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Message from the Dean

The Graduate School of Information Sciences at Tohoku University was established in 1993 as the university’s first
independent graduate school and will celebrate its 32nd anniversary in 2025. Our school positions information sciences
not only within the domains of natural science and engineering, but also as a “comprehensive domain of knowledge”
encompassing the humanities and social sciences. Guided by this vision, we have been committed to contributing to the
resolution of social issues and the creation of future society. To date, we have awarded degrees to 4,240 master's and 989
doctoral graduates, producing outstanding professionals who support both academic advancement and industrial innovation.

The challenges confronting today’s society—such as population aging, climate change, energy issues, and Al ethics—are
becoming more complex and multifaceted than ever before. Addressing these challenges requires more than technological
development; it demands perspectives that includes social systems and human behavior. In this context, a “fusion of the
sciences and humanities” approach—integrating scientific and engineering knowledge with insights from the humanities,
social sciences, and ethics—is essential to solve the problems.

Our school comprises four departments: Computer and Mathematical Sciences, System Information Sciences, Human-Social
Information Sciences, and Applied Information Sciences. Across these departments, we conduct diverse research in fields such
as Al, quantum computing, mathematical sciences, cybersecurity, human interfaces, language processing, and behavioral
analysis. In addition, we promote cutting-edge initiatives aimed at real-world implementation through strong collaboration
among academia, industry, and government via research centers such as the Tough Cyberphysical Al Research Center, the
Research Center for Pure and Applied Mathematics, the Center for Statistical Science and joint laboratories with NEC and
Panasonic.

In education as well, we are committed to fostering globally capable, interdisciplinary professionals through programs such
as the Data Science International Joint Graduate Program (GP-DS) and the NIFS Program (Fostering Human Resources in New
Interdisciplinary Fields in the Society 5.0 Era), which was adopted in Fiscal Year 2023.

In November 2024, Tohoku University was officially designated as Japan's first “University for International Research
Excellence,” a national initiative that supports institutions aiming to become world-class research universities. Information
science is one of the core pillars of this initiative, and our graduate school plays a central role in enhancing the sophistication
and internationalization of research across disciplines. In order to support the next generation of information science,
construction is currently underway on a new research and education building—our second main facility—designed

In an era where information technologies form the foundation of society, we will continue to pursue and disseminate a “new
information science” that contributes to the world. We sincerely appreciate your continued support and encouragement for
the Graduate School of Information Sciences at Tohoku University.

HARIYAMA Masanori

Dean of the Graduate School of Information Sciences
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Department of Computer and Mathematical Sciences is engaged in research in the area of
information sciences for the future. Our research subjects include basis of information sciences
such as computer sciences and software sciences, next-generation computational sciences for
massively-parallel computing and large-scale high-performance computing, and a wide range
of applications of information sciences associated with mathematical sciences. Also we are
devoted to developing future leaders of those fields. Our department consists of the foundation
part and the cooperation part. The foundation part is made up with four sections: Mathematical
Structures, Applied Mathematical Science, Computation Science and Systems, and Software
Science and Systems. Those disciplines have existed from the very beginning of the GSIS. The
cooperation part consists of seven sections: Logic for Information Science, Communication
Theory, High Performance Computing, Information Security, Environmental Informatics,
Fundamental Data Informatics, and Advanced Computing Systems.
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B KEYWORDSME combinatorics / algebraic graph theory /" combinatorial designs / finite group theory / knots ,/ 3-dim manifolds
quantum invariants / Heegaard Floer homology
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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 and lattices
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 and lattices, and study their
relations.

Research on knots and 3-dim manifolds
| study knots and 3-dim manifolds, and my research topics include quantum invariants and Heegaard
Floer homology. From a representation of a quantum group we can create an R-matrix, which is a
solution to the Yang-Baxter equation. An R-matrix gives a matrix representation of braid group, and a
quantum invariant is constructed in this way. Heegaard Floer homology is an invariant defined using
techniques in symplectic geometry. | am interested in the topological applications and interpretations
of these invariants.

(R®idy)o (idy ® R) o (R®idy) = (idy ® R) o (R®idy) o (idy ® R)
6 JIFFREED 2 DDA Yang-Baxter 72z

Two conjugacy classes of the symmetric group of degree 6 Yang-Baxter equation
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Complex Analysis, Differential Equations

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 Teichmller spaces, Kleinian groups, Complex Dynamics, and fractals, as well.

In the Matsubara-Heo Lab, we study differential equations from the perspectives of special functions
and algebraic analysis. Our central research interest lies in hypergeometric functions, which are "universal
special functions" as they appear in various mathematical contexts. More recently, we have also been
exploring research topics and methods derived from related fields such as algebraic statistics and quantum
field theory. Terms like period integrals, algebraic de Rham cohomology groups, intersection theory,
D-modules, multivariate discriminants, and convex polytopes may seem daunting at first glance. However,
all these concepts serve as crucial tools for discovering new insights under the broad theme of the theory
of differential equations.

Y (Diagnosis)
X (Disease) Positive Negative Total
Yes 72 44 116
No 34 53 87
Total 106 97 203
p1

—RELGZHFICH, BRANKIIEENICRNS, RIE2T Gauss DBERAEHRZERYT ., L£HHEH

8. BRIIMREZRY.

A graph of the Riemann zeta function: the
brightness and the color indicate the absolute
value and the argument, respectively.

BIE, PRIFTNSZEAFNICESZTZED (Segre HIH) .

Hypergeometric functions appear in diverse research areas. These pictures all represent Gauss' hypergeometric
functions. The left one appears in Statistics, the right in Physics, and the middle in Geometry (the Segre
surface).
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Algebraic graph theory and related areas

Our lab specializes in algebraic graph theory, which studies finite graphs in terms of the associated
real symmetric matrices, especially using their eigenvalues and eigenvectors. We mainly discuss highly
regular graphs, such as distance-regular graphs and association schemes. Our study extends to random
walks and quantum walks on graphs, the latter of which is an area evolving explosively in the 21st
century. Viewing matrices associated with graphs as random variables also relates algebraic graph theory
to quantum (or noncommutative) probability theory. In this context, an attractive theme is to consider
analogs of the Central Limit Theorem for families of graphs. On the other hand, we also study various
discrete objects like codes and designs by viewing them as subsets of the vertex sets of appropriate
graphs (or association schemes). This line of research, originating from Philippe Delsarte's Ph.D. thesis in
1973, combines algebraic graph theory with tools from optimization, such as linear programming and

semidefinite programming.
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Fig. 1 Normalized joint spectral distributions of Cartesian powers of Paley graphs
Paley(q) and their complements
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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.
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Research design of mathematical biology as an interdisciplinary field

HEET )V IDEVHE B S logistic 52T
A variety of logistic equations derived from different
mathematical modelings
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Mathematical Informatics
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Always something new and unique. Reliable algorithms, reliable
applications by information processing and statistical mechanics.

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

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

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

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

Supercritical CO2
<compressor

Supercritical water
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Computer vision and data science to innovate real-
world problem solving

We study the fusion of image/signal processing and deep machine learning to develop new
technologies and to expand relevant scientific knowledge. We mainly work on the following four
research projects.
®Biometrics is a technology for identifying individuals using their biological and behavioral
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characteristics. We investigate the high-performance biometric recognition algorithms for biometric
traits (e.g., face, fingerprints, iris, and palmprints), and the design of secure authentication systems.

® Medical image processing is an essential technology for computer-aided diagnosis. We investigate
accurate image processing and analysis techniques to support medical diagnosis from medical images
acquired by MRI, ultrasound, OCT, etc.

@ 3D computer vision is a technique for reconstructing the 3D shape of an object from multiple images.
We investigate high-accuracy and high-quality 3D restoration methods using an image matching
technique based on a fusion of image/signal processing and deep machine learning.

® Through industry-academia and interdisciplinary collaborations, we discover new paradigms and
applications for one- and multi-dimensional signal and data analysis.

Biometrics Medical Image Processing
Person authentication using biometric traits Computer-aided diagnosis using medical images

-

3D reconstruction from multi-view images } Automatic plankton detection and classification
3D Computer Vision New Paradigms for Signal/Data Analysis

EHRORERAREEHT BEIR - T — 2R

Computer vision and data science to innovate real-world problem solving
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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,
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B % HP XN - "Big-Data Computing/High-Performance Computing" such as Al, Natural Language Processing,
B e, o Quantum Annealing Simulation and search engine.

For the purpose, we optimally combine two computational domains:

intelligent algorithms

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

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

+
2. High-speed and
~~~~~ e Low-power Hardware

<l ':523535?"9 _——— FPGA: brain-like >
' coo oA ﬂTe ible structure Mg
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Human-Centric Intelligent supercomputing systems Global optimization across different
computational domains

( Sensor. Information Processing Medical information system
-~ - 1. Intelligent Algorithm
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Firmware Science
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Towards the creation of next-generation information and
communication network technology that contributes to
solving social issues

In our modern society, information and communication networks have become indispensable as
a basic infrastructure that supports people’s lives and economic activities. These networks, which
also include the Internet, are used in various fields, such as online meetings, cloud computing, and
remote medical care, and cause a major impact on the way we live. In the future, we expect that
the configuration and operation of networks will become even more advanced as next-generation
communication technologies become more widespread. Within this context, our research laboratory
aims to realize high-performance and highly reliable communication, focusing on theoretical approaches
for the design and implementation of network protocols. Through mathematical models and computer
simulations, we logically analyze problems in real communication environments and propose
corresponding solutions. With our research projects, we aim to contribute to solving social issues, such
as building a resilient communication infrastructure that can handle disaster events and realizing a green
network that takes energy efficiency into consideration. Our goal is not just achieving technological
innovation, but also playing an important role in realizing a sustainable society.
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Foundations of Software Science
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Software that “works”

B % PO #S In today's society, many critical systems are controlled by computers: transportation safety, medical
pesis, bt 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
—— Oleg Kiselyov optimization and transformation is whether two programs behave the same. We have developed
Visiting Scholar an “environment bisimulation” technique for proving program equivalence and applied it to a wide

Oleg Kiselyov . .
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. Igarashi* Y. Minamide* K. Tsushima
K. Inaba R. Sato RAVLLE]
*observer **chair
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(icfpc2011.blogspot.jp)
Organization of an international functional programming contest An award for research on proof method of program equivalence

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

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

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

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

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

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

assistance for evacuation
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Filling a gap between humans and computers

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

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

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

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

Information network systems are now ubiquitously spread in the world to support everyday life and
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.

(5 + (| + () 22 (e
coue e T =

—— Camera streams Biochemical reaction equations
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Researches on Information Network Architecture Research Topics on Communication Theory Laboratory
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Creating future supercomputing technologies

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

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

Z2—=)—a>E1—9D:ER BRRSI AT ADOMEEESISHTTOIS I Quantum Annealing
= mmjne SRR SREDR/ O ~ Supercomputing / HPC
Programming
Performance Tuning
Machine Learning
Big Data

Al / Machine Learning

Performance Modeling
Bottleneck Analysis

Resource Management
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Making full use of supercomputers! Al for HPC & HPC for Al
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forensic technology Al security / blockchain / computational complex theory / public-key cryptosystem ,/
Al-aided diagnosis in medical images
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Theory and Application of Information Security

The main research subjects of the laboratory are on the theory of information and multimedia security
and their applications. We are currently interested in the following topics:

(1) Defense Technologies to Infordemics: Al technologies developed in a data-driven manner are,
unfortunately, accompanied by the emergence of new threats called Infordemics. We are considering to
investigate defensive technologies against disinformation and to strengthen its efforts to society’s DX
Transformation.

(2) Blockchain Applications: Blockchain enables decentralized systems such as DAO and DApps. We
are engaged in research and development for blockchain applications, mainly in the field of personal
information protection and utilization, and the social implementation of the developed technologies.

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

(4) Reliable Al-Aided Diagnosis in Medical Images: We are studying Al-aided diagnosis in medical

images, including medical image analysis, rare data generation, and dataset bias, to enhance the
reliability and safety of clinical decision support.
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Data Science Approach to Information in Complex

. Systems
kg = A K
Assoc Prof i We study information-theoretic frameworks and their 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.

« Three-dimensional measurement of animal flocking behavior and modeling of collective dynamics
+ Study of pattern formation in interfaces growing under nonequilibrium conditions

- Structural analysis for solution space in combinatorial reconfiguration problems
+ Quantitative analysis and computational aspects of solution diversity and robustness

zsfwof N - Development of organizational learning analysis methodology focused on transition of learning process
Satoru Matsumoto « Evidence-based advancement of teaching and learning and the design of IT-enhanced educational environment

+ Construction of a Visualization and Behavioral Analysis Framework for Supporting Self-Regulated Learning (SRL)
- Construction of a Decentralized Privacy-Preserving Processing and Analysis Framework for Self-Sovereign Data

- Developments of a regression analysis method using sparse estimation and their estimation algorithm
- Modeling spatio-temporal data using regression analysis methods
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Research and development of computing systems
based on next-generation reconfigurable LSI

Our course focuses on the research and development of computing systems utilizing novel
reconfigurable LSI technologies. Our research primarily centers on reconfigurable systems such as Field
Programmable Gate Arrays (FPGASs), particularly exploring methods of implementing and applying Al on
FPGAs, as well as high-performance computing techniques.

With the anticipated end of Moore’s Law and the stagnation of conventional FPGA development, our
lab is investigating next-generation architectures and related advanced LSI designs. The project also
encompasses the development of open EDA tools like OpenLANE.

A major focus of our work is on accelerating deep learning—one of the key techniques in Al—using
FPGA-based custom accelerators. We specialize in Al model optimization (model compression and
quantization) and the design of dedicated hardware, and have achieved leading results in this area.

The lab actively collaborates with multiple industry partners, offering opportunities to work with
cutting-edge FPGA technologies. In addition to publishing research findings in academic venues, we
pursue real-world impact through commercialization efforts in partnership with startups such as Tokyo
Artisan Intelligence Inc., a university spin-off from Tohoku University.

Bk aTEE LSI Reconfigurable Computing Architecture
Reconfigurable LSI
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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
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 area, we will explore how to develop applications and system software to take
advantage of advanced computing systems consisting of new computational principles and computer
architectures. System software, performance evaluation, and analysis methods for efficiently running
simulation programs on advanced computing systems are studied.
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L7=%77F v Of Typical Development Cycles and Technical Challenges in Parallel

System-wide spatial custom computing model and system architecture
example for the model.
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Fundamental Artificial Intelligence
Intelligent Information Science

\.  Mathematical System Analysis
)\, Intgrated Fluid Informatics

Software Construction
Intelligent Robotics

Acoustic Information
Information Contents

Visual Cognition and Systems
Biosystem Information Sciences

VAT L) EFERDSEEICHELE > C2AZBHA TSI DIETY, EDHRIE
BRABVATLTHRIILOTVEY, BUAPERDYRAT A BRENETEVRT L. EDE
HeHHTEVATLGE, ATMEBAREVATLERDTENTEEFY, YATLERRZF
BT, IOLESHEGVATLZRNRIC, HF - BART T2 TLUERBZOERRDLS
ZTOEMEBEZRAL. JVBRVWIRTLZBRIHARZEDTVET, HRT—IE. YA
TLENRELBREGER. 7IVIVXLEADZXLICEDLZHMEEERRFE. BREMF: B
BOATLFTHEF Z2CERV AT LBRTE. ORY MEITHED A A — D BRI D FRE
VATLE, BE- BRICEDSERE. BRIV TUPVTIYI7ICEDEIYE1—2Y
AIVRIGE, ZRITDIVET,

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 & B K Takahiro Tsurumaki Acat A 20NN SRS AL

FFAVE1—2EY 3 VBT AR ETOCVEY, AVE1—%
EYVarild. ATHRE (A) PHHFEBEZBVNT. BIRPEIEG EDRE
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B EREGRENT 7 ESIRITO I HICAMEA TVEY, FAFIZDHRTH,
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KERHMET/VOREZBLCT. RECOENLPRERLINOERZBIELTVET,

Fhid. RURICELT 5 Al EITICRVBEOZIRE. RERTRIDEMZHRELIELEVDS BN
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Mathematical System Analysis I

S — %+ Y
7 X T A’I‘ﬁ EFE%&EE% I http://www.math.is.tohoku.ac.jp/about/laboratories.html#system01

EfzE+—7—Fl FSEHREEE TV VR KRS B - SRIBEER
B KEYWORDSME Coding theory ./ Combinatorial design theory ,/ Global Analysis / Homogenization theory
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SEBREENE S GANCEEKNBYET, Ry I-ZT 57 VDBEF ROV-DERT 2L,
BEIRROHFRENMMOSNTOVE T, MBFARETIE. RECNSDERZRETETCVEY, ekt
BEVEEIRWDNC DWW TR TRIFNG R Y T — VU DIBEDP I S X2 1) VT DB L DBEFRELH Y
REUALADISAEIC OV TEHERZ R > THRICERY A TVET,

e R 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?




Mathematical System Analysis 11

:/ Z 7_- AT%#E%&EE;? II https://www.math.is.tohoku.ac.jp/~nemototakako/

BR+—7— FEl BEUEE SESRIT WNEE HEERES BRNSE EE
BKEYWORDSHE function estimation / multivariate analysis /~ machine learning /~ mathematical logic ./ constructive mathematics
reverse mathematics

#E WEEKXK
Prof.
Kanta Naito

N
gum BT BET

Assoc. Prof.
Takako Nemoto

BT RIF L BIERESR

(B02-1) AEEHAZRE

WEMRZECTlE. 7— 2O SASHDOEBEHTET 2 "BHHE" OERICEWVNT. #EHEDRE
EZTDRBETMEE VSR EITOTCWVET, ZEET —XDBENAEDHERIIBAICREEHEDEE S
BHEDTEDD. "ZEERN ICOVWTEMRDEBONDVET, "BRT T —RENDIOHDH
EROMBRELEEENET T, 7LD XLEERD HRHER" OF AT BIHAA CEEHE A EDRESLIT
TEF L, InD5E. REFBOFEZWYAATH LW BHHEEDHEZED D FECTT .
(B02-2) 1RITHAZRE

HEOTEDIAIE TR Hh5 THE] ZAVWCEEEY, REBEIFEHREICEE TNARET.
BIZITBEDRIBIGEH L IMATHAINEELE T, [HE] (AL SAERECESLERELET, fIX
& TTATZSIEB) T 51T TAl THBEE MBI LIFELTEV] ZEBwmAFHREORAIO—DTY,
OMEIEEBENIC [EABREBE EAGREL SANFETEZ0H BATECEEZHETLTY
£9, TSIT. BFEPREELGE. BEOHFOTEANBICHETDGRELBEOEAL SN
EToTVET,

statistical science and mathematical logic

(B02-1) Naito Laboratory

Function Estimation (Smoothing): Many statistical issues can be summarized into a certain estimation
problem of function. Important problems include estimation of density function, distribution function,
regression function and decision boundary for pattern recognition.

Multivariate Analysis: There have been many researches on “multivariate analysis” in the laboratory,
since developing methods for analyzing multivariate data naturally relates to the problems of function
estimation. High-dimensional data analysis is also an interesting and important topic.

Machine Learning: The methods of function estimation with algorithm-based “machine learning”
approach have been developed in the laboratory as well. From now on, a new research of function
estimation with approaches of deep learning will be advanced.

(B02-2) Nemoto Laboratory

Proofs of mathematical theorems derive from "axioms" using "logic." Axioms are assumptions accepted
as true without proof; for instance, the axioms of a group define what a group is. "Logic" determines what
conclusions can be drawn from what. For example, the modus ponens rule, "If A then B," and additionally
"A," can infer "B," is one of the rules of logic. My research broadly aims to elucidate "what conclusions can
be drawn from what axioms and what logic." Furthermore, | classify theorems of ordinary mathematics,
such as those of analysis and algebra, from the perspective of necessary and sufficient axioms and logic
for proof.
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simultaneous confidence region for an embedded one- poster on the research of mathematical induction

dimensional curve in three-dimensional space
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Statistical Mathematics
= (—
%}t[, E+§&E§i https://www.math.is.tohoku.ac.jp/~arakilab/

BHRR+—7— FB  HERE BT — 280\ A HREE BHRERE SEEFIN BRTT — 2/ WHEE /RE(L EREER
BKEYWORDSM statistical science / functional data analysis / biostatistics ,/ information criterion / multivariate analysis /” highdimensional data
machine learning / Optimization /" Image Reconstruction

TETREFE —HEIHFOER & SA—
HETEEEY — BETRIPOEREICH  (B03 FAMREE)

EEDT V2L RRAERIMOERICK Y. BHTERET —2HRBLTVET., IO LT —RITES
TRERMERIEEE, HFENETU > JICKYBESHICL. FAHBEPMEDAIHEZRIELTVET, Hath
FOERLICBOMANS 7 7O-F L. BEET/IVPRAEBFEZAVT. \SA-ZEEPET/VFHE
EITVWET, FiC. BET -2 CIE. BRTCRHEMNGIBEEZRDT —2 2B o0 HEHME LTRA.

S4B NE S TR B I

B E mAHBBF

o S TR OMIE ISR E T VEBRLTOET, S /A FHHETIE. @27 — 2D MR,

Yuko Araki NIRS 75 EDEFIFRZ TN RIC. EREELEE L TRRIT - BINT —2ITHEY St FEDBREED T
Fy LY, ERLFEROBEFRZER L. THEDOHEICKSREMEREORR LARICHNZANTVET,

EFERARIT — SiEfL & RETRIC £ BRI UT B ROBIE (LAHIRE)

MRl (Ri&HBEISE) SOHBENGERERT — 2 EHRE L. BBCOBRNIBESAL T, EREH
REEPBERU & BT HFRONRMREToCVET, BAMICIE. AEEEP IR b0 S 1B
RIZBVTRY BVBRT — 215 THERRDRE & L > FBIMRE % ERIL LT T 3 EIRE EAET
(BT BERZER. D E B < MBOEH A BHNICEIT B HDRES — >~ ADREHI T BH%. &
gmm LA BF  BEBEOBVCLZEROES DX HME LEMOFE BB O— B A S0 5HE. FEEKS TR

Assoc. Prof. THELEFAEOR MOEVWEGEBERICEW T I 2 L—Y 3 v ARV ERE(LAEER T AMEEEICERYEA
Utako Yamamoto TLET, TNSOMEEEL T, EAROBEND S UEENTIBSEEHE L. EERELSET 2N HAE

R ORIHZBIELTVE T,

72> ZX21)>%  (Dr.Guan Xin)

TS AR VT ISRENGESPITFEED—ETHY . T—2RAV FDU ST AZ—INIVICET BIERH
KNTHBHBEIL. T—21y FeEEEROREDZ YT IV —TICn8 L TW FEATY, EMAEEES
TE2ERTT =R LT, $IRNEY S22V TFEBIUCRBELT7 IV XLORHE. E5ICZN50
FEDERNEEODITEIT>TVET,
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srer " Statistical Mathematics —~Theory and application of

statistical science-

Statistical Mathematics — Theory and Applications of Statistical Science (B03 Araki-lab)

With the rapid development of digital technologies and measurement systems, data has become
increasingly complex and diverse. Araki lab focuses on uncovering structure and uncertainty in such data
through statistical modeling, aiming to generate new insights and applications. We pursue both theoretical
and applied perspectives of statistical science, developing models and methods for parameter estimation and
model evaluation using mathematical and machine learning techniques. In functional data analysis, we treat
high-dimensional, temporally or spatially structured observations as smooth functions, and design multivariate
and machine learning models suited to such data. In biostatistics, we work in close collaboration with medical
researchers, handling data from health checkups, blood tests, MRI, and NIRS to develop novel models capable
of capturing high-dimensional and dynamic biological patterns. We emphasize the interplay between theory
and practice, and value problem discovery through engagement with real-world settings.

Medical Image Analysis with Optimization and Machine Learning (Yamamoto-lab)

Our research focuses on the development of reconstruction and diagnostic support methods for non-invasive
medical imaging data, such as magnetic resonance imaging (MRI), by applying optimization techniques and
machine learning. Specifically, we are working on:

image reconstruction methods that enable quantification and visualization of dynamic physiological
phenomena, such as metabolism, even from undersampled imaging data constrained by acquisition time and
cost; the design of imaging pulse sequences for locally tracking deformations in moving organs such as the
myocardium; techniques to harmonize image appearance across different MRI scanners to improve consistency
in radiological interpretation and automated analysis; and simulation-based optimization approaches for
problems in which the objective function is not explicitly defined and the computational

cost is high. Through these studies, we aim to integrate structural and functional information of living tissues
and to develop next-generation image analysis technologies that support clinical decision-making.

Clustering (Dr. Guan Xin)

Clustering is an exploratory statistical analysis method that divides a dataset into several different subgroups
without knowing any information about cluster labels of data points. Our research focuses on developing
effective clustering methods and optimization algorithms for complex high-dimensional data, as well as
analyzing the theoretical properties of these methods.
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Algorithm Theory
N N =
7} [/ j I) Z -b\ Eﬁ http://www.ecei.tohoku.ac.jp/alg/

WHARF—7— R 7)V3dVRL/ TS5 78R/ AEEER
BKEYWORDSME Algorithm / Graph Theory ,/ Combinatorial Reconfiguration

7IVdY X LOERERHA

TZIWAVZXLIE SRHE5REVATLICEAETN, TDYATLOEREPEREZESIEELH
EED2TVB, RARETIE. ERFTERHZORSN S, HLVLTIL T XLDREHERITEZ
ERELTVS, B, 17571 ZAVTETIMESN 2B GREZEC7)IVIU XLYD, THE
BB LHENZBEBOBEMRICER LIMEZRC 7V ALZR TV S,

g B B
Kior Zhou 1. 5781k SNESE 2 AERIIDEENSHEDZEDTHY . BB DEANLGREN Y S 7%
BOWTETIVEENS, AIZIE. BREEETIMET AT EICES T BREDSWVAYZ —IU/INZAD
REEROBEMELEERMCTES (1), fichH. RTI21—UVIBERY S TORERMES L
TERMLTES,

2 BECEB L. FEORIED 5 EIEORIEI BB N HET ZHETH Y. HlELT
)< 15 SZVAREF NS (M2), BEEEBHMICE, FARERILDERS 27 LOBELE, 4
B % HNHE FISEADESN TS,

Assis. Prof.
Yuma Tamura

ARAREICERENLFEER. TNTNDOEKICH T —IEZRV, HREED TS, HAEITE
FwEET IV XLRAEDA AV THBHH. BCETHY 5 LREICLDRBHFHALT > TV,

Developments and Applications of Algorithms

o ‘

Algorithms now play a very important role in the reliability and efficiency of several social systems. We

Bi
fff@ BX R study and develop new algorithmic techniques from the viewpoint of theoretical computer science. In
Akira Suzuki

particular, we deal with several problems related to “graphs” and “combinatorial reconfiguration.”

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

2. In combinatorial reconfiguration, we are asked to transform the current configuration into a desired
one by step-by-step operations. The 15-puzzle is one of such problems (see Fig. 2), 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.

B 1. X7 —=)VINZXDRFEEDE BJ2. 15/\RILDREESA

Fig. 1 Anexample of routes of school-buses Fig.2 Anexample of 15-puzzle
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InteIIigent Systems Science

Hee> A 7 LEF

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

EHARF—T7—Fl  XF5NE WHEE T — 2 ERE
B KEYWORDS W

g BERE S

Prof.
Ayumi Shinohara

kg &
Assoc.Prof.
Ryo Yoshinaka

String Processing ./~ Machine Learning ~~ Data Compression

ATHIgE & XFF0E
AL EenEsR &I

KFMET —2ICRTET DIERAPENZHHE L CHE T2 EZBIRTHERXR L, TOERRKMT
HEHMFBZFOREL LT, ALHBEICET 2RAGEEICOVT, EREICBOMELSHEZE
72TV, BRT —2H5D/N\2—VHEEDMEREPEHBEDDEZT D fcHDBUEIER DR,
T — LRIV DR EFTREEBODNE EDERMKRZITOTCWS. &fe, €A —LPH—FT—
Lz EDNET —LDBELTY VD5t EORBEICEE W BATNS.

XFFNEE 7 — 2 R

YK PBEROREEICKY, SBEROERET —2HFIBRIREEE GO TEY, KEDT—
2ENEL BT ZOOEMDNETEITERICHE>TVD. XFFEERDEM - MEOFERE L
TRLEANGRED—DOTHS. HalE, N\2—VBEPRVRLBEOHE, ERPERGE, #E4
DX FHNBDMZ DD T —21EEL 7))V T ALDREZTT > TV S, K, EEENXF
I ZGIcBRY 2 LR CREPREMEZT S FEAORREICHZANTNS. &, XFHDOHEHKE
DENMEDRERY, ThEFBY 2ODNFIINEY X T LORKEZIT O TN,

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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[‘I’o-Learner]

EXGT7IVIZ 7Ry b EOXREHEREZERFEIS7IVTY XL RIVF b v VIER)INZ — 2 BERE% #E < Aho-Corasick

Query learning algorithm for context-free languages over huge alphabets

F— ;< b DR

Extension of Aho-Corasick automaton for permuted pattern
matching on multi-tracks



Natural Language Processing
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EfR+—7—FB BASELE AT/ 1227 —Y3av#E
BKEYWORDSM natural language processing ./ artificial intelligence ,/ communication science

AZaZ49—2aVXEORSHOEEBRASHENE
BRIEGEDHDREEBL AT 1 7id, AXBPEEL L., HELAETHESTVBABDHD
E3E (CEWB=HAED T7F. APEZ TR, BARSECRBTN. GEIN. BRINZBERPA
, : OHHE IV 1— 2 TRET BHORBHZE - SAMEEEBLEYT, BRSEND, ATHE.
wEmnE) 55 42 A KR SHEEEY. 02127 =Y a VHELRENRLDT 1 —ILFTT,

Bk o il SEABRTBICE. SEMERBIEREA A—I LY, EBNMBEENTE L TEAEERET -
Db E#R LY & BEGMENROGSNET, 5 LESEERROZELHE LV DI, HRITH
BAREBNMHE IV EC1— 2B O TVENESHTT, L LZDOMER. v b EORALED
SEHBNMEE BBINET D L TRRTEITEMARI TEE L, Rald, BREBNEAAT
HIBEIC T LA 2 A —F b T ST aREMEBE LET,

A" SREMOAZEREIR, Xy b EICES > BRLNBOSERES BB / TIET 2 SEER
#uE RO B FERMERRTECTETT. Xy M EOSHABRVNBEEE - BT 2FRE LT, £ZTN5
Kokt Sakaguchi DEEEERTT 2FRE LT, BAGIEREGBRT L. 54 - FESOREICE > TSANSHE
ATREIC T BEAMEIRE D TVET,

Natural Language Processing and Communication
Science

HHEEE () $ The most important media for communication are the languages that we use everyday. In this lab,
Assis. Prof. . .
Yunmeng Li 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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Today's vigorous human activities threaten the sustainability of the natural world, and there is an
urgent need to accurately understand the current situation and implement appropriate measures.
Meanwhile, thanks to vast amounts of data, we can "see" the world more accurately than ever before.

Our laboratory extracts knowledge from vast data in the life sciences, using a multi-level approach
from the gene to the population level to elucidate living systems as individuals and populations. We also
focus on the appropriate management and utilization of biological resources.

To analyze environmental adaptation across a wide range of time scales, evolutionary analyses through
comparative genomics, epigenomics, and transcriptomics are highly effective. We have developed gene
network databases using a vast amount of sequence data stored in public repositories. Additionally, by
combining this with long-read sequencing performed in our lab, we aim to establish a comprehensive
analytical platform for non-model organisms that make up our environment.

Particularly, through our collaboration with the WPI-AIMEC (Advanced Institute for Marine Ecosystem
Change) and the Onagawa Field Center, we analyze the dynamics and environmental response
mechanisms of plankton in coastal marine systems. Our research extends beyond the Sanriku coast,
contributing to the prediction and conservation of marine environments worldwide.

TECHNOLOGY CEnvironments APPLICATION

% Sustainable fishery

O ﬁ Climate change mitigation

| Biofuel production

Coexpression DBs
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Gene network analysis applied to diverse fields, from molecular biology to breeding and ecology.
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Gene coexpression databases; COXPRESdb, ATTED-II, ALCOdb
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Building a Foundation of Algorithmic Techniques for
High-Quality Information System Design

In highly reliable information systems, theory-based methods are playing important roles. In our
laboratory, we are conducting research on mathematical modeling and algorithmic techniques, together
with analysis of developed methods, that are useful for designing and analyzing information systems.
With the diversification of information systems, our target research themes are diverse, and we are
conducting research especially on "combinatorial reconfiguration" and "computational geometry" from
the viewpoint of theoretical computer science.

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

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

problems.
E
\
I
Image ga abase  Query Image

Image Segmentation

Shape of an object P '
Preprocess
Similarity Assessment

Using shape  Retrieved Images

Switching
procedure

BB HIEDH FRZE BV CERRERY AT L

Image of power distribution system Shape-based image retrieval system
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N T uven Computer Vision: From Image Sensing to Artificial

Intelligence

We are engaged in the study of computer vision and its related fields, including image processing,
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machine learning, and natural language processing. Computer vision aims to develop artificial
intelligence capable of perceiving, identifying, and making decisions about various visual phenomena,

- ranging from image sensing to semantic recognition. To achieve this objective, we investigate
8 (F%) TABE JAMAAT GOLSA ; o . . . . .
Assis. Prof. theoretical and practical issues in computer vision, such as material recognition, urban scene modeling,
TABE JAMAAT GOLSA

deep neural networks, probabilistic graphical models, artificial neural networks for neuroscience, visual
fashion analytics, and attribute perception in natural language. Currently, we are concentrating on the
theoretical analysis and practical application of deep neural networks due to the recent advancements in
this field. For instance, we investigate how deep learning models can effectively identify and recognize
material properties beyond object categories (see Fig. 1), and how artificial neural networks relate to

human perception. Furthermore, we have researched methods for comprehending visual information in

g X BN
Assis. Prof. images using natural language (see Fig. 2).

Yusuke Hosoya

A The young boy is playing tennis at the court
Ho: The young boy is playing
fennis at the court
Hs: Is the young boy a toddler? No o
a
g Qe What color is his hair? Q: What color is his hair?
T (tsblack . m GT answer: It's black
@ Q3: Is he wearing shorts? Prediction: Black
k=] (Yes)
o
5
N b {_Dialog history }
c % | Ho: An elephant walks through the e s e o
5] S greenery orthe nge 1sharo pocplo N0
8 o | Hi: Is there people
Q 1 i it an adult 2 Yes
<4
(925?8“ you see s tusio “—ftusks]  Q: Can you see ts tusks?
Q4: Does he have a saddle? G answer: Yes
;s : o rediction: Yes
=:5
X1 %ﬁi@ﬁﬁg’ﬁ?@ﬁ@ a8 X2 BEHRER L BASE

Fig. 1 Material and attribute recognition Fig. 2 Image understanding and language




Intelligent Control Systems
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Integration of vision, control measurement
technology for society

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.

2.3D Data Processing

Development and application research on 3D vision systems is being advanced with the aim of
processing 3D data measured by 3D sensors in real time and applying it to robot control.

In addition, based on research on basic technologies for 3D data processing using deep learning
and topology, we are applying 3D data processing technologies to fields other than robotics (crystal
structures in materials science, shape generation in computational engineering, etc.).

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.

> Grasping Point Selection [ Robot Control (ROS)

Point Cloud Processing PC Robot Control PC

IESBEHEBIADE Y F 2 J DD =RITstAl - =RmT — R INE CADR Y FUIIC K BERH (£ X1y F/T) &£ CAD
VAT DIFVIEDRE (B H5HlS)
3D measurement and 3D data processing for bin-picking of metallic objects. Object recognition for CAD-based matching and non-CAD

approach.

S Bt NE 2 B Tl - NI

=
D
<
o
=
-
3
o
=
-+
(-]
-
w
<
w
-
(1]
3
5
=
(=]
=
3
o
=
(=]
=
w
=
o
=
[a)
(1]
w




SRR NI

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

Acoustic Information
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Prof.
Shuichi Sakamoto

Loudspeaker array i
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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.

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

FEMRMRBES AT L

Ultra high-definition audio and visual three-dimensional reproduction
system using 157ch-loudspeaker array based on High-Order Ambisonics

n the anechoic room



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

modeling.
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The spatial extent of visual attention was measured using two kinds of brain waves:
steady state visual evoked potential (SSVEP) and event related potential (ERP) .
In the case of SSVEP, the attentional effect gradually decreased with the distance
from the attended location. In the case of ERP, however, the attentional effect was
obtained at the location where visual attention was directed, and information
around the attentional locations was suppressed.

BZEH L CHRERFASEBVTRAGL. COHAD—DIC, BERERHIC
HSEMREENDET (Fvh— REMGDS) k25055, LHL,
FHAEIE, BREREIRORTLERIBICH T DMTENIERIEE 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

As the Internet of Things (IoT) expands, everything around us is coming online, and joining integrated
networks. Even everyday items like furniture are going digital. We view all artifacts, physical and digital,
as content. Honoring the unique perspectives of people, systems, and the environments they inhabit, we
study the interactions between types of content, with the ultimate goal of formulating cohesive, holistic,
and intuitive approaches that promote efficiency, ease of use, and effective communication, we focus on
content design to enhance living.

1. 3D Motion Sensing and Interaction

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

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

S PR [«
Fig. 1 SR 3 R E—Y 3 v+ + 7F v Y AT L Fig. 2 I8 -« SESAUZRI1— A > 8 71— 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 focuses on developing innovative multiphase fluid dynamic methods based on the
multiscale integration of massively parallel supercomputing and advanced measurements and research
on creating environmentally conscious energy systems. Furthermore, we promote basic research for the
creation of risk management science and associated new multiphase flow systems linked to sustainable
energy represented by a high-density hydrogen storage technology. Notably, we are focusing on
different field integration research and development, such as the creation of environmentally conscious
type nano-cleaning technology using a 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). Furthermore, as part of the integrated
multiphase flow science approach, we are researching new mobile fuel spray and atomization, laser
welding Al analysis, and phase change joining processes. In order to contribute to the disaster risk
science field, the fundamental mitigation effect of mega-floating structures on the water level and
hydrodynamic force caused by the offshore tsunami has been computationally investigated using the
SPH method considering the fluid-structure interaction (FSI).
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Software Construction
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Logical Approach to Reliable and Efficient Next-
Generation Software

In modern society, people regularly use smartphones and computers in daily life and work, while
computer-controlled infrastructure such as transportation, finance, healthcare, and energy plays a vital
role behind the scenes. Ensuring the reliability and efficiency of the software that controls these systems
is essential for social stability and smooth operation.

Our laboratory studies techniques for building highly reliable and efficient software based on
foundational theories such as formal logic and program theory. We focus on program verification,
which mathematically guarantees that a program meets its specification, and program synthesis, which
generates programs from specifications. In particular, we are integrating verification and synthesis tools
into the functional programming language OCaml to support the development of reliable and efficient
programs. We are also developing solvers such as PCSat, MuVal, MuCyc, and MuStrat that express and
solve verification and synthesis problems as predicate constraints or fixed-point logical formulas. In
addition, we study the theoretical foundations of these tools, including program theory, type theory,
constraint solving, optimization theory, fixed-point logic, and its deductive systems.
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Fundamental Artificial Intelligence
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Building methodologies and elucidating principles for
machines to learn "wisely" from data

We conduct fundamental research on machines for learning systems from data. Natural language and
knowledge are well-known examples of the most challenging targets to handle on machines. One of
the ultimate goals of our research is to elucidate the essence and to establish a methodology in which
machines acquire and utilize natural language and knowledge as effectively and efficiently as human
beings. While artificial intelligence (Al)-related technology has become popular, we encounter the black-
box problem; the problem is that humans are difficult to explicitly interpret how deep learning models
acquire and store necessary information from data and how they leverage learned clues effectively
during the computation. Similarly, new research issues have arisen due to the development of Al
technologies, such as issues related to fairness resulting from the bias of data, and issues related to fake
information generated by misuse of Al technology. We aim to verify and analyze various old and new
issues in Al-related technologies theoretically and empirically and reveal the principle and essence of
those issues.
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Real-time Computing Systems
+ BH= s — | =O
% HT_I' Fﬂ E-l-% 7 X T .[A ofg https://sites.google.com/view/kagami-lab-tohoku-u/

BHAEF—7—FE ORvY D3V / BREAAS AMRELET « AT LA HERIBERR VT IVEA LY AT s
B KEYWORDS M robot vision / high-speed camera /" low-latency display / augmented reality / real-time systems

S4B NE S TR B I

RKEXRT—IVT—2D) 7 IVRAA LTy AV E 21—
TA YD
HEGEDOWEBENEYGERENE R L TRITENETEDNEFINEZ VAT LE YT IVEA LY
= AT LENUET, ARTA VAR 2 —IV/AVETI—RAGEEDELDICTV AT LAHRMR L B(ICHE
P = EE BYEARTAISEPETY 7IVEA LEHNEELDIFEBEAADT L. HERTAED T —2 D Z 7%k

Lot o Kagami CERENENTESHETIE. BEREPA M —VREBDFIRZBALGVL S ICEREBEROIHZHE
TBEVTINEAA LTy AVE1I—FT 4 VIHEEELHYET,

ARARETIE. BRUT7IVEZA LT —2NBEERLE LICARBEROLELK EZDISHICET SR
ZTo2CVET, UEBNRE L TIFICEEGY 3D T—4%, ATER 7 L—LL— FEBIEGOFIAICE
HDLTEY. ART 1 7R, FIHRIEFEFHALN BEAT 47, La—<X>AVE1—214Y2502 32,
N=F X I/ A=TA2 7y RUT7 )T AR EDERAFICTUTOX S BREICIRVBATHNET,

‘@7 L—LL—FREDSD T IV E A LR & ENBRSSHIE
- BB G CRBEZ R Y 2ERSRITT — 25T
ARBEBMR T « AT LA DIeHD Ty VT —2BERIRE - 122502 3 VIGH

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

Real-time Edge Computing for Unprecedented-scale
Data

Systems in which processing tasks must be completed within appropriate time constraints are referred
to as real-time systems. Real-time performance is critical in application areas where systems interact
closely with the physical world, such as robotics and human interfaces. Moreover, in today's world where
massive amounts of data are generated continuously across the globe, real-time edge computing, which
extracts only useful information in order to stay within the limits of communication bandwidth and
storage capacity, has become increasingly important.

Our laboratory conducts research on a wide range of sensory information processing based on high-
speed real-time data processing, along with its applications. We focus especially on video and 3D data,
with an emphasis on the use of high-frame-rate video. Our work addresses challenges in application
fields such as robotics, advanced scientific measurement, video media, human-computer interaction, and
virtual/augmented reality, including the following:

- Real-time information extraction from high-frame-rate video and dynamic image capture control
- High-speed multidimensional data acquisition using active light source control
- Edge data processing for low-latency video display and its application to visualization and interaction
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Testing accuracy and precision of visual and auditory stimulus presentation
in virtual reality. (Tachibana & Matsumiya, Behav Res Methods, 2022)
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What changes would the information society bring? In what framework - spiritual, cognitive,
or cultural - would information be comprehended and propagated? What are the solutions to
the social problems the information society inevitably poses?

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

We have been engaged in reconstructive activities of the earthquake damage of 2011. Our
activities include recording and analysis of resident participation in the disaster-affected area,
opinion polls of the citizens of Sendai city, flows of the emergency goods, and the traffic pattern
of the post-disaster days. Those researches have been publicized in Japanese mass media.
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Natural Language Processing for Enhancing Human-Al
Collaboration

Our research aims to help Al work in collaboration with humans on various tasks by enabling
computers to understand and process the natural language and related information that humans use
daily, at a high level of knowledge processing. In order for Al to collaborate with humans at a high level,
it needs to accurately understand and process the various information utilized in communication by
humans, including natural language. Additionally, Al needs the ability to generate or edit text based on
the processed content.

We are currently developing technology that can simultaneously understand not only natural language
but also image and speech inputs, and that also has the ability to flexibly summarize or edit that
information in accordance with instructions by humans. Recent advancements in technology utilizing
deep learning have significantly improved these capabilities but there are still challenges regarding the
reliability of the generated information and the robustness against diverse inputs. Furthermore, in order
to collaborate efficiently with humans, it is important to have technologies based on understanding
human cognition and communication, such as accurately understanding the intentions behind
instructions and presenting information in a format that humans can easily comprehend. We aim to
address these challenges and build Al systems that provide advanced support for human activities.

Presentation videos and slides vy

Instructions given by humans

N\ 7
Eb ﬁ System outputs .
+Task design —. —. o
o -Data collection Model Quantitative /

— -Analysis | Subjective evaluation

sentation concisely. A

- -

Please summarize the experi The experimental results / nnotation

q resuls / background. ‘ background are .

3 Please extract a summary slide. If ‘ M The summary slide s on a
- it does not exist, please create one. sz BiG
itintoa 1 will create a three-minute & ' [ —

ntation. summary presentation. “ B

Presentation slides Speech

TLEYT— avhoDERAE - ENER R 7O 206

Information extraction and summarization for presentation. Example of research process.



Human Learning and Memory
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Research to elucidate individual differences in
abilities and thinking characteristics through brain
measurements and to develop methods to extend them

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

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

We engage in empirical research utilizing eye-tracking and psychophysical methodologies to investigate
how individuals perceive various images and texts, and how they derive emotions and motivation from
them, focusing mainly on visual media such as manga and web pages (see Fig. 1). Additionally, we
explore the cognitive characteristics of communication mediated through ICT devices such as personal
computers and smartphones.

Research on applications to education and disaster risk reduction

To implement basic insights into the nature and functions of human cognitive information processing in
the society, we study the possible application of the memory and cognitive studies to school education,
disaster memories and the experience sharing of disasters, and our cognitive nature in the face of
disasters.

1. X&E (A) VA () ZHRGCEORFITET —4
Fig. 1 Eye tracking data of reading text (left) and manga (right).
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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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Logic and philosophy
In our research group, we study logic, especially in relation to philosophy.

The question of what philosophy is itself becomes a philosophical question. However, let's assume
that it aims at making sense of things in the most general level. Then, the background assumptions that
must be followed during the process of sense making are often not questioned. For example, in Western
philosophy, the large majority does not question the status of the law of excluded middle and the law of
non-contradiction formulated by Aristotle. However, there are also philosophers that critically reconsider
the above laws. For instance, intuitionism in the philosophy of mathematics directly challenges the law
of excluded middle and has had a significant impact not only in philosophy but also in mathematics and
computer science.

The relationship between logic and philosophy is also a philosophical question. However, | believe that
one important role of logic is to reflect the background assumptions involved in the process of sense
making. In my research so far, | have focused on the possibility and implications of dialetheism, which
directly challenges the law of non-contradiction, and on paraconsistent logic, which supports the formal
aspects of dialetheism.

The discussion of logic is extremely rich and fruitful. Let’s explore logic together while looking at
various topics, including the laws of non-contradiction and excluded middle, not only in philosophy, but
also in mathematics and computer science, and enjoy the journey.
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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 what the universal aspects of language are, how a language can
change diachronically and vary synchronically, and how it is acquired, 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 internal morphosyntactic structures are, and examine the proposed hypotheses by
empirical data.

(2)Lexical Semantics:

To study the semantic structure of predicates such as verbs, nouns and adjectives, and to elucidate
which aspects of the semantic structure have syntactic reflections.
(3)Diachronic Syntax/Comparative Syntax/Psycholinguistics:

(i) To study the nature of diachronic change and synchronic diversity of languages, (i) to propose a
theory of the language faculty that allows diachronic change and synchronic diversity, and (iii) to justify
the theory by logical thinking, corpus studies, and methodologies of experimental psychology. (including
a collaborative work with the department of Visual Cognition)

For these purposes, we are engaged in the interdisciplinary research project called "Language Change
and Language Variation Research Unit (LCLVRU),” which has been organized to pursue our aims from
multiple perspectives. See the following URLs for the LCLVRU and other activities lead by the staff of our
lab:
http://ling.human.is.tohoku.ac.jp/change/home.html
https://w3.tohoku.ac.jp/frid-en/project/understanding-the-brain-mechanism-of-language-computation-
from-analyzing-the-communication-signals-of-birds/
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Sociology of Communication
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Theoretical and Qualitative Inquiry into Social Life

Sociology of Communication Lab explores social phenomena in the realm of civil society from a
sociological perspective. We study changes in behaviors and development of knowledge and mind
by analyzing the structures of everyday life, people’s frame of reference, social stock of knowledge,
the world of discourse, as well as forms and contents of interactions. We primarily employ qualitative
methodologies such as participant observations and interviews to approach the logic and meanings of
people and objects under study from the perspectives of both theories and fields.

All lab members, including faculty and students, have their own specific research fields and we value
mutual learning. Rather than relying on techniques and procedures, our lab emphasizes the importance
of having “dialogue” with subjects that we study.

“Communication” is the keyword that ties all members of our lab. Following a publication of Color
Vision Discrimination and Difficulty to Talk (2016) based on interactionism of experience and language,
Prof. Tokugawa is engaged in research applying "difficulty to talk" to issues on food-agricultural
communication and dominant representations. Prof. Okada examines giving behaviors (for example,
donations and volunteering) and the significance of nonprofit organizations in contemporary society
with a focus on words and expressions that people use. Assis. Prof. Zhou conducts field research on social
relations (“guanxi” in Chinese) and farmers orientation in Japanese and Chinese rural communities. Assis.
Prof. Zhang focuses on the development of symbolic interactionist gender theory and the narrative of
women's experiences. Assis. Prof. Dansu explores how marginalized individuals use online peer support
communities to reclaim identity and achieve social reintegration.
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Causal Inference at the Cutting Edge of Social Inquiry

Our lab explores causal relationships in politics, economics, and society from a broad social scientific
perspective, transcending traditional boundaries of political communication. We specialize in quasi-
experimental methods, rigorously quantifying the impact of policies and social phenomena using
observational data. Our research addresses diverse topics, including community networks, electoral
systems, and political participation.

We have a particular focus on historical political economy—an approach that leverages historical
events as natural experiments to uncover causal relationships in political and economic contexts. This
involves digitizing historical documents and geographical information, enabling precise causal analysis
of cultural and institutional factors traditionally difficult to quantify.

For instance, one of our studies uses the Tokyo air raids during World War Il as a natural experiment to
examine the long-term impact on social capital and socioeconomic outcomes. By employing detailed
historical aerial imagery, we analyze micro-level variations in wartime destruction. Recent projects also
incorporate cutting-edge methods, such as utilizing cellphone mobility data to study how distance to
polling stations affects voter turnout.

We welcome students passionate about causal inference, policy evaluation, community dynamics,
and historical contexts, regardless of their background in political science. Join us in addressing complex
social-scientific questions using diverse perspectives and advanced analytical techniques.
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Socia-Economic Analysis of Urban System

%BFE*i%ﬁ;%:/ Z 7__ ,[Aﬁ*ﬁ http://www.se.is.tohoku.ac.jp

EfzE+—7— FB ZTEREEEEER /O—-N\IUt S BERE S EBHRER T — LIRS BERA
B KEYWORDS M Spatial economics / Industrial agglomeration / Globalization ,/ Equilibrium  International trade / Urban economics /
Game theory / Policy analysis

AW EERDREEFAD XL

B - BEXRY T =TIC X > TRIENELZDEHIE. A -8B - —ERX - HFDBEZE LT
2RE LTERNG Y AT L) ZERLTWS, . 70—/t R—2—L X {tDR&R%
ERDOD LT, M, iF, EREEFIIERICRHFEV. RRDOEH Y AT LIZEZ#EA c/O—/\IL
wmE P SHEEEV AT LZRRLDD0H %, AAEREIS. HHPEROEBTMOERZFOL LT, .
Assoc. pro. g, ERESGELENRE LEFAREOBEL LM T I v I/ BREEBRREZBEAL. & - HFDRE

BEREBOBRDHZT S, INOOMEICH L, MEEER. MESRER. BFREER. 77— LEH.
ORGZEDEET Z2NHFZEAMICHE LT, BIERF ] LIPENZFBENGET 7O0—FICK VK%
EHD, REDELT —XIELUTOBY TH B,
1. EEEFOEREICH. BIENGT7 7O0-FZRVTE - #ilf - HHDOREY X7 LB %4

FTRFRRICH L TEEICHIT HREDREE - JRETF - GERBOBRRD SO L. BREZ L. &5

EDOHIFNDEEER L BHAERD A H Z AL ZERGNICRBT 5, £, BRI R EDRRENE

ot

Assis. Prof. F‘%%LC %ﬁﬁﬁﬁ@'éo
Yang Zhang 2.1y bT—7 EREFE, SHABBEOCEFREZTOR. EOLS5GME - PETIL—TEHFH

B ENMBRFDERICRDFST B0 % YIS FI—VHEEDREMEEIRY hT—7
P RBREOHIEBHIR Y R T -7 DERZERLTCONT %,

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
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by co-location
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Viewing society, economy, and regions, with network
science, mathematical models, and nonlinear science

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

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

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

Students, who are interested in one of the above research topics and interdisciplinary researches, are
highly welcome.
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Transportation and Geographic Information Science
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Toward better regional management through the development
of methods for analyzing spatio-temporal data

In recent years, a vast amount of data has been accumulated through the observation and recording
of various social and economic activities. Much of this data is tagged with time and geographic location,
and some even has high spatio-temporal resolution. Analyzing this spatio-temporal data has the
potential to provide insights into the actual activities of people within national territories, regions, cities,
and even smaller areas, enabling discussions about future visions and the extraction of information to
support rational decision-making.

Our laboratory aims to develop spatio-temporal data analysis methods to create an environment
where people can discuss the future of their regions based on current analyses utilizing spatio-temporal
data, thereby contributing to the creation of better communities.

Our current main research themes are as follows:

- Development of spatial heterogeneity analysis methods

- Spatio-temporal correlation-based real estate price interpolation

- Understanding the impact of disaster risks and mitigation measures on regions
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(a) Continuous spatial heterogeneity (b) Discrete spatial heterogeneity
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Analysis of the spatial heterogeneity of residential rents Provision of land price information at any location

through spatio-temporal interpolation



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;

efficient budget collecting through user charge and tax;

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

interaction and agglomeration;

(6) efficient emergency logistics systems during the disaster response phase.
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Road Transportation and Traffic
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transportation planning / spatial economic systems / infrastructure / system optimization /~ mathematical programming
equilibrium problems  data science for urban transportation system / travel behavior analysis /~ mechanism design
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Planning and management of spatial economic systems,
and data science for urban transportation system

This group consists of Akamatsu laboratory and Hara laboratory.

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

1) Transportation Science & Transportation

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

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

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

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

transportation system.

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

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

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

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

Another research subject is analyzing media content in various media. The aim is to interpret the
content in the context of the historical and social background of the cultural region in which the content
was disseminated, and to consider the significance and influence of media from multiple perspectives in
greater depth.
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Consider the nurturing of information literacy as it is
transformed by the advancement of information and
communication technologies.

In this laboratory, we are engaged in research on (1) the development of methodologies and
educational contents that contribute to improving the quality of education through the active use of
advancing information and communication technologies, (2) proposals for future literacy in media
and information and methods to foster it, (3) operational issues such as governance in policies and
educational institutions and educational programs for fostering leaders to realize these issues. We are
promoting learning analytics through cross-disciplinary collaboration with fields such as psychology,
neuroscience, Al (Artificial Intelligence), and mathematical data science. In recent years, we have been
working on research themes such as automatic generation of questions using Al and big data analysis of
learning logs. Through these efforts, we aim to promote interdisciplinary research on educational data,
including the data that have not been often analyzed in conventional educational research (e.g., data
obtained through sensing, big data, etc.), and to return the results of our research to society.
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Cognitive Psychology of Communication
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Basic and applied research on verbal communication

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

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

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

cognitive process. As for disaster reduction, we are trying to design a new disaster reduction education
program.
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Basic research on cognitive processes of verbal communication A new disaster education system where learners become teachers
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The Department of Applied Information Sciences was established with the mission of
promoting interdisciplinary and comprehensive education and research in science and
technology for constructing practical systems that address complex realities while considering
the diversity of human and social factors. As our ubiquitous information society progresses, we
are conducting advanced research in information and communication technology for humans
coexisting with nature, robotics, fluid system information sciences, life information sciences,
cognitive information sciences, and health information sciences. At the same time, we are
tackling various real-world problems by utilizing information technology and statistical science,
striving to advance innovative education and research in applied information sciences from
both technical and theoretical perspectives.
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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.

Yooy
o

AAAAAA
L

BFY 72—V ERWREREL BF 7 UV ERVWEERE

Quantum annealing for route optimization Quantum annealing for graph coloring




Information Technology/Information and Applied Technology
E £ = Y YA N
'I\ﬁ '¥EI§1E *i I \]' off http://www.it.is.tohoku.ac.jp/

BHRF—7—FB BREERY bT—0 Ry NT—=OTFAY 2y b= TO VBRSOV S T KRRy BRSNSV T
bRy bT—=2 /10T /MM /€ T T—=2 /1S /50 R/ WHFER/ T7T«—T>5—=>7.6G /RS

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

-~ Y -~ f—
TOBRKOBHEERY FT7—2%BELT
FEDQBDE WV ISHRATEEHKIGREZINSZ DR CEREFERY N7V TENTVET, AR—
TAVPEEEEE 27 Ly bR, v 7S 7IVAVEI—2DIEDL. F— L BFL VY. AR
BEWORRBER. T5IKIIHA—FTES—Y a3y, BAMEE. REGARLGE. HVEHSPEE
DITBEMEEDBEH INS TR LAY E LT, TNIcEERL. TNESEDECERY MT—0 551
{EHEATWET, BTV ARy N7 —0, #EHEFERY bT—7, BEXY NT—0 BEEHE
prof. BRY FT—0 T 7AN\RY FT—0EEICMA. PRRY IRy FTO—0, €y FT—2
HERLGBERY FT— UV BREINTVET, Tk FAZFEFINSOBERBERERY T —T DEE
EHRABFBTETCVSEDOTLLEON? Efee TNOSDBREER Y N T—VDEENZTDEDEETSIC
AMEEEZTEFETERVDTLL OO ? XARZTIEIROBRDBREE K Y T —7 DEHEIBLKR
». BmEERELIERY N TI—0 T ET7ONIINVTHA oEE#HE LT, BEREREERY ~
J— o OERBICEFIEAEHAROHES 7O 7T v Y 3 FIVDOBRICHETNTOE T, HAESFDE
BELEF—T7—RIKUIRDESBELHDHHY T,

RIS

5 % TAN BAMZEERY FT—7
TERFEEENR  YAWEN wmEXY FT—=7
st Prot. Intelligent Reflecting Surface Z#|f LTo@fExY b —7 Y X7 L

FEBROBMERY bT—7
PPV - SV A
BHFEE, 7 —77—ZVJZFMBLRY T — U

OV hA W =

Communication Network Technologies Realizing Next

wow  ZHU Generation
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Assis. Prof. 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
pA— {Em 485 networks? In this Iaboratqry, we are not only focusing on next.generation ngtvyorks and buildihg our
SRRSO T, PRI research based on theoretical design of networks and protocols in order to optimize the communication
Assis. Prof. networks, but also emphasizing on professional human resources development. The main keywords of

Hiroaki Hashida
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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Embodied Intelligence and Robotics
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Haptics and Embodied Intelligence: Transforming
Communication Between Humans and Robots

As the term “embodiment” suggests, the sense of touch is essential for experiencing realism and for
understanding and acquiring skills. Haptics is an interdisciplinary field that explores the science and
technology of touch. It spans a wide range of domains, including neuroscience, cognitive psychology,
mechanical engineering, electrical engineering, and computer science.

Today, haptic technologies are embedded in familiar devices such as smartphones, automobiles, and
VR systems, enriching our everyday interactions and information experiences. In robotics as well, tactile
sensing and haptic feedback are indispensable for advanced tasks such as contact detection, dexterous
grasping, and remote manipulation.

Our laboratory seeks to uncover the mechanisms of human tactile perception and apply these insights
to the development of innovative haptic technologies. We are engaged in creating immersive and
intuitive haptic interfaces, various types of tactile display devices, signal processing and quantification
methods for touch, as well as high-performance tactile sensors and remote control systems for robots.

Specifically, we are developing augmented reality (AR) systems that record and share tactile
experiences, realistic haptic streaming technology for smartphones, and systems for skill transfer through
haptic feedback. We are also exploring technologies that relay contact information from remotely
operated robots back to the operator, enabling a sense of embodied presence, as if the operator were
physically experiencing the robot’s touch.

‘Spatial Representation

of Haptic Vibrations -

Z
with wearable devices | Force and Ta feed|
e

BROEBEGHEIAZ 25— 3> MBREICLSORY b EBRREOFEEDHE

Haptic Sharing and Embodied Communication Embodied Intelligence Sharing through Haptics between Robot and

Operator
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Bioinformatics linking diverse data and biological
systems

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

B L 2 AERIFRE BT 514
BFEEERREL. E02 T LORER
ZBEY

To understand the biological systems,
we are developing methods to
analyze the increasing biological
data.
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Cognitive Psychology

IJIL,\%I] r #E % http://www.cp.is.tohoku.ac.jp
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Understanding human behavior through the principle
of psychophysics

Humans perform various motor actions in their daily lives. The control of such motor actions is based
on multisensory processes including vision and proprioception. These processes produce cognitive
functions such as self-awareness. In our laboratory, we are trying to elucidate the cognitive functions
involved in human behavior through psychophysical methods. We have revealed that bodily awareness
has a significant influence on visual perception, suggesting the importance of considering embodied
cognition in perceptual processing. At present, we are investigating the effects of bodily awareness on
motor control and the cognitive mechanisms of the body in mind that people subjectively feel by using
human behavioral characteristics obtained from psychophysical experiments. | promote the research
and teaching of understanding human behavior, human body, and human perception by means of
psychophysics.

Dot motion Eye and hand movements

>

Eye landing positions

Eye movements Hand movements

Left hand landing positions

@ Actual right hand ) . ’ ) ) ] ’
O Eye or left-hand landing position Motion coherence (|09 cohere nce)

REEE) & EFDREEE CTRE D HHRHN BEOMTHIMT L BEDZVRIGES) & FOREES)

The body schema differs between eye and reach movements. Judgment-irrelevant saccade and reach movements.



Applied Intelligence Software
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Data platforms supporting data-driven science and
human-harmonic cyber-physical systems to realize
advanced information and communication systems

In recent years, information communication systems tend to be large and complex ones composed of
clouds, the Internet, many kinds of sensors, edge networks, hand-held devices, etc. Within such systems,
a great deal of data is shared and advanced data services are provided. Our Laboratories are engaged in
research to support such systems and services.

Nakamura Laboratory is conducting research and development targeting data platforms that
support data-driven science and research data management. The data platforms consist of a data lake
infrastructure for collecting and storing data, a data analysis infrastructure for analyzing the collected
data, and a research data management infrastructure for managing the generated research results, etc.
Currently, research is being conducted on technologies that can safely protect data even in the event of
a large-scale disaster or component failure, and on technologies that enable efficient data analysis, such
as machine learning, even for large data sets that exceed the size of the main memory of computers.

Abe Laboratory is promoting research and development to establish communication environments
where each entity in human societies and environments performs high level mutual collaboration. To
utilize many kinds of entities such as computers, devices, networks, software components, etc, we have
proposed methods for acquiring the states of users / environments from images and introducing them
into the entities. The human-harmonic information communication infrastructure can be constructed
with the cooperative behavior of the entities. Based on these methods, we are developing the design
methodology and middleware for cyber-physical integration systems, the advanced multimedia
information processing technologies, and also investigating several application systems such as cyber-
real integrated spaces, disaster-resistant information communication systems, smart city, etc.

(a) Expected Effect of Proposed Method (b) Evaluation Results

(a) Input (b) Extract person's (c) Set the region S (d) Detect interaction from
forearm region F around the hand movement distribution in §
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Fig.1 Improved durability of data platforms by peak shift method Fig.2 Detecting human-object interaction without recognizing objects in the
scene
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Towards reliable and secure network systems

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

(1) Basic and application research on flexible information networks

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

(2) Theoretical foundations of information security

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

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

Research and development on these topics are included in the activity of the Center.
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Outline of our research Secure computations using a deck of cards
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Computational and Physical Fluid Dynamics

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

(1) Computational fluid dynamics

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

geometries and/or moving objects

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

- Development of new turbulence models using machine learning

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

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

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

no control

with control

x/n x/n

BEMEEIC L HRREEBORE (LR fiEs L. TR H#EHY ). FETRIHE R IC K 2 SCSISNDHEE, ARABEREMEY I 1L— 3

ERORENEI SN, BREDEALTWNS VORER. BRNZ1—FIbRY FT—VICLLDHE, mENL
Control of boundary layer transition by wall roughness (top: no LThszezmlTineg,

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

distributions are in good agreement.
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=2 #t#% Research inthe pathogenesis of multifactorial diseases

Assoc. Prof.
Jun Inoue The regulatory systems categorized into three types, neural, humoral and behavioral mechanisms

play an important role in maintenance of the homeostasis of the body. These control systems response
and compensate by the second, by the minute, by the hour, by the day or by the year to the internal
or external stress. Thus, we can preserve and promote our health. The worse lifestyle could induce a
breakdown in these regulatory systems, and cause lifestyle-related diseases such as diabetes mellitus,

‘ hypertension, atherosclerosis, ischemic heart disease or obesity. Furthermore, an impairment of

#HE EE BN regulatory systems involves changes in physical or mental functions.
Assoc. Prof. . . . . . . . .
Shunsuke Tatebe This laboratory is now working on the following main projects: unraveling the pathogenesis of

atherosclerosis, the pathogenesis of kidney disease, the pathogenesis of congenital heart disease , the
pathogenesis of chronic liver disease and the pathogenesis of psychiatric disorder.

The causes of kidney disease and atherosclerosis are remain to be elucidated, but there is much
evidence that mitochondria dysfunctions and abnormalities of microbiome are key factors in the
pathogenetic mechanisms. We aim to clarify the disorders of mitochondria and microbiome using

metabolomic and epigenetic analysis for developing therapeutics by bridging basic research and clinical
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Advanced Applied Data Science
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Create new values and innovations by developing data
analysis methods for unprecedented-scale data

Our laboratories conduct research to create new values and innovation by developing data analysis
methods for unprecedented-scale data generated by the next-generation synchrotron radiation facilities
such as NanoTerase and Tohoku Medical Megabank Organization (ToMMo), and applying them to
various research fields. Unprecedented-scale data here refers not only to the volume of data, but also to
data that surpasses conventional scales in terms of data generation speed, measurement resolution, and
diversity of data modalities. Since such data have the potential to generate new knowledge and value,
high-performance analysis methods for such data are required.

Shiga Laboratory conducts research in machine learning and materials informatics. Based on these
technologies, we develop data analysis methods to identify the structure of materials and discover new
high-performance materials by analyzing measurement data from synchrotron radiation facilities and
electron microscopies, as well as theoretical computational data in materials science.

The focus of the Yamada Lab is data science, particularly in the field of artificial intelligence. Although
we create artificial intelligence systems, we are mainly engaged in research on developing technologies
that can be used for creating artificial intelligence. Specifically, we are conducting research on developing
artificial intelligence with consciousness, string processing research centered on biological sequences,
and research on the relationship between artificial intelligence and culture.
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Materials Informatics (Shiga Laboratory)
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Tough Cyberphysical Al
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Toward Tough Cyber-Physical Al that Works in Difficult
Real-World Environments

Education and research will be conducted on advanced research areas such as tough robotics and
intelligent bodies operating in challenging environments. Additionally, "Tough Cyber-Physical Al Studies”
(newly established) is going to be set as the lecture from this course.

The significance of cyber-physical Al, which operates in the real world with a physical presence, is
rapidly increasing. In particular, there is a growing need for scientific and technological advancements
that can contribute to addressing significant social and industrial challenges faced by our country and
the world, such as SDGs and disasters. The development of tough cyber-physical Al, which refers to the
enhancement of functionality in difficult environments, encompassing system robustness, flexibility,
adaptability, and broad applicability based on those attributes, along with the cultivation of highly
specialized professionals to spearhead these efforts and the social implementation of the value created,
is of utmost urgency.

Based on the above background, we will systematically carry out educational research in advanced
tough cyber-physical Al, which is particularly in high demand due to its potential to contribute to
solving the challenges faced by society, with a focus on system robustness, flexibility, adaptability, and
broad applicability. By equipping professionals who have received this education with the necessary
skills, we aim to accelerate the resolution of global social issues and contribute to enhancing industrial
competitiveness as well as driving the realization of a prosperous society. We will directly address various
challenging issues, research new scientific and technological methodologies to solve them, and strive
to apply these methodologies in the real world. Through these efforts, we aspire to strengthen the
promotion of the mission of the Department of Applied Information Science and actively engage in
academic education and research that effectively fulfill the roles society expects from universities.
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Cryptographic Protocols
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1A %%1%‘9*%)%0)?‘9*0 1989 £E(C Bert den Boer A 5 MDA — RERBWHRERBROMBTE O MO
wom Kok B JU (five-card trick) HIRELTH S EADSDEENH 2001 ETAHE THEMNICEERINTLVE LTH.
Prof. AARZEDKAEE D H— RR—ZAESDIAZEICE Y s FERE 2006 ECALY AZ—ML, A—
Takaaki Mizuki FR—=ZBES 70O JIVOHEE T IV EHIEBNICHEILT 2FICK Y ZMARSITF L LTHRESE. 2D
DFITBANT HHREMEM L. WEETETZOERBRLIHEVNTVET,
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ABSOHEETIVOBEL. 2ABENORER. H— FEUNDOEREEDH BORETELNEIF SN
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Creation and development of the research field of
card-based cryptography

The focus of our research is on card-based cryptography.

Card-based cryptography uses a physical deck of cards such as playing cards to perform cryptographic
functionalities such as secure computations and zero-knowledge proofs. Since Bert den Boer proposed
a protocol (called the five-card trick) for a secure computation of the logical AND function using five
cards in 1989, papers from abroad were published sporadically until about 2001. Professor Mizuki
started publishing papers on card-based cryptography around 2006, and mathematically established a
computational model for card-based cryptographic protocols. The number of researchers entering this
field has increased and its development is ongoing.

Specific efforts in this laboratory include: designing and developing efficient card-based cryptographic
protocols for secure computations and clarifying their computational limits; devising card-based
cryptographic protocols for zero-knowledge proofs; refining the computational model of card-based
cryptographic protocols and developing them for practical use; and investigating the use of familiar tools
other than decks of cards.
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Six-card committed-format AND protocol An overview of the research field of card-based cryptography
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Statistical Science of Complex Systems
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B KEYWORDS M Spatio-temporal analysis ./ Time Series Analysis ./ Stochastic Control Analysis /* Resource Growth Analysis ./~ Neural data analysis
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Assoc. Prof.
Shinsuke Koyama

wRLRE =5— £
Assoc. Prof.
Fumikazu Miwakeichi
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Statistical and mathematical modeling in the complex
systems and its applications

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

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

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

® 5 Habitat units
© 146 Forage reserve uni

EESNMBRICE I 2REME= 1 — OV BOHKEN BB EIRE - EISORR S RAFRUREREFICK SH
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Estimated functional causal connectivity among Wildlife corridor network through aggregation of forest units
inspiratory neurons in the brain stem for sustainalbe forest resource management
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Joint Research Group for Quantum Computing

E?j t 1 T ’r /7 HE JL_%F_ https://qcjoint.is.tohoku.ac.jp/

EAEF—7—FR EFI0C1—T4VV/8F7 )07/ AEERBILEE EFEREEEFEHREFE
B KEYWORDSHE Quantum Computing / Quantum Annealing /~ Combinatorial Optimization / Quantum Machine learning ./ Quantum Many-body
System  Quantum Chemistry

EFOAVE1— TV DERARLESEREL
RUBWEZ ICHT SR

AHFARERRETIE. BF 7 -— UV IEELHBFIVE1—T 4 Y IELR. BHEDER
BRI, MmMPE & Co. EEMICEKENEEI OV TERTERRERY LIFET, Tk &
#ig 0 AR Hiz HEFRLHEEIC L ZHEEVESAEDRMICKY . KRBT NEPELR - DHARERES

Prof.

Masayuki Ohzeki REL. BFAVE1—T A YV TOHEBEHORENLERD T,

Fundamental research on quantum computing and
applications toward combinatorial optimization and
r. % ®  quantum machine learning

Masaru Hitomi

In this joint research group, we deal with a wide range of quantum computing including quantum
zatge WF EF

Assoc. Prof.
Takako Mashiko

annealing and build up fundamental research results on industrially interesting issues such as
combinatorial optimization problems and quantum machine learning.

In addition, through the workshop and lectures in this joint research course, we will disseminate widely

#EemEER) IR A K , , o , o

ssoc. Prof. available knowledge and wide applications of quantum computing from various joint researches to
asaru Sakamoto

enhance educational activities in quantum computing.



Co-Creation Institute of Space-Integrated Network for Resilient Digital Transformation
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B KEYWORDS M Space-Integrated Networks / Space-Air-Ground Integrated Networks (SAGIN) ,/ Beyond 5G (B5G) ./ 6G / Non-Terrestrial Netowrks
(NTN)
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speclly painted Creating New Values through Space-Integrated Networks

Masayuki Ariyoshi Aiming to create new values through space-integrated networks towards Beyond 5G/6G, this Co-

T

] Creation Institute conducts cutting-edge research and development on network/communication
technologies and practical applications.

Key challenges include Al-driven control for space-integrated networks, stabilisation and route
optimisation for inter-satellite optical links, highly efficient multiplexing for optical communications,
highly efficient beam control and signal processing for ground-to-satellite wireless links, and novel use
smE@n) KRB ET  cases leveraging the space-integrated networks.

Specially Appointed

Professor (Research).
Yohei Hasegawa

AERABETERE Y b REHEICHITEIRE
7 — il e LB T
%
& exits 1) 20 BaHE
% iz le’: EE_ Remote Sensing NW ZEL
Prof. 4 # # f
Yuichi Kawamoto - é \ =
HAPSERE il {t SatellitelConstellations Space Integrated NW B} <

Global Production Management NW

e
R Tnote Sensing| 2
D YCentremmimarsy RS

Ground Base.Station
-

(o)
<
N
-
(1]
Y]
=f
o
=
5
w
=f
-
[
-
m
-]
-
w
©
o
[a)
m
—_—
=
-
(1]
Q
-
o
-
(1]
(-9
=
m
-
£
o
=
=
-
(=]
-
=
1]
o
=
=
-
1=
Q
=
=
-]
=
o
=
%
(=]
=
3
(Y]
=5
=]
=

i E-BEMAH D

SMETF—R b8 e
B2 5 S HBEIE = AL




Panasonic Holdings x Tohoku Univer\sity Intell?ctual Property Co-Creation Institute B
INFYZ9IR=IVTA2 ) AXRICKE M E LB ZEFR

BHRR+—7— FB  XERERBEHRE H8RE
B KEYWORDS M Next-generation wireless communication standards /" Intellectual property
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bl HBIC K BT A TT7 ZEHERREIC DTS,
(2) EREE GINME) ZEme LIHAoRE
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wegacEy) B OE
Specially Appointed In order to promote co-creation activities aimed at solving social issues and to connect Intellectual
Akira Seki

property to social implementation, activities that bridge the gap with business needs are necessary. By
creating various research themes that bridge the gap with business needs and promoting research, we
will contribute to social implementation.

[Activities]
* (1) Contributing to next-generation wireless communication standards: We will conduct research on
g8 — . ) o )
Prof. fi next-generation wireless communication, extract ideas for standards from the research results, turn them

Yuichi Kawamoto . . . . Ly .
into intellectual property, and connect the ideas created through co-creation to social implementation.

(2) Promoting co-creation based on intangible assets (intellectual property): By creating and promoting
various research themes that fill the gap between Panasonic HD's co-creation activity seeds and business
needs, we will use research results as a bridge to connect various stakeholders and mass-produce social
implementation.
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Education Section for Practical IT
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Information Security Education Program

Our department’s Education Section for Practical IT (ESPRIT) provides courses to build practical human
resources for information security in association with universities and industries, and for mathematics,

data science, and Al (AIMD). In this course, students can learn the latest technologies and knowledge

HEESE R )V 3 in a wide range of security fields. We provide Basic SecCap course for undergraduate students to give
Assoc. Prof.
Atsushi Koike basic skills in security. We also provide SecCap course that gives practical skills in security for graduate

students, and ProSec course that gives professional skills in security fields for workers. These courses
were supported as Education Network for Practical Information Technologies (enPiT) sponsored by
the MEXT Japanese Government and currently we provide these courses continuously. Furthermore,
in 2021, we established the Bridgestone and Tohoku University Creation Lab, a collaborative base for
industry-academia co-creation. and launch a joint project to develop digital human resources to support
Bridgestone’s DX. This cultivates a wide range of digital human resources, from advanced to practical,
depending on their business experience and skill level. In addition, based on the educational heritage
accumulated so far, we conducted the recurrent development program of DX influencer under the
support from MEXT.

2 mSecCa
B8R

2017 R SecCap

PR ALK

2018~
(2017-2021)

KEEEICEDEF 1) T4 AMBER Basic SecCap I—RADHEF

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




Research Planning Office
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Research Planning

Research Planning Office promotes research and its application in GSIS, by providing various
support services such as:
to survey and analyze the research achievements and evaluations of them,
to survey and analyze the trend of related research and the government’s policies,
to be a liaison between social needs and research seeds for potential collaborations,
to facilitate the planning and progress of interdisciplinary projects,

to facilitate organizing symposia and forming research communities,

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

We collaborate with the Research Planning Committee, the Science Promotion and Public
Relations Committee, the International Liaison Office of GSIS, and the Research Management
Center of Tohoku University.
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Public Relations Office
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Planning and carrying out the publicity work for
improving the presence of GSIS

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

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

Conveying Graduate School Information

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

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

Press Releases

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

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

A‘* !1bx$ x#ﬁﬁﬁﬂ#mﬂﬁ oYy T 0FOLR English.
T S s S s ot

RN i A pE] FRRI Q

NEWS [EElswe| 25 == os ssm ax
o

BRO-8n

2IOULER EUANER

#EF IR

T—EDKEBRIC
ELWIANZEETS,

202505 ey
BAESORECEDBRL

75 (02572) 17
B ORETOVT

20250508 | o=
EGEEEHF IS —

5 (oasEsEaEE) (2
B ABHSHETHE RS HEERCIOOTAIU
= (SR SREIR) © Sl OT=R

Suv

A37- MEHICEZSE .
e (=2 omECOLT

20250018 [ =
1A =] EEEEEA (0 - BRR
= 5128 FEEUEE
SRNTTRAS
0z ErEmRTS

20250418 =

5 RESEA, G50 TR

RSB SOREERD, BEmBORAC & S
ABERROREERAS N=R- VD NS I oLn remuee

MERT T b TLAVY =X, LERRFOEZLLYR—




pu—

o

a1

il
|

¥ o
i =
¢

j

i




i e i 0 TR

2J1yJ0 UoSIel] [euoieuId}u|

83

International Liaison Office

ElFR3AHEER

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

HE2DTOA—/INIMEDES S IERE FZ R B W TEERRMICE by T LANIVOMRE SUHB = H#E T
BTENEENT VD ARERTIF BAZERRERDI993FELER FERBAICH T2 IBENAMDERS LU
EHEITOCERSEBOELSHEBDOHITIE. BRMITER CELBBLEAMZVNES L. BRI 2HH
BELBZD COAMERICERBEROAELGBAIEE R DT EHRHSND, 2010F48 IR E LIEIRTR
HEZ Tl HRITLFIRZAE BRNAMZE LT 2R ZHRM AR OEIICER T 5 2B LT ER
{ERUBEBRRRICEDSBL2DEEZITOEZBNE LTV D, UNEEELZERNEATH S,

1LHARBIUHFOERL

ERNYTLANIVORREHET 25X CEELGZ DG BEELUFENEFNSHEITSENS T 75 R ZETE
ISESHSNBERIFEY ZTRIBAICKIE S 2T ETH B, BEN EL BN E L DFRZ TRIT ST B
NAREDHRIFEZRENICE L AROERCZHEET 2. . EFRENZ2E T 2NBELDERSS
FUBFDEE M ZML T 55 RR DR E L CFEDRERF = HEBHICEL . BZBDER L ZBET.

2EFEDEETE

BHEGNHZHRAPHSED BfcdIciE MRICLIPIFZRE EX(LDEZ MR 2T LZRDEVEFEZ AT
ICRIFANB CEDEELER LD, RTANDEICIE, BADH SR +HERL . AENDEEELEECHLEFE
HDREZRCTRBICBT S KD F1— 2 —LBRISEREZRY DD BRENRE LEFERE PN S L 5%IE
Y%

3.LERFHDFTR{
WRE)— R EAFEEIET SA T AL LB LREHOEEMFALBE TV 5. RRIEEBRLTHERR
DREETS LI BPERLT PEICAPETICET 2 HE SRS CRIENICIRIT 5.

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

1.Creating international interfaces with researchers and students from abroad
In maintaining the top-level quality of research, it is essential to have the environment where both the faculty and

the students have easy accesses to the information and the knowledge that are constantly updated across the world,
and where they can then engage in the respective investigations in a timely manner. In particular, we institute an
exchange program where foreign researchers can visit the School for an extended time, which then encourages the
flow of ideas and information in and around the School. Toward globalization and internationalization of education,
we promote studying abroad with external funding sources for international exchange programs, and provide
support for students who are planning to study abroad. We also plan lecture series which are very effective for
students to understand importance and value of studying abroad.

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

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

3. University open to the
world

With the goal of becoming a
leading university of the world,
we are well aware of the growing
importance of publicity through

Hometown of the foreign student

Europe 12 xxxxx
the English language. We put an ‘xxx‘x
emphasis on providing up-to-

date information on the original Near and ‘

J g Middle East 3
research accomplished in our x‘x

B Asia 116
campus, as well as essential
) : . Latin America 3
information for perspective atn g e

students from abroad regarding
the life in Sendai.

North America 3

(As of May 2025 Degree-seeking Student )

HER

w & Al BE

Prof. Toshiyuki Sugawa
HEER

#gGHe LLUE FMEs

Prof. Kazunori Yamada

HES

BEGD BE A

Assis. Prof. Kazuto Takao

BEEH L) Siwalee
Choilek

Assis. Prof. Siwalee Choilek

/’/‘

e\ (* 7
#E# (%) Michael Ryan
Zielewski

Assis. Prof.
Michael Ryan Zielewski



Interview of Foreign Student

| began my master's at GSIS in Sendai in April 2021 as a Chinese
international student. Sendai offers an ideal balance of vibrant city life and

b i 20 TR

tranquility, with a climate conducive to focused research. Tohoku University
excels in supporting international students through tutors and language
courses, facilitating smooth cultural adaptation.

In April 2022, | joined GP-DS, where | received exceptional support from the

staff. The program enhanced my data analysis, programming capabilities, and

VAT LERNEER research horizons through comprehensive courses. GP-DS also provided the
gggﬁgﬁg invaluable opportunity to study abroad with substantial financial backing.

{% & (HOU Dengzhe) From August 2024, | spent six months at Harvard Medical School in
Boston, where | improved my English and acquired new research techniques
in neurology and Al models. This experience offered unique insights into different research
methodologies and lab operations internationally.
GP-DS's comprehensive training and support were instrumental in my successful JSPS DC2
application. I'm profoundly grateful for the exceptional educational journey and opportunities GP-DS
has afforded me during my doctoral studies.

Sendai offers a blend of a modern cosmopolitan city with the vibes of
L $T% a country side, having lots of fun activities for each season, festivals and
sightseeing spots. Her beautiful greenery and serene environment has earned
her the name “City of Trees".

| came to Sendai from Nigeria for a training program after which | joined the
GSIS for my masters degree. With the world moving fast in the direction of
Data Science and Al, | applied to join the GP-DS program for my PhD and was
among the lucky ones selected.

g it

ABHREREFER

HAEEER A With zero programming knowledge when | joined, this program has helped
HHETEY AT LY hone my skills in programming and data science in general, via its well
:E‘Z'E(:[S‘;Rg?‘z‘: designed hands on courses and trainings. Today, | effortlessly carry out my research which

involves a great deal of programming, focused on the simulation and analysis of epidemic
dynamics on complex networks.
Through this program, | was able to go on a 3 months research visit to Aalto University, Finland, during which |
met and collaborated with some of the big names in my research field, and also made new friends. It was indeed an
amazing experience, for which | remain grateful.

| am an international student from China,
currently pursuing a master’s degree at Tohoku
University. This is my second year living in Sendai.
Over the past year, | have grown rapidly in this
open, rigorous, and vibrant academic environment.
While adapting to the intensive and fulfilling study

pace, | have expanded my perspective and achieved

O3 LERRSEY meaningful progress in research, laying a solid
A TAIREERE S SRR foundation for my future development.
ATHIREERES

Life in Sendai has also enriched my experience.
% iz (ZHU Haocheng) The city’s four distinct seasons bring unique

charm—cherry blossoms in spring, the sound of
cicadas in summer, vibrant autumn leaves, and snow-covered landscapes in
winter. One of my most unforgettable memories is a summer night by the

sea, gazing at a sky full of stars—a view | had never seen in my hometown.
| am now honored to be part of the GP-DS program. The well-structured curriculum, which spans from fundamentals to advanced topics, offers great

support for students from diverse backgrounds. It has greatly improved my skills in data science and has become an important steppingstone for my
future academic and career goals.
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