERMICEELET, REREYIHT L VWEE Y — LOBRTFED
BRENCIMUMTIEN, HBEEVIT—RICHT D=V I T7F Y T4V ADFHEEECTHAEAE OV THENRAICMAFREHRACEVTEELES. &
B. FEA T« 7TEBEFICET 2HARWGFEFEIMDAEL,

REOBH - MERVER 5
EHE

This course deals with new learning in the information society using information media from the perspective of theory and practice in the field of
educational technology. Through group activities in each class, students explore the impact of the evolution of information technology and
artificial intelligence on education. Students engage in hands-on design of new learning tools and teaching methods, and learn about evaluation
methods, including learning analytics methods related to educational big data, from an informatics perspective in addition to an educational
perspective. The research expertise of the students in information media education and other related areas is not required

REOCBH - MERUVER A

=% B

) BHREMOERICEAEFERNDEIL. ROLNIEADEILICDONTHRATES, /To be able to explain changes in |ifestyles and required
abilities due to the advancement of information technology.

Q) A*TATOEESLI-TEERECHER) TSI V—OEBRETOBERDHYHITDONTRETE S, /To be able to propose the transformation of
educational methods and information literacy brought by changes in the media and how they should be developed.

@) S—=FT7FUT4 Y RAORERFEIZDONTEHBETE S/ To be able to explain the research methods of learning analytics.

4) HEMEARTIERPMBERICI>THE - FEXEBEVRATLIZDONTHRE LIZBETZ %/ To be able to design and propose teaching and learning
support systems from an educational and informatics perspective.

GoogleClassroomZ FIf LIREZHE®H S, Google Classrooma— K : p3beeTm

BREBEICONTE, EANISHE LT SH, HEIOFBRFECKIZCEREZEDORKRICIS CTHETL, BH. ClassroomTHRY %, BEFLEHL, HHIC
toru. nagahama. a700@tohoku. ac. jpl=* —LF B2 &, ZBEICLH>THEEEFTT S BB, /

The class will be conducted using Google Classroom. Google Classroom code : p3bee7m

The format of the class will be basically face-to-face, but will be determined according to the situation of the COVID-19 and the students
situation, and instructions will be given in the Classroom as appropriate. Students who wish to take this class should send an e-mail to

toru. nagahama. a7@@@tohoku. ac. jp in advance. The content may be changed depending on status of participants

A)IToF—2 32/ 18 Orientation
BEIZOWMERR L AHEESE/ 2. Research fields of Educational Technology
BEAS - BEELEETE REDHRIZEZZETENSD S BICHIZfHT B EHeH &IXfA/ 3. What skills should students of the future society acquire now
R BEIZBITEAT4F7iER (1) / 4. Media Use in Education (1)
BEIZBITEAT4F7ER (2) / 5 Media Use in Education (2)
HBEAT 4 T7DIRE()/ 6.Proposal for Educational Media (1)
BE AT 4 T DIRE2)/ 1.Proposal for Educational Media (2)
BET—2 M ERE (1) / 8. Educational data analysis and visualization (1)
BET—2 M ERE (2) / 9.Educational data analysis and visualization (2)
S—=V5TF7FI)T49 & (1) / 10. Learning analytics (1)
S—=V5TF7FIVT49 R (2) / 11. Learning analytics (2)
S—=V5F7F)T49 R (3) / 12. Learning analytics (3)
BE - FEXIBE AT LREEHE(1)/ 13. Presentation of teaching and learning support systems (1)
HE - FEXBE LR T LREEHEK(2)/ 14. Presentation of teaching and learning support systems (2)
F L/ 15. Review
BEEBAEBETITOS,
Lectures will be given in Japanese
BELDAA®YILI L aVBEBERT. . FPRCEIRBATRRIOVTILEVT—LavERD D,
L TN oA A THES 5, /
Resume and reflection assignments will be required each class. Students will be asked to give a presentation on their final results at the end of
the semester. Evaluation will be based on the sum of these scores.

BHERUVSEE
£4 ISBN/ISSN

BEHIER

BEURL

BAICEEETR - BHTILENH S, BRISEELA— FEFCRYBTBENHD. T, FRPROTLELT - a v 0EFEERERMNTTILENH
%

1D EBRIS Students are required to read or watch the assignments in advance. Students are required to write a report after the class. Plus, students are
required to prepare for presentations at the end of the semester outside of class hours.

A—VIZTHEBERITHTT 5,
Accept questions by email
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CORETIE, FRICEIS/AVIAUAHY, 1V E—F v MEREN TSI EZ2FTRET B,

BEOBMBEA VI LT—2 3 U THMICHEAT B,

FHEBREIFEDOIILI V3V ERBET 5, FHMRICEREBHERECOVTILELT—2 3 v ERD D,
BETEIN—TI—HVELTHORBELDT A AN YL 3 VORRAREEEEERT 5, /

Students should take the class with a computer that has the Internet connection.

The outline of the lecture will be explained in detail at the orientation.

Each student will be required to submit a reflection paper after each lecture.

At the end of the semester, students will be asked to do a group presentation.

Group work will be conducted in class, including discussion and collaborative editing tools with other students.

1THUOIRERBR, 45REOFBELELTOINTEZL - THBBTACLEZBELLTVEYT., 1BUOBEICLELLZLIFEREOBRIE, TH#H - T ICDOL\TIE1 5~ 3 0FMICE
EHIUIREBBNZE (FT - BELLE) 30~ 158, MER, FERUERI SO0 TE30~4 5HHEOBES S IRERBNZE (P - AELL) 15~0BMTY.
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BRUTS—FEA

HREH - BY AR SERHFER

8 A #B—

FH EARBIERL

(=R AU
E 20265 EERITH

& ') 75 ~—%REA/ Practical Information Literacy A

gfgm FELTARMBHE. HEBUARRE. A7 7THRBLBE. RV, FRUTSV—BETATSLICHRET H2EEHREL. BRI T o—DORR
F5

HTHEDHIHN, BEMIC, FHBEIZIE LT Google Classroom HLALVS,

REOBH - MERVER 5
%

This course provides an understanding of the information and computer |iteracy for beginner students of “Human Information Sciences”, “Socio-
Politico Information Sciences”, “Socio-Economic Information Sciences”, “Media and Information Sciences” and “The Information Literacy Education
Program”.

Classes will be conducted principally in face to face, but we will also use Google Classroom when needed

REOBH - MERVER 5
&% (B)

AEETHE. BRI TI>—0EREZES,
This course provides an understanding of the information and computer |iteracy.

CARBETE, IO, T—F, RO—RAU FEVSERNLY 7 FORAZ, 5. XEiRE. XEER. T2 0E, BRLE, webfER., TFX T A
=V, TLEYT—YavDRAFILE, ERY T O—DEBEES,

CBRELEE 2HAADETTS.

CBENBIFEEDONV I TSSOV RICSELTERSNDEANH D,

- BEERATHET b,

CELVREARESYERERICHEAT 5.

= In this course, students will learn the fundamentals of information l|iteracy, ranging from the use of basic software such as Excel, Word, and
PowerPoint to skills in literature search, document creation, data processing, image processing, web creation, text mining, and presentations.
BERNE - HEEEETE - The class will combine lectures and exercises.

- Course content may be adjusted according to the students’ backgrounds.
= The class will be held every other week.
- Detailed schedules will be explained in the first session.

HZ:&/ Japanese

REREEREANOSMBEICE OV TREMICSFHET 5, FEFEOFHMIC OV TRIAERERICHAT 5,
Based on the assignment evaluation and attendance in class. Detailed schedules will be explained in the first session.

BHERVSEE
E£: HihR4t HhRE ISBN/ISSN BHHIER

BEURL

IEEECESRECK C-ERIRDOOND,
LR— MIBTREDZ &,
BERBNEE

ROTFLRALLKED T IR=JCA—LT FLARBHYEFTOTIFALES L,

*TI74R7T7— yuichi.wada. e1@tohoku. ac. jp

http://www. sp. is. tohoku. ac. jp/toku/access. html

R - RERHIURE

Z Dt

121 /183



20255 E

THEDOIRENBLE, 4 SHHOPEELELTINBEL > THATHCLEREL LTVET, 1HNOBRICHRELLLZFERHEOBRE, TH%E - &EE) [COWTIE15~3 0BFMICER
EB S UIRERMNFE (FE - BELL) 30~ 1 5FM. TRER, EERUER) ISOLTIE3 0~ 4 SHEDEREL S TERERENFE (FE - BELL) 165~0BHTY,

122 / 183



2025%F &

HREH - BY AR SERHFER

8 A #B—

FH EARBIERL

BMEFORNYVT
E 20265 FE R HA

BEER &8T5 —%FEB / Practical Information Literacy B

thi#g\ ;I:AK&%%@B}?&EWTEQB}%EEN%I: (LB2Ah, WPBOHAREREORENRZBLEALES) . T A IVADERMBLEAFILOE
BEEMET D,

BE(IpythonZ AV THRAGHBFEERRT SRERATT S,

REOBH - MERVER 5
EHE

This class is mainly for graduate students studying Humanities and Social Sciences (0f course, graduate students from all disciplines are
welcome!), and provides a broad experience of the basics of data science
The class will be conducted in the form of hands-on training to experience various types of machine learning using Python

REOBH - MERVER 5
&% (B)

TFT—AHAIVADMSELT, T—EHA TURICET HEBAMBE. T VAT VREZEOORRTERT 2LONERRFILOBEREHET, /
As a first step in data science, this course aims to provide students with basic knowledge of data science and basic skills to utilize data
science in their own research

X Z OB Tl&Google ClassroomZ A L THEBEHLBBERERELET.
ClassroomlZ7 Y &AL, ¥5X3—F (TBA) ZAALTAUN—FFEL TS,

This course uses Google Classroom to inform you of lecture materials and lecture information
Go to Classroom and enter the class code (TBA) to register as a member

ABREFIVFEDLCARBEICTITIFETT .

BRELTIBREL., FRULHARRBORNERETY,

This class will basically be held face-to-face

The classroom where the class will be held is a small lecture room on the 5th floor of GSIS building.

AREFA US4 THOBMLBHET

T oS54 o8mni5E. ClassroomDGoogle Meetd ) U IZF7 U R L TLEELY,
Online participation in this class is also available

For online participation, please visit the Google Meet link in Classroom

ABPEOZHEERI LTS AIL. BdillZGoogle Classroom 1277 R LTAUN—BEEHELLET,
MERERXI0A6E (A) 2FELTHBYET.

EARMEEDHAIZDNTIE, Classroon DR b1 —L (8RR [CHBEINDT7FHIURESBLTIESL,

If you are interested in taking this class, please go to Google Classroom and register as a member in advance
The first class date is scheduled for Monday, October 6th.

For specific instructions, please see the announcement posted on the Classroom stream (bulletin board)

REBRE (XEYHAREMSHY)

. AvrREsYaY
L TAYAL I URADT=HDPC (Python) BRIFHE
. T—AYA IV RADERE (Part 1)
L TAY A IO RADERE (Part 2)
BENE - HELEET . T—AY A ITURADERE (Part 3)
. WEPEOER (Part 1)
. WEPEOER (Part 2)
. WP T OER (Part 3)
. WEPEOER (Part 4)
. WP ERE (Part 1)
. WP ERE (Part 2)
. WP ERE (Part 3)
. BHPERE (Part 4)
. WP ERE (Part 5)
. IMETOLEaL—LKGE. ERXES

Schedule (Tentative)

. Introduction

. Setup PC (Python) for Machine Learning
. Basics of Data Science (Part 1)

. Basics of Data Science (Part 2)

. Basics of Data Science (Part 3)

. Basics of Machine Learning (Part 1)

. Basics of Machine Learning (Part 2)

. Basics of Machine Learning (Part 3)

. Basics of Machine Learning (Part 4)

. Machine Learning in Practice (Part 1)
. Machine Learning in Practice (Part 2)
. Machine Learning in Practice (Part 3)
. Machine Learning in Practice (Part 4)
. Machine Learning in Practice (Part 5)
. _Review and discussion

Japanese & English
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REBEOREL b VITREADOSMEECESWTRENICTHES 5. FHEAEDCEMIC DOV TIIHMERERIHBET 5.

Based on the assignment evaluation and attendance in class. Details will be announced in the 1st week.

RRARETAE 75 3%

BHERUVSEE
£4 ISBN/ISSN

BHIER

BEURL

RERRIEE

AEREFICHAT B

THHEDOIRENBL, 4 SHHOFEELELTINBEL > TR THCLEREL LTVET, 1HNOBRICHRELLLZFERHEOBRE, TH%E - &EE) [CDOWTIE15~3 0FMHICER
EBSUBERMNFE (PE - HE4L) 30~158M., EFR, FERUERI ITOWTHI 0~ 4 5HHNBES S URERMNZE (FT - HE4L) 15~0BHTY.
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HETOET U VY

HREH - BY

e RA BHHF

FH EARBIERL
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HETWET U VY

Statistical modeling

THEMERT ST S oEHCHEREHE LRBRRICRITIMAVET ) VJ1E, BREE, HEBZORLKBAFTLALLAS,
FHEETHE, BROMAMET Y VT OERERANLMOT, EEOEMSHBUBEEET T —2H ONEMICHEREMET 5-ODORRLETILORER, £
TLDNRSA—LOEEE TLTREGETILORRECEET 5. 48, PHOEROBERHOMBETRET 5.

REOBH - MERVER 5
EHE

Statistical modeling is widely used in various fields of natural and social sciences to extract information from data and to solve problems. In
this lectures, we will start from the basic theory underlying statistical modeling of phenomena , and then focuses on (1) how to set up flexible
models, (2)how to estimate parameters of models, and (3) how to select optimal models in order to efficiently extract information from recent data
with complex and diverse structures

Background knowledge on elementary probability and statistics are required

BREOEM - BERVER A

b3 ()

HEAETLOERNLEEZA DN S,

Understanding the basic notions of statistical modeling

- #2%(Z(XGoogle ClassroomZFIFHT %
- RiERE . £8%E
- EETFE

1. Fil

ERETIL

FEARFERE TIL

779 ETILFHEEAE, ERE

10711 SESMIT ERE, FRE, X/I—IXETIL)
12714 BRET—EDEOHDETI VT

BENS - AELEETE [N

Introduction

. Regression modeling

. Nonlinear regression modeling

779. Model selection criterion, Regularization

10711 Multivariate Analysis (linear, nonlinear, sparse model)
12714 Modeling for high dimensional data

15. Other topics

1.
2

EEE R T
Lecture is basically given in Japanese, with additional explanations or material in English for foreign students

&

LiR—+

RUAEETE 7 % report

BHERUSEE

=2 iR H R4 ISBN/ISSN HRHFER
Introduction to Multivariate [S. Konishi CRC Press 2020 9780367576134
Analysis

EZ3 0 NEEE] HREE 2010 9780367576134
Information Criteria and S. Konishi and G. Kitagawa |[Springer 2007 9780387718866
Statistical Modeling

TERERE NEEE], JE)IREER HEEE 2004 9784254127829
Statistical Learning with T. Hastie, R. Tibshirani and [Chapman and Hall 2015 9781498712163
Sparsity M. Wainwright

AN—REEEICEBHMEET |IHFF—, WHFE BEE  [HIHk 2018 9784320112575
vy

HEETIER FEJREHE] BEEE 2012 9784434167393
[Probability: Theory and R. Durrett Cambridge University Press [2010 9780521765398
Examples, fourth edition

Generalized additive models [Simon N Wood Chapman & Hal | 2006 1584884746

BEURL

REERSEE

https://www. math. is. tohoku. ac. jp/arakilab/

BEET 5 XBNEE

Study of relevant papers or books

A= EIZ& > THEEFFH

By appointment. Please send me an e-mail.
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HREH - BY BRERHNFER, AT LABBHEER. AFHKERHPER. BRAERAZER

HuHE [

FH EARBIERL

BMEFUNNYUT

20265 R Y

SR DR & KR

BREFORIMRORMELBME L TIBE, ChETHALIEHNEHAOMBRRICONFASATVSD., AHNEROBZETRELESATVS,, £H5C
L THEDRZEDEKRDTE1T5. EARMICE,

1. FHMORFRCHEALRELERDNEDL S ICEEDORIBTENSATLEINEHS,

2. RIEETOBRACEEOREL AL CTHANBEBELLE>TLEINEH S,

= o b a0 oAbl O FARECEME L L TOESHERERMEDN 5FA,

b3

HENE BB A MLERIRERHEARBOR—LR—JIZBHT 5.

Lecturers are engineers invited from industries. Students learn how what they have learned so far can be used to solve real-world problems and
what is needed in practical situations, whereby meaningfulness of their daily studies is understood

) How the principles and theories learned in undergraduate and graduate school are applied to the front lines of business.
) Trends in advanced technology and actual problems that arise at the corporate level of practice.

BEOEY - BERVER 5 3) How to build one’s carrier as a researcher or an engineer learnt from senior engineers.

i )

%% The lecturers and titles are posted on the Graduate School of Information Sciences website.

2026FMNHLHFEEMYET. HEETOLR— MRHERFHITERA.
HENE BB A MLERIRERHEARHOR—LR—DIZBHT 5.

The lecturers and titles are posted on the Graduate School of Information Sciences website.

OGoogle Classroom
$2#(21% Google Classroom ZFA (¥S5Xa3—FK: )
Classes will be delivered on Google Glassroom (Class code: )

OBEDEMRLE

73540 (ERHFHAREEFERE) FLEF 07100 (VTFLE2AL)
US4 VERFA IS4 U DBREEEDELEMLD

Google Meet IZFIMAE T Zoom #FIAT S

£15EEHDEREB 16852050 5.

20264108028
20264108098
20265108168
20264108308
20264118068
20265118138
20265118208
202651182780
20265128048
20265128118
20265128188
20264128258
20274015088
20274018158
202740182280

RENE - HEALEETE

B 7;&/Japanese

EREE

FHEIEABRANRICEAT SEEDLAR— MK 2TITVET .

5% 2 WAR Evaluation is done based on essays concerning the topics taught in this lecture.

BHERUVSEE
B4 HhR#E HhREF ISBN/ISSN BHIERI
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RERRNEE

. FRICA—LTERL TS

O

EBSUBREBERNARE (FE - ®EGE) 30~ 1 58,

THHEDOIRERNBE, 4 SHHEOPEELELTINBTEL > THBATHCLERELLTLET,
TR, RERUER) [SDOVTIE3 0~ 4 SHHOERES L RERMNFE (FE - EELGLE) 165~0BHTY,

THUDERICRELGHFERMOBXE, TH% - EE (O0TIH15~3 0RMIZR
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A B Ea—T— 28

HREH - BY AR SERHFER

HuHE

FH EARBIERL

BMEFUNNYUT

20265 EERITH

BT 4 —IL KD —2 4% Introduction to the method of qualitative fieldworks

—2—RAORETY, E5THBVER. TT—ILFT7—9H1 ERRL TS,
B REMAEROEREFRICOVWTREUFET, SMEGEMEHHA. BHRKCARRRUEOREEHADS LT, BRERDFES,
“EmL

EX
BEEERNC THE] TTVETH, IJ7MLEELEOHBDO. HEVEF ¥ U AANERTHEI L ESEEDH DA DT, Google Classroom THA >
FAURIEEEDET,
fiiwﬁﬂ'«l CBERVER B

Tokugawa is the instructor of this class this year. Students will learn some methods and theories in sociological qualitative inquiry in
introductory lectures, and understand them through reading texts, and some practice of documents collection and observation in everyday life
The class will be held in face-to-face classroom setting, but we will also use online support system of Google Classroom. The class code is
sbthm4 j

REOBH - MERVER 5
&% (B)

1) BRBRRZEOERNEE, XA, BELBANEMTELLS51T4 S,
2) T4—ILFI—90f VA E1—%NSMEHR TEE TS IEBREENFIZOL,
3) AEDESILME, BEICOVWTERTED L5124 5,

Understanding fundamental perspective and method, and the significance of, the qualitative inquiry
Acquiring the fundamental technique and procedure of fieldwork and interview.
Considering on the morals and responsibility of the research act

LTOIRIZELES, BEBICODVWTDOTHRABLITEENRALBZYFT, BEOBRETEMEEIF—T7— FOGBAPLEBEROONFTT . FHRICETHARTIE
B LR—FHRENES,

. BHDIEAM
B
FEELTOIA—ILRE/—F
. R - FEENA VA E 1 —LABEDRE

SseoNoaRwON -~

L IRITST4—

. BRIRTEEI IS
CEFEREELI T FFRaAVE
e e | sk ) e e e L TFhYaY s UY—F
BENE - HEALEETE | GpEmE

13.Life History and Human Documents
14. Action Research

HAECTECBAWLET,
We use the Japanese language

FEEA (500 EFHRLAR— (G0 EHREMICMKLTHELET .
Attendance and participation, and the term paper
RRAEETAE 75 %

BHERUVSEE
E£: HihR4t HhRE ISBN/ISSN BEHIER
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BEOBEBICODVWTDTHRABLVEENREALBYFT,

RERREE

BRSPS A —LE TR FTES,

BMELTHYSTHLTER FERBLTHY ET, IEIBICPDFELTEMLET .

We use original text written by the lecturer. It will be distributed in the first session as PDF files.
THMOIRERBR, 45BHNFEEZLELTINREL > THEBRTHCLERELLTVEYT ., 1HUDBRIRELLLFEREOBRE, #E - EE) DL TIH 15~ 3 0BMHICR
EBLURBREBENRZE (PF - #E4L) 30~ 15KH. ER. EERUERI ITOLTIF3 0~ 4 5HHOBES LUBRENMNEE (38 - EE84E) 15~0KHTY,
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Information Technology Fundamental

5

HREH - BY BRERHNFER, AT LABBHEER. AFHKERHPER. BRAERAZER

e \LE . BH #

FH EARBIERL

(=R AU
E 20265 EERITH

Information Technology Fundamental

KEBETEINA A A0 TAI T4V RETHRMEBNT 5. BEITHZ, EBEHTS.

REOBH - MERVER 5
%

This course introduces techniques related to bioinformatics. In addition to lectures, practical exercises will also be conducted.

REOBH - MERVER 5
&% (B)

This course will equip students with an understanding of IT fundamentals and cultivate practical skills that can be used for a variety of
applications, including research. By integrating theoretical concepts with hands-on exercises, this course ensures students have the experience
needed to start using tools immediately while having the foundational knowledge needed to rapidly learn emerging technologies

Google Classroom Code :

Thursday, 16:20-19:30
1

28
04
1
18
25
02

RENE - HEALEETE 09

Assignments 40%

BHERVSEE
E£: HihR4t HhRE ISBN/ISSN BHHIER

EEURL FTRTDBREEFHOERILGoogle ClassroomlZBHEENET,

RERRSEE
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English Communication

HREH - BY

HuHE =

FH EARBIERL

BMEFUNNYUT

20265 EERITH

Business Level Reading and Listening

REOBH - MERVER 5
%

“The objective of this class is to acquire reading and l|istening skills that can help students succeed in various business environments. A strong
emphasis will be placed on reading and writing for the TOEIC test. There will be a strong focus on new vocabulary acquisition, increased reading
fluency, and improved |istening comprehension. Through regular reading and listening exercises students will improve their business English

Google Class Code of the present class is as follows: XE
REOCBH - MERUVER A
=% B

“1. Develop vocabulary and reading skills that enable students to read TOEIC text fluently and accurately
2. Build ability to understand spoken and written English in English without translation into Japanese
3. Gain insight into reading comprehension strategies

4. Develop ability to understand main idea of author or speaker

“This class will utilize TOEIC practice tests as the primary material to help improve students reading and listening skills. Increasing reading
speed requires improving vocabulary skills. Students are encouraged to ask questions at all times. A strong emphasis will be placed on in-class
interaction between students and the instructor

Guidance * Importance of Input - What is Extensive Reading - What is the TOEIC?
Basic Reading and Listening Skills and Strategies Development (Stage
Basic Reading and Listening Skills and Strategies Development (Stage 2
FIRST TOEIC TEST
Basic Reading and Listening Skills and Strategies Development (Stage 3.
Basic Reading and Listening Skills and Strategies Development (Stage 4
BERNE - HEEEETE Basic Reading and Listening Skills and Strategies Development (Stage 5
Basic Reading and Listening Skills and Strategies Development (Stage 6
Basic Reading and Listening Skills and Strategies Development (Stage 7.
8
9
1
1
1

Basic Reading and Listening Skills and Strategies Development (Stage
Basic Reading and Listening Skills and Strategies Development (Stage
Basic Reading and Listening Skills and Strategies Development (Stage
Basic Reading and Listening Skills and Strategies Development (Stage
Basic Reading and Listening Skills and Strategies Development (Stage
SECOND TOEIC TEST

"33 (00%) R UE AR (109

i English(90%) and Japanese (10%)

“First TOEIC Test: 20%
Second TOEIC Test: 30%
57 2] Rate of Improvement: 20%
In-class Participation:  30%

100%
BHERUSEE
E=2 EEB HiR#E HibRE ISBN/1SSN HHIER
/2A=X TOEIC Listening & Educational Testing Service |EBECHRaIa=4—> 3 2017 978-4906033515 EEHHE
Reading hL—=24 JyR= PaES
TOEIC L&RT R + THHEER 1Ny H—XEBFHER TRy 2016 978-4872179736 EEHEE

Y —F 4 > J700f8

BEURL

“Students will be expected to study for 1.5 hours/day for this class
Students are encouraged to read articles in English newspapers or online news websites such as CNN.com, or The Japan Times.”
RERRNFE

“The best way to contact the teacher is by email.
Email address: samukunster@gmail.com”
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HREH - BY BHRERHNFER. AT LBBHEER. AFHKERHEER. BRABRAZER

HuHE I R

FH EARBIERL

BMEFUNNYUT

FEEE 20265 EERITH

"%

B2% BEILEoT—3> / English Presentation

ZOYSATIR. NRMLBTLELVT—2avORBERTIZ VI 28HBT S, FER.

1) B By 5 ST AHI08DTLELT—S 3 L EHE. R, BEUERT 5.
st b L) 11500 A 111701 T LT —S 3 SORBEMNT, HHLT, FELET,

TLEUT—a v atBT S EEITBBEN-—XEER/T DA ELRHT HMENHE LSBT T7IC
O.TAAVED M AV R—D AV BEQRANBT VvV LBHELET., oI, BRMICERL

BYLLLERBLES, Ff RT1505—
=Y. BEICEX YT 2RELHYES,

This class will allow students to master the techniques necessary for giving effective presentations. Successful students will be able to

1) plan, write and deliver an approximately 10-minute presentation on a technical topic

bk J0)=[RW Y R0S= 3o 2) | isten to, analyze and evaluate contents of presentations given by others.

b3 ()

Students will consider needs of their audiences when planning and designing a presentation, and practice how to refine ideas to be “worth

sharing.”

Students will also practice basic techniques such as body language, eye contact, and intonation. In addition, there will be practice in

You will give three presentations:
1. Practice 1: A short self-introduction “with a purpose.” Practice connecting with audience and making eye contact
2. Practice 2: Talk about a topic of personal interest. Practice explaining something people don’ t know. Practice using photographs in slides

3. Final: Talk about a technical topic (preferably related to your studies)

Apply the lessons of the class to your own work
? You will prepare for these presentations using storyboards and/or outlines

? You will also observe classmates’ presentations carefully, ask questions and give comments. You will discuss topics, plans and storyboards with
classmates to get their thoughts and help them with their preparation. Your participation in these tasks is part of your grade

? Introduction & Orientation - Review Course goals
? Watch and analyze model TED

? Discuss and prepare Self-Introductions - How to introduce yourself to a group

? Practice Presentation & Evaluation - Present a self-introduction
? Watch and analyze model TED

? Discuss & prepare presentation about a special interest

? Practice Presentation: Present about special interest
ENS - HiEEEETE ? Review TED talk tools

? Discuss and prepare final presentation outline

? Review and discuss principles of good slide design, and use of props
? Review more TED talk tools

? Discuss final presentation outlines:; develop slides; rehearse in groups

? Final Presentations - Present to class

? Review of course

Materials distributed through Google Classroom. Classes conducted through Zoom as needed

English. (AAREHLHLEICHELTOK)
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calculation:

40% - quality of final presentation (see Rubric below)

30% - quality of practice presentations

30% - Preparation and Glasswork. Based on teacher observation and workbook submitted

through Google Classroom

Rubric for Evaluating Presentations:

Content 70%

? Has a clear theme and “throughline.” The talk is about one clear idea.
RUAEETAE 5 %

? Connects with audience at beginning

? Is clear and comprehensible

? Demonstrates why topic is important ? “makes me care”
? Ends strongly

Delivery 30%

? Eye contact

? Strong, expressive voice

? Gestures, timing, coordination with visual aids

? Finish on time
BHERUSEE

=2 EER HihR 4t HihRE ISBN/ISSN

BEHIERI

https://ideas. ted. com/storytel | ing—is—a—powerful-communication-tool-heres—how-to-use-it-from-ted/

BEURL https://www. ted. com/read/ted-talks—the-official-ted-guide-to-public-speaking

https://www. presentationzen. com/

TLEVT—YavOBRETIZVIIIDOVTHRT (Kb biRESI-EH)
TED =V DRAZHT. TS
TLE T a v e %KT

RERRSEE

WBICRA SN D A —ILIZTER,

EL

EL

THMOIRERBR, 45BHNFEELELTINREL > THEBRTHCLERELLTVEYT., 1 HUDBRILRELLLFERMOBRE,
EBSUBRERENFE (PE - HE4L) 30~ 158M. EFR, FERUERI ITOWTEHI 0~ 4 5HHENBES S URERMNFE (FT - HE4L) 15~0BHTY.

Ts#% - ®E ) [CDOUL\TIX1 5~ 3 OFMICHIE
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ERER AT LEE

#BE
HREH - BY AT LBEREFER. ABUARBEBREER. BABEREERK
ek AT BE. NG E. R MOEE BF.RE EAE PX

FH EARBIERL

BMEFORNYVT
E 20265 FE R HA

BEER EBRERVRATLEFE

EHFERORNADELL FSILETT (ONA-RNA—Z VR0 BE) SR> T, BIIBERTH LY / LEEH SEBEOREDENFTHL 2 VIV BEAL, EGEENT
AL (XFFIER) HDT7FEY (AR BIREERER) ~EEboTLCBRIZOVTIEZESTRHFL T, BEFLALTIE, BEFEEE T0
E—4—@ITEE L TXFIFEROBTFECOVTRFEL., RNA LANLTRBETFORFREFERBTEZEC CHET -2 ORTEHRBT 5, -, 220 HL
NLVTREBERBFICEELIAEET -2 (SRTBET—42) ORWVICDOVTREHRT S, 7ILTUXLZOLOLY K, EHEROERESSHAEICSVTHE
REENRLTRBNEREBOTRHET 5.

REOBH - MERVER 5
EHE

This course provides an introduction to the fundamental concepts of biological information science. We will explore the flow of biological
information along the central dogma (DNA — RNA — protein) and the transmission of genetic information from digital (sequence information) to
analog (three-dimensional structure information of proteins)

The course will cover the analysis methods for sequence information at the gene level, including gene structure and promoter analysis. We will
BEOEY - BERVER 5 ahoﬂmMememmeofmmﬂglMthWﬁtMaMWHsﬁgmeﬂm%ﬂmIwﬁiMmmﬂmatmeMAMWyAMHmmHywemH
2= (F) discuss the handling of three-dimensional structure data, which are important for functional expression, at the protein level. Throughout the
course, we will emphasize the role that information science plays in the understanding of biological information and its practical applications
rather than on the algorithms themselves

(3221 (XGoogleClassroomZzFIA (¥ 5 X3— K : yqjwozp) ]

EWERR T LRF L F@H?

7/ LEIZENMNTLSIER

BRI O & BRI
BIZFOHETOE—2 — @
BIEFRREMRN

BNy BEEF A ?
SLAEED LI S HIED b OHEET R
HIE - HEEIER & S TFHEED TR

ERZAVA LR ]
HEEAT Y FO—0 LD TR
VAT LEYFEAM

)Lt LRNABRAR

NAFADTATT 49 RIZE T HAIOER
RENS - HEALEETE

Introduction to systems bioinformatics
Introduction to genome sequence analyses
Sequence similarity and homology search
Structure of genes

Promoter analyses

Gene expression analyses

Introduction to protein analyses

3D structure of proteins
Structure-function relationship
Molecular function prediction
Protein-protein interactions

Interaction network and cellular function
Introduction to systems biology

Single cell analyses

Al application to Bioinformatics

BAGE (R34 FR%EE)
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BETO LAR— FEHERDOTR b EHHE THET 5.

REEE A % Written examination and a few reports

BHERUSEE
E=2
NAFAVTAITAIR

BHHIER

ISBN/1SSN

PP

BN ERERT OO0/ [HEiEE
AAAVITAITAIR
NRATAVTARTAVRER |BEANAFTAVTHITAIR
¥R

B2 Y B REEAPTREEA [BiEE

CEENMAAVIFRTAY

Introduction to Protein Car [-Ivar Branden & John
Structure, Tooze

[Prediction of protein Janusz M. Bujnicki

structures, functions and
interactions

http://www. sb. ecei. tohoku. ac. jp

BEURL
http://www2. sb. ecei. tohoku. ac. jp

RERREE

BE (HoMLOEHRLTFEEERT S L)

THHEDOIRENBL, 4 SHHOFEELELTINBEL > THATHCLEREL LTVET, 1HNOBRICHRELGLZFERHEOBRE, THRE - &EE) [CDOWTIE15~ 3 0FMEICR
EBSUBERENFE (PE - HE4L) 30~ 158H., R, FERUERI IOV THI 0~ 4 5HHENBES S URERMENFE (FT - HE4L) 15~0BHTY.

138 / 183



2025%F &

BRERANFER. AT LBRAMYER. CABRRAER

I EX

EARBIERL

20265 R Y

E®a T V% / Information Content

VIE, bbhDOEEFEEMNILTND. TOPTEA VAT T4TAVTUVE AEDOPY LY EFBELTHEAMEZAEL, ASHEHEOHRE
HEHTERS, FEAIBFEPEULRE, SESFLGRST A ILEREEZA TS, PYLYRIBRTLLEEICLIDEL R, FEEBEREFALT, E
PXEDEEMZ T, FLEROREOCZAICHENHLBETHLEYLEFSYTAEREELT, HHPIALNDIYEZDA VY- THIZTa=r—
LaAVICHEADTREMELBO TS, COFHLWEATOIAUTUVIE, SEIEFLFATHAINIBIMEZ TETLIN, SEIFLLHOERFMEE
HEL, E<ONHOMR - B - AEREEBRL L THEShD. TLTHERBICBRICERSGH - BR%XZHSL, TOAHMEESRIEFTET LN LFHETE
5.

REOBH - MERVER 5
%

FEETHE, £, AVE59T4TAVTUYOUBIFPEERICOVWTERERDSD. TLTAVEFIT4TAVTUYERYEIRKREYL, ThEXZS
EFRRTOCHENTEHEL, SRORROAERICOVTELERS.

As the Internet of Things (IoT) expands, everything around us is coming online and joining integrated networks. Even everyday items |ike furniture
are going digital. This class explores interactions between people, content, systems, and environments in order to build a world that is not only
, but also one that is happier, and better integrated. This class focuses on relationship and interaction in order to achieve greater

REOBH - MERVER 5
=% (B)

AUB59T4TAVTUYDUBITPEEMRITOVTERERD, 10459 T47a0ToVERYE KRR, ThEXZPERRMTCEELS H & HH
L. SHROFEEROTREMEICOVTERT S

AEHRE, AFEXFv U XAAOETBIEFEMGIobal Connect Hub - Atelier Qoo3fE G303t X F—=E, FzlE Zoom IT&BAUS5M Y, FEREALDOHFAICEK
BZNAT) Y FRRATERLET. BRT7TFIVALET
HLUKEDHERCMAT, BRADOERILVTUOVELEEAVESI T4 TAVTUYDERDE—RTIFROARDBEERASIBRLBTEFTETHD

RENE - HEALEETE

Em BARE, —BEBLERATSAREMENHS.

AEPICHIRBICHTHLA— . —8, HERRECEZFOT A RHY L aVTORERABELERT 5.
RRARETAf 75 %

BHERVSEE
E£: HihR4t HhRE ISBN/ISSN BHIER

EHEX: 42859 T747a0T0Y: K, BRERBHRA T« 7ERE (2014

BEURL
https://doi.org/10.3169/itej. 68. 113

AEPICHIRBICSHT HHE, BE, LK—FRE
RERMIEE

BFA—IVIC & B EMITRERFZ(HT 15

O

139 / 183



20255 E

THEDOIRENBLE, 4 SHHOPEELELTINBEL > THATHCLEREL LTVET, 1HNOBRICHRELLLZFERHEOBRE, TH%E - &EE) [COWTIE15~3 0BFMICER
EB S UIRERMNFE (FE - BELL) 30~ 1 5FM. TRER, EERUER) ISOLTIE3 0~ 4 SHEDEREL S TERERENFE (FE - BELL) 165~0BHTY,

140 / 183



Topics in Mathematics
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HLHE BAO YUANYUAN

FH EARBIERL
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20265 R Y

Basic Algebraic Topology and its Applications

Basic concepts of algebraic topology will be introduced in the first part of the lectures. We will then discuss how to define homology groups for
topological spaces, with particular emphasis on some 2- and 3-dimensional manifolds. Along the way, we will review fundamental concepts in
topology, including the Euler characteristic, surfaces, the topological spaces, simplicial complexes, etc. Finally, we will discuss basic ideas of
persistent homology, persistence diagrams, and their applications in data analysis.This course will be delivered entirely in English.

BEOEY - BERVER 5 All course information will be provided via Google Classroom.
&

Basic concepts of algebraic topology will be introduced in the first part of the lectures. We will then discuss how to define homology groups for
topological spaces, with particular emphasis on some 2- and 3-dimensional manifolds. Along the way, we will review fundamental concepts in
topology, including the Euler characteristic, surfaces, the topological spaces, simplicial complexes, etc. Finally, we will discuss basic ideas of
persistent homology, persistence diagrams, and their applications in data analysis. This course will be delivered entirely in English.

BEOEY - BERVER 5 All course information will be provided via Google Classroom.
=% B

Students are expected to have a basic understanding of algebraic topology and persistent homology. Along the way, linear algebra and basic
topology will be reviewed in this course

Course Schedule

. Linear Algebra and Algebraic Structures
. Chain Complexes and Related Examples
. Homology Groups and Their Construction
. Basic Properties of Homology
. Topological Spaces and Basic Notions
. Surfaces and Examples in Topology
. Homology of Surfaces
. Simplicial Complexes and Constructions
BERNE - HEEEETE . Homology via Simplicial Complexes
. Filtrations of Simplicial Complexes
. Filtrations and Persistence Concepts
. Persistent Homology Groups
. Persistence Diagrams and Barcodes
. Applications of Persistent Homology
. Further Topics, Applications, and Review

i 333

By attendance and reports

RRARET A

BHERVSEE
E£: HihR4t HhRE ISBN/ISSN BHHIER

Basic Topology M. A Armstrong Springer 1997 978-0387908397 Reference book
A Basic Course in Algebraic |William S. Massey Springer 1991 978-0387974309 Reference book
Topology

BEURL

The students are required to do a thorough review for each class

RERMIEE

The students are welcome to ask questions after each class. They may also contact the instructor via email.

The above schedule of the 15 lectures is subject to change. No textbook, but lecture notes will be given beforehand.
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Computer Hardware Fundamentals

NP
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HuHE BR Bz, BR #

FH EARBIERL

BMEFUNNYUT

20265 EERITH

This class is given using Google Classroom (class code: p7vglpaz)

Computer architecture and IC technology will be lectured to understand modern computer systems better. The lecture includes

Logic design of ALU, memory hierarchy composed of SRAM, DRAM, NAND Flash, and HDD, and control units with hard-wired logic and
microprogramming

BEOEY - BERVER 5 - Structure of computer systems using processors, memories, and input/output devices as building blocks.

* + High-performance computing mechanisms such as pipelining and parallel processing

“ - Issues and tradeoffs involved in the design of computer system architecture for the design of instruction sets

In addition, research topics on state-of-the-art IC technology will also be presented in the lecture.

This class is given using Google Classroom (class code: p7vglpaz

Computer architecture and IC technology will be lectured to understand modern computer systems better. The lecture includes

Logic design of ALU, memory hierarchy composed of SRAM, DRAM, NAND Flash, and HDD, and control units with hard-wired logic and
microprogramming
BEOEY - BERVER 5 - Structure of computer systems using processors, memories, and input/output devices as building blocks.
2= (F) + High-performance computing mechanisms such as pipelining and parallel processing

- Issues and tradeoffs involved in the design of computer system architecture for the design of instruction sets
In addition, research topics on state-of-the-art IC technology will also be presented in the lecture.

RENE - HEALEETE

Japanese (2025) /Eng | i sh (2026,

i 333

Record and evaluation method: Class participation, Assignments, and reports

RRARET A

BHERVSEE
E£: HihR4t HhRE ISBN/ISSN BHIER

BEURL

Self-study before and after each lecture is required

RERRIEE
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BHRtEX 1) T« EBEER / Law and Management of Information Security

ZHELVEROBBUKCEVT, BHEFX1UT (&, BRABATETEFSERITH2TETV S, RYERSHEROEVEMEBDO SR, HHREF2 )
T4 OBMBENY €3 - 59 LRIFIC, HREECEFEOBRICEVTHLHLGMBEELSE TS, ToI2, MRCHRICHEBR XU T EERSE
21213, BFENEEMOBBIAOA Y FLRARTH D, FERD. BTREX 2 ) T BN EABOPTHRAT 2 -OICBREGHSMAEEHRATE 28NOE
BEEMET B, SHIC, TREBFTATHEBEFX 1Y T (IS 2EBOEBMBEBEERCOVTRESRL, 512 ThEBFTATHEBEF2Y T EHAL
EESEL-OIRELGRELOBBREAEICOVTHEEITS.

REOBH - MERVER 5
%

A rapid progress of quantity of data and its diversity caused many legal, social issues to be solved. Information Security Technology is key idea
to solve these problems, and it works well if it contains suggestions to Business and Society. In this lecture, we will discuss adequate
information security available in real world

REOBH - MERVER 5
=% (B)

L HBOHRICEBREX 1T A EERSELLOICRELLLEREE. YRV EE, REAHRICHET ZMHEERT 5.
C TEBREXa )T A ICET SEBPEEAICOVTOMBEERT 5,
L BRICBEIIEREF 2T A ORKORFEES, A VOTUMRBEECEXF 1) TAIRDVA Y MIBTIRBNEMREH S,

1. Students learn fund management, risk management and ROl (Return on Investment) required to establish information security in organizations and
society

2. Students learn legal practice and related laws of information security

3. Students learn the present situation and examples of information security in businesses, and gain the practical knowledge of security
management and incident response

A0 923 Y  BHREXLVT2OCREE - FIELESETE (W)

BAXHRER (i)

BEREF21 T EURVEE (REH)

BEREF2 )T BAICEITHREAMR (REH)

BifgR L EREF21 U T ()

BHEHS (E8)

BHREFa )T EBELOFKER (BEHE, RBEOBA, 18—y b Y—ER - TONS FOENEE) (&8
BEREFLVT LTS —, AABROGFRE (£8)

Bl T CHRBMEE EEEL BINE BRE FTEBRSHLE (£88)
BREF1UTAESAN—LFE GER, aVEa—% - IR, FTET7VER, ERMLFOHLE) (£48)
REICROLNDEREF2U T4 (HS)

PNERICETAEREF 2T OBRK (BH)

ITRELGECEITBEREF21U T DER (FH)

BHEFLYTAAVOTURETORE (BER)

TXIYTAIKRTADNEPDCAT A VL (BA)

. Introduction: Law and Cash Management of Information Security (HIJI)

. Return on Investment (ROI) (HIJI)

. Information Security and Risk Management (HIJI)

. ROI on Information Security (HIJI)

. Technology trend and Information Security (HIJI)

. Introduction to Information Law (KANAYA)

. Information Security and Human Rights (Honor, Freedom of Expression and Information Service Provider's Status and Responsibility) (KANAYA
. Information Security and Privacy, Personal Data (KANAYA)

. Information Security and Intellectual Property (Copyright, Patent and Trademark) (KANAYA

. Information Security and Cyber Crime (Fraud, Virus, Unauthorized Computer Access) (KANAYA,
. Information security required for management (TAKAYA)

. Current status of information security in small and medium enterprises (TAKAYA)

. Examples of information security in IT companies (TAKAYA)

. Case Study: Security Incidents and Response (TAKAYA)

. Security management and PDCA cycle (TAKAYA)

& BAE / Japanese

BHENTNTAD/N—FTEITLR— M EHBE LTS 5.

5% 2 AR Three teachers set and evaluate the report for each area of lecture.

BHERUVSEE
B4 HhR#E HhREF ISBN/ISSN BEHIER

BHESLUBEECOVTIE, MF. SREIBN. Bf. 3. JIREET 57 IR—JICERT 5.
BEY T THA FMIDWTIk, BEPICHTT 5,

Textbook and references will be introduced, distributed or posted on web as needed.
URL will be announced in the course.
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BAEHERAELTEET S L, SEDLR—FERET DI L,

RERRNEE

EAEFLT DBEFACRRAL L., #FHIEBOBRIERT S,

O
THHEDOIRENBE, 4 SHHOPEELRELTINBEL > THATHCLEREL LTVET, 1HNOBRICHRELGLZFERHEOBRE, TH%E - &EE) [COWTIE15~3 0FMICER
EBSUBERBMNFE (PE - HE4L) 30~158M. ER, FERUERI COWTHI 0~ 4 5HHNBES S URERMNFE (FF - HE4L) 15~0BHTY.
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HREH - BY BRERHNFER, AT LABBHEER. AFHKERHPER. BRAERAZER

ik \UME FN$E. ZIELEWSKI MICHAEL RYAN, CHOILEK SIWALEE, ZHAO YIKAI, fE% & dH Z&£

FH EARBIERL

(=R AU
E 20265 EERITH

ELEEET

Machine Learnlng Basics

ZOI—ATIET— 9?47—0)2%& FEY Y %, PythonPRWMFEES (I35 ) &E - EBERA LN SMBNITBALET, T—2OBRYBRVOERBFEETIL
DFHl 5 EF ORI T Y IMBEH. Za—FILRY FT—VPERIIBE VN SBEL FE YD LR I~l§<_L‘5A%) ERKERICRHRLET .
FHEBER S FERIC K BMBEPYthonI— RIZEBTEVA PL— 3y, BIUBBELRENEE (AEBR—X MI&DI31— FOREDHIEE) HhoRY
=Y, FLEBBROEREEH IO, ARTEEREERLES.

REOBH - MERVER 5
EHE

This data science course aims to introduce you to important topics in data science through practical examples using Python and some basic machine
learning libraries. Starting from the basic techniques such as handling data and evaluating machine learning models, we will also cover advanced
topics |ike Neural Networks and Time-Series Analysis in an accessible manner without delving into theoretical details

Each lecture will consist of explanations using slide materials, demonstrations with Python code, and simple in-class exercises (no extensive
coding skills required!). To deepen your understanding, we will assign weekly practice assignments

REOBH - MERVER 5
&% (B)

CHOIA—RADRTEICE, UTOEBZTELL5ICHLIENHMFINET ¢
T—AHRBONATS54(4 VEBRT D

L F—mEEYIcYRL. G CEBEE R ISR ENTE S,

. SESTEUHMFEOFENENVEZERL, BULLOEZRATEATHENTE S,
. FEOFHEETD, NARX=RSA—LDRABETSENTES,

L BESAISVEBLUEEARBEEFEERAT I LN TES,

the end of this course, you should be able to:

. Understand the Data Science Pipeline

. Properly handle data for subsequent machine learning tasks

. Understand the differences between various machine learning models and choose appropriate ones
. Evaluate model performance and fine-tune hyperparameters.

Utilize advanced machine learning techniques through various libraries.

BB CEEECUTOREERYRVET,
. IO

. T—HETLE

. 8

. ER

L ETAFHBENAN—IRGA—EF 21—
. FUY YD

. RITHIR

L ISREY VY

. BERH

. Za—3FLFxy +T—9 (Part 1)

L Za—FLFRy bT—9 (Part 2)

. TERMIAZVJRAREELE

. BRI

. RIERE

. AIGA%

lectures will cover the following topics:
. Introduction to Machine Learning
. Data Preprocessing
. Classification
. Regression
. Model Evaluation and Hyperparameter Tuning
. Ensemble Methods
EENE - HEEEETE .amm@meRMWﬂm
. ustering
. Anomaly Detection
. Neural Networks (Part 1)
. Neural Networks (Part 2)
. Text Mining & NLP
. Time-Series Analysis
. Reinforcement Learning
. Al Engineering

RE(LARIER 14854053

B (REICHLT, BAEOEHNLRBENIBEEISHYES)

English (Japanese materials may be provided, depending on demand)

BEREERI—X : 80%
RENEE : 20%
BRRBROLR—FEHYELA,
ELGERAHLHE. BEFHMEEE LY a v OEATE US54 VS MAFRETY .
FRARETAE 75 %
Week |y Practice Course: 80%
In-Class Exercises: 20%
There will be no report and no final exam
With valid excuse, online participation are possible for both lecture time and practice session
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BHERUSEE

2z ISBN/1SSN RS

TRTHEBEEHOERITGoogle ClassroomZBBLENET,

All information will be shared in the Google Classroom.
Class invite link:
https://classroom. google. com/c/NzUOMTAZN jc20DY3?¢ je=b157¢c |k
HENTVETA, BNOFBEHENERINFET ., MADFEFEYR—FF 5012, 72542 Y—X (LM promptX°) & HEHR

REE RSN EE

T4 RTI—ERITTEY FEAN, I—RIZET Z2EMOFHARE. k-kitai0tohoku. ac. jp FTA—LTHEHELEDECFZE,

EENED, Fv Ty TERBLTIESL, POARELREERE. FRICHHMoEEEL,

Please bring your laptop for practice sessions. If you need a PC, let us know in advance.
THEMDREREE, 45RHEDFBELELTOINBREL O>THEATHACLEFRELTVET., 1EUDBHICHRELLLFBREADERE, [#E - FE) (TDOULTIE15~3 0RHICE
EBLUREBRNZE (FF - BE4HL) 30~ 158H. MER, EERUERI TOVTF3 0~ 4 5HMOBRES LPREBENEE (P - #E84E) 15~0KHTY,
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T—ARREIOYS IV EE
EIHE

HEFR - EX ERERAFER, XA TLERANFER,. \BHRERAFER. CABRAYERK
\UME . CHOILEK SIWALEE
T ARIIEELL

HEFLAYLY
B WOCEERT
%

TARETIOISI VRS
REER

Data Science Programming Basics
CNI—RTIE, PythonDERZEMNDIRO T, T4 E, HlEEE, Bk, 7—5@iE. E2a—/L, BUMLE, A TDx) MERTOY S S
T=8OPythonE T, BE WN—LFET, £2TOE Y 3 V&, Google ColabZBLTA VA 5Y T4 THEBETVENS, REMLTOTS
BEBHELES, 2EE. ChoOMBEEIC, T—HYA T URICHET 2BRMELHBEEMRT -OOEBREBELES,

V7. HEHED
TUTRFILOE

REOBH - MERVER 5
EHE

The course covers a broad range of topics from Python's basic grammar to data types, control structures, functions, data structures, modules
exception handling, object-oriented programming, and Python for scientific computing. Each session is conducted through interactive exercises on
Google Colab, aiming to acquire practical programming skills. Students will use this knowledge as a foundation to solve complex problems related
to data science

REOBH - MERVER 5
&% (B)

FEHPYthonEBENCHL, T—E2H A TURIZHITHMBERRICAGTTEL L TRYBLENEES S &, . REHEORKREZERL. NunPy oD >4 7
S EES T2 NEOEARKMEERT S L,

Fostering students’ ability to master Python, work independently towards problem-solving in data science, understand the fundamentals of
scientific computing, and acquire basic techniques in data processing using NumPy and other libraries.

Google Classroom Code :
Class invite link:
ERTIBHY2ER (1805) , AHIAMOETERBATHTVET. BRFSODEY L IVITHTFTTITVET. 120ty a vk, #1572MDon-demand:§

KIRFHORETHRSAET. BEBAL, VIV FR—ROLRTLEERALEASO/AVIAV TS BEMGEI—T 4/ OMBETHRSATWEY. 58HH
F, UFO&LSIZHEILET.

Eltvay: PythondEA
HEAEET S EOBN: EROER,. B, FEMRR. XFI. T-UT7 U BEQERT—FBIIOVTEUVET,
HIEEE: if, else, el iIfTXEFE2-TOTSLT7O—DFHIEAE, for)l—TLwhile)—TEREUVET, JL—THlfHIcbreak &continueZHALET .

B2tviay: BRETHNE

BEHOER: BMBOEESE. SIRDELA. RUE, Ra—TOEBRICOVWTEVET,

T—oE YR, BE by b ETLEESETAORELBEICOVTRERUBY THET.
RERE: LYMRTHRALTVIA—FOREOHIZ, VR #HE, £y FHARBEES HEEFVET,

Btviayv: BEGTHMRBELEDA L
ETA—NERYT—C F—AYL TR OBHBEETIOS Y FT—BMICER SN SPYthonES 1 — L&y r—SDA VR— F ERRABEERVET,
T7AN0 T7ALDARAREOER, T—HARBISFARLT 7 A LHEDHEAMY LBERAAHEEFVET,

Bhtyay: BELPythonTOSS5304
IS—LBISMRE: try, except, finally, raise2EALIIS—DF v v FLRBEIEE2Y, BELGT TYr—2a vEalETIHEEFVES,
Iy MERTAT SIS (00P): PyTorch®2< D54 TS5 DEEEERT HEOICFRARGEI SR, TSy b, &K, RUE—T 4 XLOBEEH

Bty ay: HEHEDHOPython

NumPy DEEAIEAZ: PyTorchT >V JLIRAEHNUPYER SR MR 1L T LN 27280, NunPy(iBh 2 C EAFARTY

FAL—4—EDRL—4— KYHENTY Y —Ba— FMEREMEEAL, SUERLTOISI VI8 — VTR E-ONDERELET .

JSAQFEMEBRMIE, VROV TYAS FTEHINET.

The lecture will be held in two periods (180 min) per day. We have 5 classes.

RENE - HEALEETE

Each lecture consists of around six sessions. One session consists of around 15 minutes of on-demand lecture followed by 15 minutes of practice. TH
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part consists of simple coding problems in own personal computer using a cloud-based system

Session 1: Python Basics
Introduction to Basic Syntax and Data Types: Understanding variables and the foundational data types such as integers, floats, strings, and boolear

Control Structures: Learning to control program flow using if, else, and elif statements, as well as for and while loops. Introducing break and cor
loop control

Session 2: Functions and Data Handling
Understanding Functions: How to define functions, pass arguments, return values, and the importance of scope
Data Structures: A deep dive into lists, dictionaries, sets, and tuples for storing and manipulating data

Comprehensions: Learning to use list, dictionary, and set comprehensions for writing code that is more concise and readable

Session 3: Advanced Data Handling and Modules
Modules and Packages: How to import and use Python modules and packages, with a focus on those commonly used in data science and machine learning {

File 1/0: The basics of file input/output operations, including reading from and writing to files, which are essential for data processing

Session 4: Robust Python Programming
Error and Exception Handling: Strategies for catching and dealing with errors using try, except, finally, and raise to create robust applications

Object-Oriented Programming (00P): Introducing the concepts of classes, objects, inheritance, and polymorphism, which are crucial for understanding
structure of PyTorch and other libraries

Session 5: Python for Scientific Computing
Basic Understanding of NumPy: Becoming familiar with NumPy is essential since PyTorch tensor operations are similar to NumPy array operations

Decorators and Generators: Introducing more advanced coding techniques for efficiency and cleaner code, setting the stage for diving into more comy
programming patterns

The detail of the class and time will be updated on the class website.

- Schedule
14:40 - 17:50
Apr 10 (Fri)
Apr 14 (Tue)
Apr 17 (Fri)
Apr 21 (Tue)
Apr 24 (Fri)
H3EE (English)

i 333

BEREZN. £y a L EOREN%

FRARRT A 75 %

In-class exercise 50% assignment for each session 50%

BHERUSEE

E=2 Hi R bR ISBN/ISSN HHAER

BEURL

BV avOBEBESLTRBEICRYMBL &,
BREBRNEE

T 24 RTI— F T4 RTI—FHRIFTEY FEAN, I—X(CET HE/PORBEAE. choilek. siwalee. ab@tohoku. ac. jp ETA—ILTEEVEHECEEL,

R - RERHURE

o FEDOH. SvThyTEHSLTIESW, PCHRELBEE, BACESMo LI,

]

Please bring your laptop for practice sessions. If you need a PC, let us know in advance

THMOIRERER, 45BHOFEELELTINREL > THERTHCLERBELLTVEYT., 1HUDBRIRELLLFERFAOBRE, #% - EE) 2DV TIH 15~ 3 0BMHICR
EBLURBREHMNRE (PF - #E4L) 30~ 15KH. ER. EERUERI ITOV0TIH3 0~ 4 5HROBES L URENMNEE (38 - EE84L) 15~0KHTY,
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FT—RAIVICZTFTYLY
FIHE

HEFR - EX ERERAFER, XA TLERANFER,. \BHRERAFER. CABRAYERK
\UME . CHOILEK SIWALEE
T ARIIEELL

HEFLAYLY
B WOCEERT
%

T—RIVIZTILY

®REER

Data Engineering

CNI—RTIF, pandas ENumPYyZ WV F— 2 EBRUI VD=7 ) VT DREMERDET, T2 DHEARA, BR. K. HELEOERBREEZV, T—
AYL T VARVIVCZT Y UTICE T 2RBHERAFILERICDONTDZILEBELET. &y avid, EBEOT—42ty FERAVES LRBETHERS
h., BRERBONSVREERLET,

REOBH - MERVER 5
EHE

In this course, we will delve into data management and engineering techniques using the pandas and NumPy libraries. Students will learn
fundamental operations such as data loading, cleaning, transformation, and merging, with the aim of acquiring practical skills in data science and
engineering. Each session includes exercises and assignments with real datasets, emphasizing a balance between theory and practice

REOBH - MERVER 5
&% (B)

FENT—HIVOZT Y VTOEANGRMEER L. ERNCMBRRENEFICOTEI L, Flo, TEHAILRTOD Y MIBITHT—F DRILE
RUSHDI-HDMENGFEEERT D L.

To understand the basic techniques of data engineering and acquire practical problem-solving skills. Also, to learn efficient methods for data
preprocessing and analysis in data science projects

Google Classroom Code:

Class invite link:

COa—R(FEDFE LY 3 v THRINET, FEEE. PythonDpandasENumPy S« TS5 ) AL, T—ABBETI VST VT OEREERNICEUH
YaVIEIZRREDPEVIERY LS, F—EYA I VRETIVOZT YV ITDEALE FEY VISR THERRFILERIZDITET,

Elty 3y Pandas& T—AHBEDEN

PandasDIFE, T—2H 1M TURAE I UHHEEICH 1T 5EE

Series &DataFrameDEAMEE. 1ERAE. HEARBIHE

CSV, Excel, SOLT—HR—ZAMbDT—HFHAHFE

FT—ADREREBBED=HDhead ), tail O, info(), describe() * Vv FOERA

FoEvayv: TRV LER

RIET—2DEJWA: isnull O, notnull O, dropna(, fillnaQ A v KOERA

T—B74NE)VT EHEERLIAT/FOT LA 2T, query) #ERLIERET1LEY VYT
T2 84 TDEH: astype ) EHEALIT—42 51 TOEE

AVTYIRERR: locl], .iloc[l, T—UTF7 oA VTYIREERALIEBERAVTYIRFTTvay

Eyray: TALEHR

DB FIOBM. HIRR, £E

B D&M apply(), map(), applymap() £ LI-ERE. JI/TBOEME

TIL—EUT &R groupby 0 ZERLE=F—2 DT IL—EL T Esun(), mean(), count () %k & DEMBIMDRIT
ERy hF—TIEHSBRE T pivot_table() &orosstab ) ZEALI-T—2 DEH

Flyray: TABELBRHR
#5G LB concat() Lappend ) ZFHA LT —2 IL—LOBES L VKEFADHES
I=UETaq i merge() Ljoin EFEALET—2 IL—LDT—ER—RRASLDOI—D LS

F—ADBEMMK: melt(), pivot(), stack()/unstack() * Vv KEHEALI=T—4 7 L—LOBEMEEIH

Btviav: BRITHEBELFEYY

BT —4 DKL pandas THERIIT—2 DUE, Y42 T DT, BRER—ZADLVTvIR
HFTVHLT—L2OEE: AEVRELDIOOHTITY LA TOER. hTTVALT—EDIRE
TER T2 DERRE XFIAVY P, ERRBEEZECERNLE TR T2 RIERIN
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This course is composed of five 3-hour sessions. The exercises involve using Python's pandas and NumPy |ibraries to practically learn the basics of
management and engineering. Different topics are covered in each session, acquiring the necessary skills for advanced topics in data science and e
BRERNE - FELEETE

Session 1: Introduction to Pandas and Data Structures

Introduction to Pandas: Overview of pandas and its role in data science and machine learning

Series and DataFrame: Understanding the basic data structures in pandas, including creation and basic operations.

Reading Data: How to read data from various sources (CSV, Excel, SQL databases) into DataFrames

Data Inspection: Methods |ike head(), tail(), info(), and describe() to explore and inspect data

Session 2: Data Cleaning and Preparation

Handling Missing Data: Techniques to deal with missing data using methods |ike isnull(), notnull (), dropna(), and fillna()
Data Filtering: Using conditions to filter rows/columns and using query() for complex filtering

Type Conversion: Changing data types with astype() for proper data manipulation and analysis

Indexing and Selection: Advanced indexing options like . loc[], .iloc[], and boolean indexing

Session 3: Data Transformation

Column Operations: Adding, removing, and modifying DataFrame columns

Apply Functions: Utilizing apply(), map(), and applymap() for element-wise, column/row-wise operations

Grouping and Aggregation: Using groupby() for grouping data and performing aggregate functions |ike sum(), mean(), count()

Pivot Tables and Crosstabs: Creating pivot tables with pivot_table() and cross-tabulations with crosstab() for data summarization

Session 4: Data Merging and Reshaping
Concatenation and Append: Combining multiple DataFrames vertically and horizontally using concat() and append()
Merge and Join: Database-style merging and joining of DataFrames using merge() and join()

Reshaping Data: Techniques for reshaping and pivoting DataFrames using melt(), pivot(), and stack()/unstack () methods

Session 5: Time Series and Advanced Topics

Time Series Data: Handling time series data in pandas, resampling techniques, and time-based indexing

Categorical Data: Managing categorical data, using category type for memory optimization, and categorical manipulation
Text Data: Basic text data manipulation techniques, including string methods and regular expressions

Advanced Data Filtering: Using query() for complex data filtering scenarios and conditional logic

o #:E (English) . Japanese materials might be provided.

BERNET0%. &t v a URTHROERELN

RRAEETAE

In-class Exercise 50% Each session assignment 50%

BHERUSEE

E=2 HiR#E HibRE ISBN/ISSN HHiER|

BEURL

BV avOBEBSLVREICRYMBL &,
BREFBRENEE

T4 RF7IT—FRITEY FRAN, 2—RIZET 2 EMOFBEEAL. sany. baladram@tohoku. ac. jp EFTA—ILTHEHEVEDLE S,
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FEDOH. SvThyTEHSLTIESW, PCHRELBEE, BacESMoEEIL,

Please bring your laptop for practice sessions. If you need a PC, let us know in advance.

THMOIRERBR, 45BHNFEEZLELTINREL > THEBRTHCLERELLTVEYT ., 1HUDBRIRELLLFEREAOBRE, #E - EE) SOV TIH 15~ 3 0BMHICR
EPLURBREBENRZE (PF - E#E4L) 30~ 15KH. TR EERUERI SO0 TIF3 0~ 4 5HHOBES L URENMNEE (38 - EE84E) 15~0KHTY,
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AHEEH - FHRERHNFER, DX TLBRRNFER. ABMUARFERHFER. TABERHFEER

jAumE EJ:IEE #u\ AiE ihm;__f_i.& XH #-. CHOILEK SIWALEE. DAl RUNYU. Z* $RE. X% BE. %% ft. BHE M. &
2]

HEFoN)2T

SR

%

BEER

HEICHEVTE, ZTOFEHERE L TORBOFERBZLRIC, BRIC, TERPITESVT, EOLSLHBEEDLSICERSDANEETHS.
ZOESBT—AHPICESHBRRENESICE T D EAKEBNENTHS. FEHRL BFP £HHE BRHEOTATIONFOUENT—4H
FOISAOERICOVNTERERLENSHRAT 5.

7

Ei(bﬁﬂ'«] FBERVER A

In addition to numerical analysis and computer science a s the academic foundations, practically what kind of problem is solved in what way based
on the data science is essential. To a cquire such a problem-solving ability is the purpose of this course. The course includes an introduction to
data science research of economics, biology and ecology, each of which is taught by the expert | ecturers

REOBH - MERVER 5
=% (B)

ARBETHE, TAHENEDL S TRBRRICERICISASATLSD, F-, TATAOBBEICET5T—AHZOLAOEAODVTHHESRD
Students learn about applied fields of data and ways of application of data science in each field

Google Classroom Code @ RFE
Class invite link: RE

2026510 A0S B AR EEMERHICHE T HE v I T—4 £ EAHTHITTOES
202610 A 12B AR EEMESHFICHSTHE v I T—2 OIEHAA
202610 A 19 R BFRELTBHBMOLE S/ L%
2026510 A26 AIRAM _BEMD YT / L - A 5T ) LREHT
20265115028 @mie M. KassRY AEREMETILERAV-EEEMSHEETHROHE
2026411 A09 B FFI=EMmension Reduction
2026411 A 16 B EFIECluster ing

2026411 A 26 A FAFIEH8twork Science

202612 A07TBEHERD—L ATV FREAD—
20265128 14REHZRE TOIERREE
202651221 HEEHR L3RR 24T

2026501 HOARBSRER—7 v bR v b
2027401 A18A&tanley lat-Meng KoPdediction in Data Science
TR o SRS b ST 2027401 A258 B EEABFE RIS T

RERNE ACERETE RNl ey

October 5, 2026 - Shusei Sato - Advance of the Technologies Producing Biological Big Data
October 12, 2026 - Shusei Sato - Examples of Application of Biological Big Data

October 19, 2026 - Takashi Makino — Comparative Genomics in Vertebrates

October 26, 2026 - Yuji Nagata — Microbial Genome / Metagenomic Analysis

November 2, 2026 - Jamie M. Kass - Calculating Essential Biodiversity Variables Using Macroecological Models
November 9, 2026 - Hafumi Nishi - Dimension Reduction

November 16, 2026 - Hafumi Nishi - Clustering

November 26, 2026 — Hafumi Nishi - Network Science

December 7, 2026 - Takanori Kitai - Persistent Homology

December 14, 2026 - Takanori Kitai - Informatics for Designing Materials

December 21, 2026 - Takuya Ishihara - Causal Inference

January 4 2027 - Yinsheng Li - Market Basket

January 18, 2027 - Stanley lat-Meng Ko - Prediction in Data Science

January 25, 2027 - Yuta Kuroda - Empirical Economic Analysis

February 1, 2027 - Tsukasa Ishigaki — Marketing

English

©oN

FEICHESN D LKR— FEDOREICED
Based on assignments on each class

BHERVSEE
£4 ISBN/ISSN

BHHIER
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BEUR L FTRTDBREEFHOIERILGoogle ClassroomZBHENET,
= All information will be shared in the Google Classroom

RERMEE

FEEE. BRTICA—ILTEFL TSN
yamada@tohoku. ac. jp

THHEDOIRENBLE, 4 SHHOFEELELTINBEL > THATHCLEREL LTVET, 1HNOBRICHRELLLZFERHEOBRE, THRE - &EE) [2OWTIE15~3 0FMEICE
EBSUBERENFE (PE - HE4L) 30~ 158M. [EFR, FERUERI TOWTEHI 0~ 4 5HHENBES S URERMNFE (FT - HE4L) 15~0BHTY.
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HREH - BY BRERHNFER, AT LABBHEER. AFHKERHPER. BRAERAZER

LA #MEE. ZIELEWSKI MICHAEL RYAN

EARBIERL

BMEFUNNYUT

FEEE 20265 EERITH

"%

FTARELL—ZUTI

REER

Data Science Training I1

F—LENTERBROEY I T—2ONY FY U THABEGRMTOD L) FMCRYME C ET, RBEORREARDEDHEZFS. RFBIEBROHELELTT—
SETEAYL, SERTORMLEEET. AFBRIERWLTOISIVIRBEEERL TV DAERRET D, RFEFEHOHALSO [T—E2TUS=TUY
T #RETDHLEHETD

REOBH - MERVER 5
EHE

By project-based learning on a team, students will learn how to handle and analyze big-data. This course is designed for students who have
experience with computer programming. Attendees are recommended to take “Data Engineering” before the attendance to this course

REOBH - MERVER 5
&% (B)

LTSRS HTEE/T S L.

1) FRYSIUIIC&BT— 2@
(2) KRB EHOFA

@) EvITF—2nmYKL

To obtain the following skills:
(1) Data analysis by programming
(2) Using high performance computing

(3) Handling of big data

Friday, 14:40-17:50
Jun 05
Jun 12
Jun 19
Jun 26
Jul 03
Jul 10
Jul 17
Jul 24
Jul 31

RENE - HEALEETE

English

FIZLTFISRY REIC K Y FHE

1) JEILEYTF—YavnE

(2) LR—hk&SlackizilTdazy hAv b
Q) R Ehfza—F

@) BEICHT DEELF—LAOEH

RUAEETE 5 %

Based on the following criteria

(1) Quality of the presentation

(2) Report and commitments on the Slack channel
(3) Submitted code

(4) Participation and contribution to the team
BHERUVSEE
=2 EER HihR At HihRE ISBN/1SSN HEAER
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Please bring your laptop. If you do not have your own laptop, please tell us in advance.
THMOIRERBR, 45BHNFEELELTINREL > TEBRTHCLERELLTVEYT, 1HUDBRIRELLLFERFAOBRE, T#E - EE) DOV TIH 15~ 3 0BMHICR
EBLURBREBENRE (PF - #E4L) 30~ 15KH. ER. EERUERI SO0 TIF3 0~ 4 5HHOBES S UBRENMNEE (3T - EE84E) 15~0KHTY,
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EBRT S RFEE

COBRENEMNIE, REEBBLETHAURBNELLBVEEEHRIC, BATEEPHART 2LONDEBNEFITH T EOOFEETHVET (BFT D
%EDEU?%&@LiﬁO%h§§m¢étb TARAY L AVEF—LI—VBREEBLTRBRENEALESEET, BREGE-EREE. EHNICHET
I5FETY,

REOBH - MERVER 5
%

REOBH - MERVER 5
=% (B)

_mﬁimaﬁm\ﬁ%tmizbm DI-HDEE

EE@?% £TY,

RBTOTARANYYar, F—LI—), BEBRETLEVT—2a Y,
BRMERABREARCEACECTRESN D20, S#MERERCSMOELES,

REMIRERT7Da—)b. AL DEEDLAREBESHYFT .
#m*%amﬁl§ML 3.

RENE - HEALEETE

2026411 A 128 B OBBKAN O XKEHRE
2026 11 R19BEAL—T 7O T4 ET 4
2026512 03ABETT — A HFEOERFERAN - IL—TT«Rhviay
2026512 10ABEETT — A HZOERFERBN - IL—TT«Rhviay
20265128 1TEBESOHRICET DRXOEERN - FL—TT«Rhviay
2026512 824B B OHRICET DRXOEERN - FIL—TT«Rhviay
2027401 B0TE B OHARICET DRXOEERN - IL—TT«Xhviay
2027401 A4 B S OHRBADRERER

2027501 A21BAL—T 7O T4 ET 4

i 333

BETOMEBE (15%) LTLELVT—2a D8 (25%) THHELET.
RUAEETE A %

BHERUSEE

o ISBN/ISSN HREF

BEURL

RERRIEE

FfEF, BATCA—JLTERL TS,
alexander. maas@mai |. tohoku-gakuin. ac. jp

ABRLIRBEBBLLGVFEEHRIC, RBEAI2 -7 — L aVBAE—ELALETIIE LS, ARFEYICEITHLEBRIRETT ., TORARE, RE
ERDELETL—TI—IBATISFETY . BEN. AHYY—XOHHIZLY. BHABEOFENHIPECRFEBBL LEVREEEEL. IHEEN
EHIRT DAIREMAHY FTDTFH TR FZE W,
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ion Communication Systems
ATLERBETH-OORBEBRTHILEENET S, FERTIE, FT, BREF1) T E2XALRREETILT Y XLEZTDREICH
B2, HERESHIULAMRBES7IL T XLOBREZTORECOVTERL, AEREICHT IMENLRE L ZOHEMAEOMBERE

Ei(bﬁﬂ'«] CBERVER A

7

The objective is to learn the basics for building an information communication system securely. In this lecture, we fi rst study the
basicsofmodern cryptography which is the fundamental technology to construct information security. In particular, we learn about thealgorithms
andimplementation of symmetric key and public key cryptography. We then learn about the outline of physical attacks appliedto theimplementation
and countermeasures against them. On that basis, we learn the related technologies such as next-generationcryptography, secure computing technique.
hardware authentication, electromagnetic information security, and loT security

REOBH - MERVER 5
=% (B)

BRIEE7ZINTVILEERL, REGERAEEERIT D

BRORATLEREICH - RETH-OOFDMBEZEREL, TOLES - EERZHERTED.

Understand modern cryptographic algorithms and secure implementation methods

Understand the peripheral knowledge to securely design and implement information systems, and can discuss the necessity/importance

Google ClassroomZEALTALS AL (AVTIUR) THERLIVEMERELES
9 523— K, ITFARMEE - FERHERTHPERET Mroviinex) EEALET
ﬁ%m@:

=
CEST7IILT) XLOREE
CBEE7ILT) XLORE
BB VAT LICHT 2BEERE
- SEIREE BT

- B

- EREEVATLOBHE XY T 1

sloTEFa )T+

Google Classroom is used to deliver on-demand lectures and their materials
The class codes are “ “ for both TM and IM students

Contents:

- Overview

- Basics of cryptographic algorithms

- Cryptographic algorithm implementation

- Threats and countermeasures to cryptographic systems

+ Advanced cryptographic technology

- Random number

- Electromagnetic security for information and communication systems
IoT security

BRENS - HELEETFE

& l;liF%E (HHTHEE

EEDICETLAR— K YREMICHENT 5.
Evaluate based on assignments given during the lecture comprehensively.
RUAEETE 5 &

BHRERUVSEE
B4 HihR 4t HhREF ISBN/1SSN BEHIER
BRESOERRE REE EROME a0 2004 978-4-339-01868-4 BEE

Power Analysis Attacks - Stefan Mangard, et. al. Springer 2007 978-1-4419-4039-1 SEE
Reveal ing the Secrets of
Smart Cards

BEURL

®IAHC L
RERRSNFE

ATART7T— BREFFEA—ILIZTRITFITS.

- RRIIRE

160 / 183



20255 E

THHEDIRENBLE, 4 SHHOFEELELTINBEL > THATHCLEREL LTVET, 1HNOBRICHRELLLZFERHEOBRE, TH%E - &EE) [COWTIE15~3 0FMICER
EB S UIRERMNFE (FE - BELL) 30~ 1 5FM. TRER, EERUER) ISOLWTIE3 0~ 4 SHEDERES S TERERENFE (FE - BELL) 16~0BHTY,

161 /183



2025%F &

HREH - BY BHRERHNFER. AT LBBHEER. AFHKERHEER. BRABRAZER

FEEE BR EH. BK B3

FH EARBIERL

BMEFUNNYUT

20265 R Y

ZF B /Econophysics

EE, BERFEVEZOMREFAL TRTT SBFVEZLEFENDINBIRELOOH D, ABHRTHE, EICHTICBITIREEEM L L TREVEZOHE
BEZS, BAMICE, BEry 70, ERERE, A7—U U JRLBEERY LI, ZRMTY FT—0 EZORKBE. BLUVZThLDERETIL, BE
ISDOVWTHHERT %, Ffz. AFRONSZE, IREFIRATREL Lo TWVDT—2 EZOBIRWZ DV THRRHT %,

REOBH - MERVER 5
EHE

Recently, there is an interdisciplinary research field of econophysics, which analyzes economic phenomena with methods developed in physics. In
this lecture, we study basic topics in econophysics, particularly related to phenomena in cities. Specifically, topics such as complex networks
nonlinear phenomena, and scaling are studied, and their growth and the generative models are introduced. We also review data such as human
mobility and SNS, which are recently available

REOBH - MERVER 5
&% (B)

BEVEE, BUORBETI VI, BLUTIPNOEREZERT 5.

Learn the basics of econophycis, mathematical modeling of cities, and data analysi

(1) FEt: T#Ml 2ETLET S

(2) By b7—Y

(3) FRBRR

(4) BHERFFETIL (1)

(5) HIRFFETIL (2)

(6) #WI=HITBRT—1 8

(7) BHOEFMETIL (1)

(8) HHDEFMETIL (2)

(9) HHDOEMETIL (3)

(10) AVISARMIVFXY—DFRY FT—Y
(11) T—aho@mEERESTS (1)

(12) T—ahoBmEERET S (2)
(13) ART—SBTOER

(14) NFRfBRHFOEA

(15) #H=t THH) ORE~DERE

% (ZI%GoogleClassroom (¥ S RAa— K mbvpfma) ZFIAL TEHET 5,
BEGRAMICHETERT 20, —HORXTAHUTIV FEEEZFATLHZENDH D,
AEEHETEET 5.

RENE - HEALEETE

Introduction: Modelling “Cities”
Complex networks

Nonlinear phenomena

Models in urban economics (1)
Models in urban economics (2)
Scaling laws in cities

Spatial models of cities(1)
Spatial models of cities(2)
Spatial models of cities(3)

(10) Infrastructure networks

(11) Understanding cities from data(1)
(12) Understanding cities from data(2)
(13) Analysis of human mobility data
(14) Application of human mobility analysis
(15) Towards new science of “cities”

The lecture is provided with Google Classroom (Class Code m6vpfma).
The lecture is in principle given face-to-face, but some classes may given by on-demand video
The first class is given face-to-face

GEEE BEIRRELEBEHAT 5. BREHIEETHERT 5.

FEABIUBRERTHROLR— FREICL S,

R AE ST 5 % Class participation and the report at the end of the course are evaluated

BHERUVSEE
£ HihR4t HhRE ISBN/ISSN BHHIER

The Structure and Dynamics |Mark Barthelemy Cambridge University Press 2016 978-1107109179 SEE
of Cities: Urban Data
Analysis and Theoretical
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RERRNEE

THHEDOIRENBLE, 4 SHHOPEELELTINBEL > TR TS LEREL LTVET, 1HNOBRICHRELLLZFERHEOBRE, TH%E - &EE) [COWTIEL15~3 0FREICER
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HIBR{ANZ / Applied Mathematical Fluid Dynamics

BROBAIZICEAZROER, MORME, )R, MNP, BREREREZLEORBBRUFZNETA T 7HERASATNS, REATZOERSF
ICE T EREMOARMBERN L, RAIZEH L L TERBHEZOEBMBICIEAN S -OOHARFELTORBEEEET D, T—<ILLT () FhoH
BEWRERER. 2 HHAWRAIZ. Q) BHERERAIFZZRY LTS,

Google Classroom |ZEZIFHROCENRZE ., Google Classroom M4 5 X 3a— K& lsvtpubvp)

REOBH - MERVER 5
%

In modern fluid dynamics various ideas of applied mathematics including dynamical systems, differential geometry, Lie groups, statistical
mechanics and high-precision numerical method are utilized. The lecture consists of three subjects: - Mathematical Aspects of Hydrodynamic
Stability - Statistical Fluid Dynamics - Computational Fluid Dynamics. Those who attend the lecture will obtain advanced knowledges of the
fundamental fluid dynamics and other nonlinear sciences

BEOEY - BERVER 5 Please go to Google Classroom to collect information and materials.
5;% [3) The class code of Google Classroom is svtpubvp

. AFEROREM Hirota)
. BAMROREM Hirota)
L EOIRINF—HEEFREM (Hirota

X i# (Hattori)
. ZEHEEF (Hattori)

. Stability of dynamical systems (Hirota)
. Stability of shear flow (Hirota)
BERNE - HEEEETE . Energetics of wave and instability (Hirota)
. Boundary layer transition, Convective instability (Hirota)
. Statistical description of turbulence (Hattori)
. Statistical theory of turbulence (Hattori)
. Aeroacoustics (Hattori)

BAE (BEFHEE), XE EERBREER

fF Japanese (odd years), English (even years)

LR— FOFHEIZ &£ B
Students are evaluated by the scores of reports.
FRARRT 75 3%

BHERVSEE
E£: HihR4t HhRE ISBN/ISSN BHHIER

BEURL

REBHBEIELATNSOT, BEFENEEICL D,

RERMIEE
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Google Classroom® % 5 R 11— FIXIEHREIFEHATENebR— % 5 WDNETEHATENebR—
(RERBRD S/ R - S - BIEEH) ISTHEBTH L.

AEE (BHRHUFHARHFEER) (ZEGoogleClassroom# FI A

BERABEHSRDHRR, [BEER, BEEL FrET—2 a3 ENEET ZRAREHNF ERERTORRE - G, SHISRYTPI—EVEN 228 —FKE
RABBOERCEAL THERT 5.

L) [BRZHARORBHRREDEE, 2 ZRRETILESERARET ) D/ ORRE, 3) DBEREROET V7 EREHEE 4 RIAMEEHEOT
JEMEHEE 5) RABMONELEGEO R T TOFYET—LavOREICHLTERTIILEZAMELTVS

REOBH - MERVER 5
EHE

The Google Classroom class code can be found on the Graduate School of Information Science webpage or the Graduate School of Engineering webpage
(Graduate Course Syllabus, Schedule, and Course Registration).

This course (for Graduate School of Information Science students) utilizes Google Classroom

ﬁi?gm BRRRUER 7 This lecture will cover the fundamentals and applications of multiphase fluid dynamics and numerical analysis related to fluid-dynamic phenomena

with heterogeneous interfaces, gas-liquid two-phase flow, phase change, cavitation, and the fundamentals of turbo-type fluid machinery, such as
pumps and turbines. The main topics to be understood are as follows. 1) Flow pattern and classification method of gas—liquid two-phase flow, 2
Fundamentals of two-fluid model, 3) Modeling of dispersed multi-phase flow and numerical analysis, 4) Modeling of liquid atomization, 5)
Classification and role of fluid machinery, 6) Generation of cavitation in pumps

RENE - HEALEETE

B - ZIRFERH (2026F (LB AE, 20274 EELHE)

LR—MZ&UFHET 5.

BHERVSEE
E£: HihR4t HhRE ISBN/ISSN BHHIER

Multiphase Flows with Clayton T. Crowe CRC Press 2011 978-1439840504 SEE
Droplets and Particles

Hydrodynamics of Pumps Christopher E. Brennen Cambridge University Press (2014 978-110740149 SEE

multiphase Flow Handbook Efstathios Michaelides CRC Press 2016 978-1498701006 BEE
(Mechanical and Aerospace
Engineering Series)

Fundamentals of Multiphase [Christopher E. Brennen Cambridge University Press [2005 978-0521848046 BEE
Flow

http://alba. ifs. tohoku. ac. jp/

http://www. ifs. tohoku. ac. jp/cfs/

BEURL

%8, EENTEETISHL.

RERMIEE

Monday, 14:00 - 15:00
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Fundamental Artificial Intelligence

ATHIEEE R, BRGAFOMMER ZHERECERT S L2BMET HHMRBETH S,

AEETIE, ATHMERELFICE T SRMEROESL & RIADHERBICOVTHNRT .
Fto, AEBICRTOISIVIEEEEH. ATHMERRICE T 2EROMERBEICRY AT,

EEQRM - BERUER 5 TOJSIUEE T, ZEEE. Linnxav Y FEKUPYthonTOS STV EEBICERL TV L2AHRE L THEZEETS (Linuxa <> FE & UPythonlZ

e B 2MREBRICEENL VD, BEISHELTEETSHIL) o

7

Artificial intelligence is a research field dedicated to enabling computers to perform various human intelligence and cognitive activities

This lecture will provide an overview of the history of technological advancements in artificial intelligence research, as well as recent research
chal lenges
Additionally, this will also include programming exercises where students will tackle real-world research problems in artificial intelligence

For the programming exercises, students are expected to be proficient in Linux commands and the Python programming language. (As the lecture does

f?éﬁo) BiY - BIERUER A
) not cover these topics, students should study them independently as needed.)

=% K

ATHEOEANGERS, REOHERROBMELZERL. TOMELEMRICHATESLSIBHI L,

To understand the basic concepts of artificial intelligence and an overview of recent research achievements, and to be able to explain that
overview concisely.

. Introduction and Guidelines
. Preparation for Programming Exercises and Projects

. History of Al Research
. Programming Exercise 1

. Generative Al: Language and Vision
. Programming Exercise 2

. Transformers 1: Model Architecture
. Programming Project 1
BRENS - HELEETE
. Transformers 2: Optimization
. Programming Project 2

. Emerging Social Issues
. Programming Project 3

. Future Directions
. Programming Project 4

. Programming Project 5: Final Presentation 1
. Programming Project 6: Final Presentation 2

AFBBIIHBEEETHLLTERT 5. REICHLT, OBETHAEICLSARETS.

This lecture will be conducted primarily in English. As needed, supplementary explanations will be provided in Japanese.
AEEETHMRE., EICRELA—F (TAYS305T0SzH M) ITEDSVWTRET . L, BE~OEBNLSN (B%ET 5. BMOEMICEZS.
TARNYYAVIZERT 54 L) PRENEE~ORYMAHRF. REBBICEVTTISANDERLELTEET 5.

=g 5
FRAREFA 75 Final grades, including pass/fail status, will primarily be determined based on the final report (programming project). Furthermore, active

participation in lectures (such as asking questions, answering the lecturer’s questions, or contributing to discussions) and engagement in in-
class exercises will be considered only as positive factors in the final grade

BHERUVSEE
B4 HhR#E HhREF ISBN/ISSN BRI

BEURL

%"Eﬁili%éﬁ%o)%ﬁil:ﬁﬁ LTERICEEFBELTWACEZRRET B, . JATSIVIREBICOVTE., BEBRLSNEEEZEDDICLEMIRET
. 0

R KR E S F B . . . . .
The students are expected to study the topics of each lecture independently in advance. Furthermore, for the programming exercises, they are
expected to complete assignments outside of lecture hours
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Students can submit their questions via Classroom.

THNOBERBR, AHE0FEELELTINBREL > THERT A LERELLTVET, 1HUDBRICHELLLFEHEOERZ, [#F - EE ] CDOULTIH15~3 0FHICE
[EBR, EERUERI 20 TIF3 0~ 4 5HHDBRES LURERMNEE (P8 - #E8LE) 16~0KHTY,

EBSUIRERMNFE (FE - BELL) 30~ 1 5HMH.
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TARFICESOTHBEERRLLS ETARICHEVT, TOFRUERLE L TOBECHARMNFEZERT 5 LICNA, EROMREICE U THREEZ I
T, BEASGARMALETSHS. AEETE, T IHPORBEREBMORNAEEGT S ICLY T—2HRICE S HBERRENEHICHE TS &
EAMET D BAMICE, ERETILVERBETECZOGAICOVTERERDS-OICZOMRMBL SO TERMTERCEATEEANT 5.

REOBH - MERVER 5
EHE

In order to solve problems by data science approaches, it is necessary to have not only knowledge of mathematical and computational science but
also practical skills for developing research plans and conducting analysis according to the problems. This lecture aims to understand fundamental
theories of some topics described below and to acquire skills to solve problems by data science approaches. This lecture covers topics on
generative models and deep learning methods. Their applications and backgrounds for understanding these topics are also introduced

REOBH - MERVER 5
&% (B)

T—AHETHRASNZEMEROCTNLELAT S-OORMISOVTOMBEESRT 5.

To acquire knowledge of the basic theories and techniques used in data science and their applications.

Google Classroom #HA (¥ 5R3—FK: k%) .
Google Classroom will be used (Classcode: FRIE).

EREDHEZIL, Google Meet, Zoom %, KRNI L TEIRT B8, Google Classroom ZHEZENDZ &.
The actual lecture will be held Google Meet, or Zoom, depending on the situation; please visit Google Classroom.

BEGKERAER (14:40716:10) (Z3EHE.

* EFETILOEBRERRWBET IV (FETRL)
10/07, 10/14, 10/21, 10/28, 11/04

* ERETILORA (ALFHERL)

1/11

* REREBETILELND DD ETILESM (Lu Sun)
11/18

* BR5l &% 5 A48 (L EFHE)
11/25, 12/02, 12/09, 12/16, 12/23, 01/06, 01/13, 01/20

* Generative models: basic theory and models (Motoki Shiga)
10/07, 10/14, 10/21, 10/28, 11/04

* Application study of generative models (Koki Kitai)
11/11

* Mode! Compression for DNNs and LLMs (Lu Sun)
11/18

* Artificial intelligence for sequence data (Kazunori Yamada)
11/25, 12/02, 12/09, 12/16, 12/23, 01/06, 01/13, 01/20

e EES

BREND L AR— FFEDREICLD.

FRAEETE 7 % Based on assignments on each lecturer.

BHERUVSEE
B4 HhR#E HhREF ISBN/ISSN BEHIER
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2026 FEATH
ABERLERAULHARH EIFRARHOFEEHRICARBTHALE S,
TERAFAER OFLELIN20500594% . THEHREROFLELTNI0170000% ZE L T FEEL,
This course is offered in Japanese for students in the Graduate School of Information Science and the Graduate School of Engineering
Students in the Graduate School of Information Science should enroll in IM20500594, while students in the Graduate School of Engineering should
enroll in TM10170000
BT YA R—=T 1 DHAILAIZFE
T?u:gqg ber—Physical Al

B
BREFLRURTENTH2 740 T4 DHIAIDEEMENTE > TS, ARBICESTRHBSLME - EF - BEHFIFAOAR Y ML >TIIBOTEETH D
EVSESRYIRADNT FYRHRT &S (2, ERBETHENE - /4 X - TELBERICHEL TS, RBREL. TOL S TBRUEHRICENTEENICHE
igjfzﬁ»MEﬁﬁ?éfmoraj PAN=T 1 SHIAIE] OEREERTHLEEBNET S,

=
RN TN O SALADRBELT . BEORT 72, FEMEEL, BHPELEHNERE LTRS, Cho%BL T, BERE, REEE, HE. W6, BEER
g EMAMICERT S LERIET. BT, TERIERTIC *JH'%)#»‘E&EL.Q‘XE\ ETIMA—RFEETHBHFEOME. >IaL—Ya v EEREOX vy
7{%2&%2}9# [27%) £RBT 21=OOFERERRMITES,
%ﬁ%fli&lﬁﬁﬁ%ﬁb\%?}b:") ALBRHREEFTERBOICATL, ORY b IaL—40TL—T0— 0 2AVEET£2E L TEREEBREEENCERT

°

[Objective]

The importance of tough physical Al that possesses a body and operates in the real world is growing. As Moravec’ s Paradox illustrates—where tasks
|like perception, movement, and adaptive judgment that are easy for humans are extremely difficult for robots—the real environment is filled with
uncertainty, noise, and incomplete information. This course aims to establish the foundations of “Tough Cyber-Physical Al Science” for building
physical Al that functions autonomousl|y in such harsh real-wor|d environments

o - U [Overview]
?‘i‘#ozél)ﬂ'] BERUER 7 We will cover the theoretical foundations of probabilistic robotics, nonlinear optimization, and machine learning, which form the core of physical
“ Al. Through these, we aim to achieve an integrated understanding of environment perceptlon state estimation, planning, control, and action

generation. Specifically, it systematically teaches methodologies for achieving “toughness,” such as estimation and decision-making under
incomplete information, the integration of model-based and data-driven approaches, and the bridging of simulation and real-world environments
[Methods of Achievement]

Lectures progressively explaln topics from mathematical foundations to algorithm design principles. Through exercises using robot simulators and
group work, students gain an iterative understanding of theory and practice.
RBEREBETLIZZERL, 37U T DANAERET D-OICRELUTOEAZEET 5.
1. FREHZESCEHRICETE0HR Y FIEOERGEROER

2. iﬁﬁﬁﬁ$%7w%éﬁﬁﬁkﬁE&LTET&?%&E%TN&'%%%h

3. BT 4 DHILAIEHE - BREHT DEER

Students who complete this course will acquire the following capabilities necessary for building robust physical Al:

FEOEEBEZ 1. Understanding of the theoretical foundations of robot intelligence in the real world, including uncertainty

2. Mathematical modeling and implementation skills to formulate real-world problems as probabilistic models and optimization problems
3. Ability to integrate and design robust physical Al

REFERHARE L TEIE.

1B3R., 5AMH. AEt1SROEFERETFE.

SIS ADE—EA. SAFOEBDBITHhh MM THHATE.
BRABIRER B,

The course will be conducted as an intensive lecture series

It is planned as 3 sessions per day for 5 days, totaling 15 sessions

The schedule is tentatively set for the first week of August or spread across multiple days within August
The lecture content is currently under consideration

RENS - HELEETFE

HERR, LAR— MEE BEREFICLYRETET 5.
Attendance rates, reports, and self-imposed assignments determine the grade

i 75 3%

BHERUVSEE
2 ISBN/ISSN HAER

R HERORTAIR
PythonlZ K ZEHBE7ILT ) X L

BEURL

BERENCRERLIHEERDITTFE - BEI S L, £z, BATHREER DT TRYMBATHSZLLRTHD,
It is necessary to write a lot of codes by yourself to acquire programming skills. Students need to prepare and review the programming codesin the
PR 2E course not only during class hours but also outside of the hours
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Any time, but students need to make an appointment with the teacher in advance by email.
FEBs, =2 LBAIICKRBICEFA—LTERELD L.

T3#% - ®EB ) ([2OUL\TIX1 5~ 3 0BfEICIR

THMOIRERBR, 45BHOFEELELTINREL > THEBRTHCLERELLTVEYT., 1 HNDBRILELLLFERAOBRE,
EBSURBERENFE (PE - HE4L) 30~1658M. EFR, FERUERI ITOWTHI 0~ 4 5HENBES S URERMNFE (FT - HE4L) 15~0BHTY.
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BRERHNFER. AT LABHRHEER. AFHKERHEER. BRAERAZER

FIR #. KEENI GLENN MANSFIELD, AH #%

EARBIERL

20265 EERITH

HAN—KELEZOREREEAM

ARETHE, VA N\—BRBOERWLRNEFGHAL, SV TVENVZAVEBELTHRREOTHEZTNICHT 2RAREEMTHCLEHMET B.
BAMICE, #HeATORINOT IV r—2 3 AT BHBHISOVTREREL, ThoOBBUNREEICLZERTALPRBIZEQLS ICHAEShEONE
RERL, /AT - & - BROIOOBEHEI SR ERTT 5.

REOBH - MERVER 5
%

This course is designed to provide a basic understanding of the Cyber attack trail, the tactics of attackers, and the countermeasures against
threats through simple hands-on experiments. We look at the weakness of the underlying network and applications and show how the weaknesses are
exploited by attackers. We also discuss the countermeasures for three epochs: pre-attack, during-attack, and post-attack

REOBH - MERVER 5
&% (B)

VAN—KBOERNTRNESBAL, U TUBNVAF U EBLTHBEOTHE TNICHT 2AREBRTELLSICHHI L.

. BBOBEEE X1 T4 ORK
. {EER - EERINE

LRy RT=UADEA

. BIEOUE

. BIEOES

. IEROER

. HREREE

L EED

RENE - HEALEETE

EES

HERERCHERTORYBARRICE YREHISTHES 5.

Y HARRICOVTIEUTO & 3 BHEEIC K YFHET 5
- BEAOSMIRR

. - RYMHEOEHFN

RUAEETHE A % - &BIEREN

- FARERRREED
— FJLEYTF—Yavhen
— a3a=4—13aviEh

BHERUVSEE
B4 HhR#E HhRE ISBN/ISSN BHIERI

BEURL

cPEBEICEBELLA =3y FElTEX )T« ICHET 2BBEORTERYRY, BRELTVLHBHELTLWVEVEBIZHMECLTHE . Fi, Linux

DEXRMLIARY RS54 VK BREREERBLTES.

REFFRESFIE CEE BRECREONBERFAT BAOBEROEACLEARELTELY, BENFHLLGEMRCOVTRBRRS A FEEERAEL TERERD
2.
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A—JLIZTEVWEDLED L.

ZRETEEHY. FLESHOBEICERT 5. TOLOERIHT SecCapiB LB ICZEARENERRET H L.

http://www. esprit. is. tohoku. ac. jp/contact. html

NURFUEARSOTREAD/ — bRV ERSTHEMNLZELL.

1THUOIRERBR, 45KREAOFBELELTOINTEZL - THBBTACLEZBELLTVEYT., 1RUOBEICLELLZLIFEREOBRIE, TH#H - T ISDOL\TIE1 5~ 3 0FMICE
EELVIRERFNFE (PE - HELGL) 30~ 1658M, FER FERUVERI SOV TIFI0~4 5HHNIRES L CIRERMNFE (PE - H#ELL) 1656~0KBHMTY.

175/ 183



2025%F &

e ]

HREH - BY

HuHE KK #H

FH EARBIERL
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20265 R Y

P EENE ]

COBREL, FREF1) T OEROLOICERLRFNEZRLIBE IO LILEERT S LEANET 5, EANLTRESEN - BSERRV IO FaLEE
i%égl; WMEBHGH— FAZAVTHESHEEZRERYT 5H— FR—RBSICHMh 5. £, Bzb0F 054 VEREXASEREF2 ) T4 HEMIOVT
%

REOBH - MERVER 5
EHE

The purpose of this course is to understand cryptographic protocols that play an important role in ensuring information security. In addition to
learning the basics of cryptography and protocols, the course also covers card-based cryptography, which uses a physical deck of cards to perform
cryptographic functionalities. The course additionally provides an overview of information security technologies that support our online
activities

REOBH - MERVER 5
&% (B)

BSEM - BSERRV IO FILERS, FLEREF1) T BTEMS,

Students understand the basics of cryptography and protocols as well as information security technologies

XIBEDRAIZ[XGoogle ClassroomZFIA (7 5 X3—F : yaaulle)
KUTNAALDA S UBEERRET D

. FCeIZ

BEEORRE (1)

BEEORERE (2)

BEEDER (3)

BEEORRE (4)

. BSOEFAH (1)

. S OEFAH (2)

X T oEM (1)

X YT AEM (2)

L EFa T (3)

XU T AEM (4)

. A= FR=ZEEE (1)

. A—FR=ZEEE (2)
= Lk nrr 52

BENE - HHREEETE -

S LA A4 0N RWON =

. Introduction

. Basics of Cryptography (1)

. Basics of Cryptography (2)

. Basics of Cryptography (3)

. Basics of Cryptography (4)

. Practical Uses of Cryptography (1)
. Practical Uses of Cryptography (2)
. Security Technologies (1)

. Security Technologies (2)

. Security Technologies (3)

. Security Technologies (4)

. Card-Based Cryptography (1)

. Card-Based Cryptography (2)

. Advanced Cryptographic Technologies
. Review

HERRCRELR— S EREMIHET 5.

R AE ST 5 % Submitted reports, attendance and so on are evaluated

BHERUVSEE
E£: HihR4t HhRE ISBN/ISSN BRIER
B S DR & Biff EES - RE TEMIE KK [FEHR 20244 978-4-06-535635-7 2EE

WO BmRE BmERE KU
—t KRB IHEX - &
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BEURL

BRYBLOFEBENVLETH S,

BERRN S Students are required to review repeatedly.

BRFFIA—LTRITR}ITS.

Students can email their questions.

THHEDOIRENBLE, 4 SHHOFEELELTINBEL > THATHCLEREL LTVET, 1HNOBRICHRELLLZFERHEOBRE, THRE - &EE) [2OWTIE15~3 0FMEICE
EBSUBERENFE (PE - HE4L) 30~ 158M. [EFR, FERUERI TOWTEHI 0~ 4 5HHENBES S URERMNFE (FT - HE4L) 15~0BHTY.
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ik \UE . ZIELEWSKI MICHAEL RYAN

FH EARBIERL

BMEFORNYVT
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Data Science Training |

AFBETE, AR, BIHRESEENCHALTOSERNLGITICEEY 2RMEBNT 5. BRICMR, BTLEH, IRERITCET SBRMEFALELES
gi%?étm@%@>tv—w§ﬁmLT%E%E&&EE@.EUFEU7KM?—9&—XEE,7D735>7,N—§3>EE,B;U:D%f&ﬁ

REOBH - MERVER 5
EHE

Information Technology (IT) is the use of computers to store, retrieve, transmit, and manipulate data, or information. This course covers basic IT
and introduces fundamental technologies that we rely on daily. This course will also include practical exercises, through which students will gain
hands-on experience using modern tools to support IT operations. Key topics include database management, programming, version control, and
containerization

REOBH - MERVER 5
&% (B)

This course will equip students with an understanding of IT fundamentals and cultivate practical skills that can be used for a variety of
applications, including research. By integrating theoretical concepts with hands-on exercises, this course ensures students have the experience
needed to start using tools immediately while having the foundational knowledge needed to rapidly learn emerging technologies

Tuesday, 14:40-17:50
Jun 09
Jun 16
Jun 23

RENE - HEALEETE

BHERUVSEE
E£: HihR4t HhRE ISBN/ISSN BEHIER

BEURL

RERRNEE

ATIT4RTT—

R - RERHIRE
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SvTtyITHEBDIL. 'ﬁ#%L'CL\&L\tﬁAm%ﬁIJI é%ﬁd&alﬁﬁb\b\tl,iﬂ'
our lapto lease tell us in advance.
1THMOIRERBR, 4 SB#F‘id)q—{%EZ\E&?'Z)Wﬁ-E%o’ﬂﬁﬁkﬂ'é LEBEL L’Cb\iﬂ' THMOBERICHELGLFERFEOBRE, T#E - &EE (DL TIH 15~ 3 0BHICR
TRER, RERUER [SDOWTIE3 0~ 4 SHHQERES L RERMNFE (FE - HEELGLE) 15~0BHMTY

EB S UIRERMNEE (FE - BELL) 30~ 1 5HRH.
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HREH - BY BHRERNFEER. DX TLERNFER. ABMAKFBHFER. CABBEER
ek ABE B2

FH EARBIERL

BEFUNYLY

20265 R Y

CHELDBBRIA VT v TR, FEO TRBE@HEEERFAL £5ISREY L. TRERHF) EVSHEOERRNI L TBEFIVE1—5) EVWSHEORER
FTE., JEBEORLME (WAL ESEE TREICEL. FRICHLMMADELIVERTT,

MEEELLTO TKEXEL LE) A2HO. RBESHROUEBNHEEDORMICMNONELSBIINRAEERLEL,

BERUER  BERRNESDBFHEA  MEERRIE CAIEFHEORE
(BIRE : £ERETIL - FFEHH A F IV R - BF 7T XLOH—HER)

W BEDHEM (Course Purpose)
FEBOBMIF. BRYMBPICETD ER & TROZ) ORMEEE (FERANE) 2RALEL. TIHLERAIOEE, ELITFEFIVEL—2~DIEAE
TER—MLERATERTILIZHD.

TEBEFIRNF—ORMETHD) THEEIMEBEBETHD] —COBBRTH. BUIBMPTOFARICLEELT, TV FOE—PEHIRLY—&
Vo T BAZORFFZA VAT L THEROMBECEEDHEEXR L TLANEER, 510, HRMGHEERBRE (S0 H8R) ARFHE (Yal—
T4 vA—AERX) LHENCEMTHLIER (B AL, RERRERZEZEHLT. BHOBF7ILITYXLANEERT 2,

e JON=LORR =Y A0 AN IR E A A DIRA L AIREME ESMEL TLHOMNEY . RIBFRO THEEEBHEAL © TERFRYITE - EFREFE) ORRRRE Y- KT 500, &
EF HERBENERERNERSLEHET.

B FEOHE (Course Description)
AERL, VEFLERHNFORRBLEET T 2UTOIO0/A— FTHEREN D,

METNRZLEERETILOER (FIE~FEE) RILYIUNMERERLES D [EEHEHE) &, BEBREEICETS [TILF—R—IETIL] OXICEKREHR
SMTT D, RATIVFUIBEDETEN, MEMICREDE S HEREFOONEHRT 5.

HRBNZFORM (FAR~FIE) [RURVTVOEBRE] OR5 Py I RABRE@THILSALBEERRNFERS, TobOE—%/@, AEET1—FNRvY
I:;gﬁ!ﬁ%‘—%:;‘iﬁﬂ@#ﬂﬁ (—HEEZEAD ZRU. HFROLEBISHHDZHVEBEHIR ~ (SUEIT7—ORE) O, BFREIRLF—ICERT LRBBEORESL
BT 5,

HRBIELETHAZOREMXIE (F8E~F13E) BRORNEECH A FIVAANRERT S, SUPaNVABRO I+ v h—TS U 0ABREV SRR
BN, BBEY A L—T « UH—AEXOCERHEETHE SUSY ) 2EL T, EFAFLEONCHEECBARLTV I ERME, I TEREEHLEROR
BHIEERD, HREEBFEOUCEIE Calb—TarvH—TUvD) ELTEET S,

BFHE~ORE (F4E~FIE) ChIETCOHREEFIAVEL—SALFESED, BF7=—U VT P00 (EFEUBELTILTY L) BENEF
This lecture lineup is an exceptionally ambitious and elegant structure that builds upon the previous “Optimal Transport and Generative Al,” sean

connecting the foundational physics of “information thermodynamics” to the cutting edge of computation in “quantum computing” through the mathdq
similarities (duality and variational structures) between them

It fully embodies the distinctive approach of Professor Ozeki as a physicist, creating a syllabus that allows students to touch the depths of the y
mathematical structures

Lecture Title: From Information Thermodynamics to Quantum Computing: The Future of Al and Computation Unveiled by Physical Laws
(Subtitle: A Unified Understanding of Generative Models, Non-Equilibrium Dynamics, and Quantum Algorithms)

W Course Purpose
The purpose of this lecture is to start from the fusion area of “information” and “thermodynamics” in modern physics (information thermodynami
a unified understanding extending to the mathematics of generative Al and its applications to quantum computers

“Learning is energy minimization” ; “Computation is a physical process” —-This course goes beyond mere machine learning methodology to explore hou
fundamental thermodynamic concepts |ike entropy and free energy govern the value of information and the efficiency of learning. Furthermore, it le
mathematical equivalence (supersymmetry) between classical stochastic processes (Langevin equation) and quantum mechanics (Schrédinger equation),
through optimal transport theory to the latest quantum algorithms

BEOEN - BERGER 5 The goal is to understand how physical laws define computational |imits and possibilities, cultivating robust mathematical foundations to lead resq
:;%$ 13) = development in next-generation “physics—driven AI” and “quantum error correction/quantum machine learning.”
b

W Course Description
This lecture spans the boundary between physics and information science, comprising the following four parts:

Fundamentals of Statistical Mechanics and Generative Models (Sessions 1-3)
Clarify the correspondence between “equilibrium statistical mechanics” based on the Boltzmann distribution and “energy-based models” in deep I
Discuss the physical meaning behind learning methods |ike score matching

Development of Information Thermodynamics (Sessions 4-7) Study information thermodynamics, established after resolving the “Maxwell s Demon” par
entropy generation, the extension of the Second Law of Thermodynamics via measurement and feedback (Generalized Second Law), and understand the ph
of information processing (Landauer’s Principle) and the principle of thermodynamic machines converting information into energy

Mathematical Correspondence Between Stochastic Processes and Quantum Mechanics (Sessions 8-13) Extend to dynamics incorporating the flow of time
stochastic processes |ike the Langevin equation and Fokker-Planck equation are intimately connected to quantum mechanics through the imaginary timq
dinger equation and supersymmetric quantum mechanics (SUSY QM). Here, optimal transport theory and optimal control theory emerge as bridges connect
classical and quantum physics (the Schrédinger Bridge)

Leap to Quantum Computing (Lectures 14-15) Elevate previous discussions to quantum computers. We reinterpret quantum algorithms |ike quantum annea
QAOA (Quantum Approximate Optimization Algorithm) from the perspective of optimal transport and adiabatic processes, envisioning the role of physi
next-generation computational paradigm

B EREE (Learning Objectives)

KEBOBEBIZEY ., RBERFUTOENEFICOHTEHIENTE S,

ERETILOVEUBR: IFRLF—A—IXETLPRATA—IETILOFEBEEL, HHANFELCRNZOSETHAL., HEWAERENATES,
E?&& ROWEELZHROER : HEFRECIL FOE—EHOBEEAL. FHROE GUE - 71— K1\ Y) 2E8TRICETIRNFHENZORAEZHHT
%o

HH - BETRGOBEBHER : T+ vh—T500ABKE A L—T 1 Vv A—HEXOMGEFR (Bt s) 2BHEL. REBEOMELETNEOFE
T, HEVFZOHEOT7 TO—FTRITTES,

BF7LITIALAORRN : REHZERCEEFNHOMRZGAL. BEFAVE1—FITEFHT7LTY XLREP®. TOHFELICET 2ERONETATT
ERETEHZRBEHICONT 5,

W Learning Objectives
Upon completing this course, students will acquire the following abilities:

Physical Interpretation of Generative Models: Explain the learning process of energy-based and score-based models using statistical mechanics and
thermodynamics terminology, and formulate them mathematically.

Understanding the Mutual Conversion of Information and Heat: Derive thermodynamic balances and limits in systems involving information processing
(measurement/feedback) using concepts |ike mutual information and entropy generation

Mathematical proficiency in classical-quantum correspondence: Understand the correspondence between the Fokker—Planck equation and the Schrodinger
equation (e.g., supersymmetry), enabling analysis of stochastic processes using quantum mechanical methods or vice versa

Ability to Apply to Quantum Algorithms: Acquire the foundation to propose fundamental ideas for algorithm design and efficiency optimization in
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BRENS - HELEETFE

BHERUSEE
E£:

BREHE (215EBRE)
MBEADORER . FHHFEIHHARICLDERETILOER

BEDHAFTIIR: THRNF—R—ZXETFINERATR—RETILOH—
BHROER : v/ VIV bRE— KFAN—Vz VREBRIRLF—
FAHEEOYE : TV FAE—BROERERNEETZINOES
BHREIRILF—~: I FAE—£REHERBEEOSHIERE
EROERK : BHRULELBAZOME (SUFVT7—DRE)
FEMEShBBNE: AEET1— Ry Y E2ECHEER A (Sagawa-Ueda relation)
Wi EDRMD . HERBE. IS5V UEE. SUUaNVAER
AHOBEREE: T+ vh—TS5 0o HEXOBH LR

BFZEDEES : ERESAL—T 1 VA—AEX L LHRRROFM@EM%E
REBEEOEES . Lal—T1UA—JUy DHBELBNEHEX
FIEIOHKIE . FBHIENER HBHER) LHRBREOHH

WIBMFH . BRMEEFHFE SUSY ) 2L BFER L BFONRE

EF 0K : EFALEa1—F(IBITRBEE#ELREBER
REBOTILTY XL~ BFEHETE. 0AA, T L TEFHMFTORE

Course Plan (15-Session Outline)
The Intersection of Physics and Al: Describing Generative Models via Equilibrium Statistical Mechanics

Learning Dynamics: Unifying Energy-Based and Score-Based Models

Fundamentals of Information: Shannon Entropy, KL Divergence, and Free Energy

The Physics of Irreversibility: The Law of Entropy Increase and Reexamining the Second Law of Thermodynamics
Information to Energy: Entropy Generation and the Operating Principle of Information Thermodynamics

The True Nature of the Devil: The Fusion of Information Processing and Thermodynamics (Landauer’s Principle)
Control led Thermodynamics: Information Thermodynamics Including Measurement and Feedback (Sagawa-Ueda Relation)
Describing Fluctuations: Stochastic Processes, Brownian Motion, and the Langevin Equation

Time Evolution of Distributions: Derivation and Analysis of the Fokker—-Planck Equation

Rotation of Spacetime: The Imaginary Time Schrédinger Equation and the Equivalence of Diffusion Phenomena

The Return of Optimal Transport: The Schrédinger Bridge Problem and Dynamic Programming

Mathematics of Control: Optimal Control Theory (HJB Equation) and Control of Stochastic Processes

Mathematical Miracle: Duality of Probability and Quantum Mechanics via Supersymmetric Quantum Mechanics (SUSY QM)
Extension to Quantum: Optimal Transport and State Preparation in Quantum Computing

Toward the Ultimate Algorithm: Quantum Annealing, QAOA, and the Future of Quantum Machine Learning

BAE

AEADLR— FHAHBE S 2D TZOFEIC & Y REFEEEET 5.

Grading will be based on the evaluation of several reports that will be given

HihR4t HhRE ISBN/ISSN BRIER

BEURL

RERRIEE

THHEOIRENBE, 4 SHHOPEELRELTINBEL > THATHCLEREL LTVET, 1HNOBRICHRELLLZFEFRHEOBRE, TH%E - &EE) [COWTIE15~3 0FMEICR
EBSUBERBENFE (PE - HE4L) 30~ 158M. R, FERUERI ITOWTH3 0~ 4 5HENBES S URERMNFE (FT - HE4L) 15~0BHTY.
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HERMNSIELIMERERD-OICIE,. MESCRMEHF IS LICEY, THEBRMTHELVD ZRIETILENHD, HEBEAVTIOLSBR
FERD BAEERERIT EREHEE LTS, FEBETE. WERENSHREAFRCOVWTERISERT 5,

REOBH - MERVER 5
%

Numerical calculations performed using calculators are not done accurately. The results of the four basic arithmetic operations are sometimes
approximated to a certain decimal place, meaning that infinite operations, including limits, are all approximated to finite operations. To obtain
correct conclusions from computational results, it is necessary to guarantee the number of correct digits by computing an interval that contains
the true solution. A method for obtaining such intervals using computers is called verified numerical computation. In this lecture, we will give
an accessible introduction to verified numerical computation

REOCBH - MERUVER A

=% B

RERIT EREFEORELERT 5,

CANVAS LMSZFIRT 5. 4> 51 VREEEL,

BA, BiBHECRNB8EE

XREEE

R EES

RY PV VLDEE. N FLOERK/ LLDOHEE

R MLD 1/ IVLDHEE

Ry LD 27 VLDHEE

1T5/ LLDFESE

THOERK/ ILLOKE

BENS - HELEETE THD1/ LLOKE

T5D 2/ LLDHEE

ZILLEFIA L4750 EBITERREE

EI 1 RAEXOBICH T DFEERI EREFEE (/)L LFHE)
E 1 RAEXORICHT DFEER T ERIEFTE (RS EFTE)
TIOT R TOEHMEICHT DREERIE & BIEFEE (/L LGFHE)
THOFTRTOEFMEICHT BREERI & RIEFHHE (5 8 3FHE)

BEATIRECSLTEREELS,

i 333

BREPOEEBLPICLR— ML YRBKEZETET 5. BMLKR— FZORFHBBEIFEC LV, FROVTIE, BEPISHAT 2,
RRARETAf 75 %

BHERVSEE
E£: HihR4t HhRE ISBN/ISSN BHIER
BIHEELRL,

BEURL

FE REOFEICEMMTVSIAEICOVWTHANTL . HE  BESREFICRDOLAN2FBEICE. ChERERRNHE,

RERRIEE

BHISHELZL, BRCERNHNL, BEPOREERTHICKRISTITS>2 L,
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