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Message from the Dean

The Graduate School of Information Sciences (GSIS) at Tohoku University was established in 1993 as the
university’s first independent graduate school, and in 2026 marks its 33rd year. GSIS 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, GSIS has
contributed to addressing societal challenges and shaping the future, while fostering outstanding talent

that supports both academic advancement and industrial innovation.

The challenges facing modern society—such as population aging, climate change, energy issues, and Al
ethics—are becoming increasingly complex and multifaceted. Addressing these challenges requires not
only excellence in individual disciplines, or “points,” but also the ability to integrate them into broader,
interdisciplinary “planes.” At GSIS, we promote a fusion of the sciences and humanities, strengthening
collaboration across diverse research fields to expand from “points to planes” in both research and

education, thereby creating new societal value.

GSIS comprises four departments: Computer and Mathematical Sciences, System Information Sciences,
Human-Social Information Sciences, and Applied Information Sciences. We conduct a wide range of
research in areas including Al, quantum computing, mathematical sciences, cybersecurity, human
interfaces, language processing, and behavioral analysis. Through research centers such as the Tough
Cyberphysical Al Research Center, as well as collaborative initiatives with industry and government, GSIS
actively promotes advanced research with a strong focus on real-world implementation.

In education, GSIS is committed to fostering globally competent and interdisciplinary professionals
through international and cross-disciplinary programs. In particular, we are enhancing English-medium
education and strengthening international collaborations to develop talent capable of thriving on the

global stage.

Following Tohoku University’s designation in November 2024 as Japan'’s first University for International
Research Excellence, GSIS serves as a central hub for information sciences—one of the core fields of this
initiative—leading interdisciplinary collaboration and global engagement. We are also advancing the
development of a new research and education facility, which will serve as a next-generation hub for

further growth.
In an era where information technologies underpin society, GSIS will continue to create and disseminate

“new information sciences” that contribute to the world. We sincerely appreciate your continued support

and encouragement.

HARIYAMA Masanori

Dean of the Graduate School of Information Sciences

I



"  E

1993 £ » . BHREFEMEHNORE (BFRERHUIZER, VA7 LBERHEER. ABHKBERHNZER)
1997 & » -~ EXBEMEFAOBRRA FL—I Y AT LRIFHEE. MEEERBIPHBERGNHBES L THEE
1998 £ » . REAREMRFAOBRRRABERFBE, EERRHN AT LFBEERIHEELE LTER
2001 £ » o FHRAFHAENAEREBREEMR (8,133 m)
E“”Yﬂ:‘*ﬂ@ﬁ%h‘%f"v-#?( MERAETEREERUBSENGLSHRBEEZRELL. ERBEOIHTLLT
SETFRAMEMBAERUERBELLTATAT F%E%uﬁ R
BHRYFTI—t 2 —DRNBEAER R Y NI — I RBERU IO S I VI EEFHERRELL,
WABEE L CEBERIEROEREE, BHRtF 1) 7 REBE. LIEIEROERERE.
BHEY FT—VRBERUSTERY AT LinEELIEH
2003 £ > o [CHEREFEBER
BRI | ICHEREMREE. [SREMEREEE
WA ISHREBEV T bV I T FHEE, BHRR Y FT—UWRBE,. REY AT LERFHELE,
TLAYT 709 3 VERFHEE. E@Fiﬁ—?—ﬁ@
R | EMRRHRREE
VAT LERBEERICRAR FMERFAORE RAERFEEE ER
2004 £ » | ENAFEARICKEXRZRIGHRBFZHAERICET
2005 F » - YRATLERHEFEROBRBEAENOEHRNEFEE LS RNREERAEEIC, BRAN —Y
VAT LNFEEEERIV TV Y FHBEICER
2006 FF » VAT LIBEHRBHFERICERBEMEFMOBNIFEEL LT, V7 b 7 EHmBELIEE
ICARHRRBFERICARERLRKMEE (KDDI) HMEEERE
(2009 F|cFeimiEIREE T (KDDI) ZHMFEEICKIL. 2012 F 3 B & Tilkik)
2010 & » quu.?&ﬁi’&r&%
2011 5 > BFEIEHER AR
20125 » AFé#iAFﬁ$4%$IQtLi*ﬂ%lill‘”‘ﬁﬁnFﬁ(Dmﬂuﬁf“é: LT, D227 —2avinBEEEEER
RENERATHEEZEZRE
2013 F » - [GABREEERICRILAT A HIV « AHNV VBEORBAEEE LT, N1F AT 1 HIVIER
fRATF SR & 18R
HREEEZRE
2018 & » . LIREXRE
BHRERNFERDOBRRIERUERBE L SRt ERBEICANER
2019 F > BREBNEFERICHEERER L 2—ORAEEL LTT7— 2 ERIERFFEL LR
BHRERRFZERICECFEMEFROEISHRBEL L THEENHEY X 7 LiREREEIES
20205 » - BFOVE1—FT 4 VI HAMEHELSRE
R EEHEZEAE
2021 5 » - YRATLBRBFERICT—2BHEE - AIBERAEL Y 2 —DOWHRHEEE LT, ATHEEERFHEESER
Google FH FLimiir T MzEELZRE (2023 & 4 A% THED)
2023 F > SABEBREEERICKRBRA T —IVT—27 T VT4 VALV 2—DH71EEE LTRIGRAT — 2 RI2HEE,
BT HBAN=TATJAIVAIRREL Y Z—DRNBEELTET - Y4 N—T 1 T AV Al ZEEERE
FEHEARY FT—2 - LYV I+ DX HEIAEFRERE
2024 F > | ISABEBREEERICHAN—BA IRV 2—0RAHHEEL LTES 70 M JIVRBELZRE
NFYZw Y R—IvT 14 VT AXRICKEHBIAEFRZRE
2025 % » E?&%Eﬁﬂ??}lﬂuﬁiﬂ’éx’r—lb?—a THITA VRV 2 —DHHEESL LTEBRAEY R T LFHEE
A=R
YRAT LERNBEERICKRBR T —IVT—427F) T4 VA€V 2—DHH5EEE L TREBRFAEY A7 LR
BEERE
2026 £ > ERERNZERICT —2RERE - AABBERARL V2D IEESL LTARET — 28 EBRELBELEE
SHREAEFHEERESR (NTTR) HEMEHEEEZRE
LSRR
g 1993 & Bk HFX E8K 2010 ~ 2013 £ a1l FxEE
2K 1994 ~ 1997 &£E WO el EIK 2014 ~ 2017 &EE mh =
£31K 1998 ~ 1999 & Eilbay & F104 2018 ~ 2019 &£ JE hE 2
F4K 2000 ~ 2003 BE FIMHK 2020 FE B {0REF
B51K 2004 ~ 2005 &£ E A5 = F124 2021 ~ 2024 & hnEE g
Fo6M 2006 ~ 2007 EE =& /N3] F131K 2025 FE~ Rl B

E- AR 2008 ~ 2009 F /& mEE X

IV



2026 (R 8) FE #HF - K&

MERER kil S BFARRERE BER 5 Al #F HRRREE e &2, K% S =" BmF

Dean Masanori Hariyama  Vice Dean Ayumi Shinohara, Toshiyuki Sugawa Exective Adviser to the Dean  Takayuki Okatani, Hitoshi Omori, Yuko Araki

TRIRERHEES N 24
~ - 27 LIGIREES
r,\::;g?:;cﬁag;;ﬂes Mathematical System Analysis
— 'ﬁ gny = = A N
Applied Mathematical Science HEEEREIE

- B

Intelligent Information Science

Computation Science and Systems — %Eﬁi:/ le7_' L\'I%?E$
N iosystem Information Sciences
- V7 f“'?IT*:I-%“'L iosys nfon
Software Science and Systems — %Dﬁg OR7T 'f 7 Z?
J -
- I‘%iﬁ%ﬁ'ﬂ? Intelligent Robotics
Logic for Information Science - ZEmREE
— 1S3 -4—<3 y%ﬁ Acoustic Information
_C.Smmunication Theory - E:k*ﬁﬁﬁiﬁ$
- SHREETER Visual Cognition and Systems
High Performance Ccinput;nAg - 'I%iﬁ: ~/7—_~/\y$
— BEREF 1) T 15 Information Content
Information Security h A evs
_ — RS TRAERE
- ﬁiﬁ‘rﬁiﬁmiﬁﬁ Integrated Fluid Informatics

Environmental Informatics

- 7 — 2 ERERY

Fundamental Data Informatics

— BEMATREY AT LF

Reconfigurable System

- KRR T — 2 BEEREL

Mathematical Optimization for Large-Scale Data

- SCEREES 2 7 L5 (R{LFRREA) AT LIRS EIR

= V7 b 7ERG

Software Construction

— ATHIGEERES

Fundumental Artifical Intelligence

— REREEY AT LR

Real-time Computing Systems

BERSRY I~'7—7\
U IV DXit ﬁ']ﬁﬁ:h.Fﬁ

Co-Creation Institute of Space-Integrated
Network for Resilient Digital Transformation

of a4 NI =) F=IVTAVTAX
BHREREZEER ipitk%ﬁﬁ']ﬁﬁ?‘jﬁﬁ
Co-creation Regsse);;rc‘:nhggrl:terrl v

BB T RS (NTTR)
H IR SR

Joint Research Laboratory (NTTR) for

High-Performance Photonic Quantum

o m 1\% #E *SI- $ g I& Computing Platforms

= LRTERE iR

Information and Applied Technology

N — rl-\FﬁfE
A Fﬂ *i%ﬁ#ﬁ*4$§:& Al;)phed InfornI:nicEf_Z: Human and Life Science

- BHREEFEV 7 bV TF
Applied Intelligence Software
— B8Ry FT—TH
Information Network Systems
>, -~ —
EIfF3S R R - B A7 L SRS
Flow System Informatics

— ARIi5RE EHRNIBHRBE = JLAY T a VERS

Human Information Science ;ﬁ\ﬁ Brain-Function Integrated System
EE

— #HRBUAERE — ERIRHRE
Socio-Politico Information Science EH g'%j/h\E 5 Health Informatics

— #HRRFIERE - iR T — 2R
Socio-Economic Information Science m#ﬁg Advanced Applied Data Science

— ARHSEHES = 27 « Y4N—=T1IhIL Al F
Infrastructure Planning Tough Cyberphysical Al

L 5 isipss — BES70 VR

Media and Information Science Cryptographic Protocols
- X2 —vavipBER — BMRREES (REHEEEmIErn)
Cognitive Psychology of Communication Statistical Science for Complex Systems



J37=a—FILrvkT—9 LLMIZ &% E IR BREEERARYNT—Y
EFREER Z B#-/L—r BB L

ERERNFER KRET — 2 80BRB L EE TR, 73 7BRLEESE I E#HE LT, BRLGAORE
DORREITOTND, FIC. REROARELT — 216 L THRENGRB TIES 2mRE7I/ILTY X
LZERE L. D EEDERMENT & REIC L DR ZEDH TS,

At the Mathematical Optimization for Large-Scale Data Laboratory, Department of Computer and Mathematical
Sciences, we conduct research from both theoretical and applied perspectives, centered around graph theory and
mathematical optimization. In particular, we design fast algorithms capable of processing large-scale, real-world data
within realistic timeframes, and advance our work through both theoretical analysis of computational complexity and
empirical verification via implementation.
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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 eight sections: Logic for Information Science, Communication
Theory, High Performance Computing, Information Security, Environmental Informatics,
Fundamental Data Informatics, Mathematical Optimization for Large-Scale Data, and Advanced
Computing Systems.
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Quantum Mechanics: Concepts and Mathematical
Structures, Applications to Quantum Information
Science. Research on knots and 3-dim manifolds

Research Overview of the Kimura Group: Quantum mechanics is a fundamental theory of modern physics
that describes the microscopic world of atoms and elementary particles, and it also underpins modern
science and technology such as semiconductors and lasers. However, profound mysteries still remain in
its interpretation and conceptual foundations, and there is no single unified view even among physicists.
Taking Bell's theorem —which radically challenged our understanding of the nature of reality—as one of
our guiding themes, we study the meaning of observation, probability, correlation, and information that
underlie quantum mechanics from both conceptual and mathematical physical perspectives. In particular,
we aim to develop a broader and more unified understanding of quantum theory through the perspectives
of open quantum systems and general probabilistic theories, while also exploring applications to quantum
information science, including the principles of quantum communication and quantum computation.

Research Overview of the Bao Group: | study knots and 3-dim manifolds, and my research topics include
quantum invariants, Heegaard Floer homology etc. 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 combinatorial interpretations of these invariants.

EFNFORETOMBEBEDRKEEB L LT EFFHABGROMRFERSR
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Our work ranges from foundational studies of the mysteries of quantum (R@idy) o (idv ® R) o (R®idy) = (idy ® R) o (R ®idy) o (idv ® F)
mechanics and |ts mathematical st.ruct.ure, i.ncluding open quant.um systems and Yang-Baxter 5725t

general probability theory, to applications in quantum information science such

as quantum communication, quantum computation, and quantum cryptography. Yang-Baxter equation




Mathematical Structures 11
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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
21

—RELZHFICH, BRANKIIZENICRNS, RIE2T Gauss DBERAEHRZERYT. L£HHEH

8. B RAZRY, GIFME, PRIFINSZEFFHICESZHD (Segre BAE)
A graph of the Riemann zeta function: the Hypergeometric functions appear in diverse research areas. These pictures all represent Gauss' hypergeometric
brightness and the color indicate the absolute functions. The left one appears in Statistics, the right in Physics, and the middle in Geometry (the Segre

value and the argument, respectively. 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.

e:q=9 0:q=25 .:q=81
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Fig. 1 Normalized joint spectral distributions of Cartesian powers of Paley graphs
Paley(q) and their complements




Mathematical Structures IV
=E A ]
’rﬁ %EEE*E&EE;% IV https://www.math.is.tohoku.ac.jp/~miyajima/index.html

WHRF—7— FB  BUBRET, 175 8RR
B KEYWORDS B numerical analysis / matrix analysis

2 N 2 i 5t

BEREL E8EHE

BTRICEVWTIR, RRZERETHODICHIBETIVOMESN. TNESDETIVERL T LK T,
KMNDBRDOFRAPH G TENHRBDRFTENATRERL LS, FEALEDIHZE. TNSDETIVIEER
WEFETRCEDNRETH S, STEREBVREHEICLYBEINB I EHZL, —FA 5
wm EEEH Bz RO BEAE TR, TOSRIZERICIZTONGEL, ERIEREORERIEZ DEEERMTICELM
POt iyajima Th. BRZESCHERERIIINTCERRBICEUEINS, TORR. BELT FEETADLEDEL

FRGHERHVEHEINS DD B,

STEERDSELWERZRDOITIE. TZDHABERBRMIHTELLDD ] ZHET HUEDH S,
AARETIE. FTEEROHGEST . [ZOFEERNMIHTELLDDL) EVSBERLEZZFEZBRE
LTW%, B, T5IME (T5A1ER. 77, THI0EEMERE. TH0RRE - FENY U
DFtHE. s —FBEE) ICBKZL5. JUEER D DOKUEDHBHIPELWERIETESF
EDBRICRVEA TS, COEXIGFEZBRIT ST, SAREBATREOSNSEDHZBNT.
BROGFEHREEZEENICRDSCHDDERZIAT 5 EHDBEELGED,

=)
(1]
©
o
-
-
3
(1]
=
-
(-]
-
n
(=]
3
©
S
-
(1]
-
o
=
(-8
=
o
-
=
m
3
o
=p
n
=
w
o
1]
=
[a)
(1]
w

Verified numerical computation

In science and engineering, mathematical models are constructed to understand phenomena, and by
solving these models, it becomes possible to predict unknown phenomena and design new engineering
products. In most cases, these models are difficult to solve analytically, and thus are often solved by
numerical computations using computers. On the other hand, numerical computations performed on
computers are not exact. The results of arithmetic operations are approximated to a finite number of
digits at each step, and all infinite processes involving limits are approximated by finite operations. As a
consequence, there are cases in which even the sign of the computed result differs from the true value.

To draw correct conclusions from computed results, it is necessary to determine how many digits of
those results are reliable. In our laboratory, we develop methods that provide not only the computed
results but also information on how many digits of those results are guaranteed to be correct. In
particular, we are interested in matrix problems—such as matrix equations, matrix functions, eigenvalue
problems, computation of singular values and singular vectors, and linear least squares problems—and
we work on developing methods that are both faster and capable of guaranteeing a larger number of
correct digits. To construct such methods, it is necessary to prove theorems that quantitatively determine
bounds on the true solution using only the values obtained within a computer.

Im

THDT N TCDEREDEEFEER (n=3)

Rigorous bounds for all eigenvalues of a matrix (n = 3)
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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?



Computer Structure

= 544 VAN
E'I'%« 3 ‘*ﬁ ofd http://www.aoki.ecei.tohoku.ac.jp/index-j.html

EHARF—7—FR B - G508 /7285 RERWHTE QA E1—28Y 3y A F A M) IR/ ERERILE
BKEYWORDSE Image/Signal Processing / Data Science /~ Deep Machine Learning ~~ Computer Vision / Biometrics ,/ Medical Image Processing

2 N 2 i 5t

SH B N - NI
EHROFERREZEFHI HER - T—28ZF
B S Eif§: - ESNE S RBBMEEERS T EH LOEROAIES KOS m R s 815 L THES
. FoTW3, £ELTADDBEBEEICHVTRECHEEERLTWVS,
w’ ONAA AR LR EADEEY - (TENISEERN RN Th D, SEEKSY (FE. 155
o o ER EY E%%Eﬂﬁa)E%?%%ﬁ%ﬁﬁijufAﬁ&U%ﬂDX?A@féﬁwﬁiém%%ﬁo
Prof. _ ' Do
et fer o ERERIE | 12 F 1 — ZBMHIEICH N CABERARARMTCHY . MR, BER. OCT 58 TR
BENERERD S>EREHEBDER A LIET ZERNE - ATEHNICET 2z E#EL TS,
03 WAV 1—42EY 3 | EEROBEERD SUIED 3 KT REETT 2R Th 5, ER - 1=
BB L RFEEHEEDOREICLIERT Y F Y I REMEBOEEE - SRETS 3 RTETFRIC

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

B9 B EIT > TCLN5,
N2 o F—aRF | EFHANRS SURITRAHARRTEL T, | REBLUSRTDES « 7—20
Eam GRE- BBARICETT B3 LU 5 2 LORIR L SEREBICHER LTS,
Koichi Ito
wmmee 5@ 24 COMputer vision and data science to innovate real-
P 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

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

w= M
¢ € -
Palr ntal X ray

N L e :
3D reconstruction from multi-view images Automatic plankton detection and classification
3D Computer Vision New Paradigms for Signal/Data Analysis
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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,
B % HF KN + "Big-Data Computing/High-Performance Computing" such as Al, Natural Language Processing,

Assis. Prof. i i i i
B e aka 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

Finance, "
ILRE || i Py FPGA: brain-like >
' oos oA flexible structure (s
e - p
T ; ‘6,

lectr iC uantum . r}
field analysis annealing rraph analysls]rlomformatlcs]

( Sensor. Information Processing Medical information system
-~ - 1. Intelligent Algorithm
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Human-Centric Intelligent supercomputing systems Global optimization across different

computational domains
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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”

In today's society, many critical systems are controlled by computers: transportation safety, medical devices,
commerce and public communication. The software that runs on those computers, however, is often developed
on weak foundations, which regularly causes it to behave in unanticipated and rather undesirable ways.

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

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

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

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

+ Smart contract verification: Smart contracts, a new paradigm of software used on blockchains, are gaining
social significance. We are developing verification techniques that address the unique characteristics of

blockchains, such as decentralization.
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(icfpc2011.blogspot.jp) Programming language research cycle

Organization of an international functional programming
contest (icfpc2011.blogspot.jp)
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Connecting Spaces, Empowering Society

As social activities are reorganized around data and networks, wireless networks are becoming key

social infrastructure that connects people, objects, and environments, and integrates the physical world
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with cyberspace. Looking toward the Beyond 5G/6G era, our laboratory advances technologies that make
intelligent use of limited radio resources and deliver the right information to the right place at the right
time, as well as loT systems built on these technologies. Our research includes control of reconfigurable
intelligent surfaces (RIS) for effective use of high-frequency bands; emergency communication networks
that expand coverage by integrating satellite communications with drones; semantic communications
and deep reinforcement learning for bandwidth allocation and autonomous drone flight control; and
distributed edge computing that supports Al close to where data are generated. We pursue applied
research across communications, loT, and Al, including medical-engineering collaboration for diagnostic
support and preventive healthcare. Through these efforts, we aim to create spaces that sense, learn, and

respond, contributing to a safe, secure, resilient, and intelligent society.

Engineering the Beyond 5G/6G Era

Integrating the physical world with cyberspace through intelligent data and networks.

P~ ()
A
% m a
Next-Generation Wireless loT & Edge Systems Al & Applied Science

« Reconfigurable Intelligent Surfaces « Emergency Networks: Rapid-deployment « Distributed Edge Computing: Enabling
(RIS): Advanced control technologies flying base stations utilizing drones to localized, real-time Al processing directly
optimizing the effective utilization of establish communication networks during where data is generated.
high-frequency bands. disasters and in inaccessible zones.

+ Medical-Engineering Collaboration:

« Multi-Layered Coverage: Integrating « Semantic Communications: Prioritizing Non-invasive, Al-powered diagnostic
satellite communications with drone meaning over raw bits to aggressively support systems (e.g., analyzing flow
networks to seamlessly expand conserve limited bandwidth, paired with waveforms) to automatically and
connectivity into unserved areas. deep reinforcement learning for accurately identify the root causes of

autonomous drone flight control. conditions.

OUR GOAL: Contributing to a safe, secure, resilient, and intelligent society.
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Research Overview
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. Filling a gap between humans and computers

Assis. Prof.

Kentaro Kikuchi 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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‘WAITING ——————— (FIRSTTOSS
Fo:~ ( ) Hn+1)::~t( )
L(CATCHTOSS) "7H(N0Toss)
0|—(n+1)::~t n+1F0u~t
bt mbe nFwm o
Proof n+lhF@m+1)u~t
Theorem toss_441_valid : | toss_ 441
Proof. —(—5 anu) TETT . = {2}/index_iota addKn/=
assert(@ }»tnss_441); cofix; oFaLy ET2E) sHm) 1EQ1)  3E@) ulnl !doubleS;

1E@aD zamy ZHUD 0F@aD
2F(40) (144

assert(1 [toss_441); cofix;
assert(2 [-toss_441); cofix; ’ﬁf,—‘,‘l‘;
rewrite eq_unfold_toss; simpl; repeat constructor; auto.
Qed.
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Coinductive formalization of validity of toss juggling patterns
and its certification in the Rocq proof assistant

* (leq_trans IH); expnD leq_pmulr.

- =[X in X.+4]addnn Sn index_iotaD// big_cat/= !doubleS
addSnns addnn -(addnn _.+2) -3!addSn —!addnS expnd=> TH;
Tleq_mul// prod_latter_prime_Lle.
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A formal proof that the product of all prime numbers < n is
less than or equal to 2*"'



Communication Theory
= — > S ) s
j =1 _'7-_7 = / afg http://www.cn.riec.tohoku.ac.jp/

EHfEF—7—FBl BRIV b T—0T7—FF70F v loT JENA IRy D=0 /vy b D=0 Y T L@
BKEYWORDSE Information Network Architecture /" 1oT ,/ Mobile Network ,/ Network System Optimization

2 N 2 i 5t

loT HEZZABEHRAY b T—07T7—FT IV F v

BHR Y 7527 LEBICHROMA S TREL, ALDBREEPHEEZIET B ERIC,
LS A TR A L DHREEHIT ETRET T ERTEEEhe L LEHB, A2 52y b
& 1960 AT DFFAGE L Th 5. TORANGET —F7 7T+ EE LA EEABVEERE - X

,\
A

w8 Ea B THLLTETCOET. 0T HR0FRICEY. SEIENCSCOBRBER Y FT—0ICBE, ST
pro ICEZSNAEVE S BIRFD DERRERR Y T —0 YR LERS VAT BT LHAFREN

Go Hasegawa

T—=F TV FvHGRAENZ ST EHBIRENTVET,

HMRETIE. TOLOGEEEZITEWAHLWVERRY b =07 —F 77 F v ORBFEZBEELE
¥, FT. 2R - SRABRR Y bTU—00 ®REbx Y bT—7 [ YR T LERE - SIS, 10T/ BN
IRy bT—=0 74> MBIy FT—0Z IV 7 /ISAY 7 b7 7. BittERy b7 —F
VU IRy bT—F 2T RERIEF 2 AT —CEXEREICET 2MRICRVBEHET. ZTOB
T CICRICIIDONE DD T THET 2D TIEG L. TEZ G HDHZHAT HcHDIEHH - HF
HEREEREBRL L. Fifchxy T —VREOHRREZBIELET,

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

Information network architecture for loT era

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

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

Masatoshi Kawai
Our research focus is on establishing high-performance computing technologies to fully exploit future
supercomputers. In pursuit of this goal, we operate a production supercomputer and collaborate with
many researchers for identifying shortcomings in current supercomputers and researching solutions to
be implemented in next-generation technologies.
(1) System Software for Productive High-Performance Computing
To achieve both performance and portability, we develop system software technologies. One
example of our research is to adopt data-driven approaches such as machine learning to enhance
programming and runtime environments for future supercomputers.
(2) New Ways of Using Supercomputers
Recently, supercomputers are being used for an increasing variety of fields, including machine
learning, big data, and urgent computing. We are engaged in research on developing effective ways
of using supercomputers for those new purposes without degrading the performance for the original
purpose of academic use.
(3) Operation Technologies for Future Supercomputers
We develop operation technologies to enhance fault tolerance and power efficiency while achieving
high utilization and throughput in future supercomputers, which will not only be larger in scale, but also
be more complicated.

Z—=N—=a¥E1—9DER EHRSRT LAONEESISHITOIS VY Quantum Annealing
RESHOTOC Y YEERISREDR/ (>

. Supercomputing / HPC

Programming
Performance Tuning

Machine Learning
Big Data

Al / Machine Learning

Performance Modeling
Bottleneck Analysis

Resource Management

HERNERGREREE  CYYTPOTY/(ALEETS Job Scheduling
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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

BHwRF1) T DEBHENH

REBEOHEDFIE IVFATAT7EF 2 ) T BLUOENSICEET Z2ERENATY, R/EFKAL
HEICEEREF > TVBDIERDT— T,

(M)A T7+T 2y I\OBFEER | 7—2REBTHREINDS AIEME. 1> T7+73 v 7 EMFEN
HHLVBRHOERICEEDN > TVET, 74V ERICHT BAHFEEMET L. 2D DX ZEITH
IFTE ) #BH 7 BENCT 212D Al HilTOMZRS KUBRICERYBEATHET,

70y oFr—r0FER: JOv I F T—Iid DAO ¥ DApps D& 5 GIEFRREER T X T LAER
BHLEY, FHald. EIBEANERRE - FRODFICHS TS0y 7 F 11— VISBRTOMEREEZ
DHARREICRIBATOET,

Q) BERODZEM | SHOLHBEESRAPEFBELRDOEZIE, FHEENICHRIBRATE T LIE
FEELEZSNTVBE DD DHEMEICZDOZE2MAKELTVET, Kiald. BEROREMEX
ABTEL DERBBOEM S ZBENTEEEROFEZAVTIHEL TVET,

(4) EEEOR WV Al ERBERZESIE | Al ICKSERBERZESZEOMEICRVEATONET, B
BIClE. AllC K 2 EREGRRENT. EREGRER. ERERO T —20EH Al E8EICE X 2 EDRNT:
ExETV. BHMZEOEBEESZE2EOELEEZBIRLTVWET,

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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Reductions among Cryptographic Primitives
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Data Science Approach to Information in Complex
Systems

(1) Learning analytics in IT education and e-learning

B # KA IEE To practice effective education with IT or e-learning, it is necessary to improve instruction and

Mimeak Ohishi educational contents based on evidence. So, we investigate every different learning activities and
model them through developing applications and tools for actual educational fields. We also study on
methodology of analytics for these learning activities.

(2) Construction of a visualization and behavioral analysis framework for supporting self-regulated
learning (SRL)

This study aims to promote learners’ autonomous learning by supporting Self-Regulated Learning
(SRL) through the visualization of learning histories and the development of tools tailored to actual
educational settings. It further analyzes and models behavioral data derived from classroom practice to
construct a data-driven framework for understanding and enhancing SRL.

(3) Development of a data analysis method and its application

With sparse estimation, nonparametric regression, varying coefficient model, etc., we try to develop
a new data analysis method and its estimation algorithm. For example, prediction for the prices of real
estate and ecology investigation of marine lives are our targets, and real data analyses for them are
conducted.

Using federated learning,
aggregate and update

g! only the models

Support by Al or

learners following a recipe Feedback on
.y . overall learning
= kol ‘MWM
ro— ¥ @ )
& hd L)
< ° a < 6 o s @ mwoma
e 3,2:—%5“,:‘--", -g e

Ep— QU Learner Learner Learner

BEFBAAI— N7+ 27 )= 3y ERRNFBDITY —IV
Smartphone application for language learning and a tool for exploratory
learning analytics
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Conceptual Diagram of Updating Learning Support Models through
Federated Learning
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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 (FPGAs), 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.

BiBAETEE LS| Reconfigurable Computing Architecture
Reconfigurable LSI
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Mathematical Optimization for Large-Scale Data
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Theoretical and Applied Approaches to Mathematical
Modeling and Optimization

Our lab designs and analyzes algorithms for complex real-world problems, building on theoretical
computer science and discrete mathematics. Beyond finding a single optimal solution, we study the
structure of solution spaces to develop frameworks that adapt to uncertainty and change. We also
investigate how structural requirements on solutions affect computational complexity.

- Structural Analysis of Solution Spaces in Combinatorial Reconfiguration

By defining adjacency relations between solutions, the solution space of combinatorial problems can be
viewed as a graph. We analyze properties such as connectivity and diameter of these graphs, and explore
the boundary between computational intractability and efficient estimation.

- Solution Diversity and Robustness

Real-world decision-making demands multiple high-quality alternatives with distinct properties
(diversity) and solutions resilient to changes in assumptions (robustness). We formalize these concepts
mathematically and design efficient algorithms to find such solutions.

I
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[Different — Far apart]
Provides alternatives
resilient to major changes . .4

[Similar — Close]
Easy to adjust when
plans change slightly
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Solution diversity and robustness A tool for computing and visualizing reconfiguration
processes




Advanced Computing Systems
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Exploring HPC, Al, quantum computing, and advanced
computing systems that integrate them

The Advanced Computing Systems Laboratory explores computing systems not only for traditional
high-performance computing (HPC), but also for other domains such as Al and quantum computing
— with a view toward the post-Moore era, in which Moore's Law approaches its limits and further
miniaturization of semiconductors becomes increasingly difficult. Our research pursues principles,
methodologies, and implementations across both hardware and software, with the goal of continuously
improving the performance and usability of computing systems.

On the hardware side, we investigate future computing principles and computer architectures
unconstrained by conventional approaches. This includes research into semiconductor technology,
packaging, interconnect technologies, and system architecture in connection with "FugakuNEXT" -- the
next-generation successor to the supercomputer "Fugaku," targeting enhanced performance for both
HPC and Al workloads. We also explore quantum error correction methods, their implementations, and
HPC—quantum hybrid system architectures in the context of fault-tolerant quantum computers, which
are currently an active area of research and development.

On the software side, 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.

System Software in Supercomputers

 System software refers to a set of software that maximizes the performance of computer hardware, streamlines
the development of applications such as scientific simulation and Al, and also ease the operation of computers

MONAKA-X [l MONAKA-X ]
cPU cru

A site of software (compilers, frameworks, debuggers, profiers/t.
racers) to support program development for HPC.
Necessary for fast and effcient application development.

A FT, et pr
-accelerated or optimized for the target hardware. By utiizing nu

ro
/ @ hardware performance can be efficiently extracted.
i Numerical Library
. mchne/deep earming.
e Al fomenork enabie fastearing an inference of Al mocel
Al Framework < and efecine s of compuations esources
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Communication Library ESSEBIEa
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Software for easy and efficent use of storage.

|~ Necessary to store, manage, and access data at high speed.
Software that manages the execution order of computation jobs a
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1. Future supercomputer for HPC and Al
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Examples of future advanced computing systems

afely and effcently.
A group of systems that take charge of monitoring, fault handing,
| ™ 2nd user management of computers, contributing o stabe syste
m operation and reduced maintenance costs.

EYll System Management

2. Fault-tolerant quantum computer
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System software of advanced computing systems
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Fundamental Artificial Intelligence
Intelligent Information Science

\.  Mathematical System Analysis
N\ 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
BRABGVATLTHRIIOTVEY, BUAPERDYRAT A BRENETEVRT L. EDE
BEHHTEVATLGE, ATMEBAREVATLERDTENTEEFY, YATLERRZF
BT, IOLESHEVATLZRNRIC, HF - BART T2 TLUERBZORRLS
ZTOEMEBEZRAL. JYBVWIRTLZBRIHARZEDTVET, HERT—XIE. YA
TLENRELBREGER. 7IVIVXLEADZXLICEDLZHEEERBFE. BREMF: B
BOATLFTHEF 22 CERV AT LBRTE. ORY MEITHED A A — D BRI D F AR
VATLE, BE- BRICEDSERE. BRIV TUPVTIII7ICEDEIYE1—2Y
AIVRGE, BRITDIET,

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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Mathematical System Analysis I
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B KEYWORDSME Coding theory ./ Combinatorial design theory ,/ Global Analysis / Homogenization theory
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e TR Coding theory / Global Analysis and its applications
Junya Takahashi

(BO1-1)

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

(B01-2)

In Funano's Laboratory we are developing and applying the study of eigenvalues and eigenfunctions
of the Laplacian. This reseach is concerned with both analysis and geometry, such as curvature and
volume, and also with mathematical physics. If we think our domain as a drum then we can ask how
eigenfrequencies behave when we play the drum. We are also interested in a discrete setting. In that
case it is related with a construction of robust, efficient, economical networks, trafic jams, and clustering.
One of our goal is to apply our study for such daily life problems.
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Generator matrix of the extended Golay code What kind of tones can you hear from a drum?
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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," caninfer "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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poster on the research of mathematical induction
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simultaneous confidence region for an embedded one-
dimensional curve in three-dimensional space
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Statistical Mathematics » Mathematical System Analysis
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WEARF—T— FB HEET U T BRI T — 2R BT — 2 i WREE S EREGREN S A2 TR
B KEYWORDSM statistical modeling ./ high-dimensional data analysis ,/ functional data analysis ./ machine learning ,/ medical image analysis ./
meta-analysis

https://www.math.is.tohoku.ac.jp/~arakilab/
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Dr. Guan Xin
; BHERRTT —2IENT BV SRR VI FEERBIL7 VIV ALERELTVEY, 7 —2%@E)%
R : LA 57 YITIIN—TCRET BT LT OBENGBEZRS M L. FEDERWEEDEFICHIRYBATVET,
Assoc. Prof. ’ Dr. Ao Huang (EH)

Utako Yamamoto

#iEE%ER GUAN XIN

Assis. Prof.
GUAN XIN

wapEER E O

Assis. Prof.
AO HUANG

ABT VD RCHBFBRRINA T A%l - FHET 2ODFAFEEMERELTVET, BHOMERER
ZERET DEDNAT AT LT BIRLAY < RANG @ ZRHEM L5 —IVORREICERVBEATHET,

Statistical Modeling and Data Science

With advances in digital technologies and measurement systems, high-dimensional and complex data are
rapidly increasing in fields such as medicine, life sciences, engineering, and social sciences. Our group aims to
uncover uncertainty and structure in such data through statistical modeling and data science, and to generate
new insights from both theoretical and applied perspectives.

B03 Araki Laboratory: Araki Laboratory studies functional data analysis, distributional data analysis,
spatiotemporal data analysis, and statistical modeling of dynamical systems, with emphasis on estimation,
model selection and evaluation, and prediction. We also develop practical and theoretically grounded
methods for diverse real-world data, including medical and biological information, meteorological data,
sports data, and official statistics.

Yamamoto Laboratory: Yamamoto Laboratory develops image reconstruction and diagnostic support
methods for non-invasive medical imaging data such as MR, using optimization and machine learning. The
laboratory works on quantification and visualization from limited imaging data, motion tracking of moving
organs, and harmonization of image variations across scanners to support clinical decision-making.

Dr. Guan Xin: Dr. Guan studies clustering methods and optimization algorithms for complex high-dimensional
data. The research aims to reveal hidden structures by dividing data into meaningful subgroups and analyzing
the theoretical properties of these methods.

Dr. Ao Huang: Dr. Huang develops statistical methods for assessing and adjusting publication bias in meta-
analysis. The research provides interpretable and practical frameworks and tools for addressing bias when
synthesizing results from multiple studies.
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1.
Fig. 1
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Developments and Applications of Algorithms

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

1. A graph consists of a set of vertices and a set of edges, each of which joins a pair of vertices. Graphs
can be used to model many practical problems: For example, the server supply-assignment problem
for computer networks (see Fig. 1) and the scheduling problem can be formulated as the graph flow
and coloring problems, respectively.

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.

15 XXV DRGRER

Modeling the server supply-assignment problem for Fig.2 Anexample of 15-puzzle

computer networks
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InteIIigent Systems Science
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String Processing ./~ Machine Learning ~~ Data Compression
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Artificial Intelligence and String Processing

Artificial Intelligence, Foundations and Applications

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

String Processing and Data Compression

String is one of the most basic structures to hold and transmit information. Nowadays, enormous
text data is accumulated due to recent popularization of Internet, and technology to process huge
amount of text data has become important more and more. We study data structures and algorithms for
efficient string processing and data compression. Especially we focus our attention to develop efficient
algorithms to perform pattern matching and feature extraction from given compressed data without
explicit decompression. We also study on combinatorial properties of strings, which would be helpful for
fast string processing, and develop information retrieval systems that are useful for research activities.
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Query learning algorithm for context-free languages over huge alphabets
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matching on multi-tracks
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Natural Language Processing and Communication
Science

BEBAER B & R 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 dil NL Dialogue i o
PSS, attention ,," s
# Bé uition -
Semantic/discourse Parsing e Assnuatrbn'
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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Bioinformatics for Earth: Reconstructing Ecosystems
from Molecular Information

Human activities threaten the sustainability of Earth’s environment and require us to understand and
predict ecosystem dynamics. However, ecosystems are often described using averaged indicators that
fail to capture species-level differences and physiological states. Because key phenomena such as fishery
resources and environmental responses depend on specific species, our laboratory aims to reconstruct
ecosystems based on species-level functions and states.

We infer organismal functions and states from genomic and epigenomic data to characterize
ecosystem structure and dynamics. In collaboration with the Onagawa Field Center and WPI-AIMEC,
we study coastal plankton communities through field observations and sampling, integrating long-
read metagenomic and epigenomic analyses. This approach captures species identity, abundance, and
interactions, enabling description of community change. We also develop computational methods,
including gene coexpression network analysis, and maintain databases (ATTED-IIl, COXPRESdb, ALCOdb).
Together with PlanDyO, a metagenomic integration platform, these efforts enable description and
prediction of ecosystem dynamics based on species-level processes.

Environment Organismal Responses Ecosystem Outcomes
X Bacteria i + Carbon cycling
!E ’Q\ » ~ @ 6{ @ ﬁ,@ + Harmiful algal blooms
F ® @ = Q . Fish::e;impac:s
e @ | & #9 | =ACoy

* Ocean model

Modeling
+ Spatial Distribution
» Function « Temporal Dynamics

90< figC LE JEE

Imaging

(DNA methylation)

DFBREBAT —REDERRLA T IV AOEERE TR
Reconstruction and prediction of ecosystem dynamics based on molecular and observational data.

| Q0 cosism™ L_.""Aﬂ!-u _‘m
. = @ALCOdb

DFEEEHEDER L B EHBELTFHRERT — 2 X—X (COXPRESdb, ATTED-Il. ALCOdb)
Gene coexpression databases for functional inference (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




Image Analysis

> 24
’r )( - “/ﬁ’q’:*ﬁ—} http://www.vision.is.tohoku.ac.jp/

BHRR+—7—FB JvEa—42EYay BEEHE/ SRE86/ T —T>5—Z2 T/ ANTHEE
B KEYWORDSME computer vision / visual recognition / multi-view geometry / deep learning ./ artificial intelligence

S4B NE S TR B I

AvEa—2EY 3> | BfEEHAID S ATHEEE T
bAbNIEIYE 140 3V ERDIC, BIRINE, WHEE BASEELS, BETHHE
%E<H%LTD$?O3751—&@937®Eﬁﬁﬁb&ﬁE%ﬁ%E9mTﬁM w7 LT

: « YA TY LD TEDMMABEEIES T LIk Y. BRI 5> EHRNERE CELVEEEIRY R
w8 H8 BT ui? C@EEK@H\bnbﬂwmnﬁ?uﬂm-%ﬁ@ﬁﬁbbﬁﬁwﬁ%CWUﬁ&\%/@
— BERH, BEHOERTTY VY. REFBEFIV. BENIS T4 AIVEFIL. ATZ1—51b3%y

FT =0 EANDBDEEDLY DD, 77 vy a VERORH. BASHEICKI2ERERELETHAZE
HTEE LT, EEDRBEBETIVOERICHD. DNONORRETRRE= 21— /bRy hT—
7 DRIV EIRNGRBSBFETHARICRVBATOET, FIZERBEEET IVZAVTE
/OATAVRIFTHRSBRETOVONCEFCRELBHTES L S1LG2, (B1). Z1—F)bxry

b= EARBDOMBELDEDYIEEDESILHE >TVED, VWD T I THEZEDTVET,

MW TRANTHL 7. BACHEGEROLSIC. BASEERAVEEERICOVTLEEHRLTLEYT (M2)
TS (EMCR) THANH

HUYEN
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
{EB% (%) 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 N The young boy is playing tennis at the court
Ho: The young boy is playing
tennis at the court
Hi: Is the young boy a toddler? No
a
2 ﬁf xlv"’:)'”'“ Is his hair? Q: What color Is his hair?
-— 's blac -t
[ Q3: Is he wearing shorts? S,L::;:’: v S,::k'ad(
o (Yes) i
o
?
N {_Dialog history }
c Ho: An elephant walks through the e s ey el
o - gresnery o the junge. 15 here pacgle 7o
S 4 | Hi:ls there peopl
9] Ha: Is the elsphanl el ?Yes
<4
(‘135 ;’a" you see its tusks Q: Can you see its tusks?
s .
Qé: Does he have a saddle? gl::;:’:’:::
3 S (No) .
——1
X1 %W@%EE@@E@ A X2 EfRERE S BASHE

Fig. 1 Material and attribute recognition Fig. 2 Image understanding and language
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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.
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3D measurement and 3D data processing for bin-picking of metallic objects.

Point Cloud Processing PC Robot Control PC
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Object recognition for CAD-based matching and non-CAD
approach.
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Intelligent Robotics and Al
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Intelligent Robots Powered by Machine Learning

In recent years, artificial intelligence for embodied agents such as robots has become an active area
of research. For agents to understand the real world and act appropriately, it is important not only to
understand spatial structures based on images and three-dimensional point clouds, but also to integrate
diverse modalities such as vision, language, action, touch, force, and sound. In our laboratory, we work
on recognition tasks such as object recognition, three-dimensional mapping, and graph network
construction using machine learning, while also pursuing research on Embodied Al that connects
these capabilities to robot navigation and robot manipulation. Furthermore, we aim to build spatial
foundation models that can be continuously updated and developed through interaction with real-
world environments, by teaching humanoid robots advanced human behaviors and task execution and
enabling them to interpret such knowledge in relation to objects, people, and their surroundings. By
combining supervised learning, reinforcement learning, inverse reinforcement learning, and learning-
based control, we seek to establish foundational robotic technologies that can flexibly adapt to

environmental changes and perform diverse real-world tasks.

KIREZH - BRUBRENET 50Ky b X7 LOBER ARZEDORY b feb & ZRTIMATEORT
Overview diagram of a robotic system that recognizes and explores real-world Robots in the laboratory and scenes of 3D object recognition

environments to collect information
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Toward advanced acoustic information
communication systems

The research in this laboratory is concerned with information processing in the realm of human
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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—HT LA 157 ch DBERRAE—AY AT LERWT Y EY Z v 7 AilBEEH#
BEBREBEY AT L

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

Loudspeaker array in the anechoic room
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What do we see?
—Understanding the human visual functions-

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

modeling.
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The spatial extent of visual attention was measured using two kinds of brain waves:
steady state visual evoked potential (SSVEP) and event related potential (ERP) .
In the case of SSVEP, the attentional effect gradually decreased with the distance
from the attended location. In the case of ERP, however, the attentional effect was
obtained at the location where visual attention was directed, and information
around the attentional locations was suppressed.
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We perceive the visual world remains stable across saccadic eye movements.
How does the visual system achieve visual stability across saccades? Our findings
suggest that luminance-based transient signals make an important contribution
to visual stability, and to the relative weight of retinal and extraretinal information
in target localization.
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® Interactive Content Design
BmE B/ M

Assis. Prof. We are conducting research that treats everything in our surroundings as content, aiming to utilize
Lin Gu these elements to enable people to work comfortably, efficiently, and intuitively, and to facilitate rich

communication.
1. Virtual Reality Interaction

We are conducting research on interactions that leverage the characteristics of both virtual and real
spaces.
2. Human-Workspace Interaction

We are conducting research on the design, prototyping, and evaluation of interactive technologies
and user interfaces that support human activities by integrating computers into the spaces and their
components surrounding various human activities, and by adaptively changing the configuration and
layout of those spaces.
3. Nonverbal Communication Sensing and Physical Al

We integrate multiple modalities, such as visible light imagery and millimeter-wave radar, to measure
and understand subtle human movements with high precision. By combining these with large language
models (LLMs), we explore the correspondence between Al latent representations and brain activity,
aiming to understand and generate nonverbal information—such as tacit knowledge and emotions—
that cannot be fully captured by conventional language. Furthermore, using approaches inspired by
human cognition and evolution, we are elucidating the essence of nonverbal communication and
conducting research toward the construction of intelligent systems—as Physical Al—that enable natural
human-to-human interaction.
4. Body Perception and Transformation

By applying virtual reality and machine learning technologies, we are conducting research on the
perception of one’s own and others’ body sizes, the recognition of perceived bodies, and methods for
altering them.

AVEZ9T47AVT VY DRRERS

Scene from the Interactive Content Design Laboratory




Integrated Fluid Informatics
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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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DTo make clear atomization process

@To improve atomization control technique

Liqud -
Air flow it

Primary break-up

Crack K pro ation by particle I
‘method

AGEAR S > 7 WG S waﬂmhﬂnzik&w AN AR O
T S AR

a high- s,

ion (High-speed

Secondary break-up

Simultaneous measurement
visualization

+
optical measurements Optical measurement(PDPA)

A== E1—2ICK B EMmERTR SURIC K B RBRHA L BFE D AR & ik L B R AT DB I
FRATRER Elucidation of liquid film atomization process by air flow and

Numerical Results of Advanced Multiphase establishment of atomization control technology
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Software Construction
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Automated Theorem Proving
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By # Eberhart Clovis
Assis. Prof. TL\%)O

Eberhart Clovis

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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The CoAR suite of program verification and synthesis tools researched and The new verification theory framework proposed by our laboratory
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Fundamental Artificial Intelligence
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Exploring the Nature of Artificial Intelligence

We are committed to building the theories and technologies that enable artificial intelligence,
particularly foundation models, which lie at its core, to derive intelligence from data. With a special

focus on language, one of the most challenging domains for Al, our ultimate goal is to elucidate the

B % F X H fundamental principles by which Al acquires and exercises linguistic competence.
%ﬂf,i,zipv'v";hg Al-related technologies are now ubiquitous as practical tools throughout society, yet fundamental

hurdles remain. For example, it is far from straightforward for humans to understand and explain how
deep learning acquires and leverages useful knowledge and cues from data. At the same time, new
research challenges are continuously coming into sharper focus, including issues of fairness arising from
biased data, misinformation resulting from the misuse of Al technologies, and the enormous energy
and financial costs involved in building foundation models. Moreover, for Al to be used in society
with confidence, significant technical challenges remain, including alignment with human values,
improvements in reliability, safety, and explainability, and the establishment of robust frameworks to
evaluate these properties. By confronting this broad spectrum of both longstanding and emerging issues
surrounding Al technologies, we strive to clarify their underlying principles and essential nature through
rigorous theoretical and empirical investigation.
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Real-time Computing Systems
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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
- Neural network-based visual feedback control using visual information

- Real-time perception and control for deformable object manipulation

400 fps_|

0 50 100 150 200 250 300 350 400
frame
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Implementation of a low-latency projector with Calibration-free low-latency projection mapping

an embedded edge computing engine
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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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Language and Information Science
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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.
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Human Learning and Memory
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Research to elucidate individual differences in
abilities and thinking characteristics through brain
measurements and to develop methods to extend them

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

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

0 0

@ Achiever A Non-Achiever

BISRRBDATELZ T & BRERZ 45 SR AR =R B RRITE D RERE =
DREH 5P B NNEERBNITHEETED Scene of EEG measurement

Developed left frontal pole cortex with organized
fibre connectivity in Achievers.
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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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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.

The liCoLog =
Hitoshi Omori

Hle‘l'?wsnclhwg:smg Editors ln“rnal o' I-“ﬂ“:s
and their Applications

= Seprember 2016

New Essays
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Special Issue
Connexive Logics
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Heinri

ich Wansing, Hitoshi Omori
and Thomas Macaulay Ferguson

Logic
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A co-edited book on Belnap-Dunn logic, one Co-edited special issues on connexive logic

of the famous paraconsistent logics
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Text Structure and Linguistic Information
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Exploring the Universality and Diversity of Human
Language (s)

We aim at explicating human linguistic competence. Carefully observing empirical data from various
individual languages, we study 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, (ii) 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:
https://ling.human.is.tohoku.ac.jp/change/home.html

" Theories of
| Morphological Case
and Topic/Focus

Synchronic Variation and

|
. Diachronic Change in
% Japanese and Beyond
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The streetscape of Graz, Austria, which | visited in 2025 My edited book published from

for a conference presentation Palgrave Macmillan in 2025
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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.

Handbook of
Civil Society
in Japan

Edited by Simon Avenell and Akihiro Ogawa
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Participant observation as volunteers at a beach clean Book by Prof. Tokugawa Book chapter by Prof. Okada
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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.

il EREESHERS S LIREYHO I - —BREREMETOIX HEE

Distribution of Damage from the Tokyo Air Raids Based on Historical Track Records on Election Day Extracted from Cellphone Mobility Data and Cost Distance to

Aerial Photographs
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Economic Mechanisms of City Formation and Agglomeration

Individual cities, interconnected by transportation and communication networks, collectively form an
organic "urban system" through the movement of people, goods, services, and knowledge. In today's
globalizing world, while people and goods move across the globe, multinational corporations manage their
operations with a simultaneous overview of global markets. Consequently, cities are increasingly forming
socioeconomic systems that transcend national borders. At the same time, regions face various challenges,
including the reorganization of regional economies and urban structures due to diversifying lifestyles and
an aging population with a low birthrate, as well as unipolar concentration in megacities and the resulting
problems of overcrowding and depopulation. It is now imperative for cities and regions to take proactive roles
in addressing these issues through mutual cooperation.

Rooted in the theories of urban and industrial agglomeration, this laboratory elucidates the dynamic
processes of how urban and regional systems are formed, grow, decline, and revitalize. Concurrently, we
conduct quantitative analyses of policies aimed at achieving urban and regional development. We approach
these issues through an interdisciplinary field known as "Regional Science," which synthetically mobilizes
related fields such as Urban Economics, Transport Economics, and International Economics. Our current
primary research themes are as follows:

Theory and Application of Spatial Economics

Within the expanse of geographical space, we examine where economic agents—such as households
and firms—locate themselves. Using mathematical models based on microeconomics and game theory, we
clarify the interactions of these spatial strategies and the behavior of their long-term equilibria. Furthermore,
we propose policies to address social issues such as inequality and migration, resolve externalities that cause
inefficiencies like congestion and agglomeration, and analyze the impact of transportation infrastructure on
spatial structures. We also conduct numerical simulations to evaluate the effectiveness of these policies.

Empirical Economic Analysis Using Geographical Data

Based on the theories of spatial economics, we aim to rigorously clarify the mechanisms behind various
phenomena and policy effects. This is achieved through statistical causal inference, such as Difference-in-
Differences (DID) analysis, using geographical data on population distribution, migration, inter-regional trade,
land prices, and firm location. Additionally, we are working to elucidate human behavior within cities by
utilizing large-scale, high-granularity data, such as mobile phone location information.

Automobile industry

Reducing transaction cost
by co-location

Electric industry

BEEERDIRG XY bT—7 AREOLIF—RAF

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

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

1) Co-evolution model of cities and roads
2) Spatio-temporal network analysis of human mobility
3) Modelling the spread of infectious diseases and 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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The relationship between rent per area (JPY/m?2)
and apartment size (m?2) varies in space

(a) Continuous spatial heterogeneity
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Analysis of the spatial heterogeneity of residential rents
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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

The rent per area can also change dramatically in specific
regions due to unobserved local environmental factors

(b) Discrete spatial heterogeneity
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Provision of land price information at any location
through spatio-temporal interpolation
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Regional and Urban Planning
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Regional and urban planning for desirable society and
economic growth

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

Our current themes are to explore:

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

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

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

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

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

(6) efficient emergency logistics systems during the disaster response phase.
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Optimal Floor Area Ratio (FAR) and Urban Growth Boundary (UGB) in Land tax and agricultural land conversion

closed and open cities
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transportation planning / spatial economic systems  infrastructure / system optimization ~~ mathematical programming
equilibrium problems /" evolutionary game theory ./ dynamic traffic control ,/ mechanism design for urban transportation
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Planning and management of spatial economic systems, and
mathematical analysis and control of urban traffic evolution

This group consists of Akamatsu laboratory and Satsukawa 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.

Satsukawa Lab studies

1) Evolutionary analysis and dynamic control of urban traffic: Analysis of spatiotemporal traffic flow
patterns self-organized by adaptive travel behavior and their evolution, development of dynamic
traffic control schemes via evolutionary game theory and optimization, and theoretical guarantees of
convergence and stability.

2) Mechanism design for urban transportation: Mathematical methodologies for the institutional and
pricing design required to implement new mobility services such as automated vehicles, mobility
sharing, and Maa$, via game theory and optimization.
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Deployment of GPS trajectory analyzer
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Convergence to an efficient state under evolutionary implementation

of congestion pricing, and instability under fixed implementation
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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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Adapted from Yuhei Yamauchi (2003) “Literacy in the Digital Society” School
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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

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

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

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

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

-Al, Satellite Networks, loT, WLAN, Edge Computing, Digital Twin
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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.

MBREICLSORY b ERREOFEEDHS

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




Laboratory of Systems Bioinformatics

FaplER> A7 LEF

http:// www.sb.ecei.tohoku.ac.jp/

WHARF—7—FR 5/ L EBGFE S 2VINTE S/ RIVFAZ 7 X ERNLER
B KEYWORDSHE Genome / Gene / Protein / Multi-omics / Personalized Medicine

g#E# ATFTEE

Prof.
Kengo Kinoshita

#HE B P E
Assoc. Prof.
Hafumi Nishi

seeEmn ) 3% &

Assoc. Prof.
Takeshi Kawabata

B REEA
Assis. Prof.
Hayato Anzawa

ERET—R2Z VAT LOBEANDGZITSEGmIER

3 A4

HMZF

AIERMORBHNREREBICKY, TF, £UMOKRLGREEICBVWTRNERE SRE, KBAEDT—4
PEONBEDICBHEYE Le. MANREDS / LERHNERE M THEH, E{E?@%ﬁlﬁ?ﬁ‘\’bg//\

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

Bioinformatics linking diverse data and biological
systems

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

[Knock-on ¥ )\

=4
D
©
Y]
=
-+
3
(1]
=
-
(=]
-
>
<
1=
=
(-8
3
=]
=
3
()
(=3
=]
=
w
a
(1]
=
n
(1]
w




33 4Bt NE 2 S Tl S

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

Cognitive Psychology
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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

Hand movements

Left hand landing positions

@ Actual right hand . ’ ) ) )
O Eye or left-hand landing position Motion coherence (|09 cohere nce)
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The body schema differs between eye and reach movements. Judgment-irrelevant saccade and reach movements.
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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
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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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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
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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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Toward Biologically Plausible Neuromorphic Computing

The human brain is composed of seemingly unstable biological elements known as neurons.
Importantly, the sophisticated information processing carried out by the brain operates on principles
fundamentally different from those of digital computers.

We study the neural basis of information processing in the brain from an engineering perspective,
and translate this understanding into next-generation brain-inspired computing systems and
biomedical technologies for future super-smart and super-aging societies. Using artificial neuronal
networks developed in our lab as in-vitro models for brain networks, we investigate key features of the
biological computation that are not yet captured by current artificial neural networks and Al systems.
We then implement these principles in biologically plausible computational models, ultra-low-power
neuromorphic hardware, and “wetware” based on cultured neurons. In parallel, by utilizing cultured
human neurons, we aim to elucidate the mechanisms of neurological disorders and establish new in vitro
disease models.

Appl Phys Lett (2011) Appl Phys Lett (2016)
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Engineering neuronal networks using semiconductor technologies
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Physical reservoir computing using cultured neurons
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Research in the pathogenesis of multifactorial diseases

The regulatory systems categorized into three types, neural, humoral and behavioral mechanisms
play an important role in maintenance of the homeostasis of the body. These control systems response
and compensate by the second, by the minute, by the hour, by the day or by the year to the internal
or external stress. Thus, we can preserve and promote our health. The worse lifestyle could induce a
breakdown in these regulatory systems, and cause lifestyle-related diseases such as diabetes mellitus,
hypertension, atherosclerosis, ischemic heart disease or obesity. Furthermore, an impairment of
regulatory systems involves changes in physical or mental functions.

This laboratory is now working on the following main projects: unraveling the pathogenesis of
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

application.
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Mitohcondria-homing drug MA-5 Novel therapeutics for chronic kidney disease through gut-renal axis

mnpl t 135:250-264, 2020
5092, 2021
v ;1(35):cadw3934, 2025,

o
[
o
(')
-
~*
3
m
=
-
(=]
e,
P
<
-
2
Q.
5
(=]
=
3
(')
.
o
=
w
o
[
-
n
[
w




33 4Bt NE 2 S Tl S

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

Advanced Applied Data Science

Feimlio AT — 2 BF

(EEW) https://www.shiga-lab.org/
(LLA®) https://yamada-lab.gr.jp/

BAEF—7—FB T2V A IR EHER AT I TVTIVA - AV T+ T4 0 R/ EmiERE
B KEYWORDS M data science / machine learning / artificial intelligence ,/ materials informatics ,/* bioinformatics
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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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Tough Cyberphysical Al
9 7 ° 'Ij'/r/ \— 7 /r :/7]}1/ AI $ https://www.rm.is.tohoku.ac.jp/
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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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s wE KA KB IV _(five-card trick) Z#@ZLTHS, EISNH S DFRIIA 2001 FTEETHRIICRRENTVE LD
> Prof. KHBZEDKAEZD H— FR—XBBESOMEICE Y HHemXFHEERE 2006 FTAHLWAZ— ML, A—
= Takaaki Mizuki FR—RBES 70O JIVOFHEETIVEHENICHEILT 2FICE Y FMARST L LTREEE. <D
3 PEICEAT HMRELNMEML. REETH CZOREDFELTVET,
;—" AR ETOEMFNGEY A, WEABEZRIRT HMENGEH— FN—XBS 70 M VDEE -
S FMHREZOHERADEE, COMBARERATZH— MN—IABST70OMIVDOER, H— FX—
§ AEBOHEET VOB, RABNDERM. H— MEUNDOEEGEEDFIBDOBRNENREIFSN
g, £,
2 . .
g Creation and development of the research field of
(3
: 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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Statistical Science of Complex Systems
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ETHB (BB). (FAN)

EAPHRICHONDEMEIRROBRICHHEER/\NZ—VDOREICTHKLNH S, TDHIT, BE
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ToTW3, AERRIE. R ATL, RSy bT—0, BREEETIV. 22 v FT—7 L2
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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 u
© 146 Forage
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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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Co-Creation Institute of Space-Integrated Network for Resilient Digital Transformation
~ ~ T
FERERY F7—2 « LI I b DX HEIHASEFR

W+ —7—FB FEHESXY F7—2.SAGIN /B5G, 6G,/ NTN
B KEYWORDS M Space-Integrated Networks / Space-Air-Ground Integrated Networks (SAGIN) /* Beyond 5G (B5G) ,/ 6G / Non-Terrestrial Netowrks
(NTN)

FEEMZHALCRER Y 7 —7 THEGMEREN
Beyond 5G/6G ICHAI TeMABBRENES AT, BEIV AT L—Y 3 VxEFHEEMZHA LIERE
By bT—UDEE, E5ITEERY FT—7 LOMENMPEFEINTWS, AHAIAEFATIE. F
= BERY FU—vERRE L aMEREZ 8L, 2 v M7 —7HEMOBINURALICH
wiE NE = VT IEHARRAFEOIMEZX S,
R ato MRAHKRELS LTE. KRED DERMEFERE X v N T—7 OflH7Z AUERICE VR T 51
fir. WEBYE) >V ORES LURBRBELHEEM. JXBREOBMRLELEIM. H L - HEMRR
U2 DEMEbE — LHIEE L OESNERM. FEREXY b7 ZFBLE1I—-X T —X %R
&, FERNEMERREEREIICRIEL TV,

I XA 7V HCSUT » O—J7 < NIpSE4E

A?
BEREER BE EAT
speclly ppanted Creating New Values through Space-Integrated Networks
Masayuki Ariyoshi Aiming to create new values through space-integrated networks towards Beyond 5G/6G, this Co-
FRIETETT 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

smmEr) RA)IET  cases leveraging the space-integrated networks.
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Panasonic Holdings x Tohoku University Intellectual Property Co-Creation Institute
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HIRERRICAT CHAIER ZHE L. MM ESOBETEEZHIREICOLITBHITITER
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(1) kit RERBERENDEM
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(2) EREE (ME) ZESE LTHAOMRE
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STET. MERRERIBE LTERGRAT IV RIVE—ZDLHE HEXEEZEET 5.

In order to promote co-creation activities aimed at solving social issues and to connect Intellectual
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
next-generation wireless communication, extract ideas for standards from the research results, turn them
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.

.i’%ﬂtxélﬂi’ﬁﬁeb s
fﬂﬂﬁkax.‘f
R R j\

IRFTHRMIETE HTB X NIV AT I [ IS

-
-]
=
(')
wn
o
=
(2}
=
=
=
=
Q
wn
x
-
o
=
(=]
=
[
(=
=
<
o
=
=
G
<
5
-
o
3
n
-
[
=
-]
=
(-]
©
()
=
-
<
n
e
(o)
=
[}
)
-3
(=]
=
5
w
-
=
[
-
m




Joint Research Laboratory (NTTR) for High-Performance Photonic Quantum Computing Platforms

EERETCE Tt FEME (NTTR) HRIIESEEE  rwsimmatisionoiacis

EFAE+F—7—FB  HEFE Coherentlsing Machine (CIM) /A& € &i#L,EF - HEEEFTE BHK DX/ KEBEHREZ
B KEYWORDS M Photonic Quantum Computing /~ Coherent Ising Machine (CIM) / Combinatorial Optimization ,/ Hybrid Quantum-Classical Computing ,/
Disaster DX / Disaster Informatics
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AR T, RIEARZAZFRIEREFMZER & NTT Research Inc. & DHEFEAZERE [SHRENEFET
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Gz el Y Y TN EROMBEHELTVET, Fic.2FNFEMREFIA LTz Coherent Ising Machine (CIM) [c&B L.
Firot- ki Kobayashi Z—/8—0>E1—% AOBA £ L LT, BEEBHRMEE T 2 HERBEO R # IBATAEE AR
BCAM 75w b 74— LDORBEBRIELTVET,
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High-Performance Photonic Quantum Computing
Infrastructure for Large-Scale Combinatorial Optimization

This research is conducted through the “Joint Research Laboratory (NTTR) for High-Performance
Photonic Quantum Computing Platforms” established between the Graduate School of Information
Sciences, Tohoku University, and NTT Research Inc. The project aims to develop next-generation low-
power, high-performance computing infrastructure by integrating HPC and photonic quantum
technologies. In particular, the research focuses on Coherent Ising Machines (CIMs) and seeks to realize a
large-scale CIM platform capable of processing tens of billions of sparsely connected spins on the AOBA
supercomputer at Tohoku University.

The project targets practical combinatorial optimization problems, including constrained clustering,
scheduling, and sparse signal recovery, through the development of quantum algorithms and hybrid
guantum-classical computing techniques. The research also investigates Ising machine-based
optimization methods for tsunami disaster response and explores scalable architectures for future CIM
hardware implementation.

By leveraging the international research networks of Tohoku University and NTT Research, this initiative
aims to establish advanced photonic quantum computing platforms for scientific and societal challenges
beyond the capabilities of conventional classical computing, while fostering globally competitive human
resources in quantum technologies and their applications.
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CIM Applications®

&

[ CIM Application Interface® ] %
/ \ Design DE_
Parameters High-Performance CIM ~

a Simulator(® b
Hardware® )

v - Notes:
~— Parameter =T Acceleration (1) Primarily led by NTT Research
Validation & [ Vector/GPU/X86 (NTTR)

K /'352?5;5 HPC Platforms®@ /] (2) Primarily led by Tohoku

~—  University (TU)
(3) Jointly led by TU and NTTR
EHEECIM TSy T+ —LEZDOISAICET Mz
Research and Development of a High-Performance CIM Platform and Its Applications







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
in a wide range of security fields. We provide Basic SecCap course for undergraduate students to give
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.
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By BEMNA

Assis. Prof.
Kazuto Takao

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,

BiEgs 8%) Al YU
Assis. Prof.
AlYU

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

s w0 A B Relations Committee, the International Liaison Office of GSIS, and the Research Management
ﬁfji;hft;ﬂ?a Center of Tohoku University.
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Public Relations Office
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Planning and carrying out the publicity work for
improving the presence of GSIS

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

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

Conveying Graduate School Information

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

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

Press Releases

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

Coverage of Graduate School Events
The PRO provides coverage, both written and visual, of events in which graduate school staff and
students are involved.
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International Liaison Office
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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
the English language. We put an
emphasis on providing up-to-

Hometown of the foreign student
Europe 13 {{xxx
date information on the original Near and
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research accomplished in our -
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students from abroad regarding
the life in Sendai.

North America 4
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Interview of Foreign Student
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....‘ It's been more than three years since | came to Japan—first to study Japanese at
| alanguage school, and then to pursue my master's degree at Tohoku University.

s

| feel really lucky to have had both experiences in Sendai.

Besides its beautiful nature and great infrastructure, Sendai is home to amazing
talents like figure skater Yuzuru Hanyu and manga artist Hirohiko Araki, which
shows how the city nurtures excellence in different fields. What impresses me, and
makes me proud to study here, is that Tohoku University was the first institution

AT LIERRIEER in Japan to admit a female student, stating that education is for everyone.
L O AASEE

Eg;’gfgzgg;g That spirit is still alive today, as the university offers many

NGO Hong Hai programs that encourage young scientists to engage in

interdisciplinary research. One of them is GP-DS, which
I'm currently part of. As a result, | have gained skills and perspectives far broader than

2510 Uosielq [euozeuIAU|

| expected.
Studying abroad, far from your comfort zone and in a completely different language, isn't

= o2

easy and can feel lonely at times. But Sendai’s inspiring environment, along with the support *
from the university, keeps me motivated to keep going and do my best—for my own future and for the benefit of society

BOOOOBOOOOGOHIOGRIOOORIOGOOHIOOHHIIOOOIOOOOIOHIOIIRIOIOIOIOOIHHIOOHIO GO OGIOIOHIOIIOHIOIOIHIOOIHHIOOHAIOOORIOOORIIHOOIIHIOIOIIHIOOIHHIOORIOOORIOOIORAIIHOOOI OGO GOOND

Sendai offers a mix of big-city energy and beautiful natural surroundings. | began my academic journey here and have
continuously improved my skills with the support of the people around me at Tohoku University.

In 2023, | was fortunate to be selected for the GP-DS program. The program not only offered a wide variety of courses that
helped me sharpen my research skills, but also provided invaluable opportunities to meet people from different fields and
exchange ideas.

As part of the GP-DS course, | spent three months in Switzerland
conducting a collaborative research project. During my visit,

Sy — I learned to conéuct mterd-lsapllnary research |n-a field I had never
HNREIS R SR explored. Despite the brief three-month period, | was able to
BASHELES

broaden my horizons within a new research community and gain
T & (WANG Wenzhi)

unique experiences in a different laboratory. All of this was made

possible by the opportunity provided through the GP-DS program.

| am a PhD student from China, and | began my doctoral studies at Tohoku University in October 2023. Before coming to
Sendai, | completed my undergraduate and master’s studies in the Kansai region of Japan.

Compared to cities like Kyoto and Osaka, Sendai is quieter, and its calm atmosphere makes it
especially suitable for focused study and research. GSIS, located on the Aobayama campus, offers
a spacious and beautiful environment that | truly enjoy. Daily life here is comfortable, with a
good balance between nature and convenience.

. & As a member of the GP-DS program, | have strengthened my skills

I AT LERREER in data analysis and research through its well-structured courses.
;ﬁgg;ggﬁﬁﬁgg In November 2025, | had the opportunity to visit National Taiwan
mwLe

wk E (YAOSai) University for a four-month research stay, where | worked on statistical

theory and methods and achieved meaningful research outcomes.
This experience greatly broadened my academic perspective while allowing me to build
friendships and gain exposure to life in a different region. | am sincerely grateful to GSIS and GP-
DS for their excellent support and training throughout my studies.

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO OO

| began my master’s studies at GSIS, Tohoku University in October 2021 after completing my
undergraduate studies in China and have continued here for my doctoral studies. | chose GSIS
because its research environment closely matched my interests.

With a background in Computer Science, | have further developed my skills in data mining
at Tohoku University. Through the GP-DS program, | got the opportunity to work with real-
world industry data and apply what | learned in practice. The program also enabled me to join
international activities, including a research stay at the University of Plymouth in the UK, where |
interacted with researchers from different backgrounds and broadened my perspective.

NS EREFER i 3 : ; i
HREH BRI Sendai offers a relaxed lifestyle with a balance between urban convenience and nature. It is an

R RS 2T L ideal place to focus on research while enjoying daily life. | enjoy the weather, the food, and the

%) M (LIU Yuzan)

atmosphere here, and | feel fortunate to live in Sendai.
GP-DS has strongly supported both my academic development and international experience,
and I am grateful for the opportunities provided by GP-DS and GSIS.
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