GS1 S

Graduate School of Information Sciences

Tohoku University

2021 £ (AM3EE)

BB AR

http://www.is.tohoku.ac.jp/



B =

EEBERBFIEHROEEEERDTFICLORBELTAELGREEZSITVEIN BRititaE
ABE DR, UELNRERICEM T 5EDELTWKTEDNRETT, ZDeoHITE BlcavEa—4
EERUERMDEEZBEETDOHCEL FROEERLMEZ L VBBENICES R TNZRIFEITE
WOITEDTEBAMDBELBZNET,

MEHRBFARR TR AXRE HERPE BARZEOERNRZ TEHHENSEREZ DX

BNEBLDDEFDOHES5TERFICELDBZHNERTFLHSHEL. INSORHFORELHLL
BRBZOBEZBETLLBIC. DO THRAZIEAMOERZBELTVET,

BENDT =R

AR AR BANSE GA L R 2OMEIE ARITEBIEIC & 5TI1960 FRICIT
S ETISABREME LY 2—& LTEMMEE N, E5ICREDBRN2HER & LTAE TEBC
zEhot,
1970 F  BUILASTHEMICSMIBREMEmS (1 59 ORE
1972 5 BRALASISABEEHE LY 2— (T3 EY. SFL0 359 OBE
1973 BILASASE TSR ERIY SHORE
1984 BILAZ THEICERTSHORE
SILASHERICERRS (PRE) OME
LB OFEH— R ASREDS & LA BN TR S OR R BB B o T £ 28, 25

HERR > 2= ED2ZMM ALY 1993 F (T 5F) RALAF TCRAIDIRIHARH CH B ERE
FHEROHE LT,

CONTENTS

HRERN Y TR HERRE - EMRTV1—IL

Y RF LSRR S TR S EHIE - GG
ABHA BRI ER BT BDLER - TEPER e
RRERNEER HE  FEORE
EFOEa—7 1 HFRERE - R TREAR— B +rrvreeeees
Google B St i 2 HEREE - 9 v —F ILOTI




FHREFZFARBERERE

HLWERBZFORBELER

ALK AF IS BHSFIRIE 1993 FITRIAS CRAIDMIFRHO—2ELT
BBENE L, XBRAEWET HATRNIL, WENSZERRERONBELTT
BTHL AR HENFROSTICLEA BRBNDDORAEH - FENEERFBE
LTBELHRICERT 3T LA BREL, BRARNSER Y7 LEENTER
ABHRBEENEER, HEUDAFERNSTRO IO0FRD SHRENTVET, B
RHORRUR, [MRFE—TH). (RPER) RO FIFHHU LOSREORFOM
B ERE D AL THRABDTIC BV TENRRREE ST EREEITD o ot iR
LRITTNET 3,680 BOELHHEV 865 LOWLHIEREL, FHORBLESR BEERE R
BIOREES A5 SHENHEERLTEE L,

RO EER AR EE E RS COE T, U TS ONETBN S TIEEE I, 2019F 4 BICERBEN T2 T H1/\—
T4IHIV AR Z—] ISHARSOMEREREH L Society5.0 DiexBELICRVEHFEIBR<BERLTVEY, EES
RO EBEOTHRABAB IOV TV b a#ELTWA T EIEKRERRHM T, 2020 £ 12 BICRBEINZ—Z2007F U7+
JAREL Y Z—EZ 21—/ —RIVEREZLRILKFET 3> 2030 DAFELTEBIFSNTWDA VT 1 VR EHEL, G

B7OYSLOBBNERPH LV Y VI RUEY I T —2BITFEDEA. BICEFNERMIBHCEVHRN TS
ADZEBHIELY2—Z2BIRLTVE T, 2020 £ 12 BICERERNEERICRBINCEFIVE1—T 1V HEAMITHEET
BEFZONEERE LMD BT 2B A HBEREOHE L REZBNICEFRERMOERESADRMEEEIELTVET, £
2011 1 BICHERHCRR LEBFEEHEEZ TlE. BFEORAMESMREDRAZEDL LEEBERFEROE LIRLGERESD
BRI DM REEIC K ERAZEOISAD SHEE ORI E CEDFREDIVEHEHELE Uiz, REZOMEEED M-
ISABEMRL 22— (BITHHINTVET,

BEICBVTIF 2017 X THRV AR ZEOMEN H2 X X2 FREMAMDERILRDILA (enPiT) 7RI SLICE
BLEF1) T ZBETDRRIMAELTREN ITHE MIERAF—L) Z#ELEL, ZTO% ATOTSLIERAE%E
WRICLTz enPiT2 ICRBLREREMEOBEEZSE enPiT-Pro ELTEBETNTWEY, EEROBAICEUREALICO
SOTOTTLISEBRRAZE THS PBLEEL. INFTICLEZLDETEE XY HLBEONEDBHEREMDBFEDOAMBREICAET
CEBLTER L, &feo 2017 FichtaE nicT — 2B Z2EBEHBAER (GP-DS) TRREEMELEREZERL. ZADK
DOMBERUBNDORAERBERBLDBEICLY) T —2RFZERAGRE CEATESHARBKEDAMBERZITOTCVES,
BICSFEDSKIRERRD/N\T ELTERADERDOARR B LR FEEENDAGFEDBERET/OISL 74D
BRIV« FIVRTF A= IV ERHET BT —ZRF - A RBEAMDERI HHFflcXA2—FLTHY, EHRORERE R PR
BENZR D/ O/ INTERTEBAMBRZTOCVLE Y, MBENLEEELLT MRBTRBES Al AMZRRENICET
Bl [T —2EREIRIE - Al B 2—) SEHEL. 2019 FEICERERMNEERICTRNBE 7 —2ERIERE] 2%
BELEEBOHEZ ROTOET,

FEOOF VAN ABRPEDHKE LKA > 4 VRERCT LT — I EHERRDORBICHEWVTEMNEHELLTEELDDH
WEY, —A. Q21275 -2 a3V DFFBRICEDRAGEELEHEINDLSICAYE L, ZLDFEEHIOFBICEOTHIR
ETNZH. BABIAEADERNIDORTE, BREOHMEZRCENSNERIZ 1= -3V DEREZ—BRRELIGEVSH
NEBA. BOAREDRFRRISEEREDOE LICHOAECHEINTOE IO, KALLTIIHSRDILEZERICRBEE
Tho EREEA. 74X00F - 772007 KBRAZREARFNEZELIEDNSIERBETRAIIRON) Y —RADHTHE -
MR-EEDEEC BNV THRDENEZRIRT 2HEEERLTCODEIT NG A BEARNICIZERRY L2 REB5%IC)E—
FCIGERDLOEMAIZI 2 =7 — 23V ZMAICRIRT 2O EETHY. FRBWICITTEEIETEIMZ. N1T Uy
FRIDOAZ 2 =7 —2av Al EF<LFENDIT Za—/—<IVEBRLTWDEREES T LICEDTLLD, 7,X00) %
FERE 77E2-O0FZBBROHITIIN—F vILEU T IV e HFEES R DRRBIZBERBIR TIDI £IF Society5.0
> SDGs ZHET B L CHAREFETT,

AAZEEHIBERICED D RAGREZZANIRS LRERY V1—Y 3V ZRH T IR AN EFE T2 LA OKRER
HARBHPFEONTOEY, TNTSABNKHAERDHE. FEZSCEREL —AERY, FTrirymzaids s,
BRI DDEZITHISTED FHHLWERBE) ZHRICHRELTWAETT,

SHELTIRGTHEEBYEITLSHBAOAL LT ET,

I



Message from the Dean

The Establishment and Evolution of New Information Sciences

The Graduate School of Information Sciences (GSIS) 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 a 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, 3,680 doctoral course and 865 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. Also in 2020, the Joint Research Course for
Quantum Computing was established in the Computer and Mathematical 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. 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) 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 (GP-DS) 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. Just this year 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. 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.

It has been more than one and a half year since the pandemic hit the world. By the time of writing this message, many
classes are still conducted remotely and thereby teachers cannot meet students in-person and web conferencing is dominating
all kinds of congregations from international conferences to local faculty members meetings. The importance of intimate
connectedness to others without social distancing have never been reaffirmed so strongly and missed so much during this
pandemic. Subtlety of communication is the real joy of our daily life, but it becomes sharply difficult when we can only sit in
front a computer or operate a smart phone. Vaccination against COVID-19 is proceeding at a rapid pace globally, making 2022
absolutely a hope-filled year. Whereas it is difficult to predict the exact situation in the coming years, we can easily anticipate
that there would be two phases, e.g., a With-Corona phase, which is the period before the pandemic can be thoroughly
contained, and a Post-Corona phase. During the first phase, the biggest challenge would be to prevent the spread of infection
while realizing subtle communication under many new lifestyles. In contrast, during the later phase, when we can revive face-
to-face communication, how to implement an efficient hybrid way through modern technology to make a genuine connection
among people would be the top priority. Given that GSIS covers the key technological elements to provide an integrated
approach, the expectation on us is much greater than ever before. We need to take the advantage of this golden opportunity
to face these unknown or unsolved challenges and make great contributions for the further evolution of information society. |
am looking forward to working with you and know that with your help we will emerge from these trying times even stronger.

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 six sections: Logic for Information Science, Communication
Theory, High Performance Computing, Information Security, Environmental Informatics, and
Fundamental Data Informatics.
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Mathematical Structures 1
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B KEYWORDSME Combinatorics / Algebraic Graph Theory / Combinatorial Designs /* Vertex Operator algebras / Finite Group Theory
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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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Spider relation: (abiciabacaabacs)!® =1

Two conjugacy classes of the symmetric group of degree 6 Y-presentation of the Bimonster



Mathematical Structures 11
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B KEYWORDSHE Complex Analysis /~ Geometric Function Theory ,/ Riemann Surfaces / Teichmuller Spaces ,/” Quasiconformal Mappings ./
Complex Dynamics / Algebraic Combinatorics / Spectra of Graphs
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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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Mathematical Structures 111
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B KEYWORDSM knot theory / 3-manifold ./ low-dimensional topology ,/ quantum topology
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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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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




Mathematical Informatics
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Always something new and unique. Reliable algorithms, reliable

wsmos 3 )1 %5 applications by information processing and statistical mechanics.

Assis. Prof.
Ryo Okugawa

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 actually a transversal concept in different algorithms and different fields.

We take pleasure in understanding that.

You might have fond memories of your childhood when you gazed at the universe, loved nature, and
Assis. Prof. dreamed of science, and all of you who have learned about the development of science and technology
Yoshihiko Nishikawa and wished to be useful to the world. Algorithms, calculation methods, and solution strategies that are
useful to the world can be considered as the universe that colors the world.

If this is the case, the methods of physics, which is the approach of natural science, and the
mathematical framework that helps to translate them, can be used to understand all the ways in which
they are useful to society.

It is with this attitude that we study natural science that connects with society, and ideas that are useful
to society in this laboratory.

So, even in the latest quantum computing and existing digital computing, we take out the physical

S (Bl }".—'.“.# #Bx ideas behind them, and aim to create a universal structure from the principles, and with that as a pillar,
Assis. Prof finally a source of useful and realistic new methods.
Shunta Arai

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?

sEggEs) A M
Assis. Prof
Madoka Kobayashi
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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 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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Prof.
Takafumi Aoki
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Assoc. Prof.
Koichi Ito
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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




Foundations of Software Science

\/ 7 I\ I7 I 7%%*4? https://www.sf.ecei.tohoku.ac.jp/

BHRR+—7—FB TOJSIVJEEER AEETIVEREF 1T«
BKEYWORDSME Programming Language Theory / Computation Models / Information Security

Erh eI VIFUIT

N BATIE. NV OV PERBFEIIE D ICRIET. BHEPEFEN. SREGIPERKSEG S, it
o 2ORBPARELERT BV ATLNAAVE2—ZITEVHIEHEINTOS, LML, ZhonavEa—
, RERBFICHEBLTCNEY T bU 77 RHER - BENGEROEHFZEE. LIFLIEARNEDH,
- ICEO>THEINTEY ., TOTEDNRRBICETETELRREZIESEIITEHEE>TV S,

B R R=R AFRETIE. COLSERBITHAT N, RIE - HEWERICEDVY T o 1 7HEOR
i sumi BOTOTS VI ERE-Fk Y—Ib HEETIVEIET BHEET> T B, U TEREOTRT —

RD{ITH S,
- 00 S LEMUERRFLE 00T 07 S LADRZBEVHEMCTHEHOELIE. TOY T LDER
BEPREEICEHEREICEET 5. BEANHO DEELRETH S, Hild REWER] ICEDCT
O45 LS MESIRFEEER L, BLAVWI OS5IV IEESLUSTEETIVICER LT,
CEAHTOYSIVY B RehOBNGETOYSIVIFEE - EELELCREICRYBEXRE
NTWBAEHTOFS I VB LUBMBBISEICEAL. by 7LD TOd5< « JifrE - L

A
#EE fEH—F

Assoc. Prof. ESEHICHEHRMICELGE 7OV IV AVTANDOEREZRYET 3% E, BLVHRIER %
Kazutaka Matsuda =
To2TW5%,

cWMAREM:Y T ST TREICEVTIE, BT D NYE | OFRENLIELEERENS, 4
& T52A L8N ) WARERRROHD TSIV JEE - FEAZREL TV S,

=
[
©
o
-
-
E
[}
=
-
o
-
n
(=]
3
T
c
-
[
-
o
=
[
=
o
(=3
=
[}
3
o
=
n
=
w
=
[
=
n
[
("]

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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Prof.
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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

2 N 2 i 5t

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




Logic for information Science

=E VAN [
’rﬁ %E o E! https://www.ipl.riec.tohoku.ac.jp/

BHRR+—7—F0 T0735IVJ5EER A S5EER TEA
B KEYWORDS M Programming Language Theory ,/ Formal Language Theory ,/ Theorem Proving

ErEOVELI—2DF vy TZIEDHS

FHARZORBHGEEE, 7OV 7ICBITBABEAEROREY 518D ETY. AH
=y sXewrt-ruNq! i%ﬁ’x‘b%t)‘?b‘?_(E‘fg*%ti,@i?ﬁb‘b‘b‘ Y, FrERICED YRR TIERREMERN
TH>TABICEELNILUET. £2 T, ABICEDbEERL SHEKICEDE R EE [
% 8 hEF ENH 072 LE#H P, STE#ICEDE RN ABDOERITA> TWAHERIET S 7075 LKL
Kertuke Nakano ICERWHEATVET.

FRRETIE, TATSLOHEZMRILLIBEZRD T LDTED THHAARSHEEHR ZH0OIC
MREESHTVET. BHENIKIE, AF—FI M YPRIS VAT 1T HEDERICEDE, HEH
BR7ATSLEEHLEY, TAVIIRNLGHEOMEZRIELY T H5RHEHZEHFE L TVET.
EEROESMZHET 5 cOICEHEMRXERELBENS Y —ILZAVHRLES TVET.

wa  RE AL

Konuyon Asada TOED, T7A4 53V SEERR OMREToCVEY. TE50FETE, 7OV LOE
DR TN TR LIRLETL, ZhESHICANT R EICEY, HREADEEDAEERS
ML, BRMICIE, RREEWR - RIENEKR - NENEGR - BRNERAREEE, SB0
BRI IO S5 LREHCSE LET.

o
D
©
o
-
-
E
(]
=
-
o
S
n
(=]
3
-]
[
-
(]
-
(')
=
[
=
)
-
=
(]
3
)
=
"
()
w
=
()
=
n
(1]
(]

Filling a gap between humans and computers

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
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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 Autopoiesis networking that adapts to large-scale changes of
elements.
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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.
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.- Supereomputing / HPC

Programming
Performance Tuning
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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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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.

@ COEDEDEDED
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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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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
1 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

h 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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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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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.
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members of our laboratory Giant component of a configuration model Finding critical point by the 1st and 2nd connected

components
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point of view of inverse problems
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Partial differential equations on composite materials
and geometry

The main purpose is to know geometric properties of solutions of partial differential equations. Since
solutions are functions, it is natural to want to know their shapes and geometric properties. The current
research topics are the following.

(1) Stationary level surfaces of solutions of diffusion equations: To know the shapes of graphs of
functions, one may begin by investigating their level surfaces. An isothermic surface of the solution
of the heat equation is called stationary if its temperature depends only on time. The existence of
a stationary isothermic surface is deeply related to the symmetry of the heat conductor. The right
helicoid, the circular cylinder, the sphere and the plane are examples of stationary isothermic surfaces
in Euclidean 3-space. In particular, good characterization of the right helicoid is wanted.

(2) Problems of partial differential equations on composite materials: Recently, we considered the
heat diffusion over composite media and we got a characterization of planar layers by using either
stationary isothermic surfaces or surfaces with the constant flow property among multi-layered heat
conductors. In particular, we are interested in problems dealing with composite materials.

(3) Interaction between diffusion and geometry of domain: The shape of the heat conductor is deeply
related to the initial heat diffusion. Diffusion equations we consider are the heat equation, the porous
medium type equation, and their related equations.

(4) Shapes of solutions of elliptic equations: In general, solutions of elliptic equations describe steady
states after a sufficiently long time. Liouville-type theorems characterize hyperplanes as graphs
of entire solutions with some restriction. Overdetermined boundary value problems characterize
some symmetrical domains. Isoperimetric inequalities accompanied by boundary value problems
characterize shapes of the solutions which give the equalities.

(5) The point of view of inverse problems: Partial differential equations appear in models describing
natural phenomena. There are many interesting problems which characterize some geometry in
some reasonable way from the point of view of inverse problems.

REERES T LY T RERFR THERRE L LI

Stationary isothermic surfaces With a collaborator at the Dept. of Math. of the Univ. of Florence.
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ey Developments and Applications of Algorithms
Yo Tamura Algorithms now play a very important role for the reliability and efficiency in several social systems. We

study and develop new algorithmic techniques from the viewpoint of theoretical computer science. In
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 computer network by a
graph, we can formulate the problem of finding routes of data on the network (see the left figure).
As 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.

Xy bT—U LDT—2EE 15 IXXIVDRERESR)

The data communication on a computer network An example of 15-puzzle
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Intelligent Systems Science
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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
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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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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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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)
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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
Image ga abase  Query Image

Image Segmentation

Shape of an object P '
Preprocess
Similarity Assessment

Using shape  Retrieved Images

Switching
procedure
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Image of power distribution system Shape-based image retrieval system
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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 work on the
application of computer vision techniques for resilient urban infrastructure (Fig 2).
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Fig. 1 Material and attribute recognition Fig. 2 Change detection at disaster site




Intelligent Control Systems
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Integration of vision, control measurement
wEEsEmR i BB teChn°|°9y for SOClety
Assoc. Prof.

Shogo Arai 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
g% (LU0 BAE errors. We also provide a visual tracking method that is robust to deformation and a visual servoing
ﬁsk?Lsikzrggmaguchi 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 rs ' C.elegans

Microscope

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

Optogenetics and motion analyse

MBS HRIDTe DD b T F 2 T HNBEHEH S AT L EEEANORRTOY v avIvEY Y
PN
3D cell tracking and fluorescent microscope system. High-speed projection mapping system
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Acoustic Information

I EER Y 24
=] ! B #E*ll-% http://www.ais.riec.tohoku.ac.jp/index-j.html

WHARF—TU—FB ZgEt RIVFEL T4 3 RTEET « AT LA B
BMKEYWORDSM  Sound Localization / Multi-Modality / Virtual auditory Display ./ Sound Space

B8 K E—

Prof.
Shuichi Sakamoto

Loudspeaker array i

BEGEIZI 17—V avYATLORE\ZBELT

HEDEABRETHREICBETES VAT LZMEY EIFBToicid, ABDBERLEDOLEA%Z
BASMNCT BT EDNFRARTHS. ABDBERLEZEZTWH LT, BERIERERLGFERZARE
D—DTH%. FMRETIE, UEDKXSGRBEEHDOTIC, BERANUBERZEGIIVFE-ZIV
MR BRVBBEZASHICT DIcHDERMAELE, TOMEDHEZAVTCEELTEEEY AT A
PREGEREZRIRT HHOME, BIKIEIATLRROEREG DT 1 I 2 IVESLEDOHZEIC
BOEATNS. FIL, YATLRROLOOMETIE, BRR—IVADEHEDLSLRRD 3 RTHE
ZREIEREBBEICRKRRT 53 RTBET AT LA PR3 RTEERMERE YV VIV AT L, HEEE
ICE > TRBELGEEBEEROERZ BIs LIHRLEDY X7 LOMRICRVBATNS. NSO
&, BEF - BERHUFRIITIEELS, BR - BFIF MRIY BELGEIZFOTHEEELHEIEY,
E¥ - £HZ - DEFHREMONFLLERZE I DLRHICEHDEDTHS.

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.

BEZDAE—AT LA 157 ch DAEBRAE—AY AT LERWT Y EY Z v 7 AilaiEi

FEMRMEBES AT L

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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Assoc. Prof.
Chia-huei Tseng

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.

BZEH L CHRERASBNTRAGL. ZOHAD—DIC, RERERHIC
HOEMREEENDET (Fvh— REMGDE) IC&250855. LHL,
FHAEIE, BRERERORTLERIBICH T DMTENERIEE LT, BE
BEESICRRNICISE T 20BOE5E TR LT

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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(Fig. 2).

Interactive Content Design

Interactive Content Design

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 sensor and robotic
display 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



Integrated Fluid Informatics
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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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Coupled FSI computing of hydrogen leakage phenomenon accompany with crack propagation
of pressure vessel (Instantaneous iso-contour of hydrogen-air interface mixing characteristics)

Elucidation of liquid film atomization process by air flow and
establishment of atomization control technology
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Developments of Flexible and Reliable Programming
Environments

Today's software systems are becoming more and more complicated due to the need of integrating

. [ | VS . . . . .
'B; % 55t G2 various computation resources available in the Internet. A key to control the complexity and to enhance

psis. Prof, i the reliability of such a system is to develop a high-level programming language that can directly
represent various resources and automatically detect potential inconsistencies among the components
in a system.

Based on this general observation, our research aims at establishing both firm theoretical basis and
implementation techniques for a flexible and reliable programming language. One direction toward
this goal is to establish logical foundations for compilation, such as a proof-theory that accounts for
the entire process of compilation including A-normalization and code generation as a series of proof
transformation. We are also developing a new practical ML-style programming language, SML#, that
embodies some of our recent results such as record polymorphism, and seamless interoperability with

existing practical programming languages and relational databases.

calling convention compile _
ro— SML# Compiler Compliant with I'te:o — I'-e: (0', b)
Polymorphism thste aDeﬁm dan::o '\:Lof ( ) 4 N\
— fun f (g: int -> int) = fun f_optimal (g:(int -> int,BOXED)) =
gl+2:int (if isRigid? g
Polymorphism ";J Type Sefety val f = CLOSURE {env = {}, then #optimal(g) 1
func = f} else unpack(#generic(g) (pack(1))))
" " Seamless . int -> int + 2
— Interoperability ezl : (int,INT)
with C fun f_generic (g:(int -> int,BOXED)) =
Natural Data pack (f_optimal g) : (int,BOXED)
Representation - Direct Linking val f = CLOSURE {env = {},
with C Libraries generic = f_generic,
‘The LLVM compier optimal = f_optimal,
Compilation : ((int -> int) -> int,BOXED)
% J s J
SML# a2 INA SHRITY 2 Soeaigas A0 155 Sim DAAE 917 s I YN T =470 70m bl MO L3557

SML#, a state of the art compiler Machine code generation by a calling-convention compile algorithm
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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.

’ Learning System Deep Nural Network

Syntactic and Semantic persing

Training Phase

' 'mebdq-;r-rm
Evaluation Phase Language Visual
o A £V
Y | o Prediction:Posivive Prediction:CAT
Input : R -
2832 7 LOF FEETIVOBRIRME / FBE

Example of a learning system Interpretability and explainsability of learning systems
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SBIERS  V-Dem Institute KW HRZEDREFH IRt RS X7 LD - BN VRS K B,
DR RE R LR, COVID-19 BREHLKFIZICH T BHBAODNDEIL
World map coloring the state of democracy (2020) from Change in populations before and after COVID-19
the V-Dem Institute. pandemic based on mobile spatial statistic
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DC\‘ Field of Media Studies and its relation with neighboring fields
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ANBEREE  NATH— - T+—F L8R N1 T7H— AT AT - AT « THEOBEHS LU
=M BBAE. 2021 FF) ONATH— - T#+—F L VRN & DREfR
The Heidegger Encyclopedia, ed. by Heidegger Forum in Field of Media Studies and its relation with
Japan, Kyoto: Showado, 2021. © Heidegger Forum neighboring fields

BRIIHRICOD G EREZE 5T DN T HZTLIBERISABDIEHR- 35835 EDTL—L
DRTEDISITHRZSN., FRESNZDO?VIERILHOE ISR THEMEIZEDLIICTT SR
TEBDH?

AR SBERBRFELHTIE. INSOEWICEZSNKEBNGHEMRLZHELTVET, 18
RED/IN\Y 7757 FOERIOES . B S5 HEF AT /75H Mgy LRIFLS
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HMTbh. #FE. TVAETHEY EIFSNTRET,

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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Syntax, Semantics and Cognitive Systems

The Laboratory of Linguistic Information aims at elucidating the nature of the language faculty that
enables us to use natural languages. The language faculty includes a huge amount of unconscious
knowledge about the sound and meaning of words and sentence structures. We have to clarify (i)
when and how it occurred in our brain and (ii) what the relation between the language faculty and the
nonlinguistic cognitive systems is like. Among the theories tackling these general questions, we will
mainly devote ourselves to the following fields:

(1) Syntax: Exploration of the nature of the innate and universal linguistic competence and the
properties of individual languages and of their relation to the extra-linguistic cognitive systems, through
the theoretical and empirical investigation of the syntactic structure of natural language and the
comparison of typologically distinct languages.

(2) Formal Semantics: Explication of the mechanisms of semantic interpretation, the forms of semantic
representations, and their correspondence to conceptual structures, through the theoretical and
empirical investigation of the relation between syntactic and semantic structures.

(3) Relations with Other Cognitive Systems: Inquiry into the relation between language faculty as a
biological subsystem and other cognitive systems relevant to vision, thought, context recognition, and
emotion.

External Organism Internal
Environment

BV v —FIb SEEEE L MhDFREIE Y 1 —ILDBIfR
Journals of Linguistics The language faculty and other cognitive modules
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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.

i

PCEZRMET BmimE 1—H—
Eye tracking data of reading text (left) and manga (right). Computer use and the elderly.
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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.

i &g 7555 TH # E1H
= A 7 Wy w & 7H
5 K 2R i P
PR B M
Hannah Arendt it B 3 3
Vita activa % ‘ | 'ﬁ' ‘
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Translations of H. Arendt’s Vita activa and F. Nietzsche's The Prof. Mori's new Books and translation on Technology
Gay Science
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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 logical
thinking, corpus studies, and methodologies of experimental psychology. (including a collaborative work
with the department of Visual Cognition)

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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Bybee & [lLanguage Change] DEJIRETIT HEE O£ - 5BEL - B3y OFT
A translation of Bybee’s (2015) book, titled, Language Change, A co-authored book, titled "Grammaticalization,
by the staff member. Lexicalization, and Constructionalization," was published.
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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
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Ecuador Earthquake
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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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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
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Electoral Integrity Project Workshop held in Philadelphia, the U.S. (September 2016)
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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.

Automobile industry

Reducing transaction cost
by co-location

Electric industry
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Transaction network in automobile industry
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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 epidemiologica 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.

 EwRYRO—U ]

BNRAD
FERRIRROSA

ARy RD—D0
JIa=F«R

HRRRCHIS Furo=010 2 ¥
L R e
- ATCBBORRETTIL - .

- NROBZE-RY bD— 82 P
enmrza ) - B ARGESHTEIHE
TEARETIL. -

v

HERERT — TR -
BBEFTUSY

hEn mrzcwzx
ER AREE

5 i
i .y 10 0 10 20 30 40km
- [ = e ]

Bz T —< DEERE ANDFENT— 2D 5KRSeRY FT—2 32227«
Schematic figure of the research topics. Network communities derived from the human mobility data.



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

B o# {2 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
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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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Road Transportation and Traffic
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equilibrium problems  data science for urban transportation system / travel behavior analysis / mechanism design
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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.

nvestment 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
1) data science for urban transportation system, and

echanism desi?n for urban and transportation system. Data science for urban transportation system is a
methodology for data science using a variety of{)ig data, such as GPS trajectories of people and vehicles,
tweets on social media, etc., with a view to understanding and clarifying urban activities. In the area
of 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 (MaaS).
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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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Consider the nurturing of information literacy as it is
transformed by the advancement of information and
communication technologies.

With the development of information and communication technology and Al, we live in a society
where anyone can transmit information at any time. While the use of information is becoming easier, the
ability to choose the information from a large amount of information and the ability to judge whether
the information is appropriate are required. Today, these abilities are called "information literacy", and it
is known that the nature of information literacy will change as society changes.

In this field, the following three points are emphasized in order to consider the development of
information literacy in response to changes in society. These are based on classical media theory and the
latest trends in information and communication technology.

(1) Remembering to maintain a calm perspective that is not influenced by trends

(2) Having a practical attitude that is close to those who are actually working on the field

(3) Engaging in dialogue to reconcile their respective positions

We will conduct research on (a) the search for methodologies to improve the quality of education
through the active use of advancing information and communication technologies, (b) the study of
future literacies about media and information and the development of methods to foster them, and
(c) the operational issues such as policies and governance of educational institutions and educational
programs to foster leaders.

In this laboratory, we place emphasis on promoting advanced and empirical research and giving the
research outcome back to society. For this purpose, in addition to our accumulated knowledge of media
and education, we will strengthen our collaboration with fields such as mathematical data science and
Al, which are rapidly gaining importance in society. Also, we will continuously conduct researches in
complex research areas such as learning support for information literacy and learning analytics. We
have high expectations for our graduate students who are sincerely confronting the research subjects
diversified as the times change.

¥ mEd 3 FEY 3

1273 4=23> V55—

tEIREAREN

P e, =
PASEYS D27 AL 2—RYFSy—

XFATUFT Y~
LU

[x517 wrys =mys [ 5 mrevs mmes |

B - AT AT - JHHOU TS —OEER  LRHETF (2003) 1
FORINHED YT 5V —. ERERE, pI2. " L R
Correlation of Literacy in Information, Media, and Technology Yuhei WFRIEBIS 2 AT A THE (BEAFFHCORE)
Yamauchi (2003) Literacy in the Digital Society. Iwanami Shoten, p.72. Media Education in Kansai University Elementary School



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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) Flying Extinguisher Hose Robot, Dragon Firefighter
Rescue Robot Quince (Human-Robot Informatics

Laboratory)
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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.

O
®
O
)
=
-+
3
®
=]
~+
o
=y
>
O
O
=
o
3
=y
o
1
3
)
-+
o
=
7]
0
)
=)
0
o
(2]

ISRIBERRF SR S TaIHARE 2 F
AB—ORY MERSE (BT - Bl - ZHRE)

B B8 K & DpaikiFujikura EXEDPSOAYy -

FSKEBD FO— > OBAMNEERENICH LS E BT EHTREE R
O—>R— kY RATLOHEBEEET>TVET, RO—YEZDR—
~§%‘rnw&p—aaymu\ﬁﬂ@\%iﬁ%\@oﬁ%@ﬁ@&@ﬁﬂ

| BEAEREBERITRC. ABO FO—Y OBEMEAREE TS T BHR—

MR OB IBETH Y, VT M TN\~ ROBZEE TE BIERRIEHER TRAS
CERMVAG T EPFREET R THBERLTVET,

EHRRSHIRH ORI RO T, BAGEMEIORENFRL TV ZSHETT, BHD
W FREHDBOMBERYI AND T ENFRET. BEOHRICH 5T A 77 EFTAGE
REBOTVET, BROMARICBVTIE. HEOKRESET RN AETROT &, PEROSHH
LERITITONTSY . BEORRER. FHNCETETHHLUTNABENESTVET,

EE AL BRREHEROR DBHG Y Y — A ERARER L. BAFARRICHNS T £ T
ERNGRREIEE EDICERHLTUVEEL LS |




X B OE INGBREER I3 95 Laboratories

Divisions

* AR ©EHEERE




33 4Bt NE 2 S Tl S

o
D
©
(Y]
=1
-,
3
(-]
=
-,
(-]
S
p -]
<
<
2
Q.
5
(=]
=1
3
(Y]
o
o
=
w
ey
(]
-
[a)
(]
w

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
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Assoc. Prof.
Manaka Okuyama
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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.

Yooy
o

~~~~~~
L

BFY 72—V ERWREREL BF 7 UV ERVWEERE

Quantum annealing for route optimization Quantum annealing for graph coloring
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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
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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.
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Examples of research topics
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Human-Robot Informatics
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B KEYWORDSM Disaster Response Robotics / Environment Recognition /~ Autonomous Driving ./ Haptics / Virtual Reality ,/ Mechanism
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Assoc. Prof.
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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
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Takeshi Obayashi

Bioinformatics linking diverse data and biological
systems

gz B OP E

pssoc. prof. 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

i

s o \LE A biological data of humans, paves the way to for personalized medicine, in which the best therapy is
pssoc. prof. 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.
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To understand the biological systems, we are developing methods to analyze Molecular dynamics simulation reveals ion permeation
the increasing biological data. mechanism
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Biomodeling
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Modeling of biological mechanisms and their
applications

In biological systems, observed phenomena at behavioral level could not be attributed to a few genes.
Complex, inter- and trans-hierarchical interactions mediate between gene and behavior. In order to
disclose emerging mechanisms underlying diverse functions of living systems, synthetic approaches
based on top-down modeling should be essential. In our laboratory, we attempt to disclose substrates
of higher-order brain functions and life by carrying out integrated modeling study of dynamics in living
systems.

(1) Modeling of biological clock system

Integrated modeling is performed concerning oscillatory mechanisms of genetic networks, an
ensemble of pacemaker cells, and macroscopic oscillators at behavioral level. In addition, knowledge
obtained through modeling is applied to an optimal schedule design of shift work and time-zone flight.
(2) Dynamics of neural network and their functions

Experimental and modeling studies are performed focusing on possible roles of neural network
dynamics in development and maintenance of neural circuit as well as higher-order brain functions.

(3) Development of bio-signal processing algorithms and clinical applications

Digital signal processing algorithms for extraction of fetal electrocardiogram from mother’s abdominal
electrical signals and the real-time neuronal signal processing system for the brain-machine interface
(BMI) are developed.

master clock cellular circadian clock Steady administration
@ synchronize | @ Ehaseadvance 14 damage repair +— -gj iy g-&%
w R

Day 1 Day 10 Day 20 Day 30

Periodic administration

[ et B % o

exit from exit from *
cell cycle cell cycle
1 Day 1 Day 10 Day 20 Day 30
R X L% S+ S8BT TV MAVHIOMIBETEICRIZTHE (F 1 EBME /& AVl

Cell proliferation model under the control of circadian rhythm. Effects of anticancer drugs on cell proliferation. Blue, healthy cells; red,
cancer cells.




Cognitive Psychology
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Kazumichi Matsumiya
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HZFA LT, BFRRBERCENTGHELE VLV OICHEERDR[ D ELBEDESHIEICEZ B EDHE
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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. We have shown that the sense of owning one’s own body can affect
visual perception, which suggests the importance of considering body-in-mind in perceptual processing.
Based on this finding, we are now investigating human perceptual processes linked to body-in-mind.
Our recent study has investigated whether the process underlying body awareness is shared between
body localization and body ownership. To address this issue, we used a perceptual illusion in which
ownership over a computer graphics hand is experienced (this illusion is referred to as the rubber hand
illusion), and combined this illusion with a statistical model of optimal multisensory integration process.
This study revealed that there are separate multisensory integration processes between body localization
and body ownership in the human brain. This finding has implications for understanding the underlying
mechanisms for body self-awareness. We promote the research and teaching of understanding human
behavior, human body, and human perception by means of psychophysics.

W Agency Eye latency ,,  Pursuitgain Saccadic trials
i m Ownership —Active, Sy

1000,

Pursuit gain

Asynchronous (msec)

o
Standardized index

Unseen real hand

F‘ rtion of saccadic trials

Achve,‘Aclwe Passive, Passive, [ 500 1000
ao E \sync  Sync \sync. ‘Synchronous (msec) Time | rom CG ha d onset (ms c) Time V from CG han d 0 nset (ms )
18 Condition

Agency

0.5

Position (deg)

~

Computer graphics (CG) hand 0 2000 4000
Time from CG hand onset (msec)

Change in
eye latency (msec)
Change in
pursuit gain
o

Moving rubber hand illusion

ixati Hand movements
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o
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BHRDORIED—DTH 2 HEBEMRE] HEBRENICEDL S GRE
EEZZHEFARDHIT, BEEFRRDEE LR EFORFEED/N\
T+ =XV ADBEGRER LIz, ZORBR. BEEEERNEEDRIEE
WET B EHESHITE STz (Matsumiya, Sci. Rep., 2021),

IN—F v LU T YT —HeiiE B DR ERRER DS & HE, To investigate how body awa'renes§ (sense of agency) influences' mqtor
control, | analyzed the relationship between eye-hand coordination

Apparatus and stimuli for a psychophysical experiment with the virtual reality performance and the subjective strength of sense of agency over a computer-
technology. generated hand (Matsumiya, Sci. Rep., 2021).
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Applied Intelligence Software
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B KEYWORDSME Human-harmonic Information Communication Infrastructure ,/ Cyber-Physical System  Cyber-Real Space Integration ./ Intelligent
Image Processing
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BEVATLZABEEDRTALADMRNITERTES L DICT BdHIcE. FIAERORADER
HEBZIH LVRET/NS Z A LICE D TABRNRBRESEER] MEETHD. TIT. FHE
ETIE CTOT7ATTICEDE HRZEBRI 2EREEADBEICHEEE T 2H 1127 —
VavRREOXRFZBELARREZEDTVD, BEMIICIE. BRBEV AT LZEBNT 225Kk
AVE1—2 TIARA Ry bT—=0 VI b7 7EOBWMEREZRSctd. NIIPREDRTE
L TERINIRL T HEREZSBUERNRMT 5 T BLICEEREZ5Z. HEDBERNGEHH -
BEICKY AR « VAT LWAIPE LW —ERAZRMT 2 T ABFANRBREEEL] ([COWTH
RETO2TVB, FiT. AIPREORKAZREELSEFT BcODIIVF AT 1 7 EROFBIILIE
it BRELIRRZBRERNRRT ZISAEIM. BREROBENGHH - EEEZRBI5HD
BRTEE EREERORENREFICET 2AREED 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 areas

Detect obstacle arcas

(a) Dx 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

Inputvideo  Extract peesian regions Make region graph Pursue regs Output tracking results Detection results
BERPTHE SN EEMORER KR L ZBRHR DAY DEBER FOAERTOEEDDRICED AN - EDA V2502 3 ViEH

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

scene

ahand
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Information network systems / Information security
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By b T - RKIMSBRICHROBEB TH Y. X2 TH TAINS G EDEREBHN2FZOHEHE
EHEXZA TV S, AAREDOHEIZLFHBFRERZRR - ERERLERZRSTA/N\—HF/T
VAEVE—ICFRE L. ThCEELIISHN S, UTOMKREEZTOTL S,
(1) FRGIBEHRA Y bT—7ICBET 2EEE - [SAMAR

A RIEE [THHET ZRMABERUEEEZZASERRY FT—VOXRRFEBEL. FEXY FT—
T DIBR- BRI Z#E LT SDN, €2 U2y FT—=7 loT. xv FT—=7 2 F)bo 77, REEEHE.
BESAY AT LEICET 2MRMEZHEL TVET,
(2) BREF 27T ¢ ICEIT ZEMIERMAR

tF 1) T RROMBIIBOTEETHY ., £F1 )T BERDLOHILLFBENTVRESIC
DWT ERMWREZTO> TV, BRERNICREGESROBE. AIAEH— FEZRAVMERT
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BRRY U0 DER - EEFIELHAY —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.

ANDZERERH T Hh—FR—RBEE 70kl

(Mizuki-Kumamoto-Sone@ASIACRYPT2012) | el ~ (@3] 4 !
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RN

2 PROZMIZSH LAY ERAT B:

FeER — B(FR)E@ — BEER

3.2 BEDY, (1) REHMKE, 2 FELIKMEENLS:

0 BARE = BeRW e BAEM

alAb=1 aAb=0
@ BeRR = #vEE = #v37
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Outline of our research
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Secure computations using a deck of cards
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Flow System Informatics
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B KEYWORDS M computational fluid dynamics / turbulence / vortex dynamics ./ fluid dynamics by mathematical approach
hydrodynamic stability ,/ magnetohydrodynamics
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(3) BOEHFE ERNDETE MAERT
 AERDARE(LRIE & ELRER
- MEBAAR LS SRENDMAEDY T MK DEENARE DR

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 HRAEEBORIE (LR fiEs L. TR H#EHY ). FETRIHF B IC K 2 SCS IS DIEEE, ARHEREMBES 21— 3

ERMORENMF TN, BFREAIILEALTWNS, VORER. ARAZ 1Ty T —JILKBHEE. mEH KK
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.
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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.

TUAVELTA9DAVE1—T 4 hFR=Za—F IR T—H)H /13—
VB

O~

I

TOERISEHHBME | -
7—%757%|

BRTEEIAFIVA B BEH
BRMALTHE RRMEE

IFUAY—-RNFRE-N  BHI- IR .‘
AR N-EHEE FE-FA
B - KEFE-HIE  BHRE-HE :
Skt B B2 B
—a—av-oFIR .‘
cmos TR B N neurons
$7°Rbyvant’ Yiab-vay, 7D~T{/'I‘/ = S
AHRTAYY ni'r oy SRR - W, EFE TR

BEREH BRTIAR Pinputs M chaotic neurons

TLAVEINTAv oAV E1—TAVIN=RI T INSEALDEEE, AFAZ21—F)bERy FT—
9 ) IN—DERN IR

Brainmorphic computing hardware paradigm, and the schematic of the chaotic neural network reservoir.
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Health Informatics
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Hete SNPAIC
leterozygous MSREs

—o-0-Go—

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

Acil(5-C"CGC-3)

l Analysis using Japonica array l

Genotype A/C (Heterozygous)

Methylation-sensitive SNP array (MSNP) 7%
Schema of methylation-sensitive SNP array.
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Bt R b L REDBEESHICOVWTEHBICRET LTV, £eEZRBZICBITZRBEDEZEICOVTD
EE LTS,

EARIE(LICRE T BEA3E Tld. BILRX ML ADWEEY 1707 1 U A DDIEREBICHIT %3
DVWCHZEL. RZEHIT TS,

BEREICET MR T, BHRRICBITA2HFRE X2 2V ORENCTDOVTOIRZED. BEHEED
REMEGTORERZITO> TV,

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) , diabetes mellitus, hypertension, ischemic heart disease or obesity. Furthermore, an
impairment of regulatory systems involves changes in physical or mental functions.

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

e e
~
R

No detection for fragmentation

Genotype A/- . .
— A/A(Homozygous) Sy Alllo T Signal

MSNP &I & W BEIE SN R EM R E BRI EERT (SMAD3) ABE D7V 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 and mathematical modeling in the complex
systems and its applications

Our research focuses on statistical and mathematical models for predicting and controlling natural

] Wael
sagxre L EN
Assoc. Prof.

Shinsuke K , . o I . .
suke Foyama 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 (Right Fig.). (Yoshimoto)

One of my current projects is methodological study of spatio-temporal analysis based on data driven
approach and its application to the neural data. Though recent progress in measurement techniques
offers detailed spatio-temporal information, statistical method has not been well developed to detect
significant biological activations in low S/N ratio data. We have been investigating statistical time series
model for this purpose and causal model to quantify functional connectivity between regions (Left Fig.).
(Miwakeichi)

| am interested in discovering the structures and patterns 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 spike trains, gene regulatory networks, social and
economic networks, quantum information, and mud pulse telemetry. (Koyama)

Local Field Potential
(a) (b) (c) (d)
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Detected astrocyte (green) and temporal changing to the inspiratory Invasive species spread by cellular automaton
neural activation (red) in the brain stem and its control
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Joint Research Group for Quantum Computing
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B KEYWORDSHE Quantum Computing / Quantum Annealing /~ Combinatorial Optimization / Quantum Machine learning ./ Quantum Many-body
System  Quantum Chemistry

gE® KB EZ

Prof.
Masayuki Ohzeki

L TN )

Assis. Prof.
Hiroki Oshiyama

BEBEFR ) B JI| 3

Assis. Prof.
Ryo Okugawa

it

=

HEBREHR G T8I BHE

Assis. Prof.
Yoshihiko Nishikawa

EaEHE [ HE K
Assoc. Prof.
Shuntaro Okada

zaksE EF &F

Assoc. Prof.
Takako Mashiko

zakyes Bl EE

Assoc. Prof.
Masamichi Miyama

saEsE PH RE
Assoc. Prof.
Narihiro Haneda

EEERE TP M

Assoc. Prof.
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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, build up fundamental research results on industrially interesting issues such as combinatorial
optimization problems and quantum machine learning, and share knowledge that can be widely used.
In addition, lectures and seminar classes will be held by this joint research group to enhance educational
activities on quantum computing and disseminate wide applications of quantum computing from
various joint researches.



Google Donated Department for Advanced Learning Technology Research
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B KEYWORDS M Data-driven education / Learning analytics / Learning technology / Primary/Secondary education
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Prof.
Yasuhisa Koide

wosen mie ® consider methods of data-driven education based on

Assoc. Prof.

foorssekine educational big data in primary/secondary education
sEesEEn hE £F The GIGA school program has started to ensure that each primary and secondary school student would
Assoc. Prof. have their own computer with high-speed internet. This has made it possible to collect students’ learning

Seiko Nakano

logs which is helpful to grab their learning progress or tendencies. As a result, learning analytics has been
brought to attention and started to be used in primary/secondary education as well.

At the Graduate School of Information Sciences, Tohoku University, we have advanced research in
Al research, data science, image analysis, and cognitive information processing, as well as multifaceted
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.
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The Google Donated Department for Advanced Learning Technology Research was established
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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FRMPHBZAERNICESTATEN TEAIREBELF IV TAAMOER I —RERBLTUVET,
BHENICIE. FZHERIFICEF 2T DBFORBENAFIVOERZ 525 Basic SecCap 1—A%ZXE
BLTWEY, CITIRERNGHE  BELORELGTEREE TRAGHREZRHELTVET, &
oo REREBFICEF 1) T DBFOREKNAF )V EEZS SecCap I—R%&, 2 ABEFICEF2
T4 RBEDOTOAMAFIVEEZS ProSec I—REZNZNRELTVWET, InsiE. /\—RozT
TEFIVTAHIM Ry T=7EF 2V TAHEMH S, ERIEPURTEBREEOHARRIFH G
FCTEAN=L. NIITAICEARERBIUEBZMAELCVET, 81—X i, EERER, &
KUBMOBINR - EECEICREBEIN. ZLOZTEED BLVEF2) T DBFORFHEMOH
#Fr. BEFMICEBRZEL BB IHIENTEET, T BRZRHLLEFEEICHLT ZhTh
BTYREHEZRELET, INSOEMEHKE. THEDFEZZZISERIMAMOERMADOF K
(enPiT) J EMIENAXERIFAZEOABE OV ELTITONTETCVET,

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

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

REEEICLDEF 2T 0 AMER



Research Planning Office
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Prof.
Koichi Hashimoto

B=ES

memaw BE M4 Research Planning

Kazuto Takao
We promote research in GSIS and its practical application, by various support services such as:

@ tosurvey and analyze the research abilities and achievements, and evaluations of them,

@ to survey and analyze the trend of related research, government’s policies and companies’
needs,

@ to facilitate planning and progress of interdisciplinary projects and collaborations with industry
and government,

@ 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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e FEREE. U—JLvy b (WThEE1ERT . AERZ 21— 42— (E2EHT).
BFZeRY ¥ —F )b ¢ Interdisciplinary Information Sciences (% 2 EI%{T) DiRE - ETETVE T,
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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
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mX?)IL?ELE:I: http://www.is.tohoku.ac.jp/introduction/ilo/
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EHETOCER SEDELSEBDOHITIE ERMICERE CELBFLEAMZVNES L. BRI 2HD
BELGEDH COAMEBITARAZERODR EGRBAMEZ R DT ENRDESND, 2010F4B ICHE LIERRIR 3
HEEZE Tl HRITLPIRZRE RN AMZE LT 2R ZHRM AR OESICER T 5 2B L ER s

{ERUEBRR R ELDZEZTOITEZENEL VS, UTREEELGZERNAF TH 2. w & EhNZ
Prof.
Kazuyuki Tanaka
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2. BREDEETIE o .
BETAHEHRADSEDH DI DI, HRICEPIFZRE BXILOBRE WA DT LEMOBEVBRELHEN o000 m\EE %
IKRIANB T LN EELER LB D, BITANOBICKE. BADHEFEEE T D EBL AFADAREECERFE  Assoc. Prof
HREEBRLFREICBTEDES. F1—2—E BRICERZIY DD BRE e L EERB A END LS55  KezunoriYamada
2. mER

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 BEHH(HZ) Mohammad
research and the highest-quality education. The School has, since its inception Samy Baladram
in 1993, produced many graduates and young scientists who became leaders in Assis. Prof.

3 2 A . ", Mohammad Samy Baladram
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 some activities the International
FEOZREFEZR  |jaison 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 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 Hometown of the foreign student
assigned to each student taking various social factors particular to
Japanese life styles in considerations in and outside the university
setting.

3. University open to the world ‘x “‘ x““
Europe 12

With the goal of becoming a leading university of the world, we Wy
are well aware of the growing importance of publicity through ‘xxx‘
the English language. We put an emphasis on providing up-to- ‘xxx‘
date information on the original research accomplished in our Near and
campus, as well as essential information for perspective students Middle East 5 ‘x‘x‘

from abroad regarding the life in Sendai. x“ x
Asia 106

Latin America 3

(As of May 2020 Degree-seeking Student )



Interview of Foreign Student
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| entered the Data Sciences Program Il doctor’s course this year, after doing a one year exchange program at Tohoku
University already. Since my initial level of Japanese was incredibly low, | feared all the processes to get set up. But | am
very thankful to the staff at my exchange program, and at the GSIS administration and
international office, who helped me (in English) through all that and more! In addition, my
very considerate professor, the great Japanese lessons offered to foreign students, and the
huge community of international students, really helped me get used to living here, and

allowed me to focus my energy on my research project.

THRERRFEH

BRSO Furthermore, the Tohoku region and Sendai are welcoming places. Before the coronavirus,
M events were regularly organized to discover parts of the

Victor SCHNEIDER

Japanese culture, like the tea ceremony, the taiko, the kendo
and so on. One thing | can’t get used to here is the heat and humidity in summer, but
from what | heard, it's nothing compared to Tokyo and south. Well, | have no idea
how | would have survived there then. All in all, I am really happy to have come here
for my study.

P.S: And to top it off, there are nice surfing spots here!

| am from Thailand and currently, | am a master's student in Data Sciences Program (DSP). Four years ago, | traveled to Sendai;
it was on New Year's Day. | followed local people to Osaki Hachimangu Shrine to make a wish. Eventually, four years after the
wish come true.

As a student in DSP, | have an opportunity to explore the data science world both
theoretically and practically. By taking several English-taught courses, | have acquired
= essential knowledge such as statistics, data visualization, and machine learning algorithms

o 25 LR which can be applied to solve different problems in our life. Furthermore, DSP also
HIBEORT 1 U AR provides me a chance to improve practical skills via business project collaboration with
'rf(_.ywh leading data science companies in Japan.

Kittitouch AREEROB

By just lived in Sendai for six months, | can say that Sendai is a perfect place for students who want a happy study
life. In my opinion, living in Sendai is very convenient, yet it is not too crowded. Also, the living cost is not too high.
| can enjoy Sendai famous food like beef tongue frequently; it is very delicious.
Besides, Sendai is home to top sightseeing spots such as Matsushima Bay.
Visiting there will always boost my energy.

Lastly, | can not thank Tohoku University, GSIS, and International Liaison
Office enough for fulfilling my dream. Studying at Tohoku University is the most

wonderful experience in my life.
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