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Message from the Dean

The Establishment and Evolution of New Information Sciences

TGSIS was established in 1993 as one of the stand-alone graduate schools at Tohoku University. Advocating for the
integration between natural sciences and liberal arts, GSIS is pursuing the goal of promoting fundamental sciences based
on interdisciplinary, comprehensive, and advanced research to bring about age-defining contributions to society. Currently,
GSIS is comprised of four departments: Computer and Mathematical Sciences, System Information Sciences, Human-Social
Information Sciences and Applied Information Sciences. Since its inception, the three principles of 'Open Doors', 'Research
First’, and 'Practice Oriented Research and Education' that have been the spirit of foundation of Tohoku University are followed
by our graduate school and all our members have been working together to achieve the goal of leading the world by excellent
research and development results. | am proud to be able to witness that during the period of less than twenty years, GSIS has
built up a strong reputation in the fields of natural sciences and liberal arts domestically and internationally. By the end of the
fiscal year of 2020, 893 doctoral course and 2,823 master’s course students have graduated from GSIS, all of whom | believe
with confidence are the important human resource to support the development of academia and industry.

In recent years, GSIS has accelerated various research activities. Some of them are introduced below. In 2019, the Tough
Cyber Physical Al Research Center (TCPAI) was established based on the world class track record of its members to spearhead
the effort foreseeing Society 5.0 and beyond. TCPAI features various joint projects through industry-government-academia
collaboration. In 2020, the Learning Analytics Research Center (LARC) was established to promote the online education
strategy which is the pillar of Tohoku University Vision 2030 looking ahead to the Post-COVID-19 Era. By facilitating the faster
mobilization of various educational programs and introducing new sensing and big data analytical techniques, LARC is aiming
at a top of the world class center with the all-out support from our university. Google Donated Department for Advanced
Learning Technology Research was established in 2021 in cooperation with LARC with the hope of contribution to primary and
secondary education. Also in 2020, the Joint Research Course for Quantum Computing was established in the Department of
Applied Information Sciences to combine the strengths of academia and industry to extract and solve the common problems
beyond individual fields and to develop quantum-related basic and applied technologies. In our GSIS, the Collaborative
Mathematics Research Unit (CMRU) was founded in 2011 aiming at promoting the development of a collaborative study of
mathematics and other fields of science, e.g., information sciences, life sciences, social and environmental sciences, among
others by riding on the strength of abstractness and versatility of mathematics. By this approach, eventually we are going to
realize an interdisciplinary fusion ranging from fundamental research areas to new unexplored fields. From 2013, the Research
Center for Pure and Applied Mathematics took over this role to promote further development.

Looking at the educational aspect, in 2012, as a core hub, GSIS took part in the enPIT program initiated by MEXT for fostering
human resources to cover promising and growing areas. During this program, a so-called “Sendai Scheme” was developed to
combine the strength of academia and industry to advance the cultivation of human resources for high technologies. Later in
2016, enPIT evolved into enPIT2 to include undergraduate education and in 2017 further into enPIT-Pro to contain engineer re-
education. Those programs featured Problem-Based Learning to enrich its courses, something that received strong assistance
from the industry and have contributed greatly to the fields of information technologies by sending out many skilled talents
to society. In the same year of 2017, the Graduate Program in Data Science (GPDS) was initiated under the collaboration
of six departments in Tohoku University and overseas universities aiming at developing superior talents who will lead
industry and academia in Japan, placing emphasis on interdisciplinary and international collaboration. In 2021, a new MEXT
scholarship program for foreign students called “Development of Human Resource of Data Science and Al Promoting Digital
Transformation” was adopted where GSIS functions as a leading organization in collaboration with several graduate schools
of Tohoku University. This new program aims at nurturing high-quality global human resources for problem-finding and
problem-solving skills in real world. Also in 2021, with the leadership of GSIS, a “Joint Research Laboratory” with BRIDGESTONE
was launched as the first trial of Tohoku University. It is aiming at accelerating the DX in industry by the approach of bringing
theory with practice. As another strategy by GSIS to strengthen the collaboration among different institutions within Tohoku
University, in 2019 the cooperative course “Fundamental Data Informatics” provided by the Center for Data-driven Science and
Artificial Intelligence was established at the Department of Computer and Mathematical Sciences.

GSIS is expected to play more important role from our society. | am looking forward to working with you and know that with
your help we can move forward together.

Thank you for your continued support.

KATO Nei

Dean of the Graduate School of Information Sciences
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Department of Computer and Mathematical Sciences is engaged in research in the area of
information sciences for the future. Our research subjects include basis of information sciences
such as computer sciences and software sciences, next-generation computational sciences for
massively-parallel computing and large-scale high-performance computing, and a wide range
of applications of information sciences associated with mathematical sciences. Also we are
devoted to developing future leaders of those fields. Our department consists of the foundation
part and the cooperation part. The foundation part is made up with four sections: Mathematical
Structures, Applied Mathematical Science, Computation Science and Systems, and Software
Science and Systems. Those disciplines have existed from the very beginning of the GSIS. The
cooperation part consists of seven sections: Logic for Information Science, Communication
Theory, High Performance Computing, Information Security, Environmental Informatics,
Fundamental Data Informatics, and Advanced Computing Systems.
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Research on mathematical theory with algebraic or
discrete approach

(1) [Algebraic combinatorics] The theory of association schemes has been developed to unify the

application of linear programming to coding theory and design theory by Delsarte in 1970's. It
generalizes the action of finite groups, and gives a framework for algebraic graph theory, algebraic
coding theory and combinatorial design theory. In order to develop algebraic tools for these theories,
we investigate applications of algebraic methods to combinatorics, mainly from graph spectra, finite
groups, representation theory, linear algebra and optimization.

(2) [Codes, lattices and vertex operator algebras] A code is a subspace of a finite-dimensional vector

space over a finite field. This seemingly simple concept has been widely used to study combinatorial
problems using algebraic methods. Codes themselves can also be investigated from tools in number
theory, modular forms in particular, via integral lattices. The class of self-dual codes is an interesting
class of codes which give rise to unimodular lattices, and are related to the sphere packing problem
and the theory of spherical designs. Moreover, some vertex operator algebras are constructed from
codes and lattices. We investigate the problems of construction and classification of codes, lattices
and vertex operator algebras and study their relations.

(3) [Automorphism groups of vertex operator algebras and the Monster simple group] The Monster

simple group is a sporadic simple group, and it is related to number theory and operator algebra
theory. We investigate its properties and mysterious phenomena from the view point of automorphism
groups of vertex operator algebras. In particular, we focus on algebraic and combinatorial structures
related to vertex operator algebras.
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Two conjugacy classes of the symmetric group of degree 6 Y-presentation of the Bimonster
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Complex Analysis ,~ Algebraic Combinatorics

The research subject of Sugawa Lab is mainly Complex Analysis. Even if the data and/or functions are
described in terms of real variables, hidden structures may emerge when dealing with them as complex
variables. For instance, in the classical problems of moments concerning a sequence of real numbers,
the power series formed by the sequence (the generating function) gives us many useful visions to
tackle the problems. In such a case, Complex Analysis plays an important role. We are studying analytic
functions from the geometric viewpoint to provide new interpretations to classical results. Moreover,
we are interested in quasiconformal mappings, which have recently found many applications in image
processing and brain mapping. With the help of computers together with the above knowledge, we
are studying modern topics such as Teichmuller spaces, Kleinian groups, Complex Dynamics, and
fractals, as well. Tanaka Lab studies various combinatorial objects, including codes and combinatorial
designs. Their underlying spaces often have strong symmetry/regularity, and the representation theory
of the semisimple algebras naturally associated with these spaces is the main tool in our analysis of
combinatorial substructures.
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A graph of the Riemann zeta function: the brightness and the color Normalized joint spectral distributions of Cartesian powers of Paley
indicate the absolute value and the argument, respectively. graphs Paley(q) and their complements
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Research on Knot Theory

My research interest is in knot theory.

A knot is a knotted circle embedded in the three-dimensional space as shown in the picture Fig. 1
below. You can see intuitively that the two knots are knotted, and that they are distinct. However, what
would you do if you are asked to prove it mathematically?

In knot theory we associate polynomials (possibly with negative powers) to these knots. If these
polynomials are different, then we conclude that these knots are different. The picture on the Fig. 2
shows how to compute the celebrated Jones polynomial. By using the recurrence formula, we can
compute the Jones polynomials of the two knots Fig. 1, and see that these are indeed different. We often
replace intuitive objects such as knots with algebraic objects such as polynomials in knot theory.

By removing a knot itself from the three-space (imagine that we remove a doughnut) and refilling it in
another way (twist a doughnut and refill it), we can construct a totally new space. We call such a space a
three-manifold. Note that this space is locally the same as the three-space that we live in.

0=t ()
:( g2 - q—1/2), VO O

1 7,#U08 (k). 8:#UB (B) (Mathematica ic &k Y ERK) 2 #50U'B KD Jones ZIER V(K) #ESH S ELR

Fig.1 7,knot (left), 8,sknot (right)(Created by Mathematica) Fig.2 The recursion formula that defines the Jones polynomial
V(K) of a knot K
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BT —<ICRUBATN S, HREF LI, BEBR, EHSRAR, MOBTRIRGLERAL
FEBEFU Y ICLIBEL, BANESHREEL TRENERAEHESHT DL LBIC, KYRE
MEIRMEIR, &Y ISANGREHICH HREE 7 VERORBRIRET 5T L ERRL LT,
/AN 5T AETHENRY —ILOERESPHARKICABFINS THIREES LTIY L Tu
.

=)
D
©
o
-
-
3
m
=
-
(-]
-
n
(=]
3
<
S
-
m
-
o
=
(-8
=
o
-
=
m
3
o
=
"
=
w
(=
m
=
[a)
M
wv

Mathematical biology

Principal subject of Seno Labo is the mathematical model analysis to make clear or present the
point at issue for scientific discussion about biological/social phenomena, or to promote the advanced
theoretical research. We focus what theoretical problem about target phenomenon is treated, how
the problem is mathematically modeled, what mathematical analysis is applied for the model, and how
the mathematical result is lead to the discussion in biological/social science. Especially important is
the modeling of mathematical model as simple as possible, which is based on the principal purpose of
research for target phenomenon, and our study necessarily focuses the rational consistency/adaptability
of mathematical modeling to assumption/hypothesis about biological/social phenomenon. Seno Labo
attacks a variety of theoretical problems about biological/social phenomena in wide range of spatial/
temporal scale, analyzing basic models constructed with application of stochastic process, difference
equations, differential equations etc. They are aimed to make clear the point at scientific issue and to
provide some bases of mathematical modeling for advanced/applied researches about real phenomena.

LSRR
BIOLOGICAL
PROBLEMS

BEMOBHTOAS - HHE

design of mathematical analyses

BERAIMRAT

mathematical analyses

conan WD g~ BN (1)) N ()

hiologiﬁ:ls
20, {1 M0

BB RHTRR

mathematical results

e

dN(t
mathematical discussions EMFHER % = TON(t) —b {N(t)}2
YRR /'blologlcal discussions
anauats AN (t
pnm, M) _ fro - BN} N - bV
PROBLEMS dt

SRS LT OMRENZORRETH 1~

Research design of mathematical biology as an interdisciplinary field

HEET )V IDEVHE B S logistic 52T
A variety of logistic equations derived from different
mathematical modelings
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Mathematical Informatics
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Machine learning Always something new and unique. Reliable algorithms, reliable applications by information processing and statistical mechanics
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BILFHLL, B&o2EEbofcl %k, BRRHNET
RLG7IVI) XL - BREIGE%

BIRHZORTERNTHRAZ A IV &Y RENZPMEFZONEZEH L. BRNFTHFEDEMN.
EFHHFBEORE. EFtEOICAZRELET,

EETIEEREBELT — 2 A IV ADREHIDEELWVWEIATY, LEGAT 51T TlaEL,
CokWEZDERICHZHBESD D L. BES7 IV XLPEBZZHHFC. RIFA LT EHHEH
DEERCHEODTWVWB T ERZLHIET, Za1—F)bxy bT—7I3MBE. BHFE. £ L TR
FOREREICHZBRITY, EFZVFLAREMFINZEFIVE1—2 L TOFEIE. EFHF
EEN. BEDOHBE. HESERLEELESOMBELERNICBREZFES. ToVILRY NI—0%
BLTBBIZIENTELY, OB, RERIBBRICUDEENTHLOAEZEHETRRE
BUET . EAGDBFOLRZOR CIIRICHZ LIHEICRE LE . TOEERREIEEITHDDHN
ITNERDIIZTEDTEBRRNZFICDOIFET., TLTED LIEBETHREDBHHSEARE,
HRIRIDBERZZH T 2DOHTDMRETY, wXEEVY. FRTRERLREY., T5ICZTDRF
BROHRMREZED LT RAZ— b7y TZRAELY., EELRY) ., REEEDEFEEET, 540
EMTIEHFEDZEWMEERZ LEEAD ?

Always something new and unique. Reliable algorithms, reliable
applications by information processing and statistical mechanics.

Taking a theoretical research style in information science, we aim at fostering information processing
and statistical mechanics, developing quantum machine learning, and applying quantum computation
by utilizing knowledge from mathematical science and physics. In recent years, machine learning, and
data science have made remarkable progress. If we take the time to look at the mathematics behind
them, rather than just applying them, we often find that the same thing is a transversal concept in
different algorithms and different fields. For instance, Neural networks are a concept at the intersection
of brain science, machine learning, and statistical mechanics. Computation on a quantum computer,
called a quantum random circuit, is organically related to many issues such as quantum mechanics and
gravity, the structure of space-time, computational quantity theory, etc., and can be understood through
tensor networks. This understanding is the wellspring from which useful, realistic, and new methods
can be created in the end. Every field comes down to the same shaped problem in front of science. We
develop the insight to find out where the key issues lie. In addition, with this attitude, we study natural
science that is connected to society and philosophy that is useful to society. You will write papers,
give presentations at conferences, and use your experience and research results to establish startups,
collaborate with others, and even collaborate with large corporations in industry and academia. Wouldn't
you like to have an experience like no other?



Mathematical Modeling and Computation
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Mutliphysics CFD and the supercomputing

B % EiEShE Our laboratory conducts Mathematical Modeling and Computation (MMC) which builds mathematical
Assis. Prof.
Hironori Miyazawa models for simulating physical and chemical problems and solves them by supercomputers.

Interdisciplinary studies among physics, chemistry and biology are desirable for expanding an innovative
study. MMC is one of the interdisciplinary studies. Particularly, we now explore Multiphysics CFD (MCFD)
as a research field of MMC expanded from Computational Fluid Dynamics (CFD). CFD solves Navier-
Stokes equations (NS) as a mathematical model. MCFD solves additional mathematical models governing
physical and chemical problems with NS. Currently, we promote two research projects. One develops
Numerical Turbine (NT) that achieves large-scale computations of moist-air and wet-steam flows in full-
annulus gas and steam turbines. Another is Supercritical-fluids Simulator (SFS) that realizes the simulation
of complex flows with arbitrary substances such as water, carbon dioxide, and hydrocarbon in gas, liquid,
and supercritical-fluid states with the phase change. Furthermore, Al technology is being applied to NT
for creating a digital twin of gas turbine only by the simulation database (SDB).

Multiphysics CFD

A =
EoBR Wet-steam Flow. PO
Corrosion Supercomputing
I o — 7 I
Rl power plants material sciences P

oststen Adhesion it po SRR . ) Metal nanoscale partcies
— - e Numerical Turbine Multiphysics  supercriticat-uids simutator(sFs)

Unsteady full annulus simulation CFD Mathematical modellng of

J| Liquid hydrogen/oxygen Cavitation
Liquid film
to p to
Transonic compressor. future technology
Supercritical CO2 an | g, =
iﬁ Wetness effect ol
gy g ﬂ## \

CFD ‘(ﬁib‘%%;@ﬂﬁ%&?)b?7fr w4 A CFD ThlRITNh INETICHERZ —EV EBBRARMEY I 2 L—2%I6H
SRR I WERTREN A S R A GYIER(ERIRR LIeRAERIVF 71w 7 X CFD 8

Thermo-fluid flows categorized in CFD and physical and chemical Practical multiphysics CFD problems which have been resolved
problems with thermo-fluid flows categorized in multiphysics CFD by Numerical Turbine and Supercritical-fluid Simulator (SFS)

Supercritical CO2
<compressor

Supercritical water
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Computer Structure
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Challenges toward new computing paradigms

1. High-performance and secure computing

We are studying future computer architectures for creating an advanced ubiquitous computing
environment. Our interests include algorithms for high-performance computing, secure embedded
systems, EDA (Electronic Design Automation) technology for designing next-generation system
LSIs, and practical threats to cryptosystems and their countermeasures. We are also active in creating
future computing paradigms such as high security LSI computing, beyond-binary computing based on
multiple-valued logic, ultra-low-power computing using single-electron devices, and molecular-scale
computing.
2.Image/video processing and computer vision

We are developing new methodologies for image/video processing and computer vision. We propose
a high-accuracy image recognition technique based on phase-based image matching to develop a
variety of applications especially in the areas of biometric authentication (fingerprint recognition, iris
recognition, 3D face recognition, etc.), 3D human interface, high-speed machine vision for industrial and
vehicle applications, nano-scale image sensing, etc. We are also carrying out strategic researches with
industrial partners on many subjects such as object-based video processing and communication/display
systems based on MR (Mixed Reality) concepts.

Computer vision
(3D reconstruction)

Image recognitioj
paimprint recognition) (obstacle delectich?}»

EFERICL S+ 2 7HAH Y AT LOFFE AERERBIED IV Ea—2EY 3y - NAFAPI I X -

) . . [EE R +

Secure embedded systems in collaboration with ERERHN DA

academic and industrial partners Applications of phase-based image matching to computer vision,
biometrics and image recognition
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Human-Centric Intelligent Supercomputing

We aim at human-centric intelligent super-computing.

Its examples include, as shown in Fig. 1,
"Embedded Intelligent Computing" such as a medical information system, intelligent robots and
advanced-safe vehicles,

88 I\ HRTF - "Big-Data Computing/High-Performance Computing” such as Al, Natural Language Processing,
Momiko Koshiba Quantum Annealing Simulation and search engine.

For the purpose, we optimally combine two computational domains:

intelligent algorithms

high-speed and low-power hardware
to outperforms greatly the conventional systems that is designed in a software-only or hardwareonly
optimization.

Our major research topics are as follows:
1. Intelligent systems such as a medical information system and intelligent robots
2. Custom accelerators for big-data computing/high-performance computing using reconfigurable
LSIs such as FPGAs.
3. High-level synthesis for custom accelerators

[ Sensor Information Processing Medical information system

1. Intelligent Algorithm

2. High-speed and
Low-power Hardware

Finance,
Marketing

FPGA: brain-like
flexible structure

tr ic
field analysis

annealing
simulation

aCad b

Graph analysis||Bioinformatics
, 1 | it ,v'
vy | g

ATPELVHIMRA—/N—aAYEa—FT 1 VIV AT L Rz 2 EBEEN S DABMREL
Human-Centric Intelligent supercomputing systems Global optimization across different

computational domains
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Software that “works”

8 % Oleg Kiselyov In today's society, many critical systems are controlled by computers: transportation safety, medical

B Krealov devices, commerce and public communication. The software that runs on those computers, however, is

often developed on weak foundations, which regularly causes it to behave in unanticipated and rather
undesirable ways.

To develop the software we can rely on, based on solid logical and mathematical foundations, we
study programming languages, methods, tools and computational models. Our recent research topics
include:

« Proof techniques for program equivalence: The fundamental question underlying program
optimization and transformation is whether two programs behave the same. We have developed
an “environment bisimulation” technique for proving program equivalence and applied it to a wide
range of programming languages and computational models.

+ Functional programming: Functional programming is gaining interest as a reliable, easy to
reason and powerful programming method. Helping raise this interest is the annual international
programing contest, with world-wide participation by top-level programmers and researchers. We
have served as the organizers of the 2011 programming contest.

« Bidirectional transformation: In today's distributed world, we often have to keep many sets of data in
sync: transforming from one set to another and back. We are developing programming languages
and techniques for correct-by-construction bidirectional transformations.

H. Abe A. lwai Y. Shibata
Y. Arai C. Kaneko Y. Sugawara
K. Asai* S. Kawanaka E. Sumii**
N. Hirota M. Masuko T. Tsukada
A. lgarashi* Y. Minamide* K. Tsushima
K.Inaba R. Sato Y. Ueda
*observer **chair

ERBEHE IO ST A OEE (icfpc2011. 7075 LEMMEIRFEDHRIC L 5RE

blogspot.jp)
Organization of an international functional programming An award for research on proof method of program equivalence

contest (icfpc2011.blogspot.jp)
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Next-Generation High-Performance/Low-Power/Dependable
Computer Architectures by Co-designing Hardware and Software

Our laboratory is active in the research on high-performance, low-power, and dependable computing
systems by co-designing hardware and software environments. The details are as follows.

< High-Performance/Low-Power/Dependable Computer Architecture Design >

While computers have significantly increased their performances, they are also required to reliably
process a large amount of data with the lower power. Our laboratory focuses on memory systems
by using the 3D die-stacking and non-volatile devices, adaptive hardware technologies to maximize
the performance per watt by providing resources to applications, and dependable technologies of
computers.

< Hybrid Processing Architectures of Machine Learning/Quantum Annealing and Conventional
Computing, and their Applications with Social Deployments >

Due to the power limitations of computers and the demands for big data processing, new computing
methods such as machine learning (ML) and quantum annealing (QA) have attracted attention. Our
laboratory is conducting researches on the integration of these emerging ML/QA technologies into the
conventional computing as a single system image, and development and deployment of their killer
applications: a real-time tsunami inundation simulation with routing assistance for evacuation, and a
system to predict turbine faults.
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Hybrid conventional-QA-Al/ML computing environment A real-time tsunami inundation simulation with routing

assistance for evacuation
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on B A Filling a gap between humans and computers
Kenta Keuc Our ultimate goal is to fill a gap between humans and computers on programming. A human-

readable description may put a burden on computers due to inefficient execution, while a computer-
oriented (well-tuned) description may put a burden on humans due to knotty development. Our goals
are to derive a well-tuned program from a human-readable description and to certify that well-tuned
complicated programs work as humans intend.

Our research focuses on formal tree language theory that can deal with abstracted computations.
Specifically, we study a theory of tree automata and transducers to develop a framework which enables
to automatically derive efficient programs and statically check properties desired by programmers.
Additionally, we use a proof assistant tool to certify the correctness of our theory.

We also study semantics of programming languages. This gives a kind of program abstraction which
keeps all the semantical properties of programs. Through the abstraction and mathematical analysis, we
clarify the essence of a target programming language. We apply denotational, operational, axiomatic,
and categorical semantics to a theoretical design of programming languages and program verification.
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Experimental result that illustrates effect of a program transformation Coinductive formalization of validity of toss juggling patterns

based on formal tree language theory (where both time and space and its certification in the Coq proof assistant
efficiency are improved in comparison with an existing implementation)
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Information network architecture for loT era

Information network systems are now ubiquitously spread in the world to support everyday life and
social activities of people, and it becomes a key factor to create new lifestyles and society. However, the
Internet has become high-speed and large-scale without changing its basic architecture since its birth
in the 1960s. With the advent of the loT society, huge numbers of devices and new useful information
network systems which could not have been considered before will be connected to the information
network, which will expose architectural limitations.

In this laboratory, we aim at realizing a new information network architecture for resolving such
problems. In particular, we undertake research on high-performance and highly-available information
network, system design and control mechanism of virtualized network, loT and mobile network design,
knowledge-based network middleware and its application, highly-resilient and intelligent networking,
next generation ubiquitous service infrastructure, etc. We do not evaluate only whether it will be useful
immediately or not but clarify theoretical and mathematical principles to explain why it works and aim at
a social implementation of a new network environment.
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Researches on Information Network Architecture Research Topics on Communication Theory Laboratory
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Creating future supercomputing technologies

Our research focus is on establishing high-performance computing technologies to fully exploit future
supercomputers. In pursuit of this goal, we operate a production supercomputer and collaborate with
many researchers for identifying shortcomings in current supercomputers and researching solutions to
be implemented in next-generation technologies.

(1) System Software for Productive High-Performance Computing
To achieve both performance and portability, we develop system software technologies. One
example of our research is to adopt data-driven approaches such as machine learning to enhance
programming and runtime environments for future supercomputers.
(2) New Ways of Using Supercomputers
Recently, supercomputers are being used for an increasing variety of fields, including machine
learning, big data, and urgent computing. We are engaged in research on developing effective ways
of using supercomputers for those new purposes without degrading the performance for the original
purpose of academic use.
(3) Operation Technologies for Future Supercomputers
We develop operation technologies to enhance fault tolerance and power efficiency while achieving
high utilization and throughput in future supercomputers, which will not only be larger in scale, but also
be more complicated.

Z—=N—=a¥E1—9DER EHRSRT LAONEESISHITOIS VY Quantum Annealing
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Programming
Performance Tuning
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Big Data
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Performance Modeling
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i Mathematical theory of information security

##E e FE

o The main research subjects of the laboratory are on the theory of information security, which also
involves related mathematics: combinatorics, computational complexity theory, algebra, geometry and
so on. We are currently interested in the following subjects.

(1) Computational Complexity Theory: In the computational complexity theory, we classify various
computational problems according to the difficulty of solving them and analyze reduction relationships
among the problems. We study the complexity of various computational problems from a standpoint of
‘ the cryptologic research.

EECE D (2) Security of Cryptographic Systems: The security of public-key cryptosystems depends on some
Assis. Prof. computational problems that are presumably hard to solve. We are interested in the complexity of such
Fisuke Kotzumi primitive problems.

Any cryptographic scheme depending on some primitive problem would no longer be secure if
the underlying problem were proven to be easy. This happens when efficient algorithms are found or
guantum computers work in a practical sense. We are interested in new primitives that are assured to
be sufficiently hard even in such circumstances. We also attempt to find a generic methodology for
reinforcing the hardness of the primitives.

By RA/IEE
Assis. Prof. . . .
Shingo Hasegawa blockchain applications.

Recently, we are also working on practical issues such as the development and evaluation of secure
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Reductions among Cryptographic Primitives
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Fundamental Data Informatics
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Data Science Approach to Information in Complex
Systems

We study information-theoretic frameworks and its applications to unravel the valuable information
from the data collected and generated from complex and diverse natural phenomena, social phenomena
and human activities, especially cases that are transient and difficult to process routinely.

(1) Collective dynamics and information theory of complex systems:

Looking at a flock of birds and fish, they behave in a complex way, as if they were a single multicellular
organism, exhibiting a well-organized movement or sometimes changing the state disorderly. We are
trying to reveal the information-theoretic structure and the control mechanisms of collective motion in
the group of animals based on the field measurement data. We are also interested in other examples of
complex phenomena including biological systems as the research subjects.

(2) Learning analytics in IT education and e-learning:

To practice effective education with IT or e-learning, it is necessary to improve instruction and
educational contents based on evidence. So, we investigate every different learning activities and
model them through developing applications and tools for actual educational fields. We also study on
methodology of analytics for these learning activities.

(3) Bio-medical big data analysis:

Various bio-signals are accumulated as big data, it is important to solve technical and ethical
problems for use. We analyze bio-medical time-series data such as ECG, pulse wave and acceleration for
development new evaluation method.

(4) Crime analysis using geospatial information:

We analyze the relationship between urban crime and geospatial information such as human flow

data.
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Field measurement of flock of birds
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Smartphone application for language learning and a tool for exploratory
learning analytics
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Prof.
Mitsuhisa Sato

Pursuing Advanced Computing Systems for Post-
Moore era

We research the principles, methodologies, and designs of both hardware and software which allow
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us to successively improve performance, usability, and productivity of computing systems even in the
Post-Moore era where semiconductor scaling becomes difficult or impossible due to the limitation of
the Moore's law. Regarding hardware, we research novel computing principles and architectures which
are appropriate in the Post-Moore era, starting with supercomputer ““Fugaku" which is the cutting-edge
high-performance computing system, and considering promising future advancement of semiconductor,
packages, and communication technologies.

In the software field, we will explore how to develop software that takes advantage of advanced
computer systems consisting of new computational principles and computer architectures. Unlike
current computers that execute all processes on a single architecture computer, advanced computing
systems need to allocate computing resources of the appropriate architecture according to the
characteristics of calculations. We will study programming frameworks and execution mechanisms to
automate this assignment and provide users with productive programming environments.

,Spatial custom computing (SCC) List of functions Computer Type A
FPGAs / CPUs i | Inter-FPGA network | ; search()
1 AL A 1
i optimize Suitable computers
Task ; node ' -p 0 are automatically
(kernel) ) = ; simulate() selected
) FPGA F!
Ny <, 5 S il ! User program
e °0° M Programrmers fun do_A() {
CoraMh[Core clc select f“r;t'ons simulate() | Computer Type B
optimze() —
}
System-wide spatial custom computing Architecture example
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System-wide spatial custom computing model and system architecture Advanced computing system with adaptive allocation of computing
example for the model. resources in a system.




Fundamental Artificial Intelligence
Intelligent Information Science
Mathematical System Analysis
)\, Intgrated Fluid Informatics

Software Construction
Intelligent Robotics

Acoustic Information
Information Contents

Visual Cognition and Systems
Biosystem Information Sciences
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The term "system" is a mechanism in which all elements mutually influence each other and
constitute as a whole. Our world consists of various systems. Political and financial systems,
information processing systems, systems that control the movement of living things: systems
can be seen in both the artificial and natural worlds. In the Department of System Information
Sciences, we study to understand these complicated structures through mathematics, natural
sciences, engineering, and information science, and to build a sophisticated system for these
diverse fields. Research topics include information mathematics for systems, intelligent
information science related to algorithms and mechanisms, biosystem information sciences
including information biology / information system evaluation, image analysis and intelligent
control system essential for robot technology, information science related to hearing and vision,
computer science related to information contents and software, and so on.
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| conduct research in Natural Language Processing (NLP), a subfield of
Artificial Intelligence (Al). We apply statistical and computational methods in
tandem with linguistic principles to study and replicate human language. A lot
goes into understanding a language: everything from simple vocabulary and
grammar rules to more complex (yet so easy and natural to humans) processes
such as everyday knowledge of objects and people, common-sense reasoning, understanding emotions,
and much more. Our field has made possible now invaluable tools such as automatic translators, scorers,
summarizers, text generators, chatbots, and search engines. | specialize in probing how much current
language models, the basic building block of most NLP systems today, know about our world or can
reason and how to teach it to them if not.

Human language is and will always be our primary means of communicating and recording
information. Our job is to teach machines to properly process what we give them and respond helpfully
and naturally. At GSIS, you have the opportunity to join this effort. As a Ph.D. student in any of our Al-
related labs, you are invited to explore any topic or application you may be interested in: from the
core mathematical principles all our systems rely on, to bleeding-edge implementations for well-
known tasks, or to societally useful or even fun real-world applications. You will find all the support and
encouragement you need from highly qualified and enthusiastic colleagues in a rich, dynamic, and well-
resourced environment. | traveled a long way to come here; | never once regretted it.
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e TR Coding theory / Global Analysis and its applications
Junya Takahashi

(BO1-1)

Harada Laboratory studies coding theory, combinatorial design theory and related combinatorial
structures. Our major topic in coding theory is self-dual codes by a combinatorial approach. Recently,
linear complementary dual codes are studied. We are also interested in related combinatorial structures
and discrete structures. Combinatorial designs are one of combinatorial structures. Our major topics in
combinatorial design theory are symmetric designs, t-designs and Hadamard matrices by a combinatorial
approach.

(B01-2)

In Funano's Laboratory we are developing and applying the study of eigenvalues and eigenfunctions
of the Laplacian. This reseach is concerned with both analysis and geometry, such as curvature and
volume, and also with mathematical physics. If we think our domain as a drum then we can ask how
eigenfrequencies behave when we play the drum. We are also interested in a discrete setting. In that
case it is related with a construction of robust, efficient, economical networks, trafic jams, and clustering.
One of our goal is to apply our study for such daily life problems.

1000000000000 11111111111 7, 4
01000000000011010001110°1
0010000000001 11010001110 //A\
0001000000001 01101000111 /—\
000010000000110110100071°1
0000010000001 110110100°0°1
0000001000001 11101101000
0000000100001 01110110100
0000000010001 001110110710
00000000010010001110110°1
000000000010110001110110
00000000000110100011101°1

AT LA RS DEMITS EDESBHEBN RS LHSETZITLBH?

Generator matrix of the extended Golay code What kind of tones can you hear from a drum?
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BKEYWORDSHE Quantum probability / Infinite dimensional stochastic analysis ./~ Complex network / Stochastic differential equation / Partial
differential equation
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Foundations of Mathematical Analysis and Applications

(B02-1) Obata Laboratory

EQuantum (Non-commutative) Probability
Our main concern is to develop the quantum white noise theory with applications to quantum and
classical differential equations. Fundamentals and applications to spectral analysis of graphs, random
matrices, and orthogonal polynomials.

B Network Dynamics
A graph with some additional structure is generally called a network. We are interested in the structure
of growing and random networks as well as the critical behavior of relevant dynamics by means of
statistical physics and numerical analysis.

M Applied Mathematics Forum (AMF) promoting interdisciplinary studies together with international
joint research projects. In particular, mathematical approach to network science is of our central
interest, along with applications to quantum technology, life and social sciences.

(B02-2) Fukuizumi Laboratory

BStochastic Partial Differential Equations We study, by Ito calculus, the existence, blow-up,
asymptotic behavior of solutions of a nonlinear dispersive equation with a stochastic perturbation. In
particular, model equations arising in quantum device, Optical fiber or in Bose-Einstein Condensation
are objects of study as applications in Engineering or Physics.

W Stability of Solitary Waves and Travelling Waves We treat the stability and instability problem of
solitary waves. Main tools are variational methods related to nonlinear elliptic equations, and spectral
analysis of operators on an infinite dimensional Hilbert space.

BNumerical Analysis We are interested in numerical simulations which give effectively some intuitive
ideas to solve the phenomena mentioned above rigorously.

P ; \ \&,
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MEZDAL AV T4 7= 3 VETIVOERERERS B1BLUE 2BERD DI L BEFRRDRE
members of our laboratory Giant component of a configuration model Finding critical point by the 1st and 2nd connected

components




Statistical Mathematics
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BHARF—7— FE RS T—28S BT — 28T I\ A2 BRERE LSRN BRI T 52/ ZBET IV HHEE
B KEYWORDSM statistical science / data science .,/ functional data analysis / biostatistics ,/ information criterion ,~ multivariate analysis ./ high-
dimensional data /” multi-level model .,/ machine learning

= e SR A E ~
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HIBFIE, HRICESTHESTRIBRSHEVEHTY.

SRR NI

B8 MWmMAHBREBF

Prof.
Yuko Araki

Statistical Mathematics —-Theory and application of
statistical science-

Statistical mathematics is an indispensable discipline for society. Researchers in the field develop
methods and conduct applied research to effectively extract useful information and patterns from data
by using mathematics, the common language of science, to deal with the uncertainties in data.

- Statistical Modeling
To extract useful information from high-dimensional data with complicated structure while
minimizing loss of information, we develop new statistical models, such as the combination of
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regularized nonparametric regression models and nonlinear/sparse multivariate analyses.

+ Functional data analysis
With the rapid development of modern measurement technologies, data are becoming increasingly
diverse and complex. Functional data analysis deals with such data, especially that involving
functions, shapes,and images. Our research interests consist of building statistical models via
regularization, sparse estimation, basis expansions, nonlinear multivariate analysis, Bayesian
methods, information criteria,etc. for functional data.

Quantile

— 75th quantile

301

Cotisol (nmol/L})

0:00 6:00 12:00 18:.00 24:00

Time
Composite basis functions (Araki et al. 2019): Basis functions 75th quantile curves estimated by the
with sparse singular value decomposition Bayesian nonparametric quantile mixed-

effects models (Tanabe, Araki et al. 2022)
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BKEYWORDSME Algorithm / Graph Theory ,/ Combinatorial Reconfiguration

7IVdY X LOERERHA

TZIWAVZXLIE SRHE5REVATLICEAETN, TDYATLOEREPEREZESIEELH
EED2TVB, AARETIE. ERFAERBZORSN S, HLVLTIV I XLDREHEDERITEZ
ERELTVS, Bl 1757 ZAVTETIMESN 2B GREZEC7)VI) XLD, THE
BB LHENZHBEMBOBEMRICER LIBEZEC 7V ALEZR TV S,

& & Bt
ot thou 1. F57&1E ADERE 2 AERIIDESHDEIEDTHY ., HEDERENLEEELS ST
EAVTETIVEENS, AR, BERBEETIMET BT EICE>T. BREDSWVZZ—ILA

ADFHERDBEEZENMTES (ER), ficH, X721 — UV JRERT 57 DX ERE

ELTERETES,
2. BEEEBLIE. RAEDRKEDL S BEORREICERRBMNICERATRNMIET 2B THY. flELT
£ 15 NRIVHBEITFENS (AR, BEEERIIMICEH. BREEIEPEREY AT LOERRE, H4L
#mE K I BISALESN TS,
Assoc. Prof.
Akira Suzuki

AAREICERENLFEER. TNTNDEKICH T —IERU, HREED TS, HAEITE
FHET IV XLFEEDA AV THSHH. BCETHY 5 LREICLDRBIFHAEL T > T\,

Developments and Applications of Algorithms

a Algorithms now play a very important role for the reliability and efficiency in several social systems. We
ij;ﬁmf BAY #55 study and develop new algorithmic techniques from the viewpoint of theoretical computer science. In
Yuma Tamura particular, we deal with several problems related to “graphs” and “combinatorial reconfiguration.”

1. A graph consists of a set of vertices and a set of edges, each of which joins a pair of vertices. Graphs
can be used to model many practical problems: For example, modeling a road network by a graph,
we can formulate the problem of finding highly satisfactory routes of school-buses (see the left
figure). In another example, the scheduling problem can be formulated as the graph coloring
problem.

2. In combinatorial reconfiguration, we are asked to transform the current configuration into a desired
one by step-by-step operations. The 15-puzzle is one of such problems (see the right figure), and
there are many applications such as changing frequency assignments, monitoring systems, and so
on.

Students in our laboratory can select research topics according to their own interests. We study
algorithms from the theoretical viewpoint, but we sometimes implement developed algorithms to
evaluate them from the practical viewpoint.

912
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13| 5
144 6
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An example of routes of school-buses An example of 15-puzzle
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Intelligent Systems Science

Hee> A 7 LEF

https://www.iss.is.tohoku.ac.jp
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Prof.
Ayumi Shinohara

#HE HMH =
Assoc.Prof.
Ryo Yoshinaka

BE TATEIT
ANV TY

Assis. Prof.

Diptarama Hendrian

String Processing ./~ Machine Learning ~~ Data Compression

AT HIgE & X FFE

AL EenEsR &I

KFMET — 2 ICRTET DIERAPENZHHE L CHE T2 EZBIRTHEAXR L, TOERRKMT
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72TV, BRIT —2H5D/N\2—VFEEDNEREPEHBEDDEZT D fcHDBUEIER DR,
T =LY NXIV O A REEBDAN G EDERARZITOTCVS. &fe, 7O —LPH—F7—
LG EDNET —LDBELY YYDt EORBEICEE A TNS.

XFNEE 7 — 2 R

YK PBEROREICKY, ZBEROERGET —2HFBERIREE GO TEY, KEDT—
2EMRECNET BHOEMHAETEITEEICE > TWNS. XEINXIFRDOEHA - mEOFELEL
THRLEFRNGBRED—DOTHD. FAlE, N2—VBEPRYELBEOHE, EREPERGE, B4
DX FHNEBDMZ DD T —21EEL 7V T ALDREZT>TWS. KT, EEETNXF
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DENMBEDREREY, ThZ@BT 2dDNFIINEY X T LOREZITOTWVS.

Artificial Intelligence and String Processing

Artificial Intelligence, Foundations and Applications

We study fundamental theories of Artificial Intelligence with practical applications on knowledge
discovery and machine learning. We are interested in theoretical aspects on pattern discovery and
feature extraction from time series data, similarity measures to effective classifications, and solving
puzzles and games with their computational complexities. Practical applications include card/board
games.

String Processing and Data Compression

String is one of the most basic structures to hold and transmit information. Nowadays, enormous
text data is accumulated due to recent popularization of Internet, and technology to process huge
amount of text data has become important more and more. We study data structures and algorithms for
efficient string processing and data compression. Especially we focus our attention to develop efficient
algorithms to perform pattern matching and feature extraction from given compressed data without
explicit decompression. We also study on combinatorial properties of strings, which would be helpful for
fast string processing, and develop information retrieval systems that are useful for research activities.
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Permuted Pattern Matching Problem on Multi-Track Applications
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Assoc. Prof.
Ryoko Tokuhisa
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Natural Language Processing and Communication
Science

B % MH O# The most important media for communication are the languages that we use everyday. In this lab,
Assis. Prof. . .
Syo Yokoi we conduct fundamental research on deep language understanding by computers and applied research

BEBHEHL Galvan
Sosa
Diana

Assis. Prof.
Galvan Sosa Diana

to support intelligent communication or information analysis for the benefit of society. The fields of
our research include natural language processing, artificial intelligence, computational linguistics, and
communication science.

Deep understanding of language requires great intelligence for inferring what happens and why
from text. The biggest problem is that the common-sense knowledge required for inference is decidedly
lacking. However, this problem has begun to look solvable by gathering common-sense knowledge
from vast collections of texts on the Internet. We are investigating the possibility that natural language
processing could lead to a breakthrough to artificial intelligence.

We are also pursuing the development of text-based information editing technology that automates
and supports high-level editing of information and knowledge for a broad range of applications
including credibility analysis, big data mining, knowledge management, and crisis management.

Text A NL Under dil NL Dialogue i o
PSS, attention ,," o
p Bﬁ' uition -
Semantic/discourse Parsing e Assnclatrbn'
Multi-modal Gr C = % revision %

Symbolic | Reasonlng Deep Learning

integration of language and image
understanding

integration of symbolic abduction and
distributed representations

Knowledge Acquisition Representatlon Learning

integration of knowledge acquisition
and inference

BESEERE Al DRIF%E HE T IENERETOMZE SRS REFBESEICRE LIcEARREHESR < Y >

Explainable reasoner based on full integration of symbolism and
connectionism

integration of formal semantics and
distributed representations

Essential components towards language understanding Al
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Information Biology
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BMKEYWORDSM  prain / hormone ./ integrative functions / sex difference
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Understanding new role of hormones on neuronal
signal transduction in the central nervous system.

Inside our brain, neuronal information is transmitted using electronic signals. In the nerve ending (axon
terminal), electronic signals are exchanged to chemical signals, and neurotransmitters like glutamate
and GABA are released from axon terminal to synapse. Thus, nerve cells communicate with another
neurons via chemical signals. Recent years, it has been reported that hormones act on neurons as to
neuromodulator.

We take notice of new role of hormones in the central nervous system, especially corticotropin-
releasing factor (CRF) as a neuromodulator and thyroid hormone as a control factor for organogenesis.
Genetically modified animals play an essential role in analyzing novel functions of hormones in the brain.
We found that CRF-expressing neurons in the bed nucleus of the stria terminalis (BNST) show female-
biased sexual dimorphism in last year (Uchida et al., Biology of Sex Differences 2019), and the findings of
this study could not be achieved without using genetically modified animals. How does sex differences
in CRF- expressing neurons in the BNST affect individual behavior? It is well known that the function
of BNST with the central amygdala participate in expression of emotional behavior in the rodents and
human. Therefore, sex differences of CRF-expressing neurons in the BNST would be expressed as sex
differences of behavioral expression. To address this question, we need to artificially regulate specific
neurons and to individually validate neuronal network in the brain. In our laboratory, we study new role
of hormones in the central nervous system using advanced genetical technique.

FIRIGEEER 25 R BREL/ N\ 7 AD
KR BEICHFB/INVTTIVTZY (PV)
FHEZ1—0Y, RREENTTX (B)
TPV Za—OVHEDTEH. HEE
BHSRERBRIVEVERETHEERT
TR (A LRREEZTCEETS (O,

Venus CRF mRNA

merged

HER LY —BEMERIC L 20 RERK
BEHMAIERIC BT B Venus (1) & Crf (5R)
DEFRER, TRIZTNS 2 D0HE
ZTY o

Confocal images showing Venus and Crf in
the dorsolateral BNST. The Venus and Crf
are shown as green and res, respectively.
The lower panel shows a merged image of
Venus and Crf. Scale bar = 100 pm.

PV-positive interneurons in the neocortex
of the growth-retarded mouse which shows
dysfunction of thyroid stimulating hormone
receptor.

Photomicrographs show PV-positive
interneurons in the neocortex of normal (A),
grt (B), and T3-treated grt mice (C). Scale bar =
500 pm. The region of the photomicrograph
indicated by the box is shown on the right as
a magnified image (A’-C').
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Building a Foundation of Algorithmic Techniques for
High-Quality Information System Design

sEysEn T B B In highly reliable information systems, theory-based methods are playing important roles. In our

pssis, Prof. laboratory, we are conducting research on mathematical modeling and algorithmic techniques, together

with analysis of developed methods, that are useful for designing and analyzing information systems.
With the diversification of information systems, our target research themes are diverse, and we are
conducting research especially on "combinatorial reconfiguration" and "computational geometry" from
the viewpoint of theoretical computer science.

(1) Combinatorial reconfiguration is a novel algorithmic concept that provides mathematical models
and analysis for "transformations over state spaces." For example, when we need to change the current
supply-configuration in a power distribution network, we wish to compute a switching procedure that
does not cause a power failure even during the transformation. As another example, in sliding block
puzzles like the 15-puzzle, we wish to compute a block-sliding procedure. They are typical examples of
"transformations over state spaces” which are targets of combinatorial reconfiguration.

(2) Computational geometry is a field that introduces the concept of computational complexity into
geometry and studies data structures and algorithm design. Our interests include a wide range of
traditional computational geometry problems such as convex hull, set cover, Voronoi diagram, visibility,
and shape matching. In addition, as applications of computational geometry, we are conducting research
on image processing, image retrieval, GIS, digital line, data mining, etc. in order to solve various practical

problems.
E
\
I
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Image Segmentation

Shape of an object P '
Preprocess
Similarity Assessment

Using shape  Retrieved Images
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Image Analysis
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Computer Vision: From Image Sensing to Artificial
Intelligence

We study computer vision and related fields such as image processing, machine learning, or natural
language processing. The goal of computer vision is to build a machine intelligence that can capture,
recognize, and make a decision on various visual phenomena, from image sensing to semantic
recognition. Towards this goal, we work on both theoretical and practical problems in computer vision,
such as material recognition, urban scene modeling, deep neural networks, probabilistic graphical
models, artificial network for neuroscience, visual fashion analytics, or attribute perception in natural
language. With the recent progress in deep learning models in the field, we are currently focusing on the
theoretical analysis and effective application of deep neural networks. For example, we consider how a
deep learning model can effectively discover and recognize material properties beyond object category
(Fig 1), and what connects artificial neural networks to human perception. Also, we have studied
methods to understand the visual information on an image using natural language (Fig 2).
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Fig. 1 Material and attribute recognition Fig. 2 Image understanding and language




Intelligent Control Systems

%u ﬁ%%”ﬁﬂ :/ Z 7_- .b; ? http://www.ic.is.tohoku.ac.jp/ja/

EHARF—7—FR Va7V —R/BREY 3>/ ORT 1 7R/ BIRINEE > AT LWEE
B KEYWORDSME Visual Servo / High-Speed Vision / Robot / Image Processing /* System Biology

Prof.

raE iR EE
Assoc. Prof.
Shingo Kagami

g WO BAE
Assis. Prof.
Akihiko Yamaguchi

-, —te » sy ~ 7 =1 7=

#HRITIZIIDOEY 3 > - HliE - FHAF DR E
AARETIE, BRTH VAT LAICLEZEED DORIGEEDRELABIRL, V17V —R, &
BREY 3V RT L, SIEER - AT LER, TEEMFSELGE, B BRSO X T LREE -
ISADEmEH S DMEEIT> TN 5.

1. EVa7Ib—R

EY 17 I —REEEBFRVIBOBRREORY FDAAF IV RERZEEL, OEDDHN T L
ELTERML T BERIRETH S, 7 — PN\ JHIEICGE LISEEaDmHEFEvF v JL— 3
VEREICONR FEORY b - AXASEOBREECOWVWTRSLTWS. Ffe, ZRICONAMGEEY 2
TIVEZvEVTFE BAUCONIMEED a7 IV —RFE, AA—IRTT21—-U7HEE R
ICRICERE T 2ERFEMOEREZITO> TS,
2. BEEY 3 VAT LEFDISA

ORy MIEICREREINZEEREDNBERENE ZAIADERZBIEL, 1000 7L —LBMEBZS
BREY A VIV AT LAOBREESABICET 2MELZEDHTWND. BREY 3 VY ATLEBRTOYV T
GBI ATLERHPEDEZTEICELD 1 VAVETI—RGA, TVE—TA4 XAV MNSA, A
MEBMN\DEEEZERL TS,
3. VAT LITEEYRIGHE

EMDOITHE B HRENDL ANV TEALEHBET R EAEIZEEL, 8REYayPORT4 7R
EBTBHTEICKY, YRTLELTOEYTEZEBLTWNS.

Integration of vision, control measurement
technology for society

Our goal is to achieve intelligent and flexible control of high-speed sensory-motor systems. Our
research activities involve both theoretical and practical studies such as visual servoing, high-speed
vision systems, control theory, system theory, and system biology.

1. Visual Servoing

Visual servoing is a framework in which vision process and robot dynamics are combined and
formulated as a unified dynamical system. Our interests include image feature extraction techniques
suitable for feedback control, and robot-camera system configuration robust against camera calibration
errors. We also provide a visual tracking method that is robust to deformation and a visual servoing
method that is robust to occlusion.

2. High-Speed Vision Systems

To achieve high-speed vision applications such as robot control, we design and implement high-speed
vision systems with frame rates over 1000 fps and develop high-speed sensing applications such as user
interfaces and entertainment systems. Real-time networks for various distributed sensors including high-
speed vision systems are also investigated.

3. System Ethological Application

Ethology is the study of animal behavior. Our objective is to analyze the neural system that cause
behavior change using model animals like nematoda (C. elegans) or fruit flies (Drosophilidae) . We are
developing systems for observing and analyzing the neural activities in these animals using high-speed
vision and robotics.

Camera1 for tracking

EMCCD Confocal = Bright field:
camera2 _ S | C.elegans

Microscope

Z
-I Fluorescent image:
SRS Neurons of C. elegans
Scan along z
axis

Optogenetics and motion analyse
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3D cell tracking and fluorescent microscope system. High-speed projection mapping system

B TR NI

=
()
<
o
=
-
3
(]
=
-
Qo
-
w
<
w
-
("]
3
5
=)
(=]
=
3
(']
=
=]
=
"d
=
m
=
[a)
(]
w




SRR NI

[~
(]
-
(Y]
-
-
3
(]
=
-
(-]
-
W
<
w
-
("]
3
5
=
(=]
=
3
(]
[-3
(=]
=
w
=
(]
=
n
(-]
(]

Acoustic Information
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Toward advanced acoustic information
communication systems

The research in this laboratory is concerned with information processing in the realm of human
auditory system. In particular, we apply a psychophysical approach to the study of fundamental
characteristics of the human auditory spatial perception as well as human multimodal spatial perception
including hearing. We are, at the same time, aiming at the realization of a 'comfortable' sound
environment exploiting digital signal processing techniques. Three-dimensional auditory displays
based on the sound image control by simulating transfer functions of sound paths from sound sources
to listeners' external ears, and sensing systems of 3D sound field information are two examples. These
systems are expected to provide a high-quality virtual sound space, which is keenly required to realize in
the multimedia communication, cyberspace systems and virtual reality systems. Furthermore, in recent
years, we have been devoting a lot of effort to the development of advanced digital hearing aids. Our
research areas are not restricted to acoustical information sciences, but also cover some other fields like:
electronics, mechanical engineering, architecture, medical science, physiology, and psychology, which
we feel are the backbones to create the suitable infrastructure for acoustical researches. Interdisciplinary
studies are what we stress on in our laboratory.
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Ultra high-definition audio and visual three-dimensional reproduction
system using 157ch-loudspeaker array based on High-Order Ambisonics

n the anechoic room
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What do we see?
—Understanding the human visual functions-

Human brain is one of the most adaptable systems in the world. Understanding the brain functions is

| .

pa BB FHE

Assis. Prof.

Yasuhiro Hatori
one of the most important issues for evaluating and designing things around us to improve the quality
of life. We investigate the brain through visual functions to apply the knowledge to ergonomics and
image engineering. Our approaches include psychophysics, brain activity measurements, and computer
simulations. Our research field covers visual spatial perception, 3D perception and visual attention.
Modeling the processes of human vision based on the findings of the strategies that the visual system
uses, we plan to propose appropriate methods for evaluation of image qualities, efficient way of image
presentation and evaluation of visual environments in general. We also investigate dynamic selection
process in vision with or without attention to realize prediction system of human perception and
action. For predicting visual performance, which changes dynamically dependently on the stimulus
and environment, we combine studies of human visual psychophysics, brain imaging, and computer

modeling.
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The spatial extent of visual attention was measured using two kinds of brain waves:
steady state visual evoked potential (SSVEP) and event related potential (ERP) .
In the case of SSVEP, the attentional effect gradually decreased with the distance
from the attended location. In the case of ERP, however, the attentional effect was
obtained at the location where visual attention was directed, and information
around the attentional locations was suppressed.
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We perceive the visual world remains stable across saccadic eye movements.
How does the visual system achieve visual stability across saccades? Our findings
suggest that luminance-based transient signals make an important contribution
to visual stability, and to the relative weight of retinal and extraretinal information
in target localization.
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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. We view all artifacts, physical and digital,
as content. Honoring the unique perspectives of people, systems, and the environments they inhabit, we
study the interactions between types of content, with the ultimate goal of formulating cohesive, holistic,
and intuitive approaches that promote efficiency, ease of use, and effective communication, we focus on
content design to enhance living.

1. 3D Motion Sensing and Interaction

We develop novel magnetic motion sensing systems using multiple identifiable, tiny, lightweight,
wireless and occlusion-free markers (Fig. 1), enabling dexterous interaction and tracking in unexplored
areas.

2. Dynamic and Adaptive Spatial User Interfaces
We design novel spatial interfaces dynamically adapting to users’ activities using situational awareness,
robotic display, and virtual reality technologies (Fig. 2).

Fig. 1 liG= 3 R E—Ya v v TF v Y RAF L Fig. 2 B9 + BB 1— 1 V2T 1—R

Fig. T Magnetic motion capture system Fig. 2 Dynamic and adaptive spatial user interface
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Development of Transdisciplinary Integrated
Multiscale Multiphase Flow Energy System

Our laboratory is focusing in the development of innovative multiphase fluid dynamic methods based
on the multiscale integration of massively parallel supercomputing and advanced measurements, and
research related to creation of environmentally conscious energy systems. Furthermore, we promote
basic research for the creation of risk management science and associated new multiphase flow system
directly linked to sustainable energy represented by a high-density hydrogen storage technology.

Particularly, we are focusing in different field integration research and development such as creation
of environmentally conscious type nano-cleaning technology using reactive multiphase fluid that
is a thoroughly chemical-free, pure water free, dry type semiconductor wafer cleaning system using
cryogenic micro-nano-solid high-speed spray flow, and also focusing on removal-reusing technology
for solar cells and ITO membranes for conducting organic polymer (including indium oxide tin) . We
also performed computational study of multiple bubbles behavior in megasonic field to clarify the
mechanism of particle removal by megasonic cleaning.

Furthermore, aiming to contribute disaster risk science field, fundamental mitigation effect of mega-
floating structures on the water level and hydrodynamic force caused by the offshore tsunami has been
computationally investigated using SPH method taking into account the fluid-structure interaction (FSI) .
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Crack propagation behavior in a high-pressure hydrogen tank bulkhead and diffusion  Elucidation of liquid film atomization process by air flow and
behavior of reactive leaking hydrogen with ignition establishment of atomization control technology
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Fundamental Artificial Intelligence
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Building methodologies and elucidating principles for
machines to learn "wisely" from data

We conduct fundamental research on machines for learning systems from data. Natural language and
knowledge are well-known examples of the most challenging targets to handle on machines. One of
the ultimate goals of our research is to elucidate the essence and to establish a methodology in which
machines acquire and utilize natural language and knowledge as effectively and efficiently as human
beings. While artificial intelligence (Al)-related technology has become popular, we encounter the black-
box problem; the problem is that humans are difficult to explicitly interpret how deep learning models
acquire and store necessary information from data and how they leverage learned clues effectively
during the computation. Similarly, new research issues have arisen due to the development of Al
technologies, such as issues related to fairness resulting from the bias of data, and issues related to fake
information generated by misuse of Al technology. We aim to verify and analyze various old and new
issues in Al-related technologies theoretically and empirically and reveal the principle and essence of
those issues.
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Example of a learning system Interpretability and explainability of learning systems
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BEENERTORE) Understanding of urban traffic state based on data science
Media Education in Sendai Shirayuri for urban transportataion system

Gakuen Elementary School

Experiment PC
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Testing accuracy and precision of visual and auditory stimulus presentation
in virtual reality. (Tachibana & Matsumiya, Behav Res Methods, 2022)
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What changes would the information society bring? In what framework - spiritual, cognitive,
or cultural - would information be comprehended and propagated? What are the solutions to
the social problems the information society inevitably poses?

In Department of Human-Social Information Sciences, we are striving to answer those
questions in the form of interdisciplinary research and education. Members constituting our
group are trained in wide range of subjects, including cognitive psychology, philosophy,
linguistics, sociology, media theory, regional sciences, and civil engineering.

We have been engaged in reconstructive activities of the earthquake damage of 2011. Our
activities include recording and analysis of resident participation in the disaster-affected area,
opinion polls of the citizens of Sendai city, flows of the emergency goods, and the traffic pattern
of the post-disaster days. Those researches have been publicized in Japanese mass media.
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Human Learning and Memory
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Research to elucidate individual differences in
abilities and thinking characteristics through brain
measurements and to develop methods to extend them

Our laboratory is focused on a variety of cognitive and psychological factors, such as language ability
and well-being, and elucidate the characteristics of brain structures and functional networks that
produce individual differences in these factors. Cognitive and psychological factors measured include
language-skill, programming, reading, number processing, three-dimensional cognition, and other
abilities. General cognitive factors are also measured such as grit, logical thinking, creativity, and well-
being.

Our laboratory use MRI, electroencephalography, and NIRS to measure the brain, and analyze the
mechanisms of individual differences in both brain structure and brain function. In addition, Our
laboratory is conducting research to elucidate the influence of parents on the characteristics and abilities
of their children and to develop methods to develop such abilities, while measuring daily psychological
and activity levels, changes in abilities. Our laboratory also reseach about what kind of intervention
methods can be used to develop them in subjects from infants to the elderly.
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Visual Cognition

Barll/ M

Y
g'l\ﬁ #E% http://www.cog.is.tohoku.ac.jp

EHAEF—7—FB  t bOFEAMERNIE T+ X b PEEGEDRH, 11— 2FBEDOOEFE
B KEYWORDS M human cognition / text and image recognition / psychology of computer use

B BE® WNE —E

Prof.
Kazumichi Matsumiya

#xE A B—

Assoc. Prof.
Yuichi Wada

Assis. Prof.
Ryo Tachibana

t ~ ORMIEFHROE DR & e D AZRA

ARNF T, METOLR (ARODAHZAL) PEE FIEBROBUEER), 5218, S5EEM, 1 X —
VU, BtE ERLISERRIMEOFIEICE LT, £ & LTRBROBENFERICIDMRZITOTCN S, &k,
21 —20OFERICHIF 5 0BFHNEMEICET 2MELIToTCVND, EEMRT —TICIRD K
SEHLDHH B,

AR LTHICHT 5 0ENEFHHAR

AR, REORTHEEICESDEFEMuZEL LENS, REBRPHEERE VDV OERDORE
BROSNRZRHL, TORBICEDVWTEMTERAEITBZENERND DBICKICITO CENTES,
DL ST ABEDERAITE Y AT LHTR T BICHGIFRVIERE & T DikeEZ RERNICHERT 5 L%
BiZ& LIEHARICE W fBA TL 5,

RRIEEICET 2B EFHHAR

SREFRLGREAA—IPTF I ZONONHEDLSICERIL, Z ITWDEBRIELEIET S
ZRHEITDNICOWTEIENICRIET 2T & TH B, VAP WEB TH A UG EDERIERY, HaE
PXEGZGEDEFFRENREL T 74 by F 2 I ROBYBENTFE%Z AU RIEMZEICENY 48
A TWVB,

ICT #EAD - — DD EBEICRIFTREICET 2%

N=VF)bAVE1—% (PO PRTL v MER, AR—bT7F2EVOICTHEPAY 2—3Y
MERER, BFA—ILP NS FEDHY —EXDFBHNEEDEPEHNRRICKRIFTHEICEAL TANS T
EZEERNELTVS,

Investigation of the characteristics and functions of
human cognitive processing

Our laboratory conducts research on a variety of cognitive processing characteristics, such as perceptual
processes (the mechanisms behind the five senses) and attention (sorting of sensory information),
memory, language comprehension, and image, etc., mainly using methods of experimental psychology.
Additionally, we conduct research on various issues in psychology utilizing computers. Notable research
subject areas include the following.

Psychophysics of Visual Perception and Action

Humans move their body parts in the outside world frequently, and recognize the outside world through
multiple senses such as vision and touch. Based on the recognition, humans can perform complex,
efficient and various actions. We are working on the purpose of experimentally clarifying the principles
and functions of human’s adaptable information processing using the virtual reality system.

Cognitive psychology research related to visual recognition and communication

This topic concerns the empirical verification of how we perceive diverse visual images and texts,
and what kinds of emotions and motivations are derived through it. We are working on empirical
research focusing primarily on manga, web design, words, and sentences, etc., using eye tracking and
psychophysical methods.

Research concerning the psychological influences of Information and Communication Technology (ICT)
utilization on its users

The purpose of this research is to investigate the effects of using ICT devices, such as personal computers
(PCs), tablets and smartphones, as well as internet search, e-mails and social networking services (SNS),
on one’s quality of life and mental health.

Data collection
Black Box Toolkit Host PC

1/0 port
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Eye tracking data of reading text (left) and manga (right). Accuracy and precision of stimulus presentation in virtual reality.
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Philosophy of Human Information
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Philosophical approaches to living in the world

The shock of the 2011 Tohoku earthquake and tsunami prompted us to reflect upon many serious
problems. In this laboratory we study two great thinkers of the 20th century, Martin Heidegger and
Hannah Arendt, to prepare ourselves to make fundamental observations on the crises of the modern
world.

The seemingly self-evident fact that we are living in the world has not been fully brought into
philosophical consideration. Heidegger's phenomenological ontology reexamined our factual ordinary
"being-in-the-world". Arendt then articulated the active human life, dividing it into labor, work and
action. Among these activities, action, as connected with speech, shows the political form of living
together. Humans are animals that by nature act and speak. Political philosophy aims at gaining insight
into the meaning of public discussion.

As natural beings human beings fabricate their unnatural, artificial world they live in and maintain.
The disaster on March 11, 2011, showed us how fragile a home our world is and how important our
intergenerational effort of maintaining it is. When the world is damaged, it can be a chance for us to learn
lessons for the love of it.

Let us enjoy exposing ourselves to the traditions of philosophy and explore the possibilities of basic
thinking
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Text Structure and Linguistic Information
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Exploring the Universality and Diversity of Human
Language (s)

We aim at explicating human linguistic competence. Carefully observing empirical data from various
individual languages, we study how and why languages change diachronically and vary synchronically, in
terms of syntax, morphology, phonology, and semantics. Our special emphasis is on the following fields:
(1)Morphosyntax:

To propose a hypothesis about how morphemes, words, and phrases (as a continuum) are combined
and/or what their syntactic / semantic / phonological structures are, and examine the proposed
hypotheses by empirical data.

(2)Lexical Semantics:

The semantic structure of words; in particular, the issues of what their basic semantic templates are
like, which aspects of the semantic structure have syntactic reflexes, and what kind of syntactic structure
they can occurin.

(3) Diachronic Syntax/ Comparative Syntax/ Psycholinguistics:

(i) The nature of diachronic change and synchronic diversity of languages, (i) Proposal of a theory of
the language faculty that allows change and diversity, and (iii) Justification of the theory by introspection,
corpus studies, and methodologies of experimental psychology (including a collaborative work with the
department of Visual Co nition)

Through these researches, we also aim at making contribution to the theory and practices of language
learning/teaching.

The research project called "Language Change and Language Variation Research Unit” is our
interdisciplinary research activity that has been organized to pursue our aims from richly diversified
perspectives. See the following URLs for more information about the activities lead by the staff of our lab:
http://ling.human.is.tohoku.ac.jp/change/home.html
http://www.aa.tufs.ac.jp/en/projects/jrp/jrp271
https://w3.tohoku.ac.jp/frid/
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Social Structure and Change
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Theoretical and Qualitative Inquiry into Social Life

Two sociologists are analyzing the substance of social life, with focus on ethos or habits among
people, relationships and communications, as well as dynamics between ideology and existence.
Methodological characteristics are: 1)intensive reexamination into the movements of social theory from
such classics as Marx, Durkheim, Weber, Mead, Parsons, Goffman, and Habermas to the development of
cultural studies, phenomenological sociology, and symbolic interaction, and 2)qualitative inquiry using
purposive selection, intensive case study, semi-structured interview, and monographic representation,
and participant observation. Each student is encouraged to choose his/her subject within the laboratory
specialty. Close reading of texts and firsthand explorations in the field are essential in this lab.

In 2016, The Recent Reconstruction in Chinese Village was published as a result of long-term joint study
with Shandong Academy of Social Science. Prof. Tokugawa also published Color Vision Discrimination
and Difficulty to Talk in 2016, the first social science book in Japan that analyzed language, experience,
and power on this topic. Assoc.Prof. Okada explores the relationship between nonprofits'strategic
communication and voluntary actions such as donations and volunteering. Appointed.Assist. Prof.Sasaki
is conducting practical research on the potential of self-narratives to improve the well-being of cancer
patients by designing a "place" to generate their stories.
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Kumamoto Earthquake
(2016/4/14)
Ecuador Earthquake
(2016/4/16)
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International conference at Shandong Academy of Social Science, A study exploring relationship between social media posts and donation

“Fifteen Years in Shandong: the Method and Practice of Fieldwork”, behaviors
held in December 2016.
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Electronic Election Apparatus in Korea
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Future of Electoral Integrity

We explore how electoral integrity can be improved in both developed and developing countries.
We focus especially on (1) how political actors use ICT (Information Communication Technology) in
advanced information society, (2) how does the qualified voter collect political information, and (3)
what determines electoral fairness in the developing world. Methodologically, we use both quantitative
and qualitative methods to approach those research questions. Below are a few research topics we are
currently working on:

The Great East Japan Earthquake and Election Environment

Some of victims evacuate outside the local government, so it is not easy for them to gain political
information on, for instance, candidates in their hometowns, pledges of political parties, etc. In Japan,
candidates were finally allowed to conduct the online electoral campaigns after the 2013 Upper House
election. This project investigates whether this reform leads to improvement of election environment in
the affected area. The maintenance of vote environment is important there because the victims look to
politicians for help.

Autocratic Elections and Their Consequences

This project explores how political institutions (elections, parties, and legislatures) in non-democracies
are designed and what impacts those institutions have on citizens’ perception towards political
leadership as well as economic policy and political regime change. This project utilizes a variety of
methods including cross-national statistical analyses, comparative case studies, and survey and field
experiments in Central Asia.

2016 £ 9 BIC 7« 57V 7 « 7 TiTh Ltz Electoral Integrity Project EEDT — 7
vav 7&Ky
Electoral Integrity Project Workshop held in Philadelphia, the U.S. (September 2016)



Socia-Economic Analysis of Urban System
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Economic Mechanisms of City Formation and
Agglomeration

Today, many people live in cities, affecting each other, and enjoy various economy of urbanization.
Moreover, cities, with transportation and other networks, constitute a large system with flow of goods,
service, and people among them. Focusing on the theory of city and industrial agglomeration, this
research group is devoted to clarify the structure and the dynamic evolving process of spatial economy
including city, region, and international trade. We are also interested in the related policy analysis. For
this purpose, as one of the characteristics of our research group, interdisciplinary approach called ‘regional
science’ is employed to tackle with the widespread city problems from local conflict to global issues. The
main discipline to be employed includes urban economics, regional economics, international economics,
and OR. Some research topics are as follows.

1. Spatial economics. We aim to clarify the economic mechanisms of international trade, city formation
and industrial agglomeration. We are interested in not only theoretic research but also its applications in
more realistic problems such as regional competition and cooperation.

2. Networks and location incentives. We analyze how the network information of supply chain,
transportation, geography, etc. is used for local governments to make policies of attracting firms to
activate their economic activities.
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Regional Econometric Analysis
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Viewing society, economy, and regions, with network
science, mathematical models, and nonlinear science

Recently, development of the mobile devices enabled us to achieve various detailed data associated
with our society and economy. Information sciences can devise analyzing such social data. Our research
group focuses on various topics from data analysis to modelling based on network science, mathematical
models, and nonlinear science. Some research topics are listed as follows:

1) Co-evolution model of cities and roads
2) Spatio-temporal network analysis of human mobility
3) Modelling the spread of infectious diseases and epidemiological data analysis

The topic 1) is a central issue in various research fields such as spatial economics. We propose a new
modelling framework with the real data based on the network theory, and study its mathematical aspect.
In 2), we apply the network analysis methods to geospatial data. Our scope is not restricted to modelling
and data analysis, but also on collaborated works with researchers on public health such as the topic 3).
The goal of this research is to give practical implications for the prevention of infectious diseases.

Students, who are interested in one of the above research topics and interdisciplinary researches, are
highly welcome.

‘Y -0

Emﬁf\@
EIMEJ‘&)EH

Ry NI—20) “ Sendai City Center &
JIa=F«R Yo &: ‘l

HERRCBHS F9 K-k T
ERIEOMRMA - [BA L 5% et
- BTEERORREES)) T e S R
ABEO)%EHXJ tO—8 —
w@;t’m - NREESDFEIAR Soqain SRR e i 2 eisanoa IR BEREY = A b
J:A*ﬁa—n. S~ -30% Eed: ://maps.gsi.go.jp/#10/3
=< .038357/140.949097/&base
M -30% ~-10% 7 - J _,'{, s tls—stdcisp=181s=cij0
¥ f. 152 > s - hUkO 0u0t0z0r0sOmOf1 15:
B0 b;rza;ﬁ,g -10% ~ +10% Tg B%QGISTMT L THA =
T T 7 R N ”""""“ 0 +10% - 430% G, / '5 v it
iy - o a Qals
BEEFUSH - . +30% E‘ gl EF R h:;e/";wwv\: qgis.

2020/ 04/ 1 6

BT — < DIEERK

Schematic figure of the research topics.

ENAIVEEFHEHT L B, COVID-19 B ARIEICHIT BFEAONE(L

Change in populations before and after COVID-19 pandemic based on mobile

spatial statistic

46



47

Transportation and Geographic Information Science ) bty I Ltohok v/
] = N 2 ttp://www.plan.civil.tohoku.ac.jp/iryo
é‘E-' Fﬂ E-I-E*;I'% (F#E®M) http://www.plan.civil.tohoku.ac.jp/inoue/

EHfEF—7—FBl Ex v NV BEY I T2 /B 2 b—Y 3y EEIERREE R
BKEYWORDSE Transport Network Analysis / Transport Big-data / Traffic Simulation / GIScience / Spatial Statistical Analysis

#r HHERE
Prof.
Takamasa Iryo

ke HE =
Assoc. Prof.
Ryo Inoue

I ﬁiém hE

Assis. Prof.
Koki Satsukawa

BEGEHT - EEVTAIRIAV M ERRTBHLH6D
YT =% BZERIBROMS « B - IR

ARFIE. HEAREEH EMRELNSEREINTOET,

FRZEETIE, BB AT LICHBIT 28 L. BRT—2DFRADEDITHEREBIRET P
BHEICETZ2EBOMBLZITEO>TVET, E2FCHEL. BERBA VT JIFEEPEEICRDER
WEBHENAHEITY, MaaS (Mobility as a Service). CV (Connected Vehicle). BENEEZRD & S i
EMOBHEICKEY. AV T IDEDNAIETINHSARECEELLSIELTVET, TS DHT
HZIELCERL. BB Y 7 oDBERENEZRARICRET 2MHRICEY 32 aE R TRFERFEDOHE
B EMMICERBRICE LY VL SZSROSNTVEY, TDfedlc. HEMEZETIE. FIXIE &
BIEA OB OEIBREN. 70— 77— 2EDEREICEDRE Y J T — 2 BITDIHD S
SEERODBEFE. HPC (High Performance Computer) (B2 SHFEEICH M LIRERY T2 L— 3
VOBREEWVOT B - Bl - HHED 3 DOAESSZREOMEETOTCVET,

F L= RFZERIEROMEN - HEFEZORRICMUBATVE T, MROHIBO KRG % &R
LEBNGRRBAEZ TIELGS, HIBOBENSHAET CELR LILHEMN DB REZT—2H &
FRRATERLDITEO>TVEY, HAREIL. RFEMBROBIIFEOMEZEBEL T, TMREAT—2
ZERALIEHIEOIRRDINZEICFREZR/CESRE] 2EHEL. KYRWE D UANETH L
WEEZZATWVWET,

Integration, dynamic analysis, and visualization of spatio-
temporal data for advanced urban and mobility management

This group consists of Iryo laboratory and Inoue laboratory.

In Iryo laboratory, we are conducting various studies on observations in road traffic systems and
mathematical analysis and numerical calculations required for utilising the observed data. Needless
to say, road infrastructure is an important public good indispensable for industries and our lives. With
the rise of advanced technologies such as MaaS (Mobility as a Service), CV (Connected Vehicle), and
autonomous driving, the use of road infrastructure is about to change significantly. There is a growing
need for more academic and practical research in advanced spatial planning sciences to maximise
the potential of road infrastructure by properly utilising these technologies. For this purpose, we are
conducting various researches on three aspects, i.e. theory, observation, and calculation. For example, we
have conducted mathematical analyses of traffic congestion on the road traffic network, have developed
methodologies for analysing transport big-data such as probe-vehicle data and a large-scale parallelised
traffic flow simulator implemented on HPC (High Performance Computer).

Inoue laboratory develops methods that analyze and share spatio-temporal data. In recent years, we
have gained significant access to various data, on national and local ones from the past and the present.
These data would play an important role for the citizens to develop consensus and make decisions upon
envisioning regional development. This laboratory aims to nurture an information friendly environment
for the citizens to be part of planning better future, though developing methods that enable easy access
of spatio-temporal data.
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Large-scale traffic simulation in a Kanto road network Proposal for information service of real estate property values



Regional and Urban Planning
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Regional and urban planning for desirable society and
economic growth

We study a) infrastructure planning and policies that lead to a sustainable and better society,
and b) planning process of urban and regional policies. Our interests are to understand the spatial
interdependences between urban activities and infrastructure systems, and to apply such implications to
practical infrastructure and regional policies. Our approach is interdisciplinary, and we use the theory and
techniques of urban and regional economics, econometrics, game theory, operation research, geography
and so on.

Our current themes are to explore:

(1) land use regulations, which affects the social welfare through the change in the population
distribution in an urban area;

impacts of land taxation and land use regulation on the urban land use pattern

project evaluation, which practically measures the welfare change in terms of observable variables,
focusing on the spatial and dynamic aspects;

efficient budget collecting through user charge and tax;

methodologies to understand the regional structures visually and heuristically from data on spatial
interaction and agglomeration;

(6) efficient emergency logistics systems during the disaster response phase.
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Planning and management of spatial economic systems,
and data science for urban transportation system

This group consists of Akamatsu laboratory and Hara laboratory.

Akamatsu Labo studies mathematical and computational methodologies for planning/managing
urban/transportation systems in the following three fields.

1) Transportation Science & Transportation

Planning: We develop novel transportation demand management schemes to solve road congestion
problems by exploiting recent advances in information technologies and computational mechanism
design theory.

2) Regional Science & Spatial Economics: Most of the world’s population is strikingly concentrated in
a limited number of areas. We study mathematical models to explain the economic mechanisms of such
agglomeration patterns in geographical space.

3) Investment Science & Mathematical Finance: Urban infrastructures are exposed to various risks due
to changes in economic environment. We develop control-theoretic methods to achieve better decisions
for investment / management of infrastructure systems under uncertainty.

Hara Labo studies data science for urban transportation system, and Mechanism design for urban and

transportation system.

1) Data science for urban transportation system: A methodology for data science using a variety of big
data, such as GPS trajectories of people and vehicles, tweets on social media, etc., with a view to
understanding and clarifying urban activities.

2) Mechanism design for urban and transportation system: we use game-theoretic methodologies
to design the rule and price for implementing new mobility in cities, such as automated vehicles,
mobility sharing services, and Mobility as a Service (Maa$).
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Media and Culture
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Considering Contemporary Media Society / Reading
Media Texts and Contents

With the development of information technology, society is highly informed. As new media emerge
with new information technology, we are no more only information receivers but need to initiatively and
autonomously participate in media society. Thus it becomes more important to examine cultural and
ideological background of our global/local media society than ever.

In order to academically examine the way of media that supports contemporary information society,
Sakata laboratory makes research on contemporary media and communication, focusing on history,
ideology, culture, art, design and disaster information, with (1) critical view, (2) practical attitude, and (3)
collaborative dialog.

The research subject of Morita laboratory is media contents analysis. We consider from high arts and
literature to popular culture, focusing on characteristics and possibilities of each media. We also attach
importance to social and political contexts of the cultural production and consumption, including those
across linguistic, national, cultural boundaries.
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Media Workshop (by Sakata) Visit to an exhibition of cartoonists' original drawings with
regular seminar members
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Consider the nurturing of information literacy as it is
transformed by the advancement of information and
communication technologies.
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The development of information and communication technology has made it possible for anyone to
transmit information at any time. While the use of information is becoming easier and easier, information
literacy, the ability to select the information one needs from a large amount of information and the ability
to judge whether the information one uses and transmits is appropriate, is required.

In the field of information literacy, in order to academically examine the cultivation of these qualities
and abilities, while considering classical media theory and the latest trends in information and
communication technology, students should: (a) Keep a dispassionate perspective that is not influenced
by trends; (b) Have a practical attitude that is close to those who are working in the field; and (c)
Emphasize dialogue to coordinate their respective positions.

In this laboratory, we are engaged in research on (1) the development of methodologies and
educational contents that contribute to improving the quality of education through the active use of
advancing information and communication technologies, (2) proposals for future literacy in media
and information and methods to foster it, (3) operational issues such as governance in policies and
educational institutions and educational programs for fostering leaders to realize these issues. We are
promoting learning analytics through cross-disciplinary collaboration with fields such as psychology,
neuroscience, Al (Artificial Intelligence), and mathematical data science, not to mention informatics and
pedagogy, aiming to return research results to society.
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Correlation of Literacy in Information, Media, and Technology

Adapted from Yuhei Yamauchi (2003) “Literacy in the Digital Society”

Iwanami Shoten, p.72.
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Cognitive Psychology of Communication
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Basic and applied research on verbal communication

In our laboratory, we conduct basic research on human language activities such as reading, writing,
speaking, and listening from a cognitive-psychological perspective, and aim to apply the results obtained
to practice in various fields such as education and disaster prevention.

One of the most important basic research themes is the elucidation of the text understanding process.
Text comprehension is the process of constructing meanings through the interaction of text and reader.
Within a limited capacity of working memory, the reader activates prior knowledge related to the
sentence, processes the language information, supplements the unspecified information with inferences,
and builds a situation model described by the text. We focus on the influence of the reader's working
memory capacity, the role of prior knowledge, the inference process during text understanding, and the
structure and nature of the situation model.

The results of these basic research can be applied to various communication situations. In education,
for example, how to transfer knowledge from teacher to student can lead to effective learning is an
important theme. We propose and implement effective educational methods based on the learner's

cognitive process. As for disaster reduction, we are trying to design a new disaster reduction education
program.
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Basic research on cognitive processes of verbal communication A new disaster education system where learners become teachers
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Rescue Robot Quince (Human-Robot Informatics

Laboratory)

ISRBERRFERIE, FRE RHEEOEIZEI AR 202 REEEELENS, EHM
IFIRRICHIE LIERERIZ Y AT LBROIO DM FRAMOAE - Rz Bis L CRIFRINE LT,
AEFRZRERARHDERT 2. BARAEHETHIABOLODBERBEERM. ORTATAL R
FUATLIFRT. EmERT. BABRT. BRERFLLEOBELGMAZITOE LI, £
RGIREREDBRICERZIM P HARNZFEZIMELTHEL. /N\—FROV T rOBmELS
ISRBREIZDIENHE RRZEHELTBVET,

Our department was established with the goal of education and research for the sake of
constructing practical systems reflecting the complex realities, at the same time taking into
account the diversity of human and social factors. As our ubiquitous information society
evolves, we are investigating information technology for humans cohabiting with the
natural world, robotics, fluid system information sciences, life information sciences, cognitive
information sciences, health information sciences at the high academic standard. At the same
time we continue to aim for resolutions of variety of practical issues enlisting the methods from
information technology, statistical sciences, and to pursue progressive forms of education and
research from both hard and soft aspects.
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Physical Fluctuomatics

#]]IEE-_I 7 3 7 9: 1 j- ? 7_- ’r 7 Zgﬁ http://www.smapip.is.tohoku.ac.jp

BHAEF—7—FB AN—XETVU VY EHEENAIWE/ REEE 2T VT S EFEHE
B KEYWORDSME Sparse Modeling / Machine Learning .,/ Bayesian Optimization ,~ Optimization Problem  Quantum Annealing ,/ Quantum
Computation

Physics+Information Processing=Intelligent computation

AVELI—EBT =20 5ZTDERICHDERMEZTRHRE. ZNEZFEIZILET KROFE
Z170 THHEE]. TEWhIFIRRDBEEDHE T,

LMRETIE ZORKOBEZHENMEZA DL DICEDTEZBRELTVET, AIAETREFE L.
prof. HBICBERZAVZBFNICTOIENTESLDICE2—AT. BEZDLIBHIENRTTE
BEDNCHBLDTL L DD, FEDAE%Z Rl 5ERNARZTVE T,

FEFEDORTICE. BEORVWAEDT —2EZRELLEY, LHALRRICBZAGHELLST—%
DEDHOSND LIEHYEA. T THLRWVMERD S THOTELEAREE N Z REOHLEM THS X
\ N=RETUVT) ZHELTVEY, TOFHLWEHRLERMEZREL T, T—2ZWET 5HD

2 =13 P S =
By ﬂlll E{i %Eﬁ'\%’ﬁ+/ﬁuo)xb$%ﬂij({t Lig—o

Assoc. Prof.
Manaka Okuyama

INSOHEMZETRZALTWVWE0H IHELREE] EMIENSBIENRETY, CORBLRHEIIRA
BEEICERLET, T THRARKETHRL K RBECHEZ R EROFERIMORERFDBE
TVEY, HARETIE 8F7 2D 7] IERKRENSMEN T O X 2B L5 E R Z &
LTVWEY, ThSFMWGEHRRREZL LIS ZHOTOV Y b PRELDOHEMFEZE L TLL
HRICETTDHIET, HAZEZITCWVWELT,

Physics+Information Processing=Intelligent computation

Machine learning is like the magic mirror from Snow White?except it's real. Computers today are
capable of predicting our future by constructing logical relationships between the data and deciphering
undiscovered rules behind them. Tanaka-Ohzeki Laboratory strives to make this modern magic accessible
to everyone.

The foundation of these technologies is a mathematical problem called optimization problem. They are
often hidden in our quotidian activities and appear in different forms. As the competition for developing
the next generation of computing technology intensifies across the globe, solving these optimization
problems that pursue maximized efficiency has become a constant endeavor. At Tanaka-Ohzeki Lab, we
incorporate physical principles into these computational algorithms?one of which is called quantum
annealing. Quantum annealing is an optimization method that utilizes quantum effects.

In collaboration with enterprises and institutions across industries, Tanaka-Ohzeki Laboratory is at
the forefront of educating both machines and our society through the world's leading research and
engineering techniques. We invite you to join our adventurous research and development of this
evolving, cutting-edge science that seeks the essence of learning.
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Quantum annealing for route optimization Quantum annealing for graph coloring



Information Technology

I5ERB S iTER

http://www.it.is.tohoku.ac.jp/
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Prof.
Nei Kato
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wHE )X H—

Assoc. Prof.
Yuichi Kawamoto

B #% Koketsu
Rodrigues
Tiago

Assis. Prof.
Koketsu Rodrigues Tiago
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#Ey#E® Shikhar

Assis. Prof.
Shikhar

BHREBEERY b=V /Y D=0 TV 2y o= 7OV ER RS Y ST RRY Yy SEBRSALY )T
Fry bT—=5 10T/ M2M /Ev I F7F—2 /1S /750 R/ ¥WEL,/ T4 —7T>—=27,6G ./ IRS

Information Communication Network / Network Design ,/ Network Protocol / Satellite ,/ Cellular / Sensor / Ad Hoc / Wireless / Optical ,/* Resilient Network
/ Internet of Tings / Machine to Machine / Big data /" Intelligent Transport Systems / Cloud Computing / Machine Learning / Deep Learning /" 6G / IRS

~ N A Y —_—

ROFGRDBHREERY b7 —7%BELT

MEDHDEY IIHRATEEHERETNSZ DL CIRRERF Y F -V TENTVLEY, AX—+
TAVRETER. 2Ly MER. V7S 7IAVEI—2DIEN L BEFL VY. AR
BLVORREHMD. E5IIEA—FTET—Y a3y, BAMZEHE. RERARGE HVEH50ZD
DISBIEHEEDNEHENS 0T FLET U E Lic, ThcEbBL. ZNoEDHECRY FT—7 851
fEHEATVET, BRIV ARy FT—0 EEBHERY NUV—7, BEXY bU—7, EHEE
BRY FT—=0 KT 7ANRY bT—=0FEICMA. 7 RRy IRy D=0 €2FRY FT—=7
BRERRIERER Y NT—UDBRINTVET, T FAEIINSDBERERSF Y b7 -7 DiE
ERABFATETCNSDTLEOID? £fee INSDERBEXRY FT—TDRENZTDELEDZESIC
MEETEBZTELETERVDTL & DD ? AARETIIRDEBRDIFHREE R Y b T—7 DEZBLR
&, BRzERLE LRy b= 7270 VTV E2#HE LT, RERERBER Y b
D=7 ORBICEITTEAEBREOHELSL TOT T v a3 FIVOBRICHEZTNTVEY, HRSFOE
ERF—TU—NERDESBELDOHHVET,
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Communication Network Technologies Realizing Next
Generation

Communication devices and their networks have become very popular in our daily life. The
communication technology is now used in various devices, from mobile phones, smartphones, tablets,
and wearable computers to household electric equipment such as game machines, microwave
ovens, and refrigerators, or even unmanned aerial vehicles and environmental observation devices.
Furthermore, networks which connect communication devices become more diverse. For example,
we have optical fiber networks, wireless access networks, cellular networks, satellite networks, and
vehicular networks. In addition, we also have ad hoc networks, sensor networks, and so forth. However,
are we efficiently utilizing those communication networks? Can we further improve the abilities of such
networks? In this laboratory, we are not only focusing on next generation networks and building our
research based on theoretical design of networks and protocols in order to optimize the communication
networks, but also emphasizing on professional human resources development. The main keywords of
our research themes are as follows.

Unmanned Aerial Vehicular (UAV) networks

Satellite networks

Intelligent Reflecting Surface-aided communication systems
Optical and wireless integrated networks

Resilient networks

Machine learning, Deep learning based network control
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Experiments of UAV networks.

R T — <6
Examples of research topics
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Human-Robot Informatics

AFQ - I:l lj_\\\ “/ I\ 'I‘EﬁE:i:E:Ei https://www.rm.is.tohoku.ac.jp/

BHARF—7—FB LXFa—0ORy bBESEBEET/ N\TTA VR N=F¥IVIT )T 1 8%
B KEYWORDSM Disaster Response Robotics / Environment Recognition /~ Autonomous Driving ./ Haptics / Virtual Reality ,/ Mechanism

i g N R ER bl A a > =
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AR - Oy MERESETIE, RT (QRy F74/09—) #8AL, 22 TeOLTESEE
DBEHEDORRICEM T AT L ZBENE LT, MREEEZEHTWVS. HREEIELAF1—0OKRY b
: ‘ EEMAENE L LTARL, AARRIE, HRICHITELAT1—0ORY FHZEOFRNE L TDERE
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wg @ | FEOTEL BIC LRFa1-0Rv b Quince REBE-REREAOHEICEAIN, LAF1—
Prof. ARy FDHEEREEBIERIRER:IMPACT 7OJ 5L [27-O0R7 47 ZX-F v L P (2014-2019)

Satoshi Tadokoro

EEDHTER. TSI, FRREOORY MEKFiTE, 2XE CERARELG THAMEES, /\—VFbE—
T IWERRIC LIERMRZBY A7 L, RITARY MIK24 YT TRRENDGRBICEEN 2 TWS.
e, BHAEZBIRIE, MEZFBLLEREA Y27 1 —AOMEREZED, HROMFEZ ) —
R 2 EHMRFENZEFHAREZZRT SAEA-NEXT 707 5 L (2010-2013) ITHRIRENB L,
SENGIAZEZIT O TS, MEIFADIZ 127 —2 3V OEERENZBR LS 82 DICEETHY,
EEEIEENTWBREAT (7 THB. RNARETIE, AX— b7 4 V5 EDEFIFRIHR CRELIEY
ENBAVESY Y a2 ZaET HMBEZTRMPERDNTEZIIRY 2541, AR Y b O=EMRERIE

HRIE E b3

Assoc. Prof.

MasashiKonyo FODRE T «— RNy s B EEBELTVNS. SHEEAREIR, 2ARRHAN-XLEIECSD
W HH%E LT BORY MEEERE LT, LAF1—0ORY FORESE - BRICRVEATNS

Robotics for Realizing a Safe and Secure Society with
Quality of Life

—— %EEEZEB Our research and education are based on RT (Robot Technology) for aiming a safe and secure society,

Q;;?ﬁbp{gg-akuma providing sufficient quality of life for us. Prof. Tadokoro is a pioneer of the academic field on search and
rescue robotics and our laboratory has been acting as a world center of this filed. Especially, Quince, a
search robot with high mobility in confined spaces, was applied for Fukushima Daiichi nuclear disaster
after the 2011 Tohoku earthquake, and we promoted the Tough Robotics Challenge as one of the
Impulsing Paradigm Change through Disruptive Technologies (ImPACT) Programs. In addition, our
robotic technologies are going to be applied widely for new fields, such as outdoors automated guided
vehicles in a plant, a next- generation transportation system involving a local commuting system and
a personal vehicle, and aerial vehicles for infrastructure inspections. In addition, Assoc. Prof. Konyo has
been studied for advanced sensory immersive interfaces using haptic feedback and his project was
supported by the Funding Program for Next Generation World-Leading Researchers (NEXT) in Japan from
2010-2013. Human haptic sensation is very important for enhancing our communication and physical
motion capabilities. We have been developing an intuitive interaction technology for mobile information
devices, haptic augmentation for tool manipulation, and a haptic feedback technology for remote robot
operations. Assoc. Prof. Tadakuma has been studied for robotic mechanism e.g. omnidirectional driving
mechanism as a core technology for search and rescue robotics.

BEENIAO—THAS LAFa1—s0—F0KRY b Quince BHEETER NBEEHRT BV 2T T—R

Active Scope Camera  Quince at FEMA Texas TF-1 Training Site  Autonomous Driving Electric Vehicle  Haptic Augmented Pen-type Interface
Tested at a Fire (Disaster City)
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Laboratory of Systems Bioinformatics

EA;I\EE#E / Z 7 A*_I_% http:// www.sb.ecei.tohoku.ac.jp/

WHARF—7—FR 5/ L EBGFE S 2VINTE S/ RIVFAZ 7 X ERNLER
B KEYWORDSHE Genome / Gene / Protein / Multi-omics / Personalized Medicine
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Prof.
Kengo Kinoshita
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Assoc. Prof.
Takeshi Obayashi

#aE @ OPE
Assoc. Prof.
Hafumi Nishi
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#%E @ LA MEE

Assoc. Prof.
Kazunori Yamada

seengeR )| % I
Assoc. Prof.
Takeshi Kawabata

e (e N

Assis. Prof.
Lin Zhang
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TEDHEE - BEDBERLBHCEBBLTVWEY. &, 2FLNIVOBROHEST, RMEROE
B PHREDHEICOVWTOERBERG L, M2 - 81 - B L N/VOBROGEMUKIT TOET.
CDEIBEFRGRHEZLOEY I T — 2D ORRROMBES I EL I eHITE, ThENDT—2D
FEPBITENICIS Cle 7 —2— A4 RO ZT D T EDNROSNET. RBRT — 2D 5IdERmER
EBRBVATLORFEEEHL, ROXBRFEZEELT. BRT — 205 ERIERDHDEH %
BiEELEYT. RRT—2EBRT —R2ZDEITEN\AF N\ T DERFEIEATWBIRE, EmiERE Y
TT— 2RO EBERFZORBSEHTEETHY, ABIIBERBZDONEE > TEBTY AT LD
BEglogY, EEAADNKVRRIGBTT I ENTEDLDICRITTIVERWEEZTVET.

Bioinformatics linking diverse data and biological
systems

The trend in life science areas is the explosion of data, which is occurring in every hierarchy of life,
e.g. molecular, cellular, tissue and organ levels, due to the development of experimental technologies.
For instance, thousands or tens of thousands of individual genomes are going to be sequenced all over
the world. Gene expression data and protein structure and function data have also been accumulated.
In addition, cellular and organ-level data such as neurological activities in brain and images of organ
development are also recorded. The development of biobanks, which collects both clinical and
biological data of humans, paves the way to for personalized medicine, in which the best therapy is
selected for each individual. Such “big data” provides us with an opportunity to understand life more
extensively, but to extract as much knowledge as possible information science plays an crucial role
in realizing tailor-made analysis of these diverse ranges of data. Thus, the role of bioinformaticists in
biology is now enlarging. We are developing methods to analyze biological data based on information
theory to understand the systems of life and to help people live healthier.

B UK 2 E M ERE BT 2i%4
BFEEBEREL. £HY AT LOER
ZBiEY

To understand the biological systems,
we are developing methods to
analyze the increasing biological
data.
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Molecular dynamics simulation

reveals ion permeation mechanism
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Cognitive Psychology

IJIL.\%I] I‘ #E % http://www.cp.is.tohoku.ac.jp

B+ —7—FB  ABODOITE)OEBYEER Bt BERRE
B KEYWORDSME Human behavior / Psychophysics ./ Bodily awareness / Decision-making
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B8 WE—E
Prof. EICE > TADEEKITINCRIET BERAMEEEDIERRICHkHF I, ATfeBlEINE T, BESEEHIEEL

Kazumichi Matsumiya

BICHRELGREZE5ZA 5 EZREICL. RENBLEICEAMZEZRT S L (BEEBERLE) O
EEMERLTCEE LI (AFRFMMEERERE). J[E. OF - THRRICK > TESNS ADITEMHF
HEFMABLT. BAFMERLESIHRREVO>IASEHRDOR I ELFHDERFIEICS X 2 EDRE
BAPADEENICELCTNS LODFRDHE] ORMEBOBERICE Y HATVWET, FREXIMHIRE
DHRICBWTRAGHREEZRT SICODEBRRFREBZ > TWVBSIRE. ADSRAIMEEE L FRE
iz D% CERAMBRFDREIIBOTEETH Y. FHRHZICL D TADLZEEDICT HHRDREZE
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Understanding human behavior through the principle
of psychophysics

The question of how our body interacts with objects in the world is a fundamental problem in
psychology and neuroscience. | have shown that awareness of one’s own body can affect visual
perception, which suggests the importance of considering body-in-mind in perceptual processing.
Based on this finding, | am investigating human perceptual processes linked to body-in-mind. My recent
study has indicated how the process underlying bodily awareness operates during multiple motor
actions. In this study, participants simultaneously directed eye and hand movements to the same bodily
location of 10 landmarks on their hand. The analysis of the internal configuration of these landmarks
for each movement produced maps of the mental representation of hand shape. The eye and hand
movements were found to be guided by different hand maps. Furthermore, the weighting of visual and
proprioceptive bodily signals differed between these two movements. These results reveal multiple
body representations for motor control. This finding has implications for understanding the underlying
mechanisms for body self-awareness and motor control. | promote the research and teaching of
understanding human behavior, human body, and human perception by means of psychophysics.

Exp 1
—

Eye

Reach| |

Q ﬂ:‘éﬂ. Aﬂctual han;
O Localization judgments™
EEOAREDFOME, RIEDBELIIEFOAELIETRLEEED
ThiE, (GOFZERTTSHE. BTHELLMEICENT, EDOA
ZLIE T LIMBA T NAREL (Matsumiya, PNAS, 2022)

The solid line indicates the mean shape of the actual hand, and the dotted line
indicates the mean shape of the represented hand shape inferred from eye
Experimental setups, and the concept of multiple representations of the body and reach movements. The resulting hand map was more distorted for reach
schema. movements than for eye movements (Matsumiya, PNAS, 2022).
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Applied Intelligence Software
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Assoc. Prof.

Toru Abe

ABFEEERBERR YA\~ - T4 IHIVY R T L/ RBR /RIEZERERE, ESRILE
Human-harmonic Information Communication Infrastructure ,/ Cyber-Physical System  Cyber-Real Space Integration ./ Intelligent

Image Processing

ARANEBREEEERITOMERFE
REDERBEVRATLIE. 7FT R AV2—%v b &LV Y Tv IRy bT—7 N
wIRAG EEBCERERLBBERICIVBREINTCKR - MLV ATLELO2TWS, TS LIER
BEVATLZHBEEDRTALDMRNITERTES L DICT BdHicE. FIRAEROLRADER
HEBZIH LORET/NS ZA LIcE D TABBNRBRESER] MBETHD, TIT. KK
BT TOT7ATTICEDE HRZBHI 2EREEADBEICHEEE T 213127 —
VavREDOREFEZBE LIARAREZED TS, BENICIE. FRBEY R T LZBRT 255
aAVE1—2 TINAR Ry bT—=0 VI b T7EOBWERZRSH. ANIPREODKTE
LTESINRABBERERBUEBRENRRT 5 LT BLICREIMZSZ. HEOBRNERHH -
HEICK VAR - YRATLBAICPE LW —ERXZRMET 5 [ AFFEEREEEE ] [c DV
RETO2TVB, FIT. AIPREODRKRAZREEL SEFT BTcODIIVF AT 1 7 EROFBIILIE
w®ifr. BRI LIRRZBRERNRRY 2ICHEI. BREROBENGHH - EEZRRT 57HD
REREMERBEBORENRMEFICRET DAREED TS,

Human-harmonic Information Communication
Infrastructure

In recent years, information communication systems tend to be large and complex ones composed
of clouds, the Internet, many kinds of sensors, edge networks, hand-held devices, etc. In order to utilize
these systems effectively in our daily lives, "Human-harmonic Information Communication Infrastructure,”
which is based on a new design paradigm beyond user-centered computing, should be essential. We
are promoting research and development to establish communication environments where each entity
in human societies and environments performs high level mutual collaboration. To utilize many kinds of
entities such as computers, devices, networks, software components, etc, we have proposed methods
for acquiring the states of users / environments from images and introducing them into the entities. The
human-harmonic information communication infrastructure can be constructed with the cooperative
behavior of the entities. Based on these methods, we are developing the design methodology and
middleware for cyber-physical integration systems, the advanced multimedia information processing
technologies, and also investigating several application systems such as cyber-real integrated spaces,
disaster-resistant information communication systems, smart city, etc.

Estimated pedestrian positions Pedestrian detection frequency Detected obstacle arcas

Input video

Detect obstacle arcas

(@) D ining visible and moving hands
in every input video frame

(b) Setting an individual area surrounding
each visible and moving hand

Input video frames
(c) Analyzing the movement distribution
in each surrounding area

Extract pedestrian regions Make region graph Pursuc regions  Output tracking results Detection results

TERPTHE SNIFEEMDIREZ [KBR L TBREAH DA DB FORBETDEEDRHICED A - MEDA 22572 3 ViR

Pedestrian tracking from video images while estimating obstacle areas in the Detecting human-object interaction based on the motion distribution around

scene
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Information Network Systems

'I%#E?\ ‘y I\ I7 - 7 Eﬁ http://www.ecei.tohoku.ac.jp/netwk/
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Prof.
Takuo Suganuma

=

4 ‘
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Assoc. Prof.
Hideaki Goto

##E KK BRER

Assoc. Prof.
Takaaki Mizuki

By NT—U0 VAT L IEREF 2T«
Information network systems ,/ Information security
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DWT., ERMMEZT o> TV 5. BREGNICRELESROBER, FIZIEH— MEZBV TR
BT 0 b J)VERFHPEIHNIRA VMED 5 OMBRABHNRETRE TH 5.
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BRRY U= DER - EEFIELHAT —EADHEREZ L TW3,

Towards reliable and secure network systems

The professors of the laboratory belong to the Cyberscience Center which carries out management
and promotion of information infrastructure of Tohoku University, and the followings are related research
fields.

(1) Basic and application research on flexible information networks

Our goal is to realize information networks that support the next-generation information society
where people, the environment, and IT coexist. With flexible network construction and management
technologies at the core, we are promoting R&D on SDN, sensor networks, loT, network middleware,
authentication infrastructure, and various application systems.

(2) Theoretical foundations of information security

We study fundamentals of cryptography, which are increasingly important. Specifically, we are carrying
out research on constructing information-theoretically secure cryptosystems such as protocols for secure
computations using a deck of cards and methods for sharing secret keys from partially leaked pre-shared
information.

(3) Operation/management plan and application services of information networks

Research and development on these topics are included in the activity of the Center.
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Computational and Physical Fluid Dynamics

We are doing fundamental research in fluid dynamics. Fluid motions are ubiquitous in many
areas ranging from biological to astronomical scale and in many applications including aeronautical
engineering, environmental studies and energy technologies of next generation. Thanks to the rapid
growth of computational power, numerical simulation of fluid motions has acquired a wide range
of applications. There are increasing needs for highly accurate simulation as well as novel methods
of obtaining useful knowledge from huge data. In our laboratory, we are studying fluid motions by
numerical simulation and theoretical analysis.

(1) Computational fluid dynamics

- Development of numerical methods for direct numerical simulation of flows which include complex

geometries and/or moving objects

- Numerical study of reduction of aeroacoustic noise by porous materials
(2) Statistical properties of turbulence and development of new turbulence models

- Development of new turbulence models using machine learning

- Enhancement of laminar region of boundary layer on a swept wing
(3) Vortex dynamics and hydrodynamic stability

- Instability, nonlinear dynamics and transition to turbulence of vortex rings

- Theory of hybrid instability generated by hyperbolic instability and phase shift due to waves

no control

with control

x/n x/n

BEMEEIC L HRREEBORE (LR fiEs L. TR HEHY ). FETRIHE R IC K 2 SCS ISNDHE, ARAEREMEY I 1L— 3

ERORENMEIE N, BREMEALTWNS VORER. BRNZ1—FIbRY FT—VICLLBHE, mENL
Control of boundary layer transition by wall roughness (top: no LThszezmlTineg,

control, bottom: with control). The laminar region is expanded by Prediction of SGS strain tensor using machine learning. (Left) direct
suppressing turbulence transition. numerical simulation, (right) prediction by neural network. The two

distributions are in good agreement.




Brain-Function Integrated System
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Brainmorphic computing system

Our brain is a highly-structured but very complex network of a vast number of biological neurons. The
brain is established on a completely different information processing principle from that of current digital
computers, realizing its high cognitive performance through a physicochemical system.

We are working on a novel high-performance, highly-efficient, flexible, and robust “brainmorphic”
computing paradigm. In particular, we focus on information processing through physical complex-
networked dynamical process. Towards the final goal, we are developing integrated circuit and device
technologies suitable for the brain-inspired computer systems such as VLSI technologies for high-
dimensional chaotic networks and large-scale complex systems, VLSI circuits and architectures for ultra-
low-power asynchronous neural network systems, and compact and low-power devices/circuits, e.g.,
spintronics devices, for neuron and adaptive synaptic connections. At the same time, we are developing
a massively-parallel brain-inspired computational system architecture, in which processing and memory
are not separated but integrated, and memorizing and retrieval occur at the same time. We further
intend to realize an autonomous brainmorphic computer with a sense of self and consciousness based
on a complex network with dynamic change in spatiotemporal network state and structure.
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Brainmorphic computing hardware paradigm, and the schematic of the chaotic neural network reservoir.
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inflammatory bowel disease / diabetes mellitus / hypertension / atherosclerosis / psychiatric disorders / susceptibility gene

epigenetics / biomarker
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Heterozygous SNP A/C

—o—o—Ao——
—o-0-Go—

{
Hpall(5-C'CGG-3) |
Hhal(5-GCG'C-3) !

Acil(5-C"CGC-3)

l Analysls using Japonica array l

Genotype A/C (Heterozygous)

Methylation-sensitive SNP array (MSNP) i&
Schema of methylation-sensitive SNP array.
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Research in the pathogenesis of multifactorial diseases

The regulatory systems categorized into three types, neural, humoral and behavioral mechanisms
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. Thus, we can preserve and promote our health. The worse lifestyle could induce a
breakdown in these regulatory systems, and cause lifestyle-related diseases such as inflammatory bowel
disease (IBD)
impairment of regulatory systems involves changes in physical or mental functions.

, diabetes mellitus, hypertension, ischemic heart disease or obesity. Furthermore, an

This laboratory is now working on the following main projects: unraveling the pathogenesis of IBD,
the pathogenesis of diabetic nephropathy, the pathogenesis of atherosclerosis, and the pathogenesis of
psychiatric disorders.

IBD refers to two chronic diseases that cause inflammation of the intestines: ulcerative colitis and
Crohn's disease. The cause of IBD remains to be elucidated, but there is much evidence that genetic
and epigenetic factors affect the susceptibility to IBD. We aim to clarify the genetic and epigenetic
backgrounds of IBD, to determine susceptibility genes in Japanese IBD and to show how the genes affect
the susceptibility to IBD.

® Methylated CpG
% O Unmethylated CpG

No detection for fragmentation

cenatype Al- _ .
— A/A{Homozygous) Sy Alllo T Signal

MSNP JEIC & W RIE ENTeRFEMBEBRZIHERT (SMAD3) AE D7 U VR A F

JU1E SNP, RAS: relative allele score

Array data of rs36221701 located around inflammatory bowel disease (IBD) susceptibility
gene (SMAD3) showed allele specific methylation (ASM). RAS: relative allele score
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Statistical Science of Complex Systems
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Statistical and mathematical modeling in the complex
systems and its applications

Our research focuses on statistical and mathematical models for predicting and controlling natural
and socio-economic resource change within deterministic and stochastic frameworks. Through field
survey, we conduct research on sustainable resource management as a socio-economic system. One
of our current projects concerns risk evaluation and economic analysis of sustainable forest resource
management through wildlife corridor issues (Right Fig.). (Yoshimoto)

I 'am interested in discovering the patterns and structures that are essential for understanding
various phenomena observed in natural and social systems. For this purpose, | have been developing
mathematical and statistical methodology based on stochastic modeling and Bayesian analysis. My
current research ranges over a variety of topics: neural systems, metabolic networks, epidemic models
and social networks. (Koyama)

My research field is structural analysis and prediction of complex and diverse systems through
the approach of statistical time series analysis. Mainly my research aims to elucidate the functional
connectivity among neurons or brain regions in the field of neuroinformatics (Left Fig.). Recently, | am
also involving research on component decomposition and nonlinear analysis to understand and predict
the mechanism of plasma turbulence generation and its sudden collapse. (Miwakeichi)

® 5 Habitat units
© 146 Forage reserve uni

EESNMBRICE I 2REME= 1 — OV EOHKEN BB EIRE - EISORR S RAFRUREREFICK SH
ESENESEER HDERL

Estimated functional causal connectivity among Wildlife corridor network through aggregation of forest units
inspiratory neurons in the brain stem for sustainalbe forest resource management
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Joint Research Group for Quantum Computing

E% j t 1 T /f 7 HEH: ﬂﬁr_ https://qcjoint.is.tohoku.ac.jp/

BHEF—7—FR EFOVC1—Ta VU /BF 7)Y/ BEERECEE EFEWNEREFEUHR S EFLE
B KEYWORDSHE Quantum Computing / Quantum Annealing /~ Combinatorial Optimization / Quantum Machine learning ./ Quantum Many-body
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Fundamental research on quantum computing and
applications toward combinatorial optimization and
quantum machine learning

In this joint research group, we deal with a wide range of quantum computing including quantum
annealing and build up fundamental research results on industrially interesting issues such as
combinatorial optimization problems and quantum machine learning.

In addition, through the workshop and lectures in this joint research course, we will disseminate widely
available knowledge and wide applications of quantum computing from various joint researches to
enhance educational activities in quantum computing.
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Consider methods of data-driven education based on
P—TTE educational big data in primary/secondary education

Takt Kawada The GIGA school program has started to ensure that each primary and secondary school student would
have their own computer with high-speed internet. This has made it possible to collect students’ learning
o = logs which is helpful to grab their learning progress or tendencies. As a result, learning analytics has been
wEmEER D |A : 2 .
prof. brought to attention and started to be used in primary/secondary education as well.

Yasuhisa Koide

At the Graduate School of Information Sciences, Tohoku University, we have advanced research in
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wpmEsa) RA AR E Al research, data science, image analysis, and cognitive information processing, as well as multifaceted
pssoc. prof. knowledge across the humanities and sciences. The research on learning analytics for higher education

has also started with the establishment of the Learning Analytics Research Center.
fgﬁ”ﬁf@ hEH ETF The Google Donated Department for Advanced Learning Technology Research was established
Seiko Nakano to apply these findings to establish a method of "data-driven education" through the accurate

understanding and appropriate treatment of students' learning status in primary/secondary education.

At the Google Donated Department for Advanced Learning Technology Research, we will focus
on three main research areas: (1) research on improving actual classes at schools, (2) research on
improving learning infrastructure for access analysis and its visualization, and (3) promotion of data-
driven education using educational big data. Based on these research findings, we aim to contribute to
society by (a) developing learning analytics methods and putting them to practical use using real data as
an application of information science research, and (b) applying the results of our research to primary/
secondary education, where digitalization is rapidly advancing.

Visual learner Verbal learner
1 FBEIZA VL BEEDEN 2 Google Glass & RN = RERD#F
Fig.1 Differences in eye-movement by one’s learning style Fig.2 Effect-analysis: How Google Glass

improves one’s horn playing
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Education Section for Practical IT
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Information Security /" Education for Practical IT / Project-Based Learning
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#Fr. BEFMICEBRZEL BB IHIENTEET, T BRZRHLLEFEEICHLT ZhTh
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Information Security Education Program

Our department's Education Section for Practical IT (ESPRIT) provides courses to build practical human
resources for information security by collaborating with Japanese universities and companies. In this
course, students can learn the latest technologies and knowledge in a wide range of security fields. In
particular, we provide Basic SecCap course for under graduate students to give basic skills in security.
We provide various subjects such as basic classes and exercises, and advanced exercise. We also provide
SecCap course that gives practical skills in security for graduate students, and ProSec course that gives
professional skills in security fields for workers. These courses cover a wide range of lectures and exercises
from hardware security technologies and network security technologies to social science knowledge
such as legal systems and risk management. Each course is provided to partner schools, participating
schools and companies in each region. Many students can learn the latest technologies and knowledge
in a wide range of security fields through specific experiences. We also provide a certificate for qualified
students. These courses are supported as Education Network for Practical Information Technologies (enPiT)
sponsored by the MEXT Japanese Government.

2 mSecCa
B8R

2017 R SecCap

PR ALK

2018~
(2017-2021)

Basic SecCap 1—ADF

REEEICLDEF 2T 0 AMER

Information security education program by collaborating with ~Lecture, exercise, and certificate of Basic SecCap
universities
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Research Planning

We promote research in GSIS and its practical application, by various support services such as:
to survey and analyze the research abilities and achievements, and evaluations of them,
to survey and analyze the trend of related research and government’s policies,

to be a liaison between social needs and research seeds for potential collaborations,

to facilitate planning and progress of interdisciplinary projects,

to facilitate organizing symposia and forming research communities,

to gather information about external research funds, and facilitate applications for them.

To base these services on consensus with the researchers, the office includes a URA (University
Research Administrator) who also has experience in academic research. We work in cooperation
with the Research Planning Committee and the Science Promotion and Public Relations Committee
of GSIS, and the URA Center of Tohoku University.
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Public Relations Office
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Planning and carrying out the publicity work for
improving the presence of GSIS

The Public Relations Office (PRO) was created in 2018 with the aim of planning and following
through with enhancements to the profile of the graduate school.

This mainly involves generating public relations magazines and newsletters, updating the graduate
school website and SNS media, and responding to press releases and news reports.

Conveying Graduate School Information

The PRO uses the graduate school website and SNS updates to inform about achievements, such as
research being undertaken at the graduate school, awards received, events, etc.

Furthermore, it edits and publishes an overview of the graduate school and a leaflet (both annual),
a graduate school newsletter (twice a year), and the graduate school journal, Interdisciplinary
Information Sciences (twice a year).

Press Releases

The PRO is the channel for press releases by graduate school staff and students. It is an intermediary
broadly disseminating research results to the general public, while also coordinating with news
organizations that wish to cover the graduate school, setting dates and times and arranging the
content of coverage.

Coverage of Graduate School Events
The PRO provides coverage, both written and visual, of events in which graduate school staff and
students are involved.
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International Liaison Office

ElFR3AHEER

http://www.is.tohoku.ac.jp/introduction/ilo/
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BTENZEENT VD ARERCIE BAZERIRBRDI993FELER BFEHRBAICE T2 IBENAMDERS LU
EHETOCER SEDELSEBDOHITIE ERMICERE CELBFLEAMZVNES L. BRI 2HD
BELGEDH COAMEBITARAZERODR EGRBAMEZ R DT ENRDESND, 2010F4B ICHE LIERRIR
HEEZE Tl HRITLPIRZRE RN AMZE LT 2R ZHRM AR OESICER T 5 2B L ER
{ERUEBRR R ELDZEZTOITEZENEL VS, UTREEELGZERNAF TH 2.

1LHRESUHFOER

RNV TLNIVOREREHES 2O TCEELHBDIS HESSURENERNSHHRICBNS T L HREZRR
ISESHSNBERIFEY ZREBMICKIES 2 ETH B, HEN EL BN E LD BRI Z TRIATOTedIT B
NAREDHREFFEZBENICTE L AROERCZHET 2. S EFRE Z2E T 2NBEEDERSS
FUBFDEEM =MLY 5HERDEMZ 8L CFEDERF ZRBHNIcIE L BHBEDER L ZBEY.

2BFENEELIE

BEGNHZHRPOSED HfcodIciE MRITLPIFZRE EXLDEZ MRS I LZROEVEFEZEEN
ICRITANS CENEBLER LGS RTANDRICIE BADHESBEZ +DERL AENDAEELEECLBEFE
HREZRECTIRBEICBTES LS. F1— 2 —EBBITEREIRY DD BFENLE LEFEREZ NS L 5%IE
EE:S

3.LERFHDFITR{L
W% — R ERFEEIET SA CABIC LB LREHDEEMIFALBE TV 5. RRIEEERLTHERR
DREE(TS LRI BEERLT BFEICAFETEICRIT S04 R EEE CRIEMICIEH T 5.

As the world becomes progressively globalized, Graduate School of Information
Sciences aims to lead the way in offering opportunities to advance the top-level
research and the highest-quality education. The School has, since its inception
in 1993, produced many graduates and young scientists who became leaders in
various branches of information science. In the hope of continuing the success
of the past years, we anticipate the need to put much emphasis in attracting
good candidates who would later prove to be effective leaders in the global
stage. The International Liaison Office was created in April 2010, with the aim of
facilitating the influx and the outflux of people from all over the world, which
in turn, stimulates the scientific environment of the School. We illustrate below

SEOTIRBSE TR
some activities the International Liaison Office has been undertaking.

1.Creating international interfaces with researchers and students from abroad

In maintaining the top-level quality of research, it is essential to have the environment where both the faculty
and the students have easy accesses to the information and the knowledge that are constantly updated across
the world, and where they can then engage in the respective investigations in a timely manner. In particular, we
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Assoc. Prof.
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Assis. Prof.
Mohammad Samy Baladram

BEs% R Choilek
Siwalee

Assis. Prof.
Choilek Siwalee

institute an exchange program where foreign researchers can visit the School for an extended time, which then encourages the flow of ideas
and information in and around the School. Toward globalization and internationalization of education, we promote studying abroad with
external funding sources for international exchange programs, and provide support for students who are planning to study abroad. We also

plan lecture series which are very effective for students to understand importance and value of studying abroad.

2. Helping students from abroad in settling down in Japanese communities.

In establishing a hub of talents and ambitions, it is important to
prepare a willing receiving ground of many mutually different
cultures. With that goal, we make sure that there will be a
smooth transition in the process of settling down as a member
of the School for each student. We try to realize this with the
cooperation of the tutors assigned to each student taking various
social factors particular to Japanese life styles in considerations in
and outside the university setting.

Europe 12

3. University open to the world "

With the goal of becoming a leading university of the world, we
are well aware of the growing importance of publicity through Near and
the English language. We put an emphasis on providing up-to-
date information on the original research accomplished in our x“
campus, as well as essential information for perspective students Latin ARTENES 3
from abroad regarding the life in Sendai.

Middle East 5

Hometown of the foreign student

Asia 106

(As of May 2020 Degree-seeking Student )



Interview of Foreign Student

| am a doctoral student in Graduate Program in Data Science (GP-DS). It is my honor to get an opportunity to study at Tohoku
University and join the GP-DS. | have a very happy time in Sendai with excellent mentors and good students. Undoubtedly,
Tohoku University is one of the best universities in Japan and the world. Moreover, Sendai city is a beautiful historical place too.

| can immerse myself not only in the Japanese culture but also in the delicious local food.

As a global project, GP-DS provides us with lots of opportunities to study abroad. | cannot thank too much for the guidance

and help from the professors and staff from GP-DS and GSIS.
: Without their help, | could not have had the
T chance to come to study aboard during this

ISRERIERT HE pandemic period. | am now at Worcester Polytechnic
ERERY AT LRF

LIN Fangzhou

Institute as a visiting student; it is located in a small
town called Worcester in Massachusetts. As the
spirit of America, lots of famous historical sites are around the New England
area. For example, The Freedom Trail, a 2.5-mile-long (4.0 km) path through
Boston, passes by 16 locations significant to the history of America.

All'in all, Tohoku University really helps me to shape my dream! I hope more
talented and self-motivated students could earn their chance to join this
excellent school.

carefully designed, and instructors are always willing to give us
helpful feedback and advice.
In addition, | improved my Japanese and met many international

students through the Japanese courses provided by the university.

)

R As a teaching assistant, | also had good opportunities to
AR B R communicate and exchange ideas with teachers and loc al students.
ZRETERE

Lastly, I'd say that life in Sendai is wonderful. Sendai is a quiet
and elegant city with a perfect combination of modern urban
atmosphere and natural beauty. | am impressed by the cherry blossoms in spring, the fireworks
and Matsuri (5%)) in summer, the colorful forests in autumn, and the falling snow in winter. |
also love wandering through the narrow alleys of the city, where many traditional shops with a
long history and stylish cafés are hidden inside.

Although this is my third year studying here, | still feel excited about every day | will spend at
Tohoku University and in Sendai.

& i# (PENG Zhan)

and my daily living in Sendai.

VAT LERHFER
HBEART 1 7 AFFRE
HEERIE 27 L3

Matus TANONWONG

distinct seasons, including the lovely Cherry Blossom in the spring, the celebration of summer festivals, the
changing colors of the leaves in the fall, and the breathtaking landscape of snow in the winter.
Given my interest in landscape photography, this is undoubtedly a way to serendipity for me.

| could say that choosing to study at Tohoku University in Sendai is among the most significant decisions
| have ever made. This not only enables me to acquire knowledge and skills but also broadens my

perspective internationally.

As a doctoral student at GSIS, | received high-quality academic training and a lot of warm help from the department. | entered the Graduate
Program in Data Science (GP-DS) in the second year of my master’s course. GP-DS provides a clear guideline and a wealth of resources that
enable me to acquire basic theoretical knowledge, advanced techmques and practical skills related to data science. All courses have been

As one of the students in AIQDS program at Graduate School of Information Sciences
(GSIS), I truly feel appreciative of the opportunity to study at Tohoku University. This
program does not only provide theoretical concepts but also hands-on experiences
through real-world problems. Furthermore, there is a Japanese Language program that
provides free Japanese language courses from beginner to advanced levels, which allows
students to become acquainted with Japanese language and culture. Additionally, the staff
at the GSIS International Liaison Office has been very helpful in facilitating both my study

As a foreign resident of Sendai, | find Sendai a fascinating city to live in, with
a wonderfully rich culture and history. Sendai is also a very safe city with four

b i 20 TR
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