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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.
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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.
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Faculty in GSIS Human-Social Information Sciences
Department will discuss issues around advanced information
society from their respective field of research.
TATEIVY -S4 T4 2HfL

Academic Writing in English
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This Academic Writing in English course blends traditional
writing skills with modern academic tools. The course focuses
on two main areas: Academic Typesetting using LaTeX and
Data Visualization using Python. LaTeX skills allow students
to create professional-looking academic documents, which is
valuable for publishing research. Data visualization helps
students present complex findings clearly, an increasingly
important part of academic writing. By learning both document
formatting and data presentation, students will be able to
produce high-quality academic papers that meet current
standards in scholarly communication.
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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
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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.
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This course is an introduction to algebraic theory of
hypergraphs. A hypergraph is a family of subsets of a fixed
finite set, and we give fundamental examples of hypergraphs.
Through the properties of these examples, we introduce
Johnson schemes which gives a framework for design theory,
and we reveal linear algebraic properties of them. As an
applicaition, we prove the Erdos-Ko-Rado theorem. This
theorem is central in extremal set theory, and we also touch on
main problem in this area, including asymptotic behavior of
properties of hypergraphs.
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Mathematical Structures Ila

SRR HEEE N EeE

ANAREN T AR & LR & OB A2k &
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2T, IO OHEFHOMIEIT S,

70k, FEFILVREZRIR Y XHEIZTIT O,

We will give a basic course on the relations between
sequences and analytic functions. A power series has an
obvious relation with a sequence through its coefficients. This
idea of a generating function enables us to analyze the
sequence deeply. In addition, however, there are several other
methods to associate an analytic function to a given sequence
such as continued fractions and the Schur algorithm. In this
course, we explain fundamentals about these methods and may
give some applications to moment problems and signal
processing. The attendees are required to have knowledge
about Calculus and very basic of Complex Analysis.

The lectures will be given in the assigned room as far as
possible.

MaAERER 2 B
Mathematical Structures ITb
R AT HUHEE - R 5%

BRI BT 2 BBy R o LB
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B B AR AL BRI OW TSRS 5. £, B
ROWIRCREMEE 2L LT, Katz 12 L5 middle
convolution O¥EF, Laplace 22D, SAK A FE /4
FEDBLGR e & Dl EER L TR AT 9 .

We develop the basic theory of algebraic (ordinary)
differential equations in the complex domain. Starting from the
existence and uniqueness of solutions, we discuss various
fundamental invariants of solutions such as monodromies and
Stokes coefticients. Depending on the interests of the audience,
we discuss more specialized topics such as Katz’ theory on
middle convolutions, theory of Laplace transforms, or
multivariate integrable connections.
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We will learn fundamental mathematical tools for
Information Sciences like as sets, mathematical logic,
mappings,mathematical relations, properties of integers,
congruent equations, algebraic structures and graphs through
exercises.
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In this course, the student will first learn the notation for sets
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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.
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Highly-Reliable System Design
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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.
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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 learning.
Discuss the physical meaning behind learning methods like
score matching.Development of Information Thermodynamics
(Sessions  4-7) Study information thermodynamics,
established after resolving the “Maxwell's Demon” paradox.
Cover entropy generation, the extension of the Second Law of
Thermodynamics via measurement and feedback (Generalized
Second Law), and understand the physical cost 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. Unravel how
stochastic processes like the Langevin equation and Fokker-
Planck equation are intimately connected to quantum
mechanics through the imaginary time Schrodinger equation
and supersymmetric quantum mechanics (SUSY QM). Here,
optimal transport theory and optimal control theory emerge as
bridges connecting classical and quantum physics (the
Schrodinger Bridge).Leap to Quantum Computing (Lectures
14-15) Elevate previous discussions to quantum computers.
We reinterpret quantum algorithms like quantum annealing and
QAOA (Quantum Approximate Optimization Algorithm) from
the perspective of optimal transport and adiabatic processes,
envisioning the role of physics in the next-generation
computational paradigm.
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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.
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Intelligent Integrated Systems
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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.
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Reliability of software is crucial in modern society where
social infrastructures are controlled by computers. &nbsp; We
lecture methods of understanding software with mathematical
logic and discussing/verifying its behavior with rigor.
&nbsp;Specifically, we cover computation models and 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.
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Logic for Information Science
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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. &nbsp;Unintended bugs in such
software may cause even fatal accidents and corporate
bankruptcies. In fact, there have been many incidents due to
software flaws: a space rocket has 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. &nbsp;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.
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Foundations of Software Science
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In modern society, smartphones and computers are used
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daily, and societal infrastructures such as transportation,
finance, healthcare, and energy are also controlled by
computers. As a result, ensuring the reliability of software has
become an urgent issue. In this lecture, in order to 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.
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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. &nbsp;The
purpose of this lecture is to understand communication systems
based on information and communication technology through
discussions.
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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.
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To understand mathematical foundation of cryptology, along
with cryptographic applications in the society
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This lecture series provides an introduction to thetheory of
dynamical systems on the Riemann sphere, generated by
rational functions ofa single complex variable. Specifically, we
will study the structure of the bifurcation setwithin a given
family of rational maps, with the goal of classifying dynamical
systems ina systematic way. The bifurcation set refers to the set
of parameters where the dynamicsundergo qualitative changes.
A classic and fundamental example is (the boundary of)
theMandelbrot set, which arises in the study of quadratic
polynomials. One of the primaryobjectives of this course is to
explore and describe the intricate fractal structure of
thisfascinating set.
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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.
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Mathematical Theory of Quantum Information
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This course introduces the mathematical foundations of
quantum information science.

Quantum information science is a new discipline that applies
the principles of quantum mechanics to information processing.
It includes topics such as high-speed computation with
quantum computers and unconditionally secure quantum
cryptography. The course begins with the fundamentals of
probability theory and quantum mechanics, and provides a
systematic understanding of the theoretical framework of
quantum information science.
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Special Topics in Numerical Analysis
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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.
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Codes are an important class of combinatorial structures for
both theoretical and practical reasons. &nbsp;In this class, I
talk about an introduction to &nbsp;algebraic coding theory.
&nbsp;In particular, self-dual codes are studied. &nbsp;Some
relationship with combinatorial structures are also given.
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Our goal of this class is to understand the eigenvalue
problem of Laplacian on graphs.
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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.
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This course aims to provide an understanding of the
Completeness Theorem, which is one of the most fundamental
results in relating semantics and syntax in logic. When humans
perform calculations or proofs, they consider the properties of
the objects in question and derive conclusions from them. In
contrast, calculators and automated theorem provers derive
conclusions purely through symbolic manipulations. Although
these processes operate in completely different ways, they
yield the same results. The Completeness Theorem ensures this
consistency. In this course, we will cover the semantics and
completeness of propositional logic and predicate logic.
Through concrete exercises, students will work toward a
deeper understanding of these topics. However, the content
may be adjusted based on the students' interests and
comprehension levels.

MEtETY VT 28U
Statistical Modeling
BR %M HYEE SRR BT

RWEFEEEET DT — XD HNTIEHR 2 LR
B C OIS Y > 71k, BB, e
Btk A 2258 TR Wb v s, AR TR, B
DEFHHITT Y o 7 DORMBEFGHRN D IR T, ITFEOEME
ZERIEE A G T DT — X DRI A T
DI DFMIRETT NVDRTEWE, BT NVDINT A—H D
HEEWE, 7 L TRl e 7 LV ORIRIEICEH T 5, 8k,
AR DO RESRRE R O FER A RitE & T 5,

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.
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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.
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In this lecture, we deal with machine learning, which is one
of the central research topics of intelligent systems. We mainly
focus on the theoretical approaches based on computational
complexity and formal language theories, both from basic and
practical viewpoints.
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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 with Python.
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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.

1R AT LFHEE 2 BT
Design and Analysis of Information Systems

R OB HMEE  ONE e - & RIE

BREMEDEVEFR S 27 LT, BRI IS SEF
ENEHRL TS, AR T, EWY AT LORE -
M A 7228 7 AL, PR TS, T s
PICHERT D,

In highly reliable information systems, theory-based
methods are playing important roles. This course focuses on
mathematical modeling, problem-solving methods, and
analysis methods that are useful for designing and evaluating
information systems.
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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 geometry essential for 3D reconstruction.
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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 systems such as image sensors, image processing
and visual tracking will also be given.
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New mechanical systems using advanced mechanisms are



HifERAE (BEFREH)

being developed for medical care and welfare, space
exploration, disaster rescue purposes, etc. This course focuses
on the motion control design of increasingly advanced and
complex mechanical systems. Students will learn fundamentals
for non-linear system analysis and control system design
methods. First, phase plane analysis methods and Lyapunov
methods are introduced as the main ways to analyze non-linear
systems. Next, non-linear feedback control system design
methods will be used for mechanical control systems with non-
linear dynamics. Finally, students look at several control
system design methods. This class includes some exercises
using MATLAB.
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Acoustic Information Science

IR R HNEE R B

TEBILER S 2T &, TEHIBE T AT LTI, H#RO%
BEZBEOHWTL LT, AMPRKREREEZRZLT
W5, LEDR-T, #CHNEARBRETHIEIZHE
TEDLVATLEAED EIF2720101%, A ORI
DOHFAEH EMNITT D Z ENRRAIRTHDH. AFE T,
ULOBLENS, ANEOFBHROLHRHAERIZOWT, £
DOHMEE LD, bW T, RERTEBEI AT
LW 7 IR B TR OWTHRT 5. BEO HE
WE Y AT & NHIOMFBAERED, £ X 5Bk
LTWSO0EERTL L2 AELT 5.

Humans are parts of information processing and
communication system as senders and receivers of information.
Thus, knowledge processing
mechanisms is indispensable for developing communication

of human information

systems that realize comfortable communication environment
for anyone. From 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
information processing mechanism is related to modern sound
communication s

SRR EHROER 2 AL
Higher Order Vision Science
B MY EYMEE E K

AN g 2@ U TR A HER L, Ziuci-S<4T
aE LTS, HEIIABICE > Th o L b EERKE
DOLESTHY, ZDOHMITZE < DB ORZRE DI
BRI BT, WEEEOHEMEIZL T HT 25 2 L AMRET
&5, keI, AR, EEL, SLIRTL, TRERL. 72
ELZIGIZh72 0 S HICFLETHE & b BET 28R
WL TR Lo TS, ZOBRICITED) 727 7' a—
FEBMYRET ANRAIRTH D, Al TiE, AMO
R AROIROT= O, IRER, M, KIXERITFOHERT

BERBIZ DWW T, IFMAERR Y e —F IS & & T 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.
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Information Storage Devices and Systems
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Information storage is the backbone of our information-
based society. In order to cope with the enormous amount of
multimedia information generated each year huge progress has
been made in increasing the capacity and density of storage
systems. At the core of these storage systems are hard disk
drives and magnetic recording technologies. Lectures will
include talks on magnetism and magnetic materials, recording

and reproduction theory, digital signal processing,
micromagnetics, etc., while also considering future
technologies.
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Information Contents
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As the Internet of Things (IoT) expands, everything around
us is coming online and joining integrated networks. Even
everyday items like furniture are going digital. This class
explores interactions between people, content, systems, and
environments in order to build a world that is not only smarter,
but also one that is happier, and better integrated. This class
focuses on relationship and interaction in order to achieve
greater harmony.
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This course (for Graduate School of Information Science
students) utilizes Google Classroom.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. &nbsp;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
&nbsp;multi-phase flow and numerical analysis, 4) Modeling
of liquid atomization, 5) Classification and role of fluid
machinery, 6) Generation of cavitation in pumps.
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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 challenges. 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 not cover these
topics, students should study them independently as needed.)
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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--Santalé inequality.In this lecture, we will also
discuss Lieb's theorem, one of the fundamental results
concerning the Brascamp--Lieb inequality, and explain how
geometric inequalities can be reduced to analytic ones via
Lieb's theorem.
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The course will brainstorm on the multiple issues necessary
to develop medical care and welfare, and consider what
technologies are needed to solve these issues. In particular,
lectures will be given on topics related to the creation of
sensors and actuators, information processing technology, and
systemization. Students will brainstorm and gather information
multiple times, present and discuss their findings, and deepen
their understanding of the solutions.
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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.
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Modern Linguistic Theory
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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. &nbsp; In this lecture, on the basis of recent theories and
discoveries in linguistics including generative syntax, lexical
semantics, morphology, phonology, historical linguistics,
linguistic typology, and so on, you will be able to learn about
the systematic structure of natural languages, how and why
languages have changed, and why there are so many varieties
of languages in the world, and so on.
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An Analysis of Syntactic Structures
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The essential aim of this course is for you to learn what
linguistics is like, what kind of linguistic knowledge we have,
how a child acquires it, what the universal properties of natural
languages are, what kind of general rules and tendencies there
are about diachronic changes, and how and why cross-
linguistic variations occur, among others. Throughout the
lectures by the teacher based on a textbook and your own
practice, you will learn the basic knowledge and skills about
theoretical linguistics. Also, you will learn how to collect
linguistic data by means of various corpora and how to make a
quantitative analysis of linguistic data.
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Learning Psychology from Brain Science
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In this lecture, several topics will be introduced from 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.
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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 will be research
works in those fields.
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Introduction to Critical Thinking
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Critical thinking is the methodology for examining and
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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 instructor, but
also by requiring participation in discussions by participants.
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An Analysis of Verbal Expressions in
Communication
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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.
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Linguistic Analysis of Text Structure
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In this lecture, data from various languages of the world will
be examined from multidisciplinary perspectives. The students
will be trained to refine their linguistic intuition through
different levels of linguistic discussions, depending on their
different types of backgrounds knowledge.
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Morphology is a branch of linguistics that focuses on words
as a linguistic unit. In the course of the development of
linguistic theory from traditional through
structuralism, to generative grammar and cognitive linguistics,
various findings have been accumulated in the basic research
area of morphology. The lecturer and the students will examine
articles relevant to morphology by carefully reading them.
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Study of Community Structure and its Change
B R MEE I EA

ERTREMNERY, a3 a7 —va v OBEPLR
LEOBKE LW ) BB LT, BE 55 L a7 T,
PR TR R TR IR OV T OB 2 TR
Do HiTOEAWLRHEOD & ZlAEORG & b i)
SETYV Y —T N LeBO, TNaiiHrtE D Rn 557}
AT 0,

We will try to understand the rural problem, the relevant
social theory and the method of research, from the standpoint
of rural sociology, especially in terms of communication
between agriculture and food. After some introductory lectures,
we will select some journal articles and read them.
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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.Aya Okada will
be the primary instructor this semester. Fieldwork will be
conducted around the topic of nonprofit organizations.
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We will learn to see "society" or social structure as the
process of interaction and its institutionalization (as a system
in that sense). We will 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.
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"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 limitations through careful reading of relevant
publications.
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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.
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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.
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In The Protestant Ethic and the Spirit of Capitalism, Weber
argued that the rise of capitalism in the West can be traced back
to Protestantism, a point many of you may already be familiar
with. Because of the division of labor in the social sciences and
the widespread use of scientific hypothesis testing, large-scale
theories such as this (which are not always tested under strictly
scientific scrutiny) have ceased to be part of mainstream
research. However, in recent years, a new field known as
historical political economy has been gaining traction. This
field involves digitizing historical sources (including images
and texts previously considered incompatible with quantitative
analysis) and employing statistical methods called causal
inference to scientifically test how major explanatory
variables—once deemed ill-suited for quantitative analysis—
actually influence large-scale phenomena. In this course,
students will read, present on, and discuss key journal articles
for each thematic area, thereby deepening their understanding
of each article’s scholarly significance, the methods used to
generate data, and the innovations employed in statistical
analysis.
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Analysis of Micro Socio-Economic System
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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.

MARREE 2 HAL
Urban Economics
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Regional science is known as a field to study the spatial
distribution of economic activities in cities and regions, and
isbased 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 &nbsp;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. This course also introduce
variety of issues regardless of modern or lassical, and of
theoretical or empirical.
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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.
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Econometric System Analysis
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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.
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Socioeconomic Network Analysis
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Various socio-economic phenomena, such as human
relationships, spread of rumors and infectious diseases, human
mobilities in cities, transactions between firms, international
trade, can be analyzed as networks. In this lecture, we introduce
theory of complex networks, which has been developed rapidly,
and discuss its applications to socio-economic analysis. In
particular, we study characteristics of network structures, e.g.
small-world and scale-free properties, dynamical processes on
networks such as spread of infectious diseases. Furthermore,
we introduce network analysis methods such as community
detection and implement the analysis using some software.
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Spatial Information Analysis
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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 &nbsp;and to understand their similarities and
differences.
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Behavioral Analysis
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To learn theoretical bases, estimation method, application
examples of the statistical models frequently used for behavior
analysis; Generalized linear model (GLM). Applications to risk
related cognition and behavior will be focused.
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Cost-Benefit Analysis
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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.
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Time Series Analysis
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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
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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.
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Institutional Analysis
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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. The contract theory consists of "complete
contract theory" and "incomplete contract theory." First, we
learn the basic theory. Then, we apply it to the current topics of
social issues.
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Mathematical Urban Modeling
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Urban Landscape Design
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To learn a difference of urban philosophy between Western
and Japan through the history. And, to learn a cognition
mechanism of town scape.
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Media Communication Studies
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Recently, as media environment is radically developing, we
often find extremely complicated situation in our modern
global society. &nbsp; 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.
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Information Media Education
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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.
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Political Methodology
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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.
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Practical Information Literacy A
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This course provides an understanding of the information
and computer literacy for beginner students of "Human
Information Sciences", "Socio-Politico Information Sciences",
"Media and
Information Sciences" and "The Information Literacy
Education Program".

"Socio-Economic  Information Sciences",
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Practical Information Literacy B
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This class is mainly for graduate students studying
Humanities and Social Sciences (Of course, graduate students
from all disciplines are welcome!), and provides a broad
experience of the basics of data science.
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Mathematics for Applied Economics
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By studying economics, we learn how we can mathematical
tools to economic analyses. | basically focus on mathematical
tools rather than economics, but I hope that you all students
develop economic intuition in this course. The mathematical
tools we learn are shown below.
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Econophysics
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Recently, there is an interdisciplinary research field of
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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.

Cognitive Science of Higher Mental Functions 2 HfT
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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 1is psychophysics, cognitive psychology and
neuroscience. Therefore, most of the topics will be research
works in those fields.
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Learn about the overview of natural language processing and
large language models. Additionally, deepen your
understanding of the mechanisms and behaviors of large
language models through practical exercises.
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Physical Fluctuomatics
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Applications to many fields in engineering like 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 like
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
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likelihood estimation. Particularly, we show EM algorithm as
one of familiar computational schemes to realize the maximum
likelihood estimation. As one of linear statistical models, we
introduce Gaussian graphical model and show the explicit
procedure for Bayesian estimation and EM algorithm from
observed data. We show some useful probabilistic models
which are applicable to probabilistic information processing in
the stand point of Bayesian 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 likelihood estimations, we
show probabilistic image processing and probabilistic
reasoning. Moreover, we review also quantum-mechanical
extensions of probabilistic information processing.
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Information and Communications Technology
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1. Purpose
Students will learn and understand basic principle of
Internet Protorol (IP).

2. Outline
Students will learn mechanism of TCP/IP.
F2F or Online (Real-time).
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Human-Robot Informatics
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Lectures and investigation study on the following themes.
1) Disaster response robotics

2) Haptic interface

3) Field robotics

4) Advanced mechanisms
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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 also examine the analysis of
numerical data through the analysis of gene expression level
information at the RNA level. Additionally, we will 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.
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https.//www.1s.t0hoku.dc.m/1p/ forstudents/syllabus.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. ObjectivesIn 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
intelligence 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. AbstractThe 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
understandingThe class code for Google Classroom can be
found on the Web site of the
GSIS:https://www.is.tohoku.ac.jp/en/forstudents/syllabus.htm
1
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Information Network Systems
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The purpose of this course is to help students deeply
understand how the information network systems that support
our daily activities are organized.

570 3Lk
Cryptographic Protocols
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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.
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Health Informatics
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The objective of this course is to provide students with the
basic and up-to-date medical knowledge required in numerous
areas of informatics.

The regulatory systems categorized into three types, neural,
humoral and behavioral mechanisms which play an important
role in maintenance of the homeostasis of the body. These
control systems response and compensate by the second, by the
minute, by the hour, by the day or by the year to the internal or
external stress. The worse lifestyle could induce a breakdown
in these regulatory systems, and cause lifestyle-related diseases
such as hypertension, ischemic heart disease or obesity.
Furthermore, an impairment of regulatory systems involves
changes in physical or mental functions. We will consider the
importance of the lifestyle to keep the body healthy in this
lecture. This is a lecture-centered course.
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Applied Mathematical Fluid Dynamics
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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.Please go to Google Classroom to collect information
and materials.The class code of Google Classroom is svtpubvp
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Theory of Differential Equations
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. 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, partial differential equations, heat
equations, Laplace's equation, Poisson's equation, the
eigenvalue problem of partial differential equations 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.
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Advanced Computer Training
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The aim is to familiarize oneself in the computational
environment of the GSIS, and to be able to utilize the
workstations to its full power. The course consists of taking a
training session in one of the following skills.1. Sessions in
Unix and C-Lanuagein Windows machines. 2. Sessions on real
time measurements of data,and analysis on dynamics. 3.
Sessions on MATLAB indispensable in modeling. 4. Sessions
on data analysis and digital media expressions utilizing various
applications. 5. Sessions on original construction of applied
systems and their management. 6. Sessions on developing
skills for security systems and network environments.
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Secure Information Communication Systems

R R RNEE AR WS

LRIEREE S AT DR T 57200 K58
B/BIHrZLEENET S, KR TE, £9, HRtx
2 VT 4B XZDBREST LTV XN EZDOREIC
BE9 2 25 5. Frle, @SR Bk L OVARRS#ERT =
TNTY X LD & DFIEICONWTEGL, R
\ZXI9 2 BRRY 72 I8 & 2 OB IE ORI 2 5. %
DT, WIS T7 L) LR X 2 TR, ~—
R = 7EREF, BEE XU T 4, IoT B¥=V T4
E Vo =BT B BB IO S A EH ST 5.

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 IoT security.
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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.
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[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 autonomously in such harsh real-world
environments.

[Overview] 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 perception, 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
explain 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.
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Foundation and Practical Development of Advanced Technology
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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.1)
How the principles and theories learned in undergraduate and
graduate school are applied to the front lines of business.2)
Trends in advanced technology and actual problems that arise
at the corporate level of practice. 3) How to build one's carrier
as a researcher or an engineer learnt from senior engineers.The
lecturers and titles are posted on the Graduate School of
Information Sciences website.
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The objective of this class is to acquire reading and listening
skills that can help students succeed in various business
environments. A strong emphasis will be placed on reading and
writing for the TOEIC test. &nbsp;There will be a strong focus
on new vocabulary acquisition, increased reading fluency, and
improved listening comprehension. &nbsp;Through regular
reading and listening exercises students will improve their
business English.
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Introduction to Time Series and Spatial Modeling
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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.

Computer Science Fundamentals 2 HfL
(A Ea—Z YAz ZIEHE)

BR RIEET O HRNEE W Fods fh

TOI—ATHE, I —FEERY NU—T D
F L FIEICB T 2 AN EE B LET, 22—
AT, Xy NT—7 « T—%7 7 F v OME, 77V
r—vayv, Fy hI—27 X2 VT4 LELY T ¢
BT 2807 by 7 2H0 P ET, e LT,
FlZA v E—F v b TR bhag s AL — R EEHLE
T, BT, ERBHE, e s I HE X
AT (A B =y MIHER Sz PC THEMATHE)
ZATWET,

The course introduces fundamental concepts in designing
and implementing computer communication networks. Topics
to be covered include network architecture, applications,
security, and mobility. Examples will be primarily from the
Internet protocol suite. There will be written assignments,
programming assignments, and hands-on lab (that can be done
on any Internet-connected PC).
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English Presentation Intensive Course
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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

2) listen to, analyze and evaluate contents of presentations

given by others.

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 spontaneously
asking and answering questions.
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Internships in private companies and government agencies
are offered as training opportunities for information sciences.
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Internships in private companies and government agencies
from overseas are offered as training opportunities for
information sciences.
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Special Lecture III on Information Sciences
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Computer Hardware Fundamentals 2 Hifir
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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 SR
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Law and Management of Information Security
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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.
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introduction to cyber attacks and their
countermeasures
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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.
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Machine Learning Basics
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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
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learning models, we will also cover advanced topics like
Neural Networks and Time-Series Analysis in an accessible
manner without delving into theoretical details.Each lecture
will consist of explanations wusing slide materials,
demonstrations with Python code, and simple in-class
exercises (no extensive coding skills required!). To deepen
your understanding, we will

assignments.

assign weekly practice
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Data Science Programming Basics
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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.
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Data Engineering
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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.
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Data Science Training |
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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.
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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.
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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 lecturers.
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Practical English for Data Science
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This course aims at improving English skills in preparation for
living and studying abroad, targeting non-native English
speakers who have the most to gain from more practice
(students not planning to study abroad are also welcome).
Various activities, such as discussions and teamwork, will be
conducted to achieve the goal. Classes will be held once per
week in person.
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The objective of this program is to cultivate the ability to
understand and think critically through one's own initiative by
providing opportunities to enhance communication skills
necessary for future leadership roles in specialized fields.

One credit is awarded for a training period of one semester,
and two credits for two semesters.
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Biomaterials science, including medicine, has evolved by
bringing together technologies from different fields. New
microscopes are used to observe the structure and function of
individual biomolecules in cells, and bioinformatics methods
are used to analyse the DNA (genome) sequence that governs
human genetics and cellular function. Recently, a new field has
emerged in which complex functions are understood through
Al and machine learning. In this course, students will learn
about new developments in the above-mentioned biological
and material sciences, where research is rapidly accelerating
worldwide, and will train the next generation of leaders who
will play important roles in fields such as engineering and life
sciences.
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In rapidly aging society, the issues that individuals and
society need to address are diverse, including medical care,
long-term care, and living environments. In this lecture,
participants will learn strategies that organizations and local
communities should proactively address, focusing on the
introduction of measures and technologies to improve the
quality of life of the elderly, and the formation of communities
and support systems. It will provide insights into building a
new society through comprehensive and sustainable
approaches, such as intergenerational cooperation, utilization
of skills of the elderly, and measures to combat discrimination
and loneliness.
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This seminar is designed as an advanced seminar on Northeast
Asian anthropology, focusing on coastal Japan. A focus on
coastal Japan enables us to investigate human-environmental
interactions, long-term sustainability of human cultures and
societies, and current issues in Japanese society. Such study
provides a lens onto many the issues seen in coastal regions
throughout the world. Within the theme of coastal Japan, the
course will cover traditional anthropological topics such as
gender, kinship, social organization, and livelihoods; the
course will also address contemporary issues and concerns
such as climate change, disasters (3.11), tourism, and
depopulation. The premise is to investigate how
anthropological inquiry towards coastal communities has
changed over the decades, as well as understand both new and
everlasting issues. Comparison with other regions of the world
will also take place. Depending on student schedules, the
course may involve a fieldtrip to the Urato Islands
(Matsushima Bay), to experience local coastal Miyagi
communities and ocean environment. By the end of the course,
you will have an understanding of the issues and methods to be
able to write an essay (or present a film short) on a topic of
your choice, situating that work within an anthropological
framework. You may choose a topic other than coastal Japan,
if it is a comparative case. Class participants should already
have a basic background in, and understanding of, Social or
Cultural Anthropology before taking this seminar. In this
course you will learn basic practical, theoretical, and ethical
issues surrounding anthropology. Students will be assigned to
be “leads” in weekly seminar discussions. Depending on the
interest and ability of students photo/ film projects can be
undertaken.
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The course takes a form of seminar where the faculty
member, solely or together with other faculty members of the
department of Computer and Information Sciences or outside
of the department, conducts instructions on topics on the
frontier of mathematical structures.
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Seminar on Computer and Information Sciences
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The course takes a form of seminar where the faculty
member, solely or together with other faculty members of the
department of Computer and Information Sciences or outside
of the department, conducts instructions on topics on the
frontier of the computer and information sciences.
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The goal is to aquire the basics and the thought processes on
the subject of Mathematical Structures. The course involves
running a seminar where the members exchange ideas over
research papers written in foreign languages, first-hand
materials and textbooks.
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The course aims to provide opportunities for the student in
the process of completing the Master's thesis in taking parts in
researches, debates, problem sessions, experiments, and
presentations of the thesis themes. The actual content is to be
determined by the faculty member in charge
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Advanced Seminar on Computer and Information Sciences A
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The goal is to acquire the basics and the thought processes
on the advanced topics of computer information sciences. The



course involves running a seminar where the members
exchange ideas over research papers written in foreign
languages, first-hand materials and textbooks.
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Advanced Seminar on Computer and Information Sciences B
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The course aims to provide opportunities for the student in
the process of completing the Master's thesis in taking parts in
researches, debates, problem sessions, experiments, and
presentations of the thesis themes. The actual content is to

be determined by the faculty member in charge.
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Seminar on Mathematical System Analysis
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The course takes a form of seminar where the faculty
member, solely or together with other faculty members of the
department of System Information Sciences or outside of the
department, conducts instructions on topics on the frontier of
mathematical system analysis.
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Seminar on System Information Sciences
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The course takes a form of seminar where the faculty
member, solely or together with other faculty members of the
department of System Information Sciences or outside of the
department, conducts instructions on topics on the frontier of
the system information sciences.
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Advanced Seminar on Mathematical System Analysis A
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The goal is to aquire the basics and the thought processes on
the subject of Mathematical System Analysis. The course
involves running a seminar where the members exchange ideas
over research papers written in foreign languages, first-hand
materials and textbooks.
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Advanced Seminar on Mathematical System Analysis B
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The course aims to provide opportunities for the student in
the process of completing the Master's thesis in taking parts in
researches, debates, problem sessions, experiments, and
presentations of the thesis themes.
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Advanced Seminar on System Information Sciences A
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The goal is to acquire the basics and the thought processes
on the advanced topics of system information sciences. The
course involves running a seminar where the members
exchange ideas over research papers written in foreign
languages, first-hand materials and textbooks.
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Advanced Seminar on System Information Sciences B
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The course aims to provide opportunities for the student in
the process of completing the Master's thesis in taking parts in
researches, debates, problem sessions, experiments, and
presentations of the thesis themes. The actual content is to be
determined by the faculty member in charge.
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Seminar on Human-Social Information Sciences I
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The course takes a form of seminar where the faculty
member, solely or together with other faculty members of the
department of Human-Social Information Sciences or outside
of the department, conducts instructions on topics on the
frontier of human-social information sciences.
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Seminar on Human-Social Information Sciences 11
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The course takes a form of seminar where the faculty
member, solely or together with other faculty members of the
department of Human-Social Information Sciences or outside
of the department, conducts instructions on topics on the
frontier of human-social information sciences.
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Seminar on Human-Social Information Sciences I1I
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In the field of human-social information sciences, a seminar
is organized, solely by the faculty member or together with
other faculty members of different departments and schools,
where from the viewpoint of information sciences, instructions
are given on topics concerning structures and functions of
different levels of natural language, mainly focusing on
English and Japanese.
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Advanced Seminar on Human-Social Information Sciences A 1
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The goal is to acquire the basics and the thought processes
on the subject of Human-Social Information Sciences. The
course involves running a seminar where the members
exchange ideas over research papers written in foreign
languages, first-hand materials and textbooks.
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Advanced Seminar on Human-Social Information Sciences AIl
B E HYEE . 2HE

O 2 8 R 224 B3 2 TP SR Sl 7 B DI B
EREOBBE ML L, SMERC, R HR
D, BE, HRET,

The goal is to acquire the basics and the thought processes
on the subject of Human-Social Information Sciences. The
course involves running a seminar where the members
exchange ideas over research papers written in foreign
languages, first-hand materials and textbooks.
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Advanced Seminar on Human Social Information Sciences A 111
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The goal is to acquire the basics of human-social information
sciences as well as the thought processes and methodology of
the field. We read academic publications in English, first-hand
materials in English, and textbooks, and ask the students to
make presentations for the research in progress.
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Advanced Seminar on Human-Social Information Sciences B 1
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The course aims to provide opportunities for the student in
the process of completing the Master's thesis in taking parts in
researches, debates, problem sessions, experiments, and
presentations of the thesis themes. The actual content is to be
decided by the faculty member in charge.
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The course aims to provide opportunities for the student in
the process of completing the Master's thesis in taking parts in
researches, debates, problem sessions, experiments, and
presentations of the thesis themes. The actual content is to be
decided by the faculty member in charge.
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Advanced Seminar on Human-Social Information Sciences B 111
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The course consists of acquiring skills in searching by
English corpus, bibiliographical researches, fieldworks on
language material, informant checks, language process
experiments, debates on those, presentations on the research
outcome, needed for completing the Master's theses. The

specifics are to be determined by the faculty member in charge.
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Seminar on Applied Information Sciences [

BIRE HMEE  2BE
G SR O BT I8 1T 2 SEmAg IS B L T

BHENRID HVIXERN, EE RO HE &
ML LT S — 0 % B LA SR I B B s A
BHEXITS,

The course takes a form of seminar where the faculty
member, solely or together with other faculty members of the
department of Applied Information Sciences or outside of the
department, conducts instructions on topics on the frontier of
the field.
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Seminar on Applied Information Sciences I1
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The course takes a form of seminar where the faculty
member, solely or together with other faculty members of the
department of Applied Information Sciences or outside of the
department, conducts instructions on topics on the frontier of
the field.

RAEHREETEA T 3 L
Advanced Seminar on Applied Information Sciences A [
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The goal is to acquire the basics and the thought processes
on the subject of Applied Information Sciences. The course
involves running a seminar where the members exchange ideas
over research papers written in foreign languages, first-hand
materials and textbooks.
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Advanced Seminar on Applied Information Sciences All
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The goal is to acquire the basics and the thought processes
on the subject of Applied Information Sciences. The course
involves running a seminar where the members exchange ideas
over research papers written in foreign languages, first-hand
materials and textbooks.
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Advanced Seminar on Applied Information Sciences B |
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The course aims to provide opportunities for the student in
the process of completing the Master's thesis in taking parts in
researches, debates, problem sessions, experiments, and
presentations of the thesis themes. The actual content is to be
decided by the faculty member in charge.
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Advanced Seminar on Applied Information Sciences BII
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The course aims to provide opportunities for the student in
the process of completing the Master's thesis in taking parts in
researches, debates, problem sessions, experiments, and
presentations of the thesis themes. The actual content is to be
decided by the faculty member in charge.
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Innovation Oriented Seminar on Mechanical Engineering
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Introduction to algorithms for machine learning
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Object:
In this course, students will learn about several algorithms used
in machine learning.

Summary:

Machine learning becomes an increasingly important topic of
artificial intelligence. There exist many machine learning
libraries which are used by not only experts but also
beginners. So what kinds of algorithms are actually
performed in that library? In this course, students will learn
several algorithms that are important for making better use
of machine learning.
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Practical Machine Learning I
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The purpose of this course is to study Machine Learning, an
important sub-area of Artificial Intelligence. This course is
designed to help students understand some key technologies
such as linear classifiers, support vector machines, decision
trees and neural networks, through the process of running
sample codes and developing Python programs.
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Practical Machine Learning II
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The purpose of this course is to study Machine Learning, an
important sub-area of Artificial Intelligence.
This course is designed to help students understand some key
technologies such as clustering, deep-learning, and
reinforcement learning, through the process of applying them
for actual data and developing systems.
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Introduction to Data Science and Artificial Intelligence

B R HMEE  =A OK, KA IR

AFEMB OB, KEOT —X 0 LAfED 5 1EH
ZHH LI T 572007 — 2 B0 AL Ok & Hil
DEMEEAERT L LI D,

AR, AR O 2 el CRBUR A T — 2 N EH - i
BINTEY, TN ELZENOADALOESA
STEICEN. CTonD ik EREN N, BANRY 77
=L LTRDENTND,

T b, Gk BLREBDT R TORAEN, HE
R BR T D L EbIT, eI I SRER S
Lot AR Ok & e R A UNCIEH L, 7 — 4206
HIOWERZ T 272007 — 2 Bl - Al O %k & 1
WEEHBTLZENRDENTNS,

T CARERERH TR, T2 BSOS . AL O
DB TCERNR T 0 ST I 7 FEED 1 -9 TH D Python
ERIH UL 22005, BRI T — X B 5%
WZDWTEEIIT TS,

The purpose of this course is to acquire basic knowledge
and skills in data science and Al to extract and utilize
valuableinformation from huge data.

In recent years, huge-scale data has been accumulated and
distributed in various scenes of society, and insights
andabilities to use them safely and eff ectively for public
welfare and social activities are required as modern literacy.

Therefore, all students, regardless of humanities or science,
are expected to understand basic statistics and to
acquireknowledge and skills in data science and Al in order to
extract the intended information from such data by
utilizingvarious achievements in computer science, including
programming environments.

In this course, you learn actual data processing methodology
practically using the Python, which became one of thestandard
programming languages in the fi eld of data science, machine
learning and Al
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Introduction to Data Science and Artificial Intelligence
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In addition to understanding the status of data utilization in
a data-driven society, we will review the laws and regulations,
ethics, and basic mathematics and statistics required for data
utilization. Students learn concrete data processing through
hands-on practice using standard software and tools (assuming
spreadsheet software, R, and Python, etc.). They also learn
various statistical analysis methods as well as notes on the
analysis so that they can prepare for further use of the data in
application situations.
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Past, present, and future of humanity and our society with Al
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Al represents one of the leading achievements of modern
technology. At the same time, when regarded as a form of
intelligence, its development is rooted in a long history of
human thought. With its remarkable capabilities, speed, and
scale, Al challenges established understandings of humans,
society, and law, and brings about transformation. In this
lecture, in addition to the history and mechanisms of Al, we
will offer perspectives for considering how Al influences our
understanding of intelligence and consciousness, as well as the
structure of society. The course aims to help students develop
the ability to analyze society where Al coexists and to make
thoughtful decisions within it.

Al - T—ARZHEDRE 2 HL
B Ay XA Kk B K R il

AR (BERH)

AFF T, B - Al T— 2 BENEHEATND
(B bR H) LT, T—ENEDL D ITARK -
B S, BERM TR 208 U Cbr S, FE R
DOFLBEREINFE DN TN O EIRRT 5, T8
ElE, T A ERNBEAICED HOBRESETT S
YUCThbd, ZNOLOEREZEBERRTHIZEZEMLT, &
PR Al 7 — X REOEEMN: L IEEZ BT S5 2 L& H
H&T 5,

In this course, students will witness real-world settings in
which mathematics, Al, and data science are actively used, and
experience how data are generated or observed, analyzed
through mathematical methods and computation, and
ultimately applied to solving real-world problems. These
settings represent the entire process from data generation to
data utilization. By following these processes, students will
gain an understanding of both the importance and the
challenges of mathematics, Al, and data science.
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Modeling in Statistical Mathematics
R &R \YEE Ak BT

T— AR AL OB & 72 DREHEEEE T UL, R
MWaHT 57— 2O AEMMIERETE L, Bk ooi
TRBRRICHO NS, ARERB ORI, EICT
& B OBIAZ HRY & LIoHEHEERE T LIz D0n
T, ML REOMENLFEY, BT LIl 5.

Modeling in Statistical Mathematics, which is the core of
data science and Al, is used to extract effective information
from data with variation and to solve problems in various fields.
The purpose of this course is to learn and understand several
modeling in statistical mathematics from both theoretical and
practical techniques for applying models to data.
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Fundamental Doctor Course Seminar
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The goal is to complete the preparations for starting the
Doctoral Specialization Internship A and B and to acquire the
background knowledge for the third year of the second stage
doctoral program. The course consists of lecture courses,
bibliographical researches, debates, problem
experiments. The specifics of the course is determined and
directed by the doctoral adviser.

sessions,
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g HMEE  AEE

RFFERATHE ST & IFJESE RAED DF A B E T 5, 8
HHBOREDO L LA T L, T OMIEREE, {5
EHE R OBHEOERNSINT 5 IFEE I F—, FE
ECHEEA L LT HEAR KT H 2 & S HAL UG O EE
ThD,

The goal is to acquire the ability to execute research projects,
and to make presentations of the original results in those
researches. Each student is required to carry out the research
under the supervision of the dissertation adviser, and to present
orally the results of the original research projects in seminars
or conferences organized by the dissertation adviser or faculty
members associated with the projects.
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Doctor Course Seminar B
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The goal is to develop the ability to plan and to execute
research projects. In particular, the student is to submit a
research plan to the Dean of the GSIS and to make a
presentation of the dissertation put together according to the

submitted research plan in the dissertation defense organized
by the GSIS. The research plan is to include the background,
the preceding literature on related research and the unresolved
issues, the purpose, the scheme, the methodology, the state of
preparations, the academic and social implications of the
research once the proposed plan is executed, the record of
publications, the list of references.
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Advanced Doctor Course Seminar
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The goal is to develop the ability to give instructions on how
to conduct research. In order to earn the credit for the course,
the student is required to participate in one of the following two
forms of activities. a. to be part of discussions and Q&A
sessions in graduate seminars and lectures over a wide range of
topics. b. to take on supportive roles in completing senior
theses and Doctoral theses.
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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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Advanced Seminar II
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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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Data Science Challenge
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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 Science Training
Camp [" before the attendance to this course.
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Studying at overseas partner institutions and conduct joint
research. The period of stay is six months in principle.
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For the period spanning from one week to three months, the
course load involves a domestic internship relating to
information sciences at training institutions, research-and-
development labs, companies, public institutions, NPO's
located within Japan, and so on. Through the internship, the
student is to experience the practical applications of academic
researches thorough the exposure to how the industry is run on
the daily basis. A report is required to be submitted to the
institution where the internship is held and to the faculty
member in charge. The credit for the course is granted when
the faculty member acknowledge research-and-development
activity for 40-80 hours in total.
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For the period spanning from one week to three months, the
course load involves a domestic internship relating to
information sciences at training institutions, research-and-
development labs, companies, public institutions, NPO's
located within Japan, and so on. Through the internship, the
student is to experience the practical applications of academic
researches thorough the exposure to how the industry is run on
the daily basis. A report is required to be submitted to the
institution where the internship is held and to the faculty
member in charge. The credit for the course is granted when
the faculty member acknowledge research-and-development
activity for more than 80 hours in total.
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International Internship I
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For the period spanning from one week to three months, the
course load involves an internship relating to information
sciences at training institutions, research-and-development
labs, companies, public institutions, NPO's overseas, and so on.
Through the internship, the student is to experience the
practical applications of academic researches thorough the
exposure to how the industry is run on the daily basis. A report
is required to be submitted to the institution where the
internship is held and to the faculty member in charge. The
credit for the course is granted when the faculty member
acknowledge research-and-development activity for 40-80
hours in total.
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For the period spanning from one week to three months, the
course load involves an internship relating to information
sciences at training institutions, research-and-development
labs, companies, public institutions, NPO's overseas, and so on.
Through the internship, the student is to experience the
practical applications of academic researches thorough the
exposure to how the industry is run on the daily basis. A report
is required to be submitted to the institution where the
internship is held and to the faculty member in charge. The
credit for the course is granted when the faculty member
acknowledge research-and-development activity for more than
80 hours in total.
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Fostering Human Resources in New Interdisciplinary Fields in the Society 5.0 era (NIFS)

IAbstracts of Original Subjects in the NIFS program|

Entrepreneurship Fundamental Seminar (Master Course in NIFS Program)

This course fosters entrepreneurship and the ability to contribute to solving social problems and
economic development. Students will acquire the skills and knowledge necessary for
entrepreneurship, including idea generation, business plan development, and project team
building. Focusing on the solution of social issues, the course will develop an understanding of
the process of business creation and the entrepreneurial spirit to create new value through practical
projects, as the construction of business models that take into account of the impact of business

on society and sustainability is an important theme.

Advanced Innovation Seminars (Doctoral Course in NIFS Program)

Students participate to academic conferences and research meetings related to their research areas
to deepen understanding of data science research with the aim of utilizing the foundations of data
science to conduct their original researches that is highly novel and progressive and contributes

to economic development and solving social issues related to Society 5.0.

Entrepreneurship project-based learning of real-world social problem solving (Doctoral

Course in NIFS Program)

With the aim of developing comprehensive knowledge that contributes to comprehensive
understanding of humans and society and problem solving, students work in teams on pseudo-
projects to solve problems that require cooperation in the standpoint of interdisciplinary fields.

Students learn how to proceed with large-scale projects.

Remarks: These subjects are the original ones in the NIFS program, and are neither common
foundation subjects nor specialized subjects at GSIS, and do not earn any credits in GSIS.
The time schedules and the styles of each class will be announced on the bulletin board in the

NIFS program.



Fostering Human Resources in New Interdisciplinary Fields in the Society 5.0 era (NIFS)

Curriculum Overview for Completion Certificate for International Graduate Program “Fostering Human Resources in New Interdisciplinary
Fields in the Society 5.1 Era (NIFS)” in Graduate School of Information Sciences (GSIS), Tohoku University, Japan

Master Coursr in NIFS program of GSIS (1)

All the NIFS program students enrolled in the master course in GSIS have to satisfy the following completion requirements for GSIS itself for the
graduation of their master course by according to the regulations of GSIS:
(1) Every master course student in the GSIS have to earn both at least 4 credits from common fundamental subjects and at least 18 credits from
major subjects in the department of self each student. In total, at least 30 credits are obligatory for the graduation of the master course in the GSIS.
(2) Every master course student in the GSIS must submit the master thesis before the deadline specified by the graduate school and pass the main
defence for the master thesis.
Syllabus and Time Table for the common fundamental subjects and the major subjects in GSIS as well as other educational affair details of GSIS
are available at the following GSIS webcite:

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

https://www.is.tohoku.ac.jp/jp/forstudents/edu/
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Fostering Human Resources in New Interdisciplinary Fields in the Society 5.0 era (NIFS)

Master Coursr in NIFS program of GSIS (2) |
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Fostering Human Resources in New Interdisciplinary Fields in the Society 5.0 era (NIFS)

Master Coursr in NIFS program of GSIS (3)
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Fostering Human Resources in New Interdisciplinary Fields in the Society 5.0 era (NIFS)

Master Coursr in NIFS program of GSIS (4) |

NIFS.

subjects.

Remark:
recommended ones, while they are not
imposed to get the NIFS program
completion certification as required

Category of Recomended Subjects in

These subjects are just

Remarks

These are not Major
Subjects of GSIS

and Cultures

Learning Japanese Language

The participants are highly encouraged to learn Japanese language and culture, because this is one of
primary reasons for studying abroad.

"Tohoku University Japanese Language Program at Kawauchi" offers you a wide variety of
opportunities of learning including an e-learning system.
https://www.jlpk.ihe.tohoku.ac.jp/files/JLPK/guide-e.pdf




Fostering Human Resources in New Interdisciplinary Fields in the Society 5.0 era (NIFS)

Doctoral (PhD) Course in NIFS program of GSIS (1)

All the NIFS program students enrolled in doctoral course in GSIS have to satisfy the following completion requirements for GSIS itself for the
graduation of their doctoral course by according to the regulations of GSIS:
(1) Every doctoral course student in the GSIS have to earn at least 12 credits of Doctor Course Fundamental and Advanced Seminars within the
one same set which is selected in from the sets of one seminar subject and two advanced seminar subjects specified by the supervisor.
(2) Every doctoral course student in the GSIS must submit the doctoral (PhD) thesis before the deadline specified by the graduate school and pass
the main defence for the doctoral (PhD) thesis.
Syllabus and Time Table for the common fundamental subjects and the major subjects in GSIS as well as other educational affair details of GSIS
are available at the following GSIS webcite:
https://www.is.tohoku.ac.jp/en/forstudents/syllabus.html
https://www.is.tohoku.ac.jp/jp/forstudents/edu/

the supervisor
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All Students/Staff
Y

! Recommend! It is also possible to confirm your safety using a dedicated app.

Safety
Confirmation . Offi
stem

Download and install the free Emergency Call app from the Apple App or Google Play Store.
When configuring the connection settings, enter your Tohoku University ID and password to
receive notifications from the app.

(If you change your Integrated Electronic Authentication System password, please change the
password in the app as well.)

D IS a-n 1. On the initial configuration screen, enter the below links, shown in
IRt ma ™ | blue, for URL (1) and URL (2)
URL (1): https://bosail.anpi.tohoku.ac.jp/tohoku-univ/

::;Il":ﬁi e URL (2): https://bosai2.anpi.tohoku.ac.jp/tohoku-univ/
a—o 1—710 2. Enter your Tohoku University ID and password, then tap the "Register"
i = button.

-eerzo-rees M) P¢We recommend turning on "Save user ID and password."
T e

CoRELOyY SREEREnEY) 3. The notification history screen will be displayed. This concludes initial
B/ O setup.

A safety confirmation message will be sent to the e-mail addresses you registered in the
Student Affairs Information System (students), or Integrated Electronic Authentication System
(staff). We ask that you register a mobile address that you use regularly so that we can contact
you promptly in the event of an emergency.

Safety confirmation
messages will be sent to
the addresses you set in
"E-mail address 1" and
"Forwarding address."

Update New |42\
Information |[

Email address 1
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If you receive a safety confirmation notification by e-mail, open the URL shown in the message.
Simply select your responses on the online form to report your safety status.

Safety confirmation messages will always be sent from tohoku-univ@anpi.tohoku.ac.jp.
Please set up your e-mail filters to accept messages from this domain.

Responding with the dedicated mobile app

(Emergency Call)

« WIBAE

A Select your safet

st [ #83 Unharmed
[R2uEi8) BEER
@ a1/ xa

w 3
211721 113~20027V21113

{2 INIH) B
EORIINT 338

See the website below for details on e-mail address registration and information about the system!

*Or use the QR code instead of the URL.

—
T

« HERE
A Your situation
##3 Unharmed '
A, {Z#BIA Remarks
&N
» REEEX Y-
TS, bR MR L % T

http://www.bureau.tohoku.ac.jp/somu/saigaitaisaku/index3.html
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