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1.Yugqi Liu, Lai Kecheng, Tsutomu Fujinami, Learning Effect of
Strength Training System for Beginners Using Motion Capture
Device, 2022 |EEE International Workshop on Sport Technology
and Research 2022478
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Analysis on Mechanisms of Idea Generation: Evidences from
fNIRS Hyperscanning, 6th International Conference on Medical
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1. Kamada, K., Watarai, R, Wang, T. Y, Takashima, K, Sumi, Y, & Yuizono, T. (2023). Explor-
ative Study of Perceived Social Loafing in VR Group Discussion: A Comparison Between the
Poster Presentation Environment and the Typical Conference Environment. Proceedings of
INTERACT2023 (pp. 115-134).

2. Yu, X, Wang, T. Y, & Yuizono, . (2023). Creativity Development through Questioning Ac-
tivity in Second Language Education. In Frontiers in Education (Vol. 8, p. 1178655). Frontiers.

3. Li, R, Yuizono, T, & Li, X. (2022). Affective computing of multi-type urban public spaces to
analyze emotional quality using ensemble leaming-based classification of multi-sensor data.
Plos one, 17(6), e0269176.

BEICEBFHLWIAT7OERLEED !

N—FYz 7HEE  ABERLRELREORS X7 LD, loT EE
(Raspberry Pi %2 &), XR %&i& (Hololens2 : 3&). 3D U5 % &

VI FIz7ER  BFeEVATLAKIEXEYZT L), AASE
EER

MREDOEE LIt

[AFZRZ=HP] URL : https://www.jaist.ac.jp/ks/labs/yuizono/

AARE T FEDTR - AENICRIBBRR TS 6N EREIT 6 LZAEBLTVETY,

201, ART—VRMBEREDHTEIL] [BLHdI L] [EETHDIL|ZREL LT, FELBEHKRL. RELILVER
WET, BBHEOFMITEVWT - TH2EE. FRIAFIRES NI, $70HBE. ROEBSZ/ET LI ZTVET,
ZDBTE. 1:BM. HIRICT L THT o 72D A ZHE - XWEET 2 2 LE2RAE L TEBNHITTVWET,

R, FMAREBLUBELOAEMEEETCH 0], [Bo0BEEERVIKRCHIZBELEIL £ 5,



THER R

W=

N, iZ =

HEEER C &HF FH
[ARHHF] BEIP. CSCW. ta—IvAvF77v a0 ~NVATT
[¥—7—F] &£FEXE. 77Uz 7HAXIE. Persuasive Technology. 1T

(KANAI Hideaki)
E-mail : hideaki@jaist.ac.jp

E)ZIE. 1TEIZA. Semantic Web,

HEHRECADEE & T

1

%9 5000

XEVATLOMREAFEZIToTVWET

B5. BHOERF> T, BEBRICIVETESEEERLEY, XRERBRE [BHLTHVIT, LDHRXITRoTHDEVIEZID
REILEEB-TVEY, TEBLEW, BRIZPEAICH LT ROTAVWI LEERLET,

MEHRBEZLIEBRTELEMMBICOVWTORBRRIRREL 525, HB

LTEONZEEDELTIE, Bb, BEERDOT. BHLER > T,

SRRERRRICER D MAGEEDN D FIC D, ZORER. [BOTHWIT, EDHITRoTAHABEVWIEZIT, PECHKBTEZLIICh3, B
FINBFEERICDOWTIE. MIRZEDGLAD, BORMOFBEICOVWTRFEB LEBTIRE, EBNAYEEEFICOFIILENTE S,
INDDRENICE T, TR, HRICHTHIARECRE LR, £10BEICHSIBIC. TNo0BEICL DBYICNET 22 Lo

TEBEIICHENEERVET,

[FBLE 2 - BiE)] BWBE. TYVa—Yarait, HEELE

iz, TABOEH A XIETEATLOMEEHELZBL T, X
ROV 1 —F 4 IBEORREBIET I EEY b—iC. V
T PEMFEOREL. ZOERVATALAANOKHICET
MEE—EBELTIToTEE LI, UTHET—F T,

(M BEEOHF4LIBER. €/ WREAD[K D & (Awareness,
insight) 3%

FTATPINEMEDBRY Y —REFNHRETIBEABEFHE
BYRTLE, REMONEICNT 2NEHBET VICET S
BHEIT o1z RAEXICEERAEZNEBR(TV—THR—L)IC
B 2RANESHE ABE) ENEEETRE LT, JV—TK—
LTOHLABRE/ICRTBIESOS|ZEENREL. BEBROE/
PAONMBIEREFIB LT /IBLZEY R T LR EMRENE -
BANXIES AT L|OWREIT o7z, BENIBFELOIZI 220 —
TarvEfTOBIC. MFORRIBELD D, MANDTRDEXE
ELT, HFORRPITEHERHEEBMICESIVNT, RADT Y
FYNT—=TIC ko THERNICHTET 5, 774N —RNE
HMick2BBEEEL. HELIRACTENCEET 20RE%
BOWTHEFAICRRAE(EET 5.
QOMBEARER(ZZ2=F71)DHRE|DXIE

BARPER I’ TFo TVWDBENCHEEE T HKIE - (RESEDIVRT
LORBAFEICL - T, BAREFR zRETHSEI LV A%
BERT D, MAAOHE]ILLTIE, EFBERTHRETCHS[1T
BERICETIMEITT., 7Ly FIBBOERBHEC AR
METHEREMIC L 2 AR— Y REEEBSIBOMEEITo TV
%, [EHo®E]ELTE, EBEFEEII 22— a3 ViEk
CBLPIZ 22T AERTBICET MR PR OY LT
LB T2 EEIARBEFORMICT T 2RDEICEZ 2EE|T
ER
(3)Diversity & Inclusion] D3z

s LEAVEORRAB L IET 2 BREICH T 25
7% : universal plaything] &6 TH5 D £9, REFEISVE LEEE
LOHRBEOTEOMREZIT>TW\W5,

K1 ¥ —EES
BT L

K2 HREFEIVEL
BEEEOHLAKE
FEVAT L

ERARTEES

1. Shigeharu Ono, Hideaki Kanai, Erwin Wu and Hideki Koike: A Real-time
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gineering (TALE) 2023 (Accept), 8 pages, Nov 2023.
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ence, AHFE (2024),International Conference. AHFE Open Access, vol
159.
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with new ICT in the Asia-Pacific: Case studies (Kosaka, M., Wu, J., Xing, K.,
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(KOOHSARI Javad)
E-mail : koohsari@jaist.ac.jp

Urban Design Science for Health

Students from different disciplines, who have an enthusiasm for conducting ‘interdisciplinary science’, are welcome to join this laboratory.
Basic knowledge of statistics and good English written and oral communication skills are required.

Dr Koohsari obtained his PhD in Urban Design and another PhD in Health & Sport Sciences. With over 6400 citations, in 2021, 2022, 2023,
and 2024, he was recognised in the top 2% of most influential researchers worldwide across all scientific disciplines (Stanford University
& Elsevier). Students graduating from this laboratory will gain a solid understanding of scientific theories and conduct research on the

emerging field of urban design science and health.

[EREi e % - Bi#E] Academic jobs, Consultant companies, Civil servant

The main focus of this laboratory is to provide science-based knowledge
on how urban design science can contribute to population health, par-
ticularly in the context of super-aged societies. This lab considers urban
design as a science, not an art. This challenges the common perspective
in the field, where architects (who dominated the urban design field) of-
ten mislabel urban design as a subset of architecture. Such mislabeling
overlooks the key role of urban design in addressing issues that directly
influence people’s lives and well-being. Urban design is not only about
aesthetics or iconic structures but also about creating environments that
improve people’s health. Therefore, it is necessary to establish urban de-
sign principles and practices that are well-grounded in science rather than
relying on architects’ creativity, which is not necessarily based on science.

This lab applies a scientific framework to understand how to redesign the

built environment to support population health. Below are some examples

of topics related to this lab:

* Investigating pathways through which built environment might influence
health outcomes.

* Understanding the effects of built environment attributes on health.

+ Developing new tools to measure built environmental exposures in
health studies using geospatial techniques.

Fig. Urban Design Science for Health Lab

FEHMRER

Dr Koohsari has a publication record with over 125 refereed journal
articles (such as in Nature Reviews Cardiology). Some of his publi-
cations is listed here:

1. Koohsari, M. J., Kaczynski, A. T., Ozbil Torun, & Oka, K. (2024).
Can Urban Design be a Science for Health Studies?. Urban De-
sign International.

2. Koohsari, M. J., Kaczynski, A. T., Yasunaga, A., Hanibuchi, T., Na-
kaya, T., McCormack, G. R., & Oka, K. (2024). Active Workplace
Design: Current Gaps and Future Pathways. British Journal of
Sports Medicine. 58(19): 1157-1158

3. Koohsari, M. J., Oka, K., Nakaya, T.,Vena, J., Williamson, T., Quan,
H., & McCormack, G. R. (2023). Urban design and cardio-meta-
bolic risk factors. Preventive Medicine. 173: 107552.

4. Koohsari, M. J., McCormack, G. R., Nakaya, T., & Oka, K. (2020).
Neighbourhood built environment and cardiovascular disease:
Knowledge and future directions. Nature Reviews Cardiology.
17(5): 261-263.

Statistical software, Geospatial software
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[AAZRZ=HP] URL : https://www.jaist.ac.jp/ks/labs/koohsari/

This laboratory supports students to be active participants in their learning process. This will be accomplished by encour-
aging students to take an active role in deciding upon, learning about, and leading their research ideas and interests, with

considerable support and guidance.
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Mapping, Entertainment Computing.

(SATO Toshiki)
E-mail : tsato@jaist.ac.jp
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for Different Steps in Architectural Design: A Literature Review.
Frontiers of Architectural Research, 2024.
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Strengthening Risk and Disaster Resilience: Bridging
Science, Technology, and Community for a Safer Future

We welcome students with a strong academic background in engineering or science, as well as an interest in or experience with numerical
and data analysis. Strong written and oral communication skills in English are also required.

Our research focuses on the analysis, management, communication, and regulation of various types of risks in nature and society. In our
laboratory, students are expected to understand the theories of risk and its management processes, as well as the integrated analytical
techniques for addressing complex problems related to risks and disasters.

[EksEZE - BiE] Civil service, consulting firm, railway/ transportation/ engineering company

We are conducting research on frameworks and methodologies for
risk prediction and disaster resilience. Focus areas include proac-
tive management, resource optimization, and community-driven
strategies, including (but not limited to):

Multimodal Risk Analysis Framework

We are studying a multimodal framework for risk analysis and pre-
diction, integrating data from text, images, sensor readings, and
historical records. By combining Al and machine learning models,
this research aims to predict and mitigate risks in real-time across
domains such as social infrastructure, socioeconomic systems, cy-
bersecurity, and healthcare. The focus is on explainability, proactive
management, and scenario simulation.

Integrated Disaster Resilience Framework

We are studying a disaster resilience framework that integrates
real-time data from loT sensors, satellite imagery, and social media
to predict and enhance recovery efforts. By combining predictive
analytics and community-based models, the framework aims to
optimize resource allocation, improve emergency response, and
foster adaptive strategies for resilient infrastructure and communi-
ties facing natural disasters.

Community-Based Disaster Risk Reduction

We are exploring the role of community-based risk reduction strat-
egies in enhancing disaster resilience. The focus is on integrating
multidisciplinary knowledge, participatory decision-making, and
localized resource allocation to mitigate natural hazards. Case
studies of successful initiatives are being investigated to assess
their scalability and effectiveness in reducing vulnerabilities and
fostering sustainable recovery. Emphasis is placed on empowering
local stakeholders for long-term resilience.

Adaptive Decision Strategies for Uncertainty

We are examining the integration of scenario planning and game
theory in decision-making for uncertain disaster risks. The focus
is on how dynamic modeling and stakeholder collaboration can
improve preparedness and resource allocation under uncertainty.
Case studies are analyzed to assess how these methods enhanced
adaptive strategies, reduced impacts, and fostered resilience in
complex disaster scenarios, such as pandemics or cascading natu-
ral hazards.

Nature-Based Disaster Prediction Methods

We are investigating the use of natural indicators, such as animal
behavior, plant growth patterns, and atmospheric changes, to pre-
dict natural disasters like earthquakes, tsunamis, and hurricanes.
We combine traditional ecological knowledge with modern data
analytics to develop predictive models. The goal is to create ear-
ly-warning systems based on nature’s signals, enhancing disaster
preparedness and response while preserving local knowledge.
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1.LAM, C.Y,, et al. (2025). An information network analysis ap-
proach to assessing the processes of issuing evacuation instruc-
tions: A study of evacuation cases in Japan.Journal of Risk Re-
search. DOI: 10.1080/13669877.2025.2466537.

LAM, C.Y,, et al. (2025). Optimizing travel routes for medical
services during evacuation: A network and shared mobility
perspective. Progress in Disaster Science. DOI: 10.1016/j.pdi-
sas.2025.100407.

LAM, C.Y., et al. (2024). Topological network and fuzzy AHP
modeling framework for the suitability analysis of evacuation
shelters: A case study in Japan. International Journal of Disaster
Risk Reduction. DOI: 10.1016/j.ijdrr.2024.104696.

ER%E

Advanced Analytical Software and Analyzers, High-Performance
Computers

N

@

‘

MREDOEE LIt

[#38ZHP] URL : https://jaist.ac.jp/~cylam/lab/

Our laboratory encourages students to conduct advanced research while fostering creative thinking throughout the process.
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1. Neurite arborization and mosaic spacing in the mouse retina
require DSCAM, Peter G. Fuerst, Amane Koizumi, Richard H.
Masland, Robert W. Burgess, NATURE 451(7177) 470-U8 2008

2. Reward research outreach in Japan, Amane Koizumi, Yuko Mori-
ta, Shishin Kawamoto, NATURE 500(7460) 29-29 2013

3. Substantiality: A Construct Indicating Research Excellence to
Measure University Research Performance. Masashi Shirabe,
Amane Koizumi. Journal of Data and Information Science, July
25, 76-89, 2021
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TEHTVWEET, 1. Node Degree based routing metric for Traffic Load Distribution
in the Internet , Junichi SHIMADA, Hitomi TAMURA, Masato
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[#%2 5 %5 ] Data Science, Artificial Intelligence, Operations Research, Decision Support Systems

(HUYNH Nam Van)
E-mail : huynh@jaist.ac.jp

[¥#—7—F] Machine learning, Data analytics, Argumentation,
Optimization, Uncertainty management, Decision analysis

Decision Intelligence

Our lab gladly welcomes highly motivated students who have acquired a solid background and skills through their undergraduate/graduate

program, and who have a willingness to study actively and cooperatively.

Students are expected to develop valuable knowledge and problem-solving skills that can be applied in the areas of practical applications
of data science and decision analysis. These problem-solving skills include the ability of 1) identifying and formulating decision problems;
2) acquiring and modelling knowledge for solving them; and 3) generating, evaluating, validating and implementing solutions to these

problems.

[ Se 2 - Bk#E] Academic jobs in universities, IT industry, Consulting and marketing companies, etc.

With the research vision that Data Science paired with (data-driven)
Knowledge Management will provide the core of Intelligent Deci-
sion-Support Systems, the strategic mission of our laboratory is to
develop both fundamental research and applied research relating
to the creation, integration, reasoning and use of knowledge from
data in intelligent decision support systems.

In particular, our current research interests lie in data analytics and
machine learning (ML), Al reasoning, uncertainty management,
operations research and decision making. The synergy of these
research areas will allow us to provide adaptivity at all levels of in-
telligent decision support systems in today’s era of big data, from
acquiring, fusing and reasoning to using knowledge for supporting
decision-making.

As graphically illustrated in the figure, we explore fundamental
topics in these research areas combined with practical applications
in fields ranging from e-commerce and marketing intelligence to
finance, industrial and business management. Such an approach
essentially helps to guide theoretical research, ensuring that it is
relevant and significant, while providing novel and advanced solu-
tions to practical problems and research questions. Some specific
topics are as follows:

+ Multi-source learning and knowledge fusion: This research is con-
cerned with the development of a novel methodology for learn-
ing, reasoning and fusion of knowledge discovered from multiple
sources of data in a distributed environment for decision support
in intelligent systems. We particularly focus on a new integrated
approach that combines advanced ML techniques with evidential
reasoning based on Dempster-Shafer theory of evidence for the
development of multi-source learning frameworks capable of ap-
propriately handling uncertainty and conflict/inconsistency.

+ Interpretable ML: Inspired by the generality of Argumentation in
Al reasoning and its dialectical nature as how people convince
each other to draw conclusions by exchange of arguments, our
research aims to establish an argumentation-based approach for
developing a novel dialectical framework for explanations and
evolvement of learning systems, articulated along the following
research challenges: 1) Explainable by interrogation: how to gen-
erate the most faithful explanation of a given (black-box) learn-
ing model; 2) Explainable by design: how to design inherently
interpretable models without the cost of sacrificing accuracy for
interpretability; 3) Evolvement of learning systems: how black-
box models with their explanations and inherently interpretable
models collaborate and push each other to evolve their capabili-
ties for both accuracy and interpretability.
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1.D.-V. Vo, J. Karnjana, V.-N. Huynh. An integrated framework of
learning and evidential reasoning for user profiling using short
texts, Information Fusion 70 (2021), 27-42.

2.D.-H. Nguyen, V.-N. Huynh. Revealed preference in argumenta-
tion: Algorithms and applications. Intern. J. of Approximate Rea-
soning 131 (2021), 214-251.

3. T. Nguyen-Mau, V.-N. Huynh. An LSH-based k-representatives
clustering method for large categorical data. Neurocomputing
463 (2021), 29-44.

4.V.-D. Nguyen, V.-N. Huynh, S. Sriboonchitta. Integrating com-
munity context information into a reliably weighted collaborative
filtering system using soft ratings. IEEE Transactions on Systems,
Man, and Cybernetics: Systems 50 (2020), 1318-1330.
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The guiding principle of research in the laboratory is that a well-developed decision support system must be based on a sound theo-
retical foundation. Our education and research strategy is therefore trying to balance the advancement of theoretical research and its
applicability in practice. Students will be exposed to relevant practical problems during development and improvement of their systems
thinking and modelling competencies, which in turn helping them get insights into problems, inspired and guided theoretical research
(making it relevant, innovative, effective and significant) in knowledge modelling and decision making. This strategy is done through

regularly-held lab meetings and activites.
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* Creativity and innovation: Flow, disruptive innovation, creative
cognitive process, designing a tool for creativity, evaluation in
new ideas, etc.

+ Learning experiences % D82 & #28 : Technology-aid learn-
ing, learning process, STEAM learning, content design, active
learning, innovations in learning, motivation and teaching meth-
od, etc.

* Social innovations: regional innovation, utilizing technologies for
minorities, creating a business ideas, etc.

+ Way of working & & 7 : knowledge management, group cre-
ativity, organizational learning, team-building, interactive flow,
generation gap, etc.

+ Economic life #% % B9 4 5& : Fintech, Consumer’s behaviors in
mobile service, etc.
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ity and sustainable fashion consumption through art derivatives
design methods. The Design Journal, 25(5), 789-806.

3. Kim, E. (2025). Developing a Pedagogical Approach to Enhance
Learning Experiences for Fostering Soft Skills,Late Breaking Pa-
pers. HCII 2024. Lecture Notes in Computer Science, vol 15378.
Springer, Cham.
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Smart glass, Wearable Focus Sensor, Collaborative table screen,
GPS tracker, workshop tools, etc.
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Deep Learning, Natural Language
Understanding, Legal Text Processing

Mathematic, Programing (C++, Java, Python),Statistical models, Background on Atrtificial intelligence (Search algorithms, machine learning

models). Background on Natural Language Processing is a plus point.

We expect that students will obtain the following qualities through research activities in the lab. Skilsl in finding problems and reading
papers. Have knowledge background on machine learning (deep learning) and natural language processing. With Ph.D students, we expect
that after graduation they will become independent researcher and they can know how to write a scientific journal and how to present
they works in an international conference. With master student, we expect that they will have skills in working with the problems of how
to expoloit machine learning models on semi-structure data (big data). They can also know how to formulate a problem using machine
learning models. They will obtain fundmental knowledge on machine learning and knowledge representation.

[ERE e 2 - Bk#E] communication industry, software industry, service industry

Research Overview

Structure representations and machine learning models play a key im-
portant role for Artificial intelligence (Al). Our research will focus on
how tactical structural representation and machine learning are used for
formulating problems in Al ranging from text summarization, natural lan-
guage understanding, legal engineering, and machine [1][2][3].
Machine Learning

Fundamental problems in machine learning are focused on our research
directions. We particularly study on structured prediction modes, which
are used to recognize structure representation such as sequence, tree,
and graph. On the other hand, designing feature spaces for machine
learning is difficult and requiring much human effort. To deal with this,
we are concerned on how feature representation is automatically learnt
from data. Regarding to this problem, Deep learning would probably be
suitable for our goal. We also study on reinforcement learning which can
learn by interacting with environments.

Natural Language Understanding

One of the ultimate goals in Al is to enable computers to converse with
humans through human languages. To achieve the goal, we especially
pay attention on semantic computation. This research is used to support
computers to understanding natural language. Our initial work showed
how synchronous grammars could be combined with structured learning
models to transform a natural language sentence to a logical form rep-
resentation [1]. On the other hand, we want to investigate how natural
language generation (NLG) can help computers for producing a human
understandable language sentence from its meaning representation.
One research topic we pursue is to know how probabilistic models can
be applied for generating natural language sentences from their underly-
ing semantic in the form of typed lambda calculus.

For legal engineering, our mission is to support people for reading legal
documents. The first task aims at recognizing logical parts of law sen-
tences in a paragraph, and then grouping related logical parts into some
logical structures of formulas, which describe logical relations between
logical parts.

Machine Reading: One of the direction in our lab is to study the fun-
damental problems on how we can extract useful information from texts

and how to build knowledge
from texts. First, we are inter-
ested in text summarization
which is used to extract gist
information from text docu-
ments.

We also focus on studying Ma-
chine Reading, which automati-
cally extracts knowledge from a
large number of documents by
reading texts. Communication
between human and machine
in reading text is also interested
in our study. A Question An-
swering system like IBM-Wat-
son is our expected outcome.

ERATIEE S

. Do, Dinh-Truong; Nguyen, Minh-Phuong; Nguyen, Le-Minh,
Enhancing zero-shot multilingual semantic parsing: A frame-
work leveraging large language models for data augmenta-
tion and advanced prompting techniques, In: Neurocomput-
ing, vol. 618, pp. 129108, 2025

2.Khang Nguyen Le, Ryo Sato, Dai Nakashima, Takeshi Suzuki,
Minh Le Nguyen, OptiPrune:Effective Pruning Approach for
Every Target Sparsity Proceedings of the 31st International
Conference on Computational Linguistics 2025
NK Le, DH Nguyen, LM Nguyen, ANSPRE: Improving Ques-

tion-Answering in Large Language Models with Answer-Pre-

fix Generation- In Proceedings of ECAI 2024, 2024

Mac Server 64G
Windows Server 64GRAM

Logical parts in legal paragraph

Text Summarization: Sentence Reduction
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The primary goal for teaching students is that we should teach students how they can develop an ability of self-leaming. For supervising graduated students, we think one of the most
important things is how to find problems for studying. To support students, we would like to discuss with students as much as possible to help them in choosing the research topic and
discovering problems. Reading skill is so important for students in order to enrich their knowledge, and it would be helpful for students in choosing the topics and finding out problems. For
this reason, our lab organize seminar courses covering state-of-the-art results. We think reading and discussing on state-of-the-art works, would be useful for improving not only student’s
knowledge but also the student's skills in writing papers. We also organize seminar courses covering the background knowledge both in machine learning and linguistic aspects.
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BITS: Bits of Information,
Transmitted and Stored

MREMHD D DICHELIE - €D

We welcome students with motivation and ability in three areas. (1) An interest in truly improving real-world systems through the practical application of mathematics,
particularly linear algebra and probability (2) Computer programming skills, such as C/C++, Java, or Matlab. (3) Passion to use English as a technical language.

ZORRTHICOCBED

Graduating students will have knowledge of fundamental methods for understanding and designing state-of-the-art communication and
data storage systems. These systems are implemented as algorithms, and so students will gain understanding of mathematical techniques
underlying these algorithms. Students will be able to read a paper, understand the contents, implement the algorithm in a program, and
evaluate by computer simulations. Most students study and gain deep knowledge of error-correcting codes for reliable communications.

(LR SE3 - BifE] communications, data storage

Information, Transmitted and Stored

Information transmission is sending data from one point to another point,
for example, from the mobile phone in your hand, to a base station on the
top of a building. Information storage is the sending of data from one point
in time, to another point in time, for example files saved to your hard drive
or SSD today can be recovered next week. Noise in the environment and
unreliable storage media can corrupt signals and cause errors in data.

Information Theory and Coding Theory

The BITS Lab studies information theory and coding theory, to provide
reliable communications and reliable storage of information. Information
theory deals with the fundamental limits of reliable information transmis-
sion and compression. Remarkably, information can be transmitted reliably
over a communications channel, even if the channel is unreliable. A central
result states that the information rate R of transmission can be no greater
than the channel capacity:

R< %log (1+SNR)
for a channel with signal-to-noise ratio SNR.

Coding theory deals with error-correcting
codes, a concrete method to correct some
errors, and even achieve the channel ca-
pacity. One such code can be represented
using three circles, as shown in the figure.
The number of 1’s inside each circle must
be even. The code consists of seven bits,
each either a 0 or a 1. But some bits have
been erased to an unknown “?”.  Can you
recover the original bits?

An error-correcting code.
Codes for Data Storage
Data storage is at the core of the information technology revolution, from
the smartphones in our hands to data centers in the cloud. Flash memory,
hard disk drives and distributed storage networks combine to provide ubiqui-
tous access to data. But these exciting new systems pose new problems of
storage density, reliability and efficiency. Coding theory provides an answer.

Cooperative Wireless Communications

With the arrival of the smartphone, the demand for wireless network com-
munications has exploded. But new electromagnetic spectrum is scarce.
To increase future data rates, cooperative wireless communications is the
new way forward. In cooperative wireless communications, users, relays
and base stations work together to increase data rates, as shown in the
figure.

Lattices are codes which use the same real-number algebra for both the
code and the channel, where electromagnetic signals are superimposed.
Lattice codes correct errors introduced by channel noise, satisfy trans-
mission power con-
straints, and possess
properties needed
for network coding.
We are developing
lattice coding theory
to enable next-gen-
eration cooperative
wireless communi-
cations.

ERARGEE S

1. L. Liu, S. Huang, and B. M. Kurkoski, “Memory AMP,” IEEE Trans-
actions on Information Theory, pp. 8015-8039, 2022.

2. M. N. Hasan, B. M. Kurkoski, A. Sakzad, and E. Viterbo, “Steepest
gradient-based orthogonal precoder for integer-forcing MIMO,”
IEEE Transactions on Wireless Communications, 2020.

3. T. Matsumine, B. M. Kurkoski, and H. Ochiai, “Construction D lat-
tice decoding and its application to BCH code lattices,” in 2018
|IEEE Global Communications Conference, December 2018.

A cooperative wireless network.
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Our lab is a dynamic and interactive environment. Students are primarily advised in one-on-one meetings between the advisor and
student. More senior students are encouraged to participate in the advising of newer students. Conversely, even Masters students
are given research projects that can lead to presentations at international conferences and publications in English-language journals.
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1. E.Fujisaki, “All-but-many encryption”, Journal of Cryptology, Vol
31, Issuel, pp 226-275, January 2018.

2. E.Fujisaki and K.Xagawa, “Public-Key Cryptosystems Resilient to
Continuous Tampering and Leakage of Arbitrary Functions”, In
ASIACRYPT 2016 (1), pp.908-936.

3. E.Fujisaki and T.Okamoto, “Secure integration of asymmetric and
symmetric encryption schemes”, Journal of Cryptology, Vol 26,
Issuel, pp 80-101, January 2013

JAIST ® 2/80 > % RE SRR THER,

MREDOEE LIt

[AFZRZ=HP] URL : https://www.jaist.ac.jp/~fujisaki/

AHRER, FROBSLIESOBEHREF 1) T 1 OWRE, BEEELBHI 2 LEBRICLTVWEY, FERETIHESEROBRCIEEHEOR
BobLElLEd, ZOLTRMOMAIMELETLoOIME L. EQLIICRBEMEL. ZNERRT 2D EVOIMBOELEZVELT,
BRICTATPERLELTCT IR Ty L. EQLILTLEV T oHERRT 22 ETHRE L LCDBEAY A I NEFUES, T—Y FyIRT
THINELoND LT IELENALDOEETY, FARETRIARIIET 3 &£ 5 12% COBFLNIMTRE L OBEMOER T TE LMD
HoVET, EITEPDTATTEFELTA—FNy I EBONIEEN, TOAI2=FT 4 DRy NI =T ICHRIDAARAENIIEVWD T ETT,

3
e
e
a
|
7__
“q
%
7
4
%
z
7
i
b




|
v
&
a
|
7__
“®4
>~
g
B
*
B
®
78
i3

N . (INOUE Naoya)

’E#j& . #ZJ: E& E-mail : naoya-i@jaist.ac.jp
[(ARSE] BASHELIE. BASEIEMRE. BHHER

[#—7-F] Ea’i:ET)b /z:J:' "é’ ATHgE. EiBAAIREME. T—5

ﬂﬁ%ﬁofﬁ
SEDITHAZR Lt;

MRERDZDICHELF - €D

SEAEMTEIHEEEEIZVLEVIBVSTIELbED o TVWDE I EHPRAEHETY, SRR, BEHEt., 73V XL, 7od5=
VI, EETOXMAE. XEHEXFUDPDHZELELVWTITN. ARETHFERET,

vaEDLK3

3
&

c—@ﬁﬁj‘b—c‘%‘uo ( ﬂBjJ

H4 DMREFEHTIH., EELZHERNIBTI7-0HIC, HRATHDHELLZILDTWHLWI AT T eMBLELEHICES, InEFERLE
ICREL., ZOT7AT7OBEEERIEL TOEET, HAVERIHNE, BENICERN - BFFRICHRB L. AHBOMRE LR DED
LEDD, PATFESDICBEVWTWEEY, IO LIEHEBEL T, BASEWELAIPHTOEMNFHEHL2ADI L. EITHE
UDO—HEE/DRAFUDFICOEES, XIBEH(BICFLEMIBER). MBREILT. TNEREE - BB LBREESL T, B
BN, TRIII0TH TIHWH. LV ZEO—HITT, PAT7EEBET. BHDEXEBEICHNIIRT T LY

q
5
S

VEEHOAY, F—LU—0 XEHEHDBBF-o-TVWEET,
[FiEi e 2E - BiE)] ARBARE. BREEHE

KL

A4 HEEFTCHBVWIEEAHEK TUET 25 EBEHRL
TWEd (BASENE ), 5ic. #REED., I LbLHRNICE
PRTVWAEVKAEEBEGFEOMML, SHER LITRIZ 50 H & 5T
K52 2FEEHRLTVET, UTIC. ART—~OflxZ (T
9,

1. BRI TE 5 SEBLEET IV

KEEEFBET N (LM 2. T - roEXbNRVERE
B EE LM ZEBOMB AR AR TEEZTLLIA?
F4lid. LLMICECRMNEBZHMAG ZETLUM osERER
IR EEHTVET, EEITE. LLMAENEBRELIZBEIC
AEEMBEERBS Y. L D EBELREMISEOERRICHIILE L1,
p: XEHE., RBORENTEENT

—— — False? True
LMKB ~ T :% yEoy

5
SLLM THAR - q1 &q; —>p

el
a XERE. BERT | [qp EEBEABOREINHS

EFEnf-
LMKB T F
H1 BofMzERLAET 2ERMIEET V(1]

2. BRICNT 2 RELHRLTE 5B LEET IV
BHESELZHEENICRD ZEATE S LLM (VLLM) . E&IC
I 2EMLBERMICMETESITLL I ?H 4L VLLM o=
ELHRENEEZ DHREEDTVET, EE2TIE. EROHE
BRETORBNRI -V RHET DI LEFELTEZT sy |
ZRFE L. REHO VLM O Z M L. RROFEZH S »
IcLE LT,

True True

LMKB T F

(a) HELVIREIRTERTHS () ZLEICHIEARKSTRETHD
(b) FUVEKKIEFATICH D (d) RHLEVIRKITEETHD

2 B Y 3 RitERHECT sy k(2]

3. XRAZE 0T

LLMiE. AD 7> T rE2BCTHERIRATERER, Wb b
XIRASFBOREDDH D Z EPHMbNTVET A, ZHIFKEEN
ICEDEDBADZALTRIBINTVWSEIDTLLIN? ZNE
TOHRTIE. LLM AAHD DR % URASFE T 5B 0OIR &
WEZARNICKRIELE LT,

4. 5wk X D Z H M DOMREE & &R

FAR— FRMRXE EDHBIAET ¥R McH T 2HEHEE
L. ZORBOZLEEEDTITDLEDIC. FBHIIHL
TZDHACHEREIR %’C%éﬁr%%wwﬁﬁntﬂxwﬁﬂ/\w
WET, EE3TE. ZDE I BETNOMRELTHES 270D F —
Sy FEBELE LI,

ERF—~DEs [TEEEOHR %’ Fa BARDTFICEWTIH#E
Rl EUEMNICHHRLES, ZSE}F Flf, 2022FEEHIOIRE o 1o &
FNITOMRE, CUO—RBICHAREZAID EFTVEFL LD !
BRI ICEF L. ﬁ%ﬁ%;‘%(i&ﬁ%tu)\bké’wﬂf%

FLEMRERE

1. #ZJ:b BRI LM as KB of5fE =m0 200 . SFBAE
REBI0RFERRRIHIE , 4 pages, 2024.

2. Shi et al. Find-the-Common: Benchmarking Inductive Reasoning
Ability on Vision-Language Models. & B F 2 FE30EIF R K
RHIE , 4 pages, 2024.

3.Robbani et al. Templates for Fallacious Arguments Towards
Deeper Logical Error Comprehension. & 5BLIE S 2 2E30[E F X
AREHXE , 4 pages, 2024.

/8
#BiFIEHEH (CPU/GPU 7 528 73> )

3
i

Rif
‘

MREDOEE LIt

[FARZEHP] URL : https://rebelsnlu.super.site/

AANOEEUEEA L, BOOBERNESIEHE LD ICIBELE T, AAPELVERZZHRTOY 27 FEFELETE

545, HhOZDOERICAL > CEPOF THREEDOND & 5. BERMERCEBEARI —FT 1 Y IJICLDERBIEL LT,

IVWW)%"— HRCHRPR D BEECEM L. ARELBI BNV EZEIET, MREAOII 2 =5 —¥ a3 VIFERNICE
FETEBL. FTUETICIFERI"HEZHICDITTHoL, ERMICERTEIAMEZECEY,



\ ATARY > »

IRy 170wy Fu3Y-
[F% 5 %] Algorithms, Distributed Systems, Theoretical Computer Science
[#—7—F] Distributed Systems, Graph Algorithms, Combinatorial

FZIWVIVYX L
HR=E

(SCHWARTZMAN Gregory)
E-mail : greg@jaist.ac.jp

Optimizations, Streaming Algorithms

Algorithm design for the 21° century

MREMHD D DICHELIE - €D

I'm looking for highly motivated students with an interest in math and puzzle solving. You should have completed a basic algorithms and

data structure course, and should have some familiarity with graphs.

ZORRTHICOCBED

You will learn how to find, define and solve algorithmic problems. To achieve this, you will learn the basics of graph theory and algorithm
design. You will learn how to read and understand the scientific literature. You will learn how to tackle a hard algorithmic problem from start
to finish. And finally, you will learn how to communicate your results effectively.

[#iEgse % - BE] Academia, IT industry

MRAR

Many real-world challenges, from analyzing huge social networks
to efficient communication in distributed networks, can be ex-
pressed in the language of graph theory. Starting from the 70s and
up until today, the field of graph algorithm design has proven itself
as an invaluable tool in tackling many fundamental, real world al-
gorithmic challenges. To achieve this, many “classical” graph algo-
rithms were introduced.

With the recent emergence of Blockchain, autonomous cars and
big data, there has been a shift in how algorithms are designed.
In the “classical” model the data was small enough to be held in
memory, there was a single processor and the data could be freely
accessed throughout the computation. But this does not capture
the challenges of big data and distributed computing, where data is
too big to fit into memory, or is distributed among a huge network
of servers. This requires us to design new graph algorithmic tools
to handle these new and exciting challenges.

Below are two examples of such algorithmic models.

Streaming model:

In the streaming model we wish to perform some computation
over data which is too large too store in memory. For example,
imagine our input is Facebook’s social graph, where nodes are
users and edges are friend relations. While the nodes can easily fit
into RAM, the edges might require several terabytes of memory. To
overcome this, we process the edges in a stream. That is, the algo-
rithm sees all edges in the graph one by one, but has limited mem-
ory. The algorithm performs some computation while edges arrive
and finally outputs the results of the computation. The memory
restriction is quite challenging and requires new algorithmic tools
and techniques.

Distributed model:

In the distributed model we have some network of independent
processors that wish to achieve some common goal in a decentral-

ized manner. This model captures problems such as packet routing
over the internet, achieving consensus in a blockchain network or
a fleet of autonomous vehicles trying to optimize congestion. Here
the main bottleneck is the communication between processors in
the network. The crux here is that computation happens simulta-
neously throughout the network, which gives rise to new problems,
such as symmetry breaking. The goal here is to design communi-
cation efficient algorithms for the task at hand.

The above are just two examples, while many more fascinating
models exist (online algorithms, property testing, dynamic data
structures). Our goal is to explore these new models of computa-
tion and try to accurately represent the algorithmic challenges of
the 21 century. We aim to define new models, and design efficient
algorithms for fundamental problems.

FLEHRER

1. Reuven Bar-Yehuda, Keren Censor-Hillel, Gregory Schwartzman:
A Distributed (2+ € )-Approximation for Vertex Cover in O (logA /
€ loglogA) Rounds. PODC 2016

2. Ami Paz, Gregory Schwartzman: A (2 + & )-Approximation for
Maximum Weight Matching in the Semi-Streaming Model. SODA
2017

3. Keren Censor-Hillel, Eldar Fischer, Gregory Schwartzman, Yadu
Vasudev: Fast Distributed Algorithms for Testing Graph Proper-
ties. DISC 2016
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| believe students should pursue topics and problems which they find most interesting. | will do my best to accommodate the above,
offering guidance in my field of expertise and connecting students to other leading researchers in their respective field.
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1. Tsubasa Takagi, Semantic Analysis of a Linear Temporal Exten-
sion of Quantum Logic and Its Dynamic Aspect. ACM Transac-
tions on Computational Logic, 24(3): 1-21, ACM, 2023.

2. Tsubasa Takagi, Canh Minh Do, Kazuhiro Ogata, Automated
Quantum Program Verification in Dynamic Quantum Logic. In
Proceedings of DaLi: Dynamic Logic — New Trends and Applica-
tions, Lecture Notes in Computer Science (LNCS), 14401: 68-
84, 2024.

3. Tsubasa Takagi, An Algebra of Quantum Programs with the
Kleene Star Operator. In Proceedings of International Workshop
on Formal Analysis and Verification of Post-Quantum Cryp-
tographic Protocols, CEUR Workshop Proceedings, 3280: 2-15,
2022.
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. RENEESERT 200K E, B4 LAREELH D, BHlo
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FiERX ax = yb i (xy) = (b,a), (aab,aaa) % & OfF %= |EICIFL %
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1. Teppei Saito and Nao Hirokawa: Weighted Path Orders are Se-
mantic Path Orders. Proceedings of the 14th International Sym-
posium on Frontiers of Combining Systems, LNAI, pp. 63-80,
2023. Best paper award.

2. Dominik Klein and Nao Hirokawa: Maximal Completion. Pro-
ceedings of the 22nd International Conference on Rewriting
Techniques and Applications, LIPIcs 10, pp. 71-80, 2011.

3. Kiraku Shintani and Nao Hirokawa: Compositional Confluence
Criteria. Proceedings of the 7th International Conference on
Formal Structures for Computation and Deduction, LIPIcs 228,
pp. 28:1-28:19, 2022.
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[F%R5H %] Artificial Intelligence, Natural Language Processing, Machine Learning
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==
E}I:W:Ié [#—7—F] Deep Learning, Natural Language Understanding,
Generative Al, Legal Engineering, Social Media Analysis

Safe domain-savvy Al for reliable
human-Al synergy

MREMHD D DICHELIE - €D

Mathematics (statistics is a bonus), Programing (Python, R, C++), Machine learning (deep learning, optimization). Having experience with
Natural Language Processing and Generative Al is a plus point.

ZORRTHICOCBED

Through studying, for instance, generative Al, and idea of blending knowledge in human-understandable form and machine-understandable
form to achieve consistent and creative results, students shall obtain knowledge of currently developed methods/technologies and
understanding of the methodological evolution of communication with Generative Al systems and be able to utilize available methods/

technologies for solving problems and think about new problems and new methods.

[#iEgse % - BE] Al academia & industry

MRAR

We study topics revolving around generative Al, NLP, and do-
main-specific applications in, for example, the legal domain, biolo-
gy, and sociology.

Efficient NLP, Generative Al in specialized domains

Specialized domains require technical understanding often deviat-
ed from common understanding, so models trained on common
data need adjustment to align with the value required for the given
domain, e.g. understanding legal norms in the legal domain, and
understanding social norms in social media data. However, for ex-
ample, re-training is considered costly and environment unfriendly.

For that, it is valuable to make efficient systems from fundamental
models for specialized domains. Prompt engineering and retriev-
al-augmented generation are potential approaches.

Pervasive Al: Understanding complex Al-involved communi-
cation networks

Humans and Al are never this close. However, the behaviors of Al
agents in communications among themselves and with humans are
very complex, and if not well-understood, can cause catastrophic
disasters.

Therefore, the ability to analyze the behaviors and predict the be-
havioral changes can help regulate Al agent network and its opera-
tions to ensure its reliability.

Safeguarding Al:

Al is now dominant in daily life though, inability to control its be-
haviors may lead to severe consequences. Safeguards are being
engineered to protect against Al misuses but also are being broken
by adversaries. Besides, improving the safety of Al can increase
the confidence of utilizing Al in critical domains, e.g. law and
healthcare.

It is needed to study more robust methods for safeguarding Al sys-
tems from misuses, moving from engineering safeguards with, for
instance, dictionary-based methods, to more generalized methods,
for example, analyzing semantic space of generative models.

ERURTESE S

1.Tran, V., Le Nguyen, M., Tojo, S., & Satoh, K. (2020). Encoded
summarization: summarizing documents into continuous vector
space for legal case retrieval. Artificial Intelligence and Law, 28,
441-467.

2.Tran, V., Tran, V. H., Nguyen, P., Nguyen, C., Satoh, K., Matsu-
moto, Y., & Nguyen, M. (2021, April). CovRelex: A COVID-19
retrieval system with relation extraction. In Proceedings of the
16th conference of the european chapter of the association for
computational linguistics: system demonstrations (pp. 24-31).

3.Tran, V., & Matsui, T. (2023). COVID-19 case prediction using
emotion trends via Twitter emoji analysis: A case study in Japan.
Frontiers in Public Health, 11, 1079315.
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In group study/research, students will learn to express/defend their own ideas, find themselves what relevant literatures are needed
and build a solid background, have a sense of contributing to a great goal, and with
- Confidence to conduct independent, new, and challenging research,

- Resilience when tackling challenging problems,

- Activeness to collaborate with others (research projects, shared tasks, competitions).
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DB, B4DEFRISEEDLoTWEY, 207, VIIZTD
BEDFABEAFECREEHERILS Y. EALEHEN. £8NEL%
BlERZIAIBEMEL B, ER. ZOLOLEFI/R/ESNTETVE
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LIZIRRORSEE Do THERTETHLT, WRTIE, ERICEIA
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Y7 EBRTEHEEMILTEILE. ENATRTH). S%D
HEDFER., BLU., TOLIAEFREED-OICETHEETT,
(e F% - FERIREE]

ELWYIIz 75 RRTIMRILETERRIFOERICENT, I
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V777 DEENE. ERICEERDDEL>TVWEDTY, FHald,
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LTWAHRICHDBDLOABRED1DTY, Ibic, AE,. BENE
BROEIRIC Al pMER SN, BEiff. BIEGEDIFREZADELT, RBEAL.
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HoTWEY, EHIRATAICREDLT, VIMIz7DISBEIRZHL
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24 - EENTREROMFETERL. RE - RIOEHSEEIELT
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1. Toshiaki Aoki, Daisuke Kawakami, Nobuo Chida, Takashi Tomita: Dataset
Fault Tree Analysis for Systematic Evaluation of Machine Learning Sys-
tems,25th IEEE Pacific Rim International Symposium on Dependable Com-
puting, pp.100-109, 2020.

2. Toshiaki Aoki, Makoto Satoh, Mitsuhiro Tani, Kenro Yatake, Tomoji Kishi:
Combined Model Checking and Testing Create Confidence - A Case
on Commercial Automotive Operating System, Chapter 5, pp.109-132,
Cyber-Physical System Design from an Architecture Analysis Viewpoint:
Springer, 2017.

3. Toshiaki Aoki, Kriangkrai Traichaiyaporn, Yuki Chiba, Masahiro Matsubara,
Masataka Nishi and Fumio Narisawa: Modeling Safety Requirements of 1ISO
26262 using Goal Trees and Patterns, International Workshop on Formal
Techniques for Safety-Critical Systems, Springer, pp.206-221, 2015.
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For Forthcoming Research on Quantum,
Wireless, Sensor and Energy

The basic knowledge of English, Mathematics, and Communication Systems and Networks is required. The skills of interpersonal
communication, programming, oral presentation, information gathering and interpretation, and caricature drawing are also required.

Students will able to explain their research work clearly and systematically in the fields of wireless communication and networks. Students
also will gain much confidence in their own research work with new, innovative and fruitful ideas of both future wireless and sensor domains.
In addition, students will able to express their firm opinions and perform logical discussions among diverse students, scholars, scientists and

researchers in wide range of disciplines.
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The wireless world never stops growing. This results many people are con-
nected wirelessly with mobile devices that allows them to keep up with the up-
to-date information. The next largest breakthrough will be the sensory swarm,
which enables more pervasive wireless networking and the vast deployment
of sensors and actuators. The sensory swarm gives rise to the emergence of
cyber-physical systems concept, which comprises the information-gathering
network that would feed the massive information technology core with moun-
tains of raw data to be processed and spun back out to us on our portable
computing devices and laptops in a timely manner. These wirelessly sensors
and actuators will be quite complex, requiring self-contained radio frequency,
digital circuitry, clocks, and processing engines. Thus, it inspires architectures
that will afford an order-of-magnitude improvement in efficiency and resource
management. Our disciplinary research focuses on cyber-physical systems,
sensor network system, wireless communications and quantum networks.

1. Cyber-Physical Systems (CPS)

CPS contributes to safety, efficiency, comfort and human health, and help
solving key challenges of our society, such as the ageing population, limited
resources, mobility, or the shift towards renewable energies. One example of
CPS applications is a smart home automation for comfort control. In smart
homes, appliances, devices, sensors, and actuators are expected to assist peo-
ple live on their own comfortable, relax, restful, and pleasant.

Figure 1: CPS integrates cyber world and real world

2. Wireless Network Coding (WNC)
WNC refers to a technique where a wireless device is allowed to generate out-

put data by mixing its received data. The unique characteristics of wireless me-
dium renders WNC particularly advantageous, e.g., this technique can be used
to achieve the minimum energy-per-bit for multicasting in a multihop wireless
networks. In recent, this technique has been developed into a data link layer.
The WNC engine in the data link layer can opportunistically mix the outgoing
packets to reduce the transmissions in the air.

Figure 2: Data transmission using WNC technique
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Our vision is to become an exemplary laboratory of top-class renowned research group for both students and scholars through the
pursuit of excellence in mentoring, innovation and research. Our mission is to apply and advance knowledge strategically and inno-
vatively to explore the research domains, quantum networks, wireless communication and smart sensor environmental, which have
enormous potential to change the way people and things communicate.
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1. Takashi Tomita, Daisuke Ishii, Toru Murakami, Shigeki Takeuchi,
Toshiaki Aoki: Template-Based Monte-Carlo Test-Suite Genera-
tion for Large and Complex Simulink Models, IEICE Trans. Fun-
damentals, Vol. E103-A, No. 02, pp. 451-461, 2020.

2. Thuy Nguyen, Takashi Tomita, Junpei Endo, Toshiaki Aoki: Inte-
grating pattern matching and abstract interpretation for verifying
cautions of microcontrollers, Software Testing Verification and
Reliability, Vol. 31, Issue 8, 1788, 2021.

3. Takashi Tomita, Atsushi Ueno, Masaya Shimakawa, Shigeki Hagi-
hara, Naoki Yonezaki: Safraless LTL Synthesis Considering Maxi-
mal Realizability, Acta Informatica, Vol. 54, Issue 7, pp. 655-692,
2017.

{8

WREEY — V(£ 7 WRESR , SAT / SMT Y LNE)
EF LY —IW(MATLAB / Simulink. UML %)

Rt
‘

x
1t
tg
=
2
=4
W
it
=
#
a8
ik
%
8
15

WEE=EDIBEHEH [AF38ZHP] URL : https://www.jaist.ac.jp/~tomita/index-jp.html
IEE’J/?E}%E’J/*%LE’J& % n%nﬂﬁ’&;ﬁ%’(%é:kj ébi—; %@;77& ":? n;nﬁﬁ&i@é t’( Fﬁ%@ztg&ﬂbﬂ

ﬂﬂbtDAﬂﬁﬁﬁiﬁ%@#LLDT%é$jkEéi?f?

(DBETHNERELRZE L EITOAROEFRN L EE - 5HE - 3B - 7 70— F - BREORFCRIBERRO 72O D -

B DERICOWTIE, FERNICIFARE & L TERFRD - EHNICToTHo0ET, REPHEDOHTMIZDOWTIIERMICE

B2 ETOZEMEBLTHELET,

55




x
1t
1.&
>
-4
v
#
=
£
&
54
Zg

IR RITY SANY
[FEHF] ¥4 N—tFx2UF 4, loT/CPSEF2UF 4
[$¥—7—F] %y bT—24Fa2 VT4 AL FIRFT—V XA+

YAN—tFa1)7+

MR=E

(BEURAN Razvan)
E-mail : razvan@jaist.ac.jp

FaUF4EEB, A N—LvY

X1V T 1 OARICEDXRERHLZD

EREMZRDD

We welcome students with interests and abilities related to cybersecurity and network security, as well as good programming skills.
Independent thinking and a strong motivation to learn and develop oneself are a must.

Students who graduate from our lab will possess deep knowledge regarding cybersecurity and 1oT/CPS security. They will be able to
develop cybersecurity-related software, and perform various kinds of network experiments and assessments. The students will also gain
hands-on network security experience and will be capable to deal with cybersecurity issues in the real world. Their English paper reading
and writing, as well as presentation skills will also improve significantly.

[ h%E - BiEl YA N\—t*2 U7 1% HHAAT 2T LABIEE BRBEE

Overview

According to the vision put forward by the Japanese government
regarding the future digital society, also known as Society 5.0, the
cyber and physical spaces will be tightly integrated to build a hu-
man-centered society. Given that the Internet of Things (loT) and
Cyber Physical Systems (CPS) have already started to become an
integral part of our daily life, new challenges and issues regarding
their use arise.

These complex conditions place strong requirements regarding
the trustworthiness of Society 5.0, and to address these issues our
lab focuses on the following key research question: How to ensure
that the future Society 5.0 is a safe and secure environment?

Cybersecurity lIoT/CPS Security

Society 5.0

Trustworthiness

Education and
Training

Trustworthiness
Assurance

Research directions for ensuring the trustworthiness of Society 5.0

To answer this research question, our laboratory pursues four main
research directions, as described next.

Cybersecurity

The increase of cybersecurity threats in our society makes it nec-
essary to create robust systems that support a wide range of cy-
bersecurity-related activities. For this purpose, we leverage many
modern techniques, such as artificial intelligence and machine
learning. Examples related to this research direction include: (i)
Reinforcement learning agent training methodologies (e.g., for
automated cyber defense); (ii) Cybersecurity-related information
processing techniques (e.g., for attack path extraction from cyber
threat intelligence reports).

IoT/CPS Security

|IoT/CPS systems have specific characteristics, such as computa-
tion resource constraints and a complex System of Systems (SoS)
nature. In order to address these issues, 10T/CPS security ap-
proaches require the use of suitable techniques, as highlighted in
the following examples: (i) 10T network intrusion detection based
on federated learning techniques; (i) Smart building control sys-
tem emulation platform for security testing.

Trustworthiness Assurance

Society 5.0 challenges must be thoroughly considered from the per-
spective of the five components of trustworthiness: safety, security,
privacy, reliability and resilience. Related activities include: (i) Develop
a trustworthiness assurance framework to provide guarantees for all
the five trustworthiness components; (i) Conduct a case study on
smart building control systems.

Security Education and Training

The human factor is an important component of modern cyberse-
curity, and we conduct research in the areas of technical security
training and security awareness training. Examples for this research
direction are: (i) Development of the integrated cybersecurity train-
ing framework CyTrONE and the corresponding training content; (ii)
Conducting hands-on training activities.

FEHRER

1. H. P. T. Nguyen, K. Hasegawa, K. Fukushima, R Beuran, “PenGym:
Realistic training environment for reinforcement learning pen-
testing agents,” Elsevier Computers & Security, vol. 148, January
2025, 104140.

2. K. Mai, J. Lee, R Beuran, R. Hotchi, S. E. Ooi, T. Kuroda, Y. Tan,
“RAF-AG: Report analysis framework for attack path generation,”
Elsevier Computers & Security, vol. 148, January 2025, 104125.

3.R. Beuran, J. Wang, M. Zhao, Y. Tan, “loT Security Training for
System Developers: Methodology and Tools,” Elsevier Internet of
Things, vol. 24, December 2023, 100931.
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HPC System “KAGAYAKI”
https://www.jaist.ac.jp/iscenter/mpc/kagayaki/
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We provide a dynamic research environment in which students can broaden their knowledge, learn new skills, and develop new abil-
ities. We lay a strong emphasis on putting theoretical knowledge into practice through applied research, and on hands-on experience
with various aspects of cybersecurity and network security. Since the development of communication skills is also extremely import-
ant, students are highly encouraged and supported to present and publish their research work.
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Communication Theory, Experimental Validations

Advancing Wireless Communication
Technologies for the Future

We are seeking motivated students to join our research team in the field of wireless and/or optical communications. Our lab involves a
diverse range of research topics, both theoretical and practical. If you have a background in any of the following areas, we encourage you to
reach out: Mathematics, Communication Theory, Simulations, Electronics, Optoelectronics, and Optics.

You will learn advanced transmission techniques used in modern wireless communication systems. You will learn how to build an optical
wireless communication testbed using commercially available devices, or components built on your own. Then, you will be able to test
your original idea using the constructed testbed. Additionally, through internal collaboration, you will have the opportunity to engage in
interdisciplinary research that combines materials science and information science.

[EEkSE 2 - BiE] Engineers in the electronics and telecommunications industries, as well as researchers in universities and national institutes.

*Multidimensional Signal Multiplexing

Optical wireless communication (OWC) offers flexibility in employ-
ing various multiplexing techniques, such as multiple-input multi-
ple-output (MIMO), wavelength division multiplexing (WDM), and
polarization division multiplexing (PDM). This research will explore
the combination of these multiplexing techniques to significantly
enhance data transmission rates.

+Fluorescent Antennas/Concentrators

Conventional optical receivers using lenses for light concentration
have a limited field of view (FOV), requiring precise alignment
between the transmitter and receiver. This bottleneck can be
addressed by using fluorescent concentrators or antennas. This
research will focus on the development and testing of fluorescent
concentrators for high-speed optical wireless communication.

+Artificial Intelligence-Aided Optical Wireless

This research explores the application of neural network algorithms
for signal processing in optical wireless communication systems.
The focus is on signal equalization and demodulation to enhance
the reliability of different transmission systems.

Our recent OWC transmission testbed utilizes fluorescent fiber concentrations
at the receiver.

Our recent research focuses on, but is not limited to, interdisciplinary research
involving materials science and the application of Al techniques in optical
wireless communications.

FLEHRER

1.C. He, S. Collins, and H. Murata, “Fluorescent antenna based
on Forster resonance energy transfer (FRET) for optical wireless
communications,” Optics Express, vol. 32, no. 10, pp. 17152-
17164, 2024.

2.C. He, S. Collins, and H. Murata, “Capillary-based fluorescent an-
tenna for visible light communications,” Optics Express, vol. 31,
no. 11, pp. 17716-17730, 2023.

3.C. He and S. Collins. “A Two-Stage Fluorescent Antenna For Vis-
ible Light Communication Uplinks,” IEEE Photonics Technology
Letters, vol. 35, no. 21, pp. 1190 - 1193, 2023.

Arbitrary waveform generators, Digital oscilloscopes, High-band-
width photodetectors, Silicon photomultipliers (SiPMs)

MREDOEE LIt

[AAZRZ=HP] URL : https://sites.google.com/view/cuiweihe/home

| encourage students to engage in interdisciplinary research and work on projects from which they can gain practical knowledge or
skills that will benefit their future careers. One-on-one discussions will be organized weekly. | will also highly encourage and support
students to attend international conferences or publish papers in English journals.
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