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Message from the Dean

The Establishment and Evolution of New Information Sciences

The rapid spread of novel coronavirus (COVID-19) infection has seriously affected overall social activities. As a member
of society, the Graduate School of Information Sciences is making its best efforts to prevent the spread of the infection and
hoping that the vibrant and creative campus will come back soon.

Being guided by the principle of “creating new information science to contribute to the realization of an affluent and
harmonious society,” the Graduate School of Information Sciences (GSIS) was established in 1993 with three departments:
Department of Computer and Mathematical Sciences, Department of System Information Sciences, and Department of Human-
Social Information Sciences. Ten years later in 2003 the Department of Applied Information Sciences was newly established
and, currently GSIS consists of four departments. Supported by the illustrious history and achievements in information and
communications research at Tohoku University, GSIS has diverse and wide-ranging research fields, from fundamentals to
applied areas in the natural sciences, engineering, humanities and social sciences. We have achieved international success in
each field, and developed many promising talents contributing to the society. These include 3,531 graduates with master’s
degrees and 835 with PhDs as of 2019.

We now live in an age where people are pretty familiar with information technologies such as the Internet and smart devices,
and we easily observe that tremendous flow of information affects not only the structure of the human society but also our
ways of living and thinking. Our mission is, further beyond contribution to advancing information technology, to create a
new paradigm of information science toward a human-oriented information society. We are fostering human resources who
can develop interdisciplinary information science founding an affluent human-oriented information society, and pioneer
innovation and new industries in the global information era.

Since 2005 GSIS has strongly promoted interdisciplinary researches by selecting priority research projects and by
founding research centers and research units. The priority research projects have produced significant results. The project
“Interdisciplinary Information Science toward a Secure and Safe Society” led to the practical solutions of social issues such as
the development of the Quince robot which contributes to explorations at the Fukushima nuclear power plant, and to the
national ImPACT project “Tough Robotics” leading Japan’s disaster prevention robotics. The project “Bioinformatics—Analysis
of Big Biological Information” grew into an essential element of Tohoku Medical Megabank for the development of a next-
generation medical information system. The project “Nowcast and Forecast of Road Traffic Flow Based on Multi-Modal Sensor
Fusion and Simulation” has become a pioneering initiative in application of big data, and contributed to the traffic analysis after
the Great East Japan Earthquake. The project “Software/Hardware Foundations of Custom Supercomputing to Develop Big-
Data Applications” developed high-performance computational technology supporting data science. The project “Development
of Interdisciplinary and Integrated New Domain Research through Cooperation between Mathematics and Other Fields” made
successful collaboration with Research Alliance Center for Mathematical Sciences of Tohoku University. The current project
“Construction of Social Infrastructure Based on Quantum Annealing and Data Science” accelerates the leading-edge study of
high-performance computing in the internationally competitive situation. The outcome has evolved into the new institutional
organization Tough Cyber Physical Al Research Center established in 2019. This center promotes investigations of Al which
can robustly work in an unlimited real world by making use of its own cyber physical “body” and development of the related
human resource.

Among various educational activities we mention the industry-academia collaboration and intercultural co-learning. After
the success of “Sendai Scheme” for practical IT education cooperated with IT companies in the Sendai area, neighboring
universities and colleges of technology, the office of Education Section for Practical IT was formed in 2012 for further
development of industry-academia collaborative education. Since the same year we have taken charge of the field of cyber
security in the MEXT project “Education Network for Practical Information Technology (enPiT)” and fostered human resource
through collaborations with other Japanese universities in addition to the neighboring schools. At present, the undergraduate
program enPiT2 is also conducted under our leadership over the consortium of Japanese universities, which is now developed
into enPiT-Pro for the reeducation of industry engineers. Our increasing international activities have been operated by the
International Liaison Office formed in 2010. The “Graduate Program in Data Science (GPDS)" started in 2017 as a part of Top
Global University Program conducted by Tohoku University. In this initiative, collaborating with various graduate schools, we
provide opportunities for learning various aspects of data science, training camps, and study abroad under the joint supervision
of mentors in a partner and home universities. In addition, creating the intercultural co-learning environment, we run a range
of initiatives to foster highly specialized human resources. These include the MEXT scholarship program for foreign students
focused on data science, a course curriculum taught in English, various types of financial support for PhD students, and a
matching support for JASSO scholarship for short-term study abroad.

Our efforts have been poured into the liberal arts education of the university and information literacy education in the
local community. Having started the program “Common Education Platform of Data Literacy” in 2019, GSIS is developing the
educational program of Al, Mathematics and Data Science (AIMD) for all students in Tohoku University. Moreover, as a leading
graduate school which studies and educates data science, we have also established Literacy for Information Technology, New
Education and Knowledge Society Program (LItNEX) for learning educational skills of information technology in association
with information ethics and morals.

Utilizing those initiatives mentioned above, our faculty and students get together on creating an affluent and secure society

which can enjoy the benefits of information technology. We believe that our developing information science will serve for
solving the issues which our modern society is facing.

OBATA Nobuaki

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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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.

O fs
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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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.

®:q=9 0:q=25 «:q=81

)= -2 HBORERG)  BEISENE. BRISRAZRY.  Paley 757 Paley(q) £ZDHY 57 DEDERE LEERANY MLHTH

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

323 32 St i 55

+7\ o
50 BEROM3E

BOBLIE HTDKSLEDONLWNILETT 2 DDBUBMNMEEFTWENT & ey ThE
NELGOBUBTHHT LIE. ERNICONDERVET., TIEBFMICEIRRLTILEL, £ED

NESESLETH?
wE P E FUBEH TR, TNSORVEIL. BOBELH LK) LERENBIET. ZOZERNRE ST
ol WBDSHEVELRELS, EVSEREFAVET. B2k BH75 Jones SERDFEAEEZD L

TWEY, <D M) ZFE>TR 1 DFETED Jones ZIEAZFHET S L BEBIEHNDHYET,
D&, BUBERCTIRBEUBE LV ERMNGENREZSERD L S HGRBNENRICEERZ TH
RIBIEDFLBVET,

e BMOBDA2TWVWS 3 RTZEMEH S, BMOBZTDLDZE5IEHRVT (ZEOFLS F—F YD
HATCEZEZTLIEEV) BIDFETEDRY (F—FYVZVRO>THLTICRLEY) T&T 2<E>
cEEEEDCELTEERT, TDKDICLTTEREBIE 3 ROLHRALFRINE IO BAABICIE
DUHONDEATND 3RTEBMER LT LITEFRLTILEL,

BOBERY® 3 RTSHREOMRIL. EFEFMBRMATE VS ERMEBNGFELMIANTEY
FTRELTVET,

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

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

7,%&08 (k). 8, #&UEB (&) (Mathematica Ik W IERL) 0B KD Jones ZIER V(K) & E S b

7;knot (left), 8,sknot (right)(Created by Mathematica) The recursion formula that defines the Jones polynomial
V(K) of aknot 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 Modeling and Computation
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Mutliphysics CFD and the supercomputing

B #H  EiEhE Our laboratory conducts Mathematical Modeling and Computation (MMC) which builds mathematical
Assis. Prof.
Hironori Miyazawa models governing 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. We are currently exploring 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. We are promoting two research projects. One develops Numerical Turbine that
achieves large-scale super-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. These projects are conducted as collaborations with three companies,
four universities, and one national institute utilizing Numerical Turbine and SFS. For more detail, visit our
homepage, http://www.caero.mech.tohoku.ac.jp.

Multiphysics CFD

=
| iy
Multiphase  INIJEPIRI  Erosion team Wet.sieam Fiow =
Condensation pYINES  COrTosion ‘ Supercomputing
s N 5
i i to lcationtto) 2
~ Phase change
| power plants material sciences 5
Unsteady milistage 2
oststen Adbesion multlpassage simulation . . Metal nanoscale particies
o — = Numerical Turbine Multiphysics  supercriicat-nuids simutator(sFs)
2 Unsteadytull annulus simutation CFD Mathematical modeiing of
Liquid hydrogen/oxygen ~ Cavitation supercritical fluids

Supercritical 02 an 1

rurbulence

CFD TR BEREIRREIIVF 74Dy U X CFD THIFN INETICHEZ —E CBBRRAEY 2 2 L—2Z5H

Supercritical CO2
<compressor

Liguid film e 4 = Supercriteal water
to p to
Transonic compressor. future technology i
= :

FERFIZVBRBN E £ D MR A B P IRER LIeRANGERIVF 74Ty 7 X CFD &
Thermo-fluid flows which can be solved by CFD, and physical and Practical multiphysics CFD problems which have been resolved
chemical problems with thermo-fluid flows which can be only by Numerical Turbine and Supercritical-fluid Simulator (SFS)

solved by multiphysics CFD
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Prof.
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ORI L EE L TED TV 5.

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
LSls, 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 recognitio

paimprint recognition) (obstacle delectich?}’

EFEEIC L B 1 THIAR Y AT LORFE AERERB AN IV Ea—2EY 3y« NAFA MY TR -

. . . [EIEERS 5

Secure embedded systems in collaboration with EHRERANDIF

academic and industrial partners Applications of phase-based image matching to computer vision,
biometrics and image recognition
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Intelligent Integrated Systems
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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,
"Big-Data Computing/High-Performance Computing" such as Al, Natural Language Processing,
Quantum Annealing Simulation and search engine.

For the purpose, we optimally combine three 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
X /

+
2. High-speed and

~~~~~ e Low-power Hardware

Fi Yy il
AL NLP Mz'.'lﬁsgtciﬁg P FPGA: brain-like <
' —_— N ible structure (pftns
> b | s ’,

lectr ic uantum Py n
field analysis annealing rraph analysls]rlomformatlcs\’

© Vieaaiesenors (65, wot,
bobgeal st o)
B i-coorsensars (ostion,

t et ,‘a,v'r

= @/ simulation

: TR !
ANTPELVHIMRA—N—aAYE1—T 1 VIV AT I REZZFEEEDL 5 DRBHREL
Human-Centric Intelligent supercomputing systems Global optimization across different

computational domains




Foundations of Software Science
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Software that “works”

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

O et ov 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 AVLLE]
*observer **chair

EREHE OIS AT A MOEE (icfpc2011. 7075 LEMMEEIRAFEDHRIC 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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sy 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.

A—)$—aAYE1—%
1ZRBREREGHE

mmmm v-ovsERE )

- = 7 -
2 cEBHE
B/ g o o e
. *EVUE X NA A 5
74 RERE ™ LN
EAREREAND )
=

i L J
(23 ERR
KRB - BF 7 =12 - AIMLINA T bETEIRIE U7 IVE A LGERRK TR - BEHRRERNS T L
Hybrid conventional-QA-Al/ML computing environment A real-time tsunami inundation simulation with routing

assistance for evacuation
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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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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 IoT 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.

BRRY NI T =F TV F A RAEDEF BHERDAFEGRITEINY 5EEEHRER Y FT—F2 7

Researches on Information Network Architecture Autopoiesis networking that adapts to large-scale changes of
elements.
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Toward Next Generation Supercomputing

The laboratory focuses its research on the design and development of high-performance
supercomputing systems and their applications as follows:
(1) Programming Models and Supportive Tools for High Performance Computing
It is necessary to well understand and exploit the parallelism of the underlying hardware for high
performance. Our laboratory is developing programming models and supportive tools to facilitate the
parallel programming and code optimization.
(2) Next Generation Supercomputer Architectures
As supercomputer systems are becoming larger and more complicated, the dependability becomes
a critical design constraint of supercomputers. Therefore, we are designing/architecting the next
generation supercomputers with high power efficiency and dependability.
(3) Operation Technologies toward Next Generation Supercomputers
Since the next-generation supercomputers are composed of a huge number of computing nodes,
we have to guarantee high reliability while maximizing the system throughput. To this end, we are
engaged in research on system software, which can achieve high reliability and throughput.

A—IN—aAvE1—5DER BUWEF TV T—Y a v RRREORE Quantum Annealing

HPC Programming

Machine Learning / Big Data

Runtime Estimation /
Job Scheduling

Energy Efficient Computing
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Next generation supercomputing system design System software development using emerging computing technologies
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Mathematical theory of information security

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.

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

Recently, we are also working on practical issues such as the development and evaluation of secure
blockchain applications.
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Reductions among Cryptographic Primitives

Inclusion Diagram on Some Complexity Classes
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Applied Research for Global Environmental Problems

Kudoh Laboratory aims to construct an academic system of the Environmental Informatics and to
make an unique study of earth environmental theme by using Information Technology. We realize the
international research cooperation with Russian Academy of Science and Moscow State University as a
total research strategy. Domestic research laboratories also participate.

We have developed a three-dimensional histogram to analyze satellite images that consisted of a
number of spectral data. And we extended to multi-dimensional method to obtain extraction reliable
results of the aerosols such as air pollution and yellow sand.

The Research Unit for CO, Reduction System by the Management of Forest Fires is going. And the Home
Page of NOAA satellite image database was accessed more the 3.3 million every year since 1990. And also
we are opened the Trans-boundary Air Pollution including PM2.5 from China Satellite Image Database
(https://tapsidb.cneas.tohoku.ac.jp). More than 2,700 users already use it. We start the other satellites,
MODIS, MTSAT and NPP direct readout. Besides the research of image fusion processing for less than T m
resolution satellite images is in progress.

Research Theme:

1. CO, Reduction System by the Management of Forest Fire

2. Development of image fusion algorism for 1m satellite data

3. Construction of a system of large-size image database

4. Visualization for China's pollution and Asian dust by MODIS images

2015 8H 128 () £138 () 148 (F) O Aqua-MODIS BIff &Y. #F R TE%Z B IKONOS BRDF!
KSR (EE) LED (FR) EMELLESR. FEREABR. & TORE  AIME
RERET BERMEPBEEBICEID > THEBOTOBHFHIRELDDB. 0805 image fusion process using

Visualization for air pollution and Asian dust image obtained from Aqua-MODIS observed on 12, 13 steepest decent method.
and 14 August 2015. The air pollution after Tianjin explosions is drifting toward the Korean Peninsula.
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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.

[ IOICEOICD) @ COEDEDEDE
- 25 g’ //\ i) o
BATOEDOBENDFRAIDKRT BEFBAAR— N7+ 27— 3y ERRNEBDITY —IV
Field measurement of flock of birds 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 : | Inter-FPGA network |E search()
1 AAA 1
optimize Suitable computers
Task ; node ' -p 0 are automatically
(kernel) ) = ; simulate() selected
B FPGA F!
Ny <, 5 S il ! User program
e °0° M Programrmers fun do_A() {
CoraMh[Core clc select f“r;t'c’”s 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.
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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

HQuantum (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.

ENetwork 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 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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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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Developments and Applications of Algorithms

£ Algorithms now play a very important role for the reliability and efficiency in several social systems. We
HBE 30 85 K BB study and develop new algorithmic techniques from the viewpoint of theoretical computer science. In
A . P f . 3 " ”n " H o N "
Akira Suzaki particular, we deal with several problems related to “graphs” and “combinatorial reconfiguration.

1. A graph consists of a set of vertices and a set of edges, each of which joins a pair of vertices. Graphs
can be used to model many practical problems: For example, modeling a road network by a graph,
we can formulate the problem of finding routes of school-buses with high satisfaction (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.

912
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13| 5
14| 6
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An example of routes of school-buses An example of 15-puzzle
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Intelligent Systems Science

Hee> A 7 LEF

https://www.iss.is.tohoku.ac.jp

BFR+—7— B XFFIEEREE T — 2 R

B KEYWORDS B

kg
7

Y,

g BERE S

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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k Natural Language Processing and Communication
L# Science

ggiz’krgif ol The most important media for communication are the languages that we use everyday. In this lab,
we conduct fundamental research on deep language understanding by computers and applied research
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 di NL Dialogue -
["4%. _ attention ,," bt
# Bé uition -
Semantic/discourse Parsing e Assnuathn'
Multi-modal Gr C = %= revision %
Symbolic Reasoning 4 - Deep Learning

integration of language and image integration of symbolic abduction and

understanding distributed representations

Knowledge Acquisition Representatlon Learning

integration of knowledge acquisition integration of formal semantics and
and inference distributed representations e vt P -
BESEER Al DRIF%E HE I IENEREMTOME SR EREFBZREICRIE LI sER< > >
Essential components towards language understanding Al Explainable reasoner based on full integration of symbolism and

connectionism
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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.
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Venus CRF mRNA

merged

HER LY —BEMERIC L 20 RERK
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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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Design and Analysis of High-Quality Information Systems Using
Mathematics and Theoretical Computer Science

Our grand challenge is to establish a field of science on designing high-quality information systems
based on mathematics and theoretical computer science.

Represented by rapid spread of Internet, information systems are vital in modern life. Mathematical
modeling and analysis are indispensable for designing efficient and robust information systems, and
system design ignoring mathematics is even dangerous. For example, in your familiar internet search,
mathematical ideas lead breakthrough in several system design such as Web page evaluation, indexing
structure for fast data searching, clustering techniques for organizing information, etc.

We keep top level research quality on mathematical foundation of computing and system design
theory, especially on computational geometry, combinatorial optimization, and combinatorics. Typical
application areas are data mining, image processing, GIS, internet analysis and machine learning.
Students can select research theme from wide-area of subjects in theoretical computer science.

i
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Shape-based Image Retrieval System Image Segmentation




Image Analysis
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Computer Vision: From Image Sensing to Artificial
Intelligence

We study computer vision and related fields such as image processing, machine learning, or natural

language processing. The goal of computer vision is to build a machine intelligence that can capture,

’fﬁ?”’im? 2 E recognize, and make a decision on various visual phenomena, from image sensing to semantic
SSIS. Prof.
Xing Liu 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
technology for society

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

1. Visual Servoing

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

2. High-Speed Vision Systems

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

3. System Ethological Application

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

Camera1 for tracking

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

Microscope

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

Optogenetics and motion analyse
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3D cell tracking and fluorescent microscope system. High-speed projection mapping system
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Toward advanced acoustic information
communication systems

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

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

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

EHE B MR

Assoc. Prof.

Chia-huei Tseng
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

*.L;
B  PE RE

Assis. Prof.
Yasuhiro Hatori

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
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We perceive the visual world remains stable across saccadic eye movements.
How does the visual system achieve visual stability across saccades? Our findings
suggest that luminance-based transient signals make an important contribution
to visual stability, and to the relative weight of retinal and extraretinal information
in target localization.
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(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
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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) .

Time: 0.00080

a) =06 us e)r=14ps

b) =08 us c)r=10ps d)r=12pus

f) t=16 pus g =18 pus h)y r=20ps i) 1=22 ps j) t=24 pus

| = ]
Pressure [kPa]:40 160
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Coupled FSI computing of hydrogen leakage phenomenon accompany with crack propagation Three dimensional calculation result of the bubble behavior near

of pressure vessel (Instantaneous iso-contour of hydrogen-air interface mixing characteristics) wall in a megasonic field
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Software Construction
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Developments of Flexible and Reliable Programming

Environments
oA \\,‘_ Today's software systems are becoming more and more complicated due to the need of integrating
B # it AR various computation resources available in the Internet. A key to control the complexity and to enhance
Assis. Prof.
Kentaro Kikuchi 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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A new disaster education system where learners become teachers Large-scale traffic simulation in a Kanto road network
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What changes would the information society bring? To begin with, what framework; spiritual,
cognitive, or cultural, would information need be comprehended and propagated? What are
the solutions to the social problems the information society inevitably poses?

We, in Department of Human-Social Information Sciences, 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. In
particular, 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.

ABHSERHNFZER SLaiRE 1§
HEV AT LFTEZE (IHHRR)

% * E ﬁ Keisuke Tsutaki EREEDLPSDAYy 22—

MOBIRT —X & EBHROFEHIEEREEIHEEH T AZT 4D
BRODIT T, FFS. HANICDFSHRILNETLTVET, TOE
LD EHBEICEDL S GHEZESX DD T L TEHRADT A =7«
ZEDEDITBBINED. VD RITODVTUIRETDIREIDEA T
WEBA. TIT. RABFHBDARITLSEEADEEDHZET /LT AOBEDPET
TAZT A BB ERTRICARDEEGZEICEDL SBEDELC2DDZEDT L. TIH 5.
SERARCLEAINEBRICOVWTCDTRZRF S EZBHE L TLET,

FDVERBIFARRNET LTDIF. FETOMEZ LV RDBDH T, AAKRHIIHRL
DEOMRENEE >THY . IATFRHE THDFICE D TUE, BEFE CHHRICKETAH
ZRICETDRODRBELGFRIFE CHHERLTVET, &fen BFEEZZRIFANTV2ERM
HEHMND—DTY, BREEMEH CTIEIRY SVAREENEEAZFTOTCVET,




INBER 35 E # 8
Divisions Laboratories Faculty Members

SEBRE AHEE FHHh BB 39

Language and Information Science Assoc.Prof. Akira Kikuchi

FROERFRRT

Human Learning and Memory

B R NWE —E @ 40

EE %u ’|:\ EE 'l% ;E %.:._ Prof. Kazumichi Matsumiya
V‘ I iti ~, AY
AFQE#E? isual Cognition lﬁﬂﬁ *um *ﬁ— 40
Human Information Science Assoc.Prof. Yuichi Wada
ARBRER BB HE W 41
Philosophy of Human Information Prof. Ichiro Mori
wIED I E BB OEE AR 42
Philosophy of Logical Analysis Prof. Kazuhisa Shinozawa
BRETFRANERG ® OB NI FE 43
Text Structure and Linguistic Information Prof. Yoshiki Ogawa
g & ®mI BEA 44
*i P *g 55 E gJ gﬁ. Prof. Naohito Tokugawa
= o
Social Structure and Change ;Eﬂﬁ I-E] EE ;’3 44
ANThr S, [ Assoc.Prof. Aya Okada
HRBURIFHRS
Socio-Politico Information Science ;Eﬂﬁ ﬂ*‘]’ %l]?;.*;\ 45
I[i NN 'FHE #E $ Assoc.Prof. Kazunori Kawamura
/A

Political Informatics ;ﬁﬂﬁ ﬁ% HEE 45
Assoc.Prof. Masaaki Higashijima
Har 8 9 EE 46
gﬁﬂi*i%ﬁiﬁ:/ X7_' Aﬁ*ﬁ Prof. Dao-Zhi Zeng
*i%ﬁiﬁ.l%#ﬁ? Socio-Economic Analysis of Urban System BT (P =, 46

Socio-Economic Information Science Assoc.Prof. Ryo Itoh
HIEEE S AT L3R EHER BER B 47
Regional Econometric Analysis Assoc. Prof. Naoya Fujiwara
B R OHE ER 48
E FEﬁ E‘I‘ ] *SI. _"? Prof. Takamasa Iryo
Transportation and Geographic .
Information Science HEHIE HLE = 48

Assoc.Prof. Ryo Inoue

g & AF EC 49

AFa*i%E E$ Prof. Tatsuhito Kono
=]
Infrastructure Planning *i % % & IN E‘I‘ & $ s EA o
Regional and Urban Planning Assoc.Prof. Junya Fukumoto
# OB Il REF 49

Senior Assis.Prof. Mariko Nakagawa

32 5& i 1 % 2 ) NI 4 50

Road Transportation and Traffic Prof. Takashi Akamatsu
B B OEHE Rt 51
)( 7_\_ 7 7, K ﬂf. %ﬁ Prof. Tatsuya Horita
Media and Culture %ﬁ Eﬂi ﬂiEE ¥B¥ 51
—_, — Ay Senior Assis.Prof. Kuniko Sakata
AT 4 7 1RERE
Media and Information Science ;Eﬂg )?% 123_ 52
)( 7_\_ 7 7 EE%E’@ Assoc.Prof. Shunichi Kubo
Media and Semiotics ;Eﬁg ﬁﬂa E; 52
Assoc.Prof. Naoko Morita
— ~ =
*AZ2=4—Y 3 ViDEY % 8 Bk 4R 53
Cognitive Psychology of Communication Prof. Toshiaki Muramoto

* IR EE



Language and Information Science
=sh|EL
EII‘ #E% http://ling.human.is.tohoku.ac.jp/

=N:I=]
BFR+—7— B S3EFHEER S ERHR
BMKEYWORDSME linguistics /" syntax /* semantics

fiegam. =Pkams satl Y AT L
Wibid, BEOTOEMN. BRVXOWES EICOVTOEEROMBERAIE>TLET., L
H L. MREICEEEBET ALDIASKAAIGER b TihBY EEA L, Ef. RKEE
- FHVRTONBLES < HUET, BRSEOEAETHIC LTSI OSEMNROBKIE (558
wwE % M RS & Jt@ﬁhi? TOEBEEE. LD, EDLSICREBOMICED o OTL L Sh. £E
Aosoc Prof. SSEEE L SELUNOBIEN L OBRIEEDE SICE2TLBDTL & 50, SEEREOAT T
.:.EE#% U)V\]é‘ DWW, ZORERMWAEDE T IV ThSTE 4L DS EBERZ EHRIIH DRI Lﬁt#'ﬁfﬁ
HYBTLEBLTRIAT BT EEBIELTVET. BANGHIENSIE. HEICROEYTT.
1) $hFER - BASEOREMEICET 2EAN - RN, HLCELRNICREZHSEOLEE
BUT, ABICEBNGEBEADERY. SLURSEOEITAERS,
2) Mt Bk | EEHE & Bk & DN SERICEE T HIRRM - EEMFISRATTS T LIck Y. BHARR
DANZR L, BHRETROW. BMEEL ONSICOVTRET 5.
3) BAY AT LTOEBOEE: L RAY AT LLHEOFT, £MY 27 Le LTOSEIRE.
BE. IR, WIS EICHODDHMDRES X7 LE EDE S BERER > T BHERS,

I n|||

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.
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Philosophical investigation for the integration of logic,
psychology, and ethics

The main research projects of this laboratory are (1) to make a logical or linguistic analysis of the basic
concepts in our natural language, and (2) to construct the method of philosophical thinking in applied
ethics.

As for (1), our laboratory is now directed towards the concept of time. We are investigating manifold
aspects of time by researching various fields, e.g. modal logic, practical reasoning, memory, cultural
or historical differences of time experiences. This is one of the preliminary projects indispensable for
exploring how the concept of time has been and will be constructed or transformed in our information
society.

As for (2), our laboratory is concerned with logical thinking and critical thinking. This study is expected
to throw light on dimensions of human reasoning and to make clear the logical structure of discourses in
various fields of applied ethics.

The main method in this laboratory is logical or linguistic analysis, but you can make the most use of
materials from other pertinent fields, e.g. literature, history, anthropology, psychology and cognitive
science. You can choose a theme and materials according to your own interests. Enjoy a philosophical
adventure in this laboratory.

Philosophy of Logical Analysis Philosophy of Logical Analysis A

Logic
Mind

Ethics
Time
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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, (ii) 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 URL for more information about the activity:

http://ling.human.is.tohoku.ac.jp/change/home.html
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Bybee & [Language Change) DEIERETIT FIa—NAD5bh2EEEL - BREEFEER 20 OFIT
A translation of Bybee's (2015) book, titled, Language Change, A collection of articles written by the members of the research
by the staff member. unit and edited by the staff member.
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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.

Difficulty of Tracing the Process
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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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Political Informatics
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Electronic Election Apparatus in Korea

A Y
RIETEEFEDRRK
W BOMERFREIL. FEE - BERLEICBVTREREENLNIC LTER - REENSDHR
NTBTLILH B, Fic. (1) BERRERICEVTICT HBUA « [THROIBFICEDL S ITHAET N, W
MM L CEEEISBIRERZINE - BET 2D, Q) BRELFE TEEDORESIVDGLERICTE
ENBDH. R - IO ZED TN D, AEmNICIE. EEDTPENEAMEE Ek4E
BEIITEZAVD, UTIE. RERYEATHERET —ID—ETH 2,

RAFKRKEEFRIF

REBREZTOETIE. TEROHSFEEZERICGEEL. R[ENDMENGRERFO T, [T
EHGEHARZTASD] DEBRLGD, EI5H. RAFRKBXOHK T, BEXGEREICIVBED
BEEENTERRRICEDL ofc. WEMBEDER. 777 N2EA LIBEEFROBEYL (V2 —
v hERRALIGEET v XV EARBETH B LD DD o fc, 1FHREMOERICRENZEEDSE
PEHEEIC L, MKEBOEFRFEZ LY KCTDLEVSIEIATHRZED TS,

EREREHT ORE L Z OBRREENIRE

FREEE. FITEHEREREODNSEICE VNGRS - R BRAEDK D GHEEZRSE. A4
DEUASRH P 7 OBUAREICVH G 2R EZRIET DO, BFLTWVWD, PRV ITHEE T «—)b
B & LTeRER - SO EEREBOME D Z I SO CRADHE L T3,

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« 5 7))V 7 « 7 TiTh Lt Electoral Integrity Project DT — %
vav &Y
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
BEEEXDIE IR Y hT—Y

Transaction network in automobile industry

MEEDLIF—ER

A scene of lab seminar
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Regional Econometric Analysis
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Viewing society, economy, and regions, with network
science, mathematical models, and nonlinear science

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

1) Co-evolution model of cities and roads
2) Spatio-temporal network analysis of human mobility
3) Modelling the spread of infectious diseases and 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.
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Schematic figure of the research topics. Network communities derived from the human mobility data.
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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.

R DER@EENRE LIcABEZER 2 L—> 3y FEEMEEREMT —CADERERE

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
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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;

(2) impacts of land taxation and land use regulation on the urban land use pattern

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

(4) efficient budget collecting through user charge and tax;

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

(6) efficient emergency logistics systems during the disaster response phase.
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Planning and management of spatial economic systems

Akamatsu Labo studies mathematical and computational methodologies for planning/managing
urban/transportation systems in the following three fields. 1) Transportation Science & Transportation
Planning: We develop novel transportation demand management schemes to solve road congestion
problems by exploiting recent advances in information technologies and computational mechanism
design theory. 2) Regional Science & Spatial Economics: Most of the world’s population is strikingly
concentrated in a limited number of areas. We study mathematical models to explain the economic
mechanisms of such agglomeration patterns in geographical space. 3) Investment Science &
Mathematical Finance: Urban infrastructures are exposed to various risks due to changes in economic
environment. We develop control-theoretic methods to achieve better decisions for investment /
management of infrastructure systems under uncertainty.
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Consider Media and Education that Support the Highly
Informationalized Society

With the development of information technology, society is rapidly becoming informed.

Today, as new media emerge with new information technology, we should be smart consumers of
information, and we need to initiatively and autonomously participate in media society. It is our urgent
task to examine the relationship between our global and local media society and our/their culture as well
as to promote our media and information literacy and its education.

In order to respond to academically examine the way of media that supports a society rapidly become
informationalized, our laboratory makes researches with (1) critical view, (2) practical attitude, and (3)
collaborative dialog.

And we are conducting researches focusing on (A) various categories including history, ideology,
culture, art and design in relation to the contemporary media society and media communication and (B)
media and information literacy and its education and training support.

It is necessary to observe accumulated knowledge and philosophy of media and culture and to
practice actively in actual society. For that purpose, we should have a sincere attitude to this fluctuating
and influential media as a research subject, on the assumption of merging theory and practice, digital
and analogue, as well as different positions and aspects.
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Reading Media Texts and Contents

The laboratory of media semiotics aims at analyzing various media texts and contents, from high arts
and literature to popular culture, from the semiotic point of view. Collaborating with the Laboratory
of Media and Culture, we attach an importance to questioning specificities and possibilities of the
media. We also take the social and political context of the cultural production and consumption into
consideration and aim at doing research making full use of the achievement of contemporary theories of
criticism like post-structuralism, discourse analysis, gender studies.

The research areas of our laboratory are as follows:

Semiotics and Pop-Media: Cultural signs and symbols appearing in popular culture like popular arts,
trivial novels, parodies, political caricatures, comics (manga), animes, TV games and advertisements
are considered and analyzed in their functional and expressional phases as well as in their social and
historical contexts.

Narrative-Media Analysis: Focusing on narrative texts and media (novels, comics, films, stage
performances etc.), the organization of space and time in narrative structure and the relationships
between text and image are theoretically and experimentally considered and analyzed.

Research of the students: The topics of recent doctoral dissertations: Children’s theater play and
education, Kafka's use of perspective, Plays by Hisashi Inoue, Fairy tales by Madame Leprince de
Beaumont, Silent movies, Symphonies of F. Schubert, Early American comics, Indonesian comics, Lieder
of Beethoven, etc.

FR—L)—BENX)
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Artists have been trying to represent parallel actions in a single image, as shows this A book on Rodolphe Topffer, pionieer
illustration for “Bluebeard” (Perrault, Tales and Stories of the Past with Morals, 1697). of the comic strip, by Morita.
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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 Applied research on human communication processes
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The left figure: Quantum Computer D-Wave 2000Q (Physical Fluctuomatics)

The right figure: Psychophysical experiment for measuring the subjective form of the participant’s hand

(Cognitive Psychology 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.
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Physical Fluctuomatics
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http://www.smapip.is.tohoku.ac.jp
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Sparse Modeling / Machine Learning  Bayesian Optimization ,/ Optimization Problem ,~ Quantum Annealing , Quantum
Computation

Physics+Information Processing=Intelligent computation
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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.
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Quantum annealing for graph coloring
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Quantum annealing for route optimization
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BKEYWORDSE  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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Examples of research topics Experiments of UAV networks.
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Human-Robot Informatics
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Satoshi Tadokoro
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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
- biological data of humans, paves the way to for personalized medicine, in which the best therapy is

%@ GO WA ME ' '
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-&%
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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.
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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.

Perceived hand posiion (cm)

@,

Standard deviation

Virtual hand : Convast 9 ° ¢ ‘ Contast 9
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25% 3.5% 4.5% IBRENFET 5T & EFER (Matsumiya, Sci. Rep., 2019),
Contrast of the virtual hand
IN—F LU T U T — i B DR ERRER DS & B, To |n'vesjt|gate whether the processing pathV\(ay is shared betwegn body
localization and body ownership, a computational model of multisensory
Apparatus and stimuli for a psychophysical experiment with the virtual reality  integration processes was used and applied to a perceptual illusion in which
technology. ownership over an artificial hand was experienced (Matsumiya, Sci. Rep., 2019).
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Human-harmonic Information Communication
Infrastructure

In recent years, information communication systems tend to be large-scale and complex systems
which consist 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, new system construction methodology based
on new design paradigm beyond user-centered computing should be essential. We are promoting
research and development to establish communication environment where each entity in human
community, society and environment performs high level mutual collaboration.

To utilize many kinds of entities such as computers, devices, networks, software components, etc,
effectively, we have proposed the methods to combine those entities with software agents. The human-
harmonic information communication infrastructure can be constructed with the cooperative behavior
of the agents. Based on these methods, we are developing the design methodology and middleware
for cyber-physical integration systems, the advanced multimedia information processing technologies,
cloud 