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Toward the solution to various risks
faced directly by today’s global society

The introduction of new technologies and new systems brought about by tireless technological innovation into society and daily life
means that new functions and features become available to people, and the society that uses them sees innovation occur. Nevertheless,
changes brought about in society by technological innovation and globalization carry the potential to unleash negative outcomes.
There are accidents that occur with the adoption of technologies that have yet to mature or systems that are overly complicated,
problems caused by human error, incidents of system failures, etc. The uncertainty and lack of transparency represent the other
side of the coin when we reap the benefits of technological advancements, and as such, they sometimes give rise to unwanted
phenomena and consequences.

In the 21st century, the axis of economic growth shift has shifted to emerging economies like those in Asia. With this, numerous
problems have become apparent, such as resource and energy issues, environmental issues, and economic disparity. In addition,
global political relations are becoming increasingly unpredictable, and realizing a future society that is safe, reliable, sustainable,
and vibrant is a hope and challenge that is common to all the world.

The most recent approaches to the concept of risk see diverse types of risk as associated with one another — as something that
inherently having both positive and negative impacts — and therefore the magnitude of that risk must be quantitatively assessed
while taking the uncertainty into account. If we were to try to achieve no risk, we would not be able to make advances in technologies,
systems, or society in general. Our concept of risk, when we think about a society that lives together with risk (symbiosis), is based
on this interpretation and ways of thinking about it.

In pursuing new potential with the introduction of new technologies and systems, it is essential that we have a broad range of knowledge
and information that will help us make rational decisions like which specific risks to choose, how to choose them, and if those risks
involve negative outcomes, which ones should be deemed acceptable, etc. Interpretations of risk vary widely depending on standpoints,
ways of thinking, the data and information that are available, experience, etc. In order to build the mechanisms for making proper
decisions and determinations in the face of many types of risk — for example decisions made by individual citizens, local communities,
policy- makers, and business managers — it is necessary to create a new approach to risk management, one that encompasses
how to interpret and communicate it.

Being “symbiotic” with risk is a way of thinking about and approach to risk for dealing with it in when trying to bring into being a favorable
society, one that is safe, reliable, sustainable, and vibrant. It is a framework for making appropriate decision-making possible on a variety
of levels based on quantitative and reliable information and data.
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Toward the creation of social value
based on the notion of risk-symbiosis

In October of 2014, using a grant for Promoting the Reform of National Universities, Yokohama National University established the
Institute of Advanced Sciences (IAS). Based on the notion of “risk symbiosis,” the IAS has begun conducting research to develop
the kinds of rational risk management needed in the 21st century and to help make society safe, reliable, vibrant, and sustainable.
The institute conducted research from FY2014 to FY2017 as part of its Phase |. The results of this research was well-received, and
as a result the aforementioned grant for running the IAS has been approved as a recurring expense beginning in FY2018.

With this, research at the IAS aimed at bringing about a safe, reliable, sustainable, and vibrant society based on risk-symbiosis studies
has entered Phase Il as of FY2018. The research theme for Phase Il is the innovation of social value based on the notion of risk-symbiosis.
For the purposes of practical research into innovation that contributes to the creation and realization of social value, the IAS put together
the “Social Innovation Research Cluster.” A “Co-innovation Dynamics Research Unit” and a “Chemistry of Hydrogen Energy Conversion
Research Unit,” the latter of which is dedicated to the creation of new energy systems, are assigned to this research cluster. For research
into information security and social infrastructure safety, we have organized a “Cyber Hardware Security Research Cluster” and an
“Infrastructure Risk Research Cluster.” The former has four research units assigned to it: Information and Physical Security, Quantum
Information Security, Extremely Energy-Efficient Processors and Integrated Photonics. The latter has research units assigned to it
that are dedicated to studying Safety and Resilience of Infrastructure and Infrastructure Systems and Safety Engineering, and Risk
Management of Energy Systems, respectively.

Diverse types of risk are associated with one another, are accompanied by uncertainty, and carry the potential for both good and bad
outcomes. If we were to try to achieve absolutely no risk, we would not be able to make advances in technologies, systems, or in society
in general. In striving toward a society that is safe, reliable, sustainable, and vibrant, through appropriate decision-making on a variety
of levels based on quantitative and reliable information and data, | am committed to pursuing the kind of research that can offer suggesti
for policies on ways to foster innovation that leads to the creation of new social va
dedicated to seeing that the fruits of such research are made more ava N
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Cyber Hardware Security
Research Cluster

Striving for a safe and reliable risk-symbiosis society
through cyber hardware security technology that
is one step ahead of advancements in IT.
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Information and Physical Security
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Research Unit :
Extremely Energy-Efficient Processors
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Research Unit :
Integrated Photonics
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Quantum Information Security
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Infrastructure Risk
Research Cluster

Creating safe and robust social infrastructures
through advanced risk management and infra-
structure management technologies.
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Research Unit :
Safety and Resilience of Infrastructure
and Infrastructure Systems
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Social Innovation
Research Cluster

Promoting the social implementation of advanced
knowledge and technologies and the creation of
new social value using co-innovation dynamics
within and across organizational boundaries.
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This research unit conducts research on one-step-ahead information
and physical security techniques, developing and implementing cutting-
edge malware countermeasures, cryptography, software and hardware
technologies, system technologies, security economics, etc.

UNIT .
2 BEIRILF—
JOtvy
Extremely Energy-
Efficient Processors

SN
Nobuyuki YOSHIKAWA

AHPWERZEBZDFEBOEHE LRI F—BIEEEBORORRE
BELFY, SHEICHIFDIRILF—TIREZRRNICHIATZEEDIC
BB ZRAVCBEIRILF -0ty D OMRBARETVET,

Our research goal is to realize extremely energy-efficient integrated
circuits beyond the thermodynamic limit by using adiabatic and reversible
circuits. In this research unit, we investigate the minimum energy limit
in computation and develop extremely energy-efficient processors.

UNIT
3
EB/IA=ZTIR

Integrated Photonics

s BE
Toshihiko BABA

YUIVTFNZIR. TAPZyIfER. XIRFUTIVEW T/ 1EER
ZFALT. RO—=34 b, F/L—Y— TSXEVIERBEDSIFIE
HEEEETEL. AV FUTHEE. BENEELA LIDAR. N1 - FRIE
VY FYTRBRERBR T+ NI ZXFNA ZADOBRICIRIBHET .

This unit studies next era photonic devices such as optical interposers,
LiDAR for autonomous vehicles, and bio-/environmental-sensors, in which
various photonic functions including slow light, nanolaser, plasmonic
enhancement and so on are integrated based on silicon photonics, photonic
crystals, and metamaterials.
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This research unit researches on quantum communications, quantum
computers, and quantum repeaters interfacing them in the research area
of quantum information security, which is based on quantum mechanics
and information security.
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A large number of the civil infrastructures in Japan are aging. The safety
and resilience of infrastructures and infrastructure systems are extremely
important. This research unit aims at developing efficient infrastructure
management systems, making use of advanced technologies such as
sensing technology, information technology, and robotics together with
advanced civil engineering.

UNIT

6 EEEIEESyTIN
NRE

Safety Engineering and

Risk Management of
Energy Systems

e ABsh
Tadahiro SHIBUTANI

ROABEDOEXREBETHZEHIVET — M IRIVF—BEEERORE Y
BEEDESHD. TS5V NTOLRABLIVERIRATLENTTB/N\T—F
DFHTEZITV. TRIVF—YRTLOURTEBRREZHELE T,

This unit investigates loss prevention, hazard identification, risk
management and safety promotion of technological systems such as
process industries and energy systems for a safer, more secure and
sustainable society.
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Social Innovation
Research Cluster
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For innovations to realize their potential social value, advanced technologies
and knowledge created by research institutes, such as universities, need
to be deployed and widely disseminated into society. This means it is
necessary to understand the method and dynamics for co-innovation
between a variety of players in society. This Research Unit is primarily
devoted to the investigation into the mechanism and process of transfer
/sharing of knowledge and technologies within and between organizations.
This Unit also conducts practice-oriented research on co-innovation and
relevant innovation dynamics to realize social values, including the strategy
and management of industry-academia-government collaboration.
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Chemistry of Hydrogen
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XS HiE
Shigenori MITSUSHIMA

BEURIRLF—ORBEEADLHDKFEIRILF—EKiliELT.
IXVF—FrUT7OERERERDYATLBLUME. BSUIC
BiFES FRAHEDAOFEEBRICYREFETMITE SOHR
HRZITVET,

We develop systems and materials for direct electrosynthesis of energy
carriers and non-precious metal oxide electrocatalysts for oxygen reduction
reaction for polymer electrolyte fuel cells toward the development of
hydrogen energy technology for renewable energy.
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On April 1, 2019, the Center for Creation of Symbiosis with Risk was integrated into the Institute of
Advanced Sciences. In addition, on October 1, 2020, two new research centers were established: the
Advanced Chemical Energy Research Center and the Quantum Information Research Center, and
the Typhoon Science and Technology Research Center was newly established on October 1,2021.
Centering on these four Advanced Technology Research Centers on top of three Research Clusters
and eight Research Units, we aim to accelerate the broader social implementation of the fruits of
scientific research by making them more widely known and furthering open innovation.

EGEHEZEESEMAR (IAS) TOHRA BRROHBSREZNE
Research at the Institute of Advanced Sciences (IAS) Accelerate social implementation of Research
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Advanced Technology Research Centers Cultivating innovation with new technologies
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Center for Creation of Symbiosis Society with Risk
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This Center aims to achieve safety and security and create

a vibrant society while exploring ideal ways of living with risk
and optimum ways of balancing risk as a society.
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Advanced Chemical Energy Research Center
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Through cutting-edge research related to chemical energy
based on electrochemistry, this Research Center aims to
contribute to the construction of a carbon-free society, i.e. one
that is sustainable and free from dependence on fossil fuels.
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Quantum Information Research Center
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Quantum Information Research Center
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This Research Center aims to realize a “risk-symbiotic,”
ultra-smart society ( “Society 5.0” ) supported by quantum
technology through cutting-edge research that integrates
quantum technology-related fields.
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Typhoon Science and Technology Research Center
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Typhoon Science and Technology Research Center
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As Japan’s first specialized research institute for typhoons,
this research center aims to contribute to the building of a
safe, vibrant and sustainable society by reducing the risk of
typhoon disasters, and to the realization of a carbon-free
society by utilizing typhoon energy.
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Headquarters of the Institute of Advanced Sciences, Yokohama National University
79-5, Tokiwadai, Hodogaya, Yokohama 240-8501, Japan

Building of the Institute of Advanced Sciences #103

Phone: +81-45-339-4454
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