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Hiroto Ishida

President, Honda Foundation

On the occasion of the 35th Honda Prize, the Honda
Foundation has decided to organize a venue to review the
current balance between the benefits of industrial development
and the evolution of civilization, and various issues facing
modern society as the consequence so as to re-realize and
share current challenges. Also it aims to discuss what should
be accomplished toward the resolution of such pressing issues
as well as the role of science and technology in that context.

In this symposium, following the keynote speech, three
past Honda Prize laureates in different fields will share
their opinions through their speeches in the three different
perspectives of ecotechnology.

Finally, joined by this year's Honda Prize laureate, Dr.
Helmut Clemens, all four speakers will participate in a panel
discussion on the fourth perspective “Sustainability.” Through
an interdisciplinary discussion and exchange of opinions, the
symposium intends to deliver suggestions toward "Creating a
Truly Humane Civilization" as we share the recognition of the
most important current issues facing this modern civilization
and seek for clues to resolutions.

[Four Perspectives]

Paradigm Shift which questions the expected morals and
credentials required for an individual engaged in science
and technology which have created a big change in terms of
impact on society and individuals.

Sustainability which explores the direction scientists or
engineers should take to face global environmental issues.
Innovation which pursues the vision of innovative technologies
from a viewpoint of coexistence of humans and technology.

Life Frontier which considers advancement and possibilities
of life-science technology and, furthermore, the dignity of life
itself.
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[Notes on the Hall]

+Please follow the instructions given by the staff.

-We cannot be held liable for accidents, theft, etc., that may occur inside or around the
hall. We ask that each person exercise their own discretion.

+Smoking is allowed only in smoking areas.

- Soft drinks are served in the space near the entrance during breaks. Do not take drinks into the hall.

-Please deposit your personal belongings at the cloak check.

Return the simultaneous interpreting receiver to a member of staff when leaving.
+Although cameras and recording devices may be brought into the hall, please refrain
from photography and audio recording.

-Hazardous materials, explosives and other substances prohibited by law are not
allowed in the hall.

+Garbage must be either taken home or sorted carefully before disposing of it in the trash boxes.
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* The themes are subject to change without notice. *Japanese-English simultaneous interpretation available for both lecturers and panel discussion.
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Born in Japan in 1942. Director of the Honda Foundation, Advisor of the Japan Center for
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Joined Nikkei, Inc., in 1965. He has served as New York Bureau Chief, Editor, Commentator, Managing
Director/Chief Editorialist and Senior Managing Director and Chief Editorialist, etc. He became Chairman of
the Japan Center for Economic Research in 2004 and served as Advisor for Nikkei Inc., etc. He received the
Japan National Press Club Award in 1989.
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“Toward Creation of a Truly Humane Civilization:
Perspective of Balance, Values, Ethics,
and Comprehensiveness”

Vigorous economic activity supported by science and technology
brings an increasing burden on the environment. We have to
change the state of development in which not only the natural
environment but sometimes even human beings have been
neglected. We should consider harmonizing the human environment
and the natural environment. We believe this to be the 21st century
value system that we must embrace.

In January 2012, forty years after “The Limits to Growth,” the
40th anniversary general assembly of the Club of Rome was held
in Bucharest. Repeatedly mentioned and emphasized was the
increasing short-term and near-sighted orientation of capitalism/
market economies and democracy and the inadequacy with which
the world responds to the profound structural problems confronting
mankind. The need to create a “New Economics” was debated. The
problem of “triple divorces” was raised. “Triple divorces” refers to
(Dexpansion of the divorce between production and employment,
@divorce between finance and the real economy, and ®divorce
between the economy and ecology.

In the “New Economics,” a long-term perspective, synthesis
with technology, a sense of the times and an ethical perspective
are all important. Fifty years ago, at the time of the 1964 Tokyo
Olympic Games, quantitative economic growth was the primary
issue in Japan. And a few years later, the rivers in Tokyo became
murky and fish disappeared. The air was so polluted that it caused
asthma. But society’s sense of crisis and awareness of the problem
engendered multifaceted innovation, including new technology,
production processes, and individual lifestyle changes, all of which
contributed to preventing pollution.

Resolving the obstacles to “creating a truly humane civilization”
may be difficult, but it is possible to achieve if we check our values
and make progress through innovation into which balance and
ethics are woven. The “White Paper on Science and Technology
2014,” published by the Ministry of Education, Culture, Sports,
Science and Technology in June 2014, puts forward the idea of
cooperation between countries to spread ecotechnology through the
world, which is the very objective of this symposium, by promoting
“life innovation” and “green innovation” in light of the huge
disaster that struck Japan and Japan's hosting of the 2020 Olympics.
We hope that this symposium will work to disseminate these ideas,
and we look forward to progress in “creating a truly humane
civilization” that will benefit the whole world.
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Born in Sweden in 1936. The 16th Honda Prize Laureates in 1995. Professor of Economics
at Jonkoping International Business School and Former Managing Director of the Swedish
Institute for Futures Studies.
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Dr. Anderson has contributed immensely to community planning founded on environmental protection and
economic growth, theoretical application of regional economics, urban development, etc. He takes a look at the
emerging industrial society from the new perspective of the "C-society" featuring creativity, communication
capacity and complexity of products, which is a theoretical model aimed at both preserving the natural
environment and developing regional economies in the face of aggravated problems with the global environment.
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Abstruct
“The Changing Economic System”

The global economy is rapidly changing and becoming increasingly
dependent on rapid long distance communication, cognitive and
creative occupations, and a capacity to handle cultural differences
and conflicts.

The reasons for the changing global economy are to be found in
these two.

Persistent economic growth

The increasing stock of human capital, technological and
organizational knowledge has ensured a steady rate of growth of
per capita real income of two to three per cent per annum over the
last half century. A fairly safe assumption is that the next 50 years
will deliver a similar rate of increases of per capita income, at least
in the OECD countries and probably at a faster rate of increase in
the developing economies.

Two crucial issues:

eHow will the massive increase in leisure time be used?

At what age will people of affluent countries retire?

Phase transitions

The research, development and innovation system will with

some probability be undergoing a phase transition caused by the

increasing complexity of science and technologies. This will cause:
oA greater need for increased funding of fundamental science.

*A closer interaction between fundamental scientific research
and industrial R&D, increased importance of the organization of
research activities and increased relative importance of the large
creative regions of Asia, Europe and North America.

eResearch collaboration between different parts of the world
and especially between Asian science regions and other science
regions will become increasingly important.

eGovernments will realize that the comparative advantages of
regions and nations are dynamic and dependent on scientific
breakthroughs and thus fundamentally uncertain.
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Born in India in 1937. The 26th Honda Prize Laureates in 2005. Professor of Computer Science
and Robotics at Carnegie Mellon University, U.S.A.
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A world renowned pioneer in computer science and robotics. His wide-ranging research has made major
contributions in education, medicine and social welfare. In particular, his research on voice recognition
and artificial intelligence has laid the foundations of today’s computer technology. Dr. Reddy believes that
the future that robotics and intelligent systems should aspire to lies in making the benefits of technology
available to everyone, regardless of nationality, language, age, gender or economic class. What is this

Guardian Angel Technology that he hopes to realize?
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“Role of Technology Innovation in
Creating a Truly Humane Society”

To create a truly humane society, we must aspire to create
Scalable, Sustainable Affordable Solutions to provide for the basic
needs of all human beings on the planet. These needs include
topics such as Food Security, Energy Security, and Water Security
as well as basic human rights such as freedom from slavery and
torture.

The basic thesis of this talk is that, no matter what the basic
need of society is, a proactive approach can lead to technology
innovations which can continuously improve the attributes of a
Truly Humane Society.

As an example, let's consider the requirement that every
person should get location specific personalized warnings about
potential calamities like typhoons and tornados. In this talk we
explore technology options for protecting humanity from natural
disasters by creating and continuously improving Guardian Angel
Technologies so that every person on the planet has a better
chance of survival.

Guardian Angel concepts, systems and/or solutions can be applied
to all aspects of creating a humane society. It can be used to
identify potential violations of basic rights and to protect the basic
needs/rights of the individual within a humane society.
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Born in France in 1957. The 33th Honda Prize Laureates in 2012. Director of NeuroSpin, CEA
Saclay, France.
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Dr. Le Bihan created diffusion MRI technology from its initial development through to clinical application in
visualizing the inside of the human body in finer detail and at speed. The technology not only made possible the
early treatment of acute cerebral stroke but also reduced the number of accidents involving surgical damage
to brain tissue through enhanced diagnostic accuracy. With crisp images of the brain now possible, there are
expectations for dramatic discoveries in the treatment of neurological disorders, etc., and applications to various

other organs. Dr. Le Bihan investigates the hidden potential of water through diffusion MRI.
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“Ecotechnology of the water molecule in
biology and medicine”

At the onset of the 21st century humankind is focusing its attention
on a very small molecule made of three atoms, one carbon atom
and two oxygen atoms. Controlling CO, in the atmosphere is
becoming a major goal, economically, socially, politically. Yet, there
is another small molecule, also made of three atoms, one oxygen
atom and two hydrogen atoms, which is going to play a similarly
prominent role if not more in the near future.

While an excessive concentration of CO, might be harmful to life
on earth as we know it, H,0, especially in its liquid form, the “Blue
Gold”, is just indispensable to our lives. Over the past centuries lack
of access to water has triggered death, through drought, famine
or even wars. The preservation of the quality and abundance of
drinking water will become a major challenge for nations during
this century. This is no surprise.

Water makes 60 to 70% of the human body weight and is crucial to
the working of the biological machinery. Different organisms have
adopted different strategies in the way they get the most out of
water, depending on their environment, and water contributes to
the biodiversity. Faulty mechanisms in the use of water by tissues
may lead to severe diseases or death.

Lecture about water as most important “biological molecule” to
be analyzed by Magnetic Resonance Imaging (MRI)which images
diffusion of water in the brain.
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Dr. Helmut Clemens
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Born in Austria in 1957. Head of the Department of Physical Metallurgy and Materials Testing
at the Montanuniversitit Leoben, Austria.

BRIE © v A — R BRILSE R WA T (19874F), 7'F ¥ —tkA &4k (19904F), 2oty v bW
NVNKEE ERPPLEARISE T #3% (19974E), ~NvA RN Y -2y Z—, F—A b~ o MERHIFZE T E (2000
)y v —_UPRINEER S EUR SR - AR BRI R (20034 ~)0

Employment History : Montanuniversitit Leoben, Professor, Head of the Department of Physical Metallurgy
and Materials Testing (2003-), Helmholtz-Zentrum Geesthacht, Head of the Institute for Materials Research
(2000), University of Stuttgart, Professor, Institute of Physical Metallurgy (1997), Plansee AG (1990),
Montanuniversitit Leoben, Research Assistant at the Department of Physics(1987).

Dr. Clemens is one of the internationally most renowned experts
in the field of titanium aluminides. His activities and research on
intermetallic y-TiAl based alloys for more than two decades have
significantly contributed to the fact that they are presently seen
as key structural materials for high-temperature application in
advanced jet and automotive engines of the next generation. Due to
almost half the specific weight of TiAl alloys compared to presently
used Nickel-base superalloys, improved design concepts can be
applied to combustion engines. A considerable potential for saving
fuel and reduction of CO, emission is a further consequence.

After thorough research activities, Dr. Clemens developed
TNM alloys which show approximately the double the strength of
already used cast alloys, yet maintaining certain ductility at room
temperature. The most advanced experimental methods were
applied to investigate the internal structure of the developed TiAl
alloy from atomic to macroscopic scale. Furthermore, novel in-situ
techniques were used to study technological processes, such as
forging and heat treatments, in real-time.

TNM alloy will be used for low pressure turbine blades of
geared turbofan (GTF)engines manufactured by Pratt & Whitney
for Airbus A320neo aircraft and also Irkut MC-21.

New structural materials have to be “lighter and stronger” to
withstand the extremely high demanding conditions in the next
generation of automotive and aircraft engines, which are targeted
to exhibit higher efficiency leading to reduced fuel consumption as
well as significantly decreased CO, emissions. Intermetallic titanium
aluminides are considered as key materials to meet this challenging
goal.

The titanium aluminum alloy and the processing technology
developed by Dr. Clemens are considered as key elements to
be used in the next generation of advanced low-emission/fuel-
efficient combustion engines. Thus, improvement in environment
performance of aircraft and automobiles is anticipated. His
achievements could further reduce energy necessary for
transporting humans and are recognized as exemplifying the
philosophy of the Honda Foundation.
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& X Intellectual Property Rights, Development, and Catch Up
an International Comparative Study(Oxford Univ. Press, 2010),
“Environmental Technology: Hong Kong s Innovation System”
in Innovation and the Limits of Laissez-faire: Hong Kong's Policy
in Comparative Perspective, (Palgrave, 2010), A Comparative
Study on the Role of University and PRI as External Resources
for Firms' Innovations, (ERIA Project Report 2011, No.10)
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Prof. Atsushi Sunami
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Born in Japan in 1965. Advisor to the President; Deputy Director of Science, Technology and
Innovation Policy Program ; Professor, National Graduate Institute for Policy Studies.

By R - SERUNBOR R, A FRBORR
Specialty : Science and Technology Policy, Public Policy Analysis

Current Research Interests

His research has concentrated on a comparative analysis of national
innovation systems and an evolutionary approach in science and
technology policy and public policy analysis in general.

Education and career

Professor Sunami holds BSFS from Georgetown University.
He obtained MIA and PhD in Political Science from Columbia
University. He was a Fellow at Research Institute of Economy,
Trade and Industry established by the Ministry of Economy,
Trade and Industry, Japan. He also worked as a researcher in the
Department of Policy Research at Nomura Research Institute, Ltd.
from 1989 to 1991. He was a visiting researcher at Science Policy
Research Unit, University of Sussex, and Tsinghua University,
China.

Atsushi Sunami is currently Professor, and Special Assistant for
the President, President’s Office at National Graduate Institute for
Policy Studies, Japan. The recent publications include Intellectual
Property Rights, Development, and Catch Up an International
Comparative Study, edited by Hiroyuki Odagiri, Akira Goto,
Atsushi Sunami, and Richard R. Nelson (Oxford Univ. Press, 2010)
and “Environmental Technology: Hong Kong's Innovation System”
in Innovation and the Limits of Laissez-faire: Hong Kong's Policy in
Comparative Perspective, edited by Doug Fuller, (Palgrave, 2010). A
Comparative Study on the Role of University and PRI as External
Resources for Firms' Innovations, edited by Atsushi Sunami and
Patarapong Intarakumnerd, (ERIA Project Report 2011, No.10)
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The DISCOVERIES International Symposia as the origin of

the Honda Foundation and establishment of the Honda Prize
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The International Association of Traffic and Safety Sciences
(IATSS)was established as a venue for free discussion and
research to explore the role of the automobile in society and
the current state and future of our motorized society. The first
DISCOVERIES® international symposium was organized in 1976
to communicate with other countries and to promote its activities
across a broader spectrum.

Its impact exceeded the Association's expectations, winning
high recognition for its academic focus and theoretical approach
to examining our civilization, and it seemed certain that the
symposium would continue thereafter. The Honda Foundation was
subsequently established in 1977 as the organizing body for the
DISCOVERIES symposia.

The following is the “DISCOVERIES” DECLARATION that
defined three objectives that serve as the basis for the Foundation's
activities. The Honda Prize was established by this Declaration. The
passages from the Declaration at the DISCOVERIES International
Symposium Stockholm 1979 reflect the momentum building on the
eve of its establishment.

TARBN)—-XEE
1979F 8H17TH RbvyokiLhL

AHEEOXHZRAIETEZLE. §H, bhbhe& AfICL->TOK
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HYET,
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“DISCOVERIES” DECLARATION

Stockholm, August 17, 1979

The ardent desire of mankind today is to create a
civilization in which utmost respect is paid for the human
being as such, and this will be possible only with mutual
support and concerted action among the intellectuals of
the world, especially among scientists and technologists.
The Honda Foundation, inspired by this philosophy, has
sponsored the “DISCOVERIES” International Symposia,
first in Tokyo, then in Rome, the cradle of civilization, and
Paris, the capital of culture, and now in Stockholm, this
serene guardian of academic and scientific achievement.
At these symposia we have discussed the catastrophe
deemed inherent in modern civilization, recognized the
megacrisis which will sooner or later confront mankind,
and, in order that mankind may overcome that crisis, made
comprehensive studies of the fundamental prerequisite for
human activity, that is, information and communication.
The purpose of “DISCOVERIES” activity is to identify
the real problems facing the mechanical and technological
civilization of today, to discover the methodology which
will enable us to cope with them, and to set a stage for
the concentration of the wisdom of mankind on the task,
To achieve this purpose, we now declare that we shall:

1. Promote international technical cooperation for the
establishment of Eco-Technology

The aim here will be the establishment of a technology

which will truly serve humanity, Eco-Technology being a

concept which includes appropriate technology.

2. Establish a HONDA PRIZE

It will be awarded each year to a person who has made
an internationally recognized achievement in the field of
Eco-Technology, with an additional prize of ten million yen
(¥10,000,000) going to the same person.

3. Continue the “DISCOVERIES” International Symposia
These will continue to be held, as the need arises, in
connection with the field of Eco-Technology.
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It was the best of times. It was the worst of times.
It was the age of wisdom. It was the age of foolishness.
It was the epoch of belief. It was the epoch of incredulity.
It was the season of light. It was the season of darkness.
It was the spring of hope. It was the winter of despair.
We had everything before us. We had nothing before us.
Charles Dickens “ A Tale of Two Cities”, 1859
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“ Definition and Identification Studies on Conveyance
of Values, Effects and Risks Inherent in Environment
Synthesis”
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(Jorgen Randers,” 2052:A Global Forecast for the =
Next Forty Years” )
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The Changing Economic System
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A& (Communication capacity). B#EOEHME (Complexity
of products) &K 3,

INCOME AND POST-MATERIALIST VALUES

POSTMATERIALISM
b -
=
[

§.5n_ POST-MATERIALIST /
§ o)
= Turkay
H -
E .
&
<
:g .
£
2 3
E i
ke HEE
;2 MATERIAL\ST
b

.

INCOME PER
L T e ] e
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CONCLUSIONS FROM LONG TERM
TRENDS

-

. STEADILY INCREASING GROWTH OF KNOWLEDGE AND INFORMATION

2. INCREASING INCOME PER CAPITA AT THE RATE OF 2 - 3 % PER ANNUM

3. INCREASING LIFE EXPECTANCY TOWARDS 100 YEARS

4. DECREASING WORKING TIME PER YEAR TOWARDS 7 % OF TOTAL LIFE TIME
5. STEADY SHIFT TOWARDS A POST-MATERIALIST VALUE STRUCTURE

6. INCREASING CULTURAL CONFLICTS BETWEEN MATERIALISTS AND POST-

MATERIALISTS

ZNTIERIC, RENBEALTWDI/NSTILEL
[CDOWTEBHELELLS, NSFILEREE, BA
ARELGEENIRRBEDTY, FAEIFIZSLEELE.

BEFEEAZBCTREBLTEELZ, ZOEICEIT
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KR (RETR—23Y) ICRESNTEFELE,

PARADIGMATIC CHANGES

* THREE LOGISTICAL REVOLUTIONS FROM AROUND 1000 TO 13990 AD FOLLOWED BY LONG
PERIODS OF EQUILIBRIUM EVOLUTION OF THE ECONOMIES

+ THE FOURTH LOGISTICAL REVOLUTION LEADING TO THE C-SOCIETY, STARTING IN
SCATTERED REGIONS IN THE 1990s.

+ CAUSED AND PRECEDED BY SLOW AND STEADY EQUILIBRIUM CHANGES OF:

COGNITIVE CAPACITIES

CREATIVE ORGANISATIONS
COMMUNICATION AND CONTACT NETWORKS
CULTURE (INSTITUTIONS, VALUES AND ARTS)
COMPLEXITY OF PRODUCTS

L o o
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THEORETICAL FRAMEWORK

Applying the synergetic approach to modelling of non-linear economic interdependencies requires:

= Careful separation of time scales.

«  Careful separation of variables according to their individual (or private) versus collective
(or public) effects.

uch a subdivision of the different goods for a synergetic analysis of the

EFFECTS\Rate of change | Fast Slow

ORDINARY MARKET INVESTMENT GOODS
INDIVIDUAL (PRIVATE) | G000S

4
I
. COGNITIVE CAPITAL
CREATIVITY

COMMUNICATION NETWORKS
. CULTURE

COMPLEXITY OF GOODS

COLLECTIVE (PUBLIC) INFORMATION INFRASTRUCTURE
<
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The basic argument of this paper is
that scientific creativity is
becoming increasingly important
for the R&D and innovation
activities of industry.

This will not only affect the
structure of industries and their
allocation of knowledge capital.

It will also increase the spatial
concentration of scientists and the

clustering of research activities in
science oriented regions.
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Research and Development Spendi
Source: OECD Science and Tochoology Inds
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selected OECD countries, 2008-2011

>cientific researc

L — 306 2
L 3 ™
L L5 »
L — 2o 7
L — 27 7
L — 10 o
L 1e s
L — 218 =
L 27 51
L — 17 51
L — 212 @
Rl — 1 48
L — 107 46
L — 33 as
ey 217 24
L — 120 43
e — 358 do
L 2z »
184 8
L A— 12 3
— 0 )

10%-30%: SURPRISINGLY SMALL RELATIVE ALLOCATION OF FUNDS TO SCIENTIFIC RESEARCH
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TWO OPPOSING HYPOTHESES ON THE ROLE
OF SCIENCE

Baumol's hypothesis: The R&D divisions of the large firm tend primarily to require
personnel who have undergone training for mastery of extant information and
analytic methads, while the work of the independent entrepreneur and inventor
may prove to be more effectively facili by avoidt of that sort of
preparation to the extent that it impedes imagination and originality.

INVENTORS WORK IN ISOLATION FROM SCIENCE

Hollingsworth's hypothesis : The increasing complexity of fields such as
biomedicine means that large and muitidisciplinary science teams are becoming
increasingly important for basic research, which is the domain that has always
been responsible for the most revolutionary creative breakthroughs.
INVENTORS ARE INCREASINGLY DEPENDENT ON SCIENCE BECAUSE OF THE
INCREASING COMPLEXITY OF PRODUCTS

What is complexity of products ?
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Complexity of algorithms and
products

Kolmogorov and Chaitin provide a mathematical approach to the study of
complexity.

Both claim that complexity is measurable: it is the minimal length of a program or
algorithm that yields an exact solution to a pre-formulated problem.
This can be clarified with two examples.

Example 1: 0020003000040000050000006...
Example 2:12154369982134579870981269994333.

It is easy to formulate an algerithm that is shorter than the number sequence of
Example 1. In contrast, number 2 has no computation formula shorter than the
series itself. It is thus more complex.

£5—2D#F(E. 121543699821345798709812
69994333, TNZR2 &, BIIRAELDEEWEE
RERBWETZLERAETHIEDMDFET, Lz
NoT HITOEIEER T 2-HICE NIV E 21—
H—O—REELZEIFHEICTETEETH L. ZOH
EFTEDEHTHDEEZET,

COMPLEXITY OF PRODUCTS

Itis possible to generalize the complexity of computer algorithms so that this
definition of complexity also applies to phenomena such as design of products
blueprints and preduction instructions,

Standard goods must follow strict rules of compasition production instructions. An
example is the blueprint and production plan for a new automobile.

It has thus become possible to produce an automobile by 3D-computing as recently
demonstrated in USA.
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Complexity, inputs and cost

The cost and revenue of production will depend on (at least)
three factors:
1. the complexity of the recipe (blueprint or design);

2. the quality attributes of the inputs; and
3. the skills of the workers (labour or human capital).

Besides the complexity of production there is also the
complexity of consumption. These two types of economic
complexity do not coincide. More complex production often
causes Jess complex consumption.
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In the short term: Algorithmic complexities of the products are
given by earlier investments in new knowledge.

In the long term: Algorithmic complexities, input structure, and
required skills can all change as a result of creativity in scientific
research,

Such changes are possible only on much slower time scales than
the typical time scale of ordinary business decisions, which in this
case includes R&D-induced incremental improvements.

The accumulation of scientific knowledge thus occurs through a
slow and creative process that changes the algorithmic complexity
of goods.

LHLghtn, REFRICIE, 77ILT U X LKA,
AV Ty bEE. £ ROONIEREDLTIE, BF
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T PXICRENMBOBER. HADOTILITVI L
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BIENL 7oA BCTRETEDTY,

KNOWLEDGE
INFRASTRUCTURE FOR R&D

Firms have to treat the current stock of established scientific knowledge as a fixed
constraint on their opportunity set.

We may therefore treat the algorithmic complexity of a specific long time period as
the knowledge infrastructure.

Firms would thus treat this infrastructure as a stable basic input inte the much more
rapid applied and incremental research processes that transform scientific results
into product and process R&D and innovations.

The development of science toward increasingly complex theories, models and
products causes a need for more complex cognitive capacity among scientists,
within lak ies and ather h insti
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COMPLEXITY, CREATIVITY AND
RESEARCH ORGANIZATION

Type A Lab Type B Lab
High scientific diversity Low or moderate scientific

| Arribue |
High and diversified network  High network connectivity
_ connectivity within a single discipline
m Access to funding for high-risk Limited funding for high-risk
research research
Personality of the Lab Head  JITLYE T LTAVRVTL TP Low cognitive complexity;
high confidence; risk-averse
high motivation

Excellent grasp of how Not concerned with
different fields may be integrating distinct scientific
integrated disciplines

Tuble 2: Attributes of Type 4 and Type B Lab
Source: Hollingswarth (2007)
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Hollingsworth: “all of the 291 discoveries
in our project were made in Type A
laboratories. ...

Type B laboratories are at the opposite end
of the continuum on virtually all the lab
characteristics.

Significantly, none of the 291 discoveries
in our research occurred in Type B labs.”
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INCREASING COMPLEXITY AND
REORGANISATION OF RESEARCH

There is a need for reorganization of research into Type A
departments, labs and research institutes.

Increasing complexity of science requires good accessibility
of new and diversified external knowledge.

This provides strong arguments for locating Type A research
organizations in large, open and diverse C-regions.
(cf. Andersson, 1985; Kobayashi and Andersson, 1990 (in

Japanese), Florida, 2002; Hollingsworth, 2007; Simonton,
2011)
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The world's top-12 science city regions
Source: Andersson D. et.al. (2014) : Calculated by the authors on data
from Thomson Reuters’ Science Citation Index (SCI

69,303 Tokyo-Yokohama 81,798 Beijing
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PARADIGM CHANGES IN THE
RESEARCH SYSTEM

A. FACT :INCREASING COMPLEXITY OF R&D CAUSES HEAVIER
RELIANCE ON SCIENTIFIC RESEARCH

CONSEQUENCE: MORE RESOURCES OUGHT TO BE ALLOCATED
TO SCIENTIFIC RESEARCH IN ALL ADVANCED COUNTRIES

B. FACT : SCIENTIFIC R&D ON COMPLEX PRODUCTS AND
SYSTEMS IS  ALREADY CLUSTERED IN LARGE C-REGIONS

CONSEQUENCE: THE INCREASED COMPLEXITY IMPLIES A
FUTURE OF INCREASED CLUSTERING OF SCIENTISTS AND
INDUSTRIAL R&D IN LARGE C-REGIONS

C. FACT: INTERNATIONAL SCIENCE COLLABORATION IMPROVES
DIVERSITY AND QUALITY OF KNOWLEDGE INPUTS

CONSEQUENCE: MORE FUNDING OF SCIENTIFIC
COLLABORATION IS NEEDED
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SUMMARY AND CONCLUSIONS

1. The third logistical or industrial revolution has been a great economic
success with sustained growth of real per capita income triggering a
longer life, increasing leisure time and a value transformation
towards openness, creativity and tolerance

2. Currently we have a parallell structural transformation from
agriculture to industrial society and from industrial into C-society

3. Industrial societies carry the seeds of their destruction causing
backward-looking nationalistic or secterist movements

4. The dynamic and thus long term comparative advantages of the C-
regions and C-nations are driven by scientific research on new and
complex products and production systems

5. Too small resources are allocated to scientific research supporting
this change — often only 10 to 30 per cent of total R&D

6. There is now a need to reorganize scientific work in universities to
handle the increasing complexity of goods and production systems

7. Incresingly strong arguments for locating the reorganized scientific
institutions in the most diverse cityregions with a post-materialistic
value structure
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Role of Technology Innovation in

Creating a Truly Humane Society
Options for Honda Foundation in the 215t Century

Raj Reddy
Carnegie Mellon University
Nov 14, 2014
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Revisiting Honda 1978 Vision

e Honda Foundation’s Vision: Help to Create a Truly
Humane Civilization
e Important Today As It Was 35 Years Ago
e Rapid Pace of Technology Innovation has moved
the Goal Posts
® may be desirable to reexamine the processes used in
achieving this vision.
e HF needs to explore how it can fulfill the Original
Vision in the 21t Century

» Define future directions by reviewing the current Honda
Foundation activities
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What is a Humane Civilization?

A Humane Civilization would create Scalable
Sustainable Affordable Solutions that
eProvide Basic Needs of All Humanity, e.g.,

® Food, Energy, Water, Transportation, Education,
Communication, And Healthcare

eEnsure Basic Human Rights

® Life, Liberty and Pursuit of Happiness

e Freedom from slavery and torture etc.
eEnsure Safety and Security of Society from Natural
and Man-made Disasters
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Universal Human Rights of United Nations

1 Right to Equality 2 Freedom from Discrimination
3 Right to Life, Liberty & Security 4 Freedom from Slavery
5 Freedom from Torture 6 Right to Recognition as Person

7 Right to Equality before Law
9 Freedom from Arbitrary Arrest
11 Innocent until Proven Guilty

8 Right to a Competent Tribunal
10 Right to Fair Public Hearing
12 Right to Privacy and Home

13 Right to Free Movement
15 Right to a Nationality

17 Right to Own Property
19 Freedom of Opinion 20 Right of Peaceful Assembly
21 Right to Free Elections 22 Right to Social Security

23 Right to Join Trade Unions 24 Right to Rest and Leisure
25 Adequate Living Standard 26 Right to Education

27 Right to Cultural Life 28 Right to a Social Order

29 Free and Full Development 30 Freedom from Interference

14 Right to Asylum
16 Right to Marriage and Family
18 Freedom of Religion
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Natural Disasters
Typhoons Earthquakes Tsunamis Volcanos
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Protecting Humanity From Natural Disasters

e Every Person Should Get Location Specific Personalized
Warnings About Potential Calamities Like Typhoons And
Tsunamis as soon as known

* In the future, every person on the planet should have a better chance of
survival from natural disasters

e Create Guardian Angel Technologies

+ Every Person on The Planet Has A Personal Guardian Angel Embedded
in a Smart Phone

o Guardian Angels Perform Future-aware Computation
e and whisper that a tornado is heading your way
e A social network of guardian angels can learn and predict what
events are likely to impact their owner
» By sharing anonymized knowledge using publish/subscribe mechanisms
of social networking

e Facebook of guardian angels?
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Structure of a Personal Guardian Angel

e A Personal Guardian Angel is a Mobile App (like a shadow) for
Each Person on the Planet

e Always-On, Always-Present and Always Working
* Enduring (life-long)
e Autonomic and Nonintrusive
e Always-Learning
« Ubiquitous: Device Independent (cloud resident or local)
e PGAs Monitof Analyze and Learn From Experience;

e And Experience of Others
ommunity of Guardian Angels
y of Data and Information Sources
e Data, Suitably Anonymized, can be Used to Learn Appropriate
Responses For Every Possible Situation by
# |earning preferences by observing user choices,
® |earning by task similarity and user similarity,
# learning by error correction and simply learning thru dlarification dialog
( does that mean yes? Would you care to define it?).

ZNTREARGFA—T4T7 Y -ITvITiLEelFE
DEIBREDMICOVWT EF3DUBBESETTS,

AHE 3SEREZIVIRI T L

a1



42

BABIFA—T1T7Y - ITvITILEZ BEDANY%E
EN.REATHEVSEBEFTO - N\—=FvILBnNE
T, RANFHADHEICEELLIZZEDRWNES
BEWHEEZRVWTE, ZOADRTEH>TVET,
HBRDHEN AN EEAE A—FTATFV-Ivdx
ILEZNEM>TOWET, HICES 272N B0NES
RIEF H=FTAT7Y IVvITIILERAD £ Ao
B BARGTA-TaT7Y - Iyl
F.BVWARY V& FOEHRBEOMNI—Y TV~
TRHET7SUTT, H—FT«47 >V -ITVIT)LIFER
BEDODRIEATLWSIRTIEAVDTTA, 7L
FOhRELENETEE24RBBEEICEREB LTSN, B
BLUTEBDERWVWST T AEEFAMDELMNTEZOL
BULDT, HERF=HBELEEEA
IA—PF—DEPIFH. MBICOVWT BIZEE - B
LTWET BARAA—FTA7Y - IvIzILIF 8
B ARESZRWN, FERBHNOFEITLZILTE
EH#EE A—T47Y - IO =714
THETDZIENHFINTWET, T—IPBERIE
ZEHBMICRRYIZZEETEXT,
BABRA—T17Y -TrVTiLF. ABOI—H—
EAZaTT—2 a3V ELRIERDERTA, HATH
HEANLMEBEZVWONDR O >TWEHEEICIE, V—
VYILRYRT—ODRE/BHRIATLEFATS
DHBEETL LD, Tl HICHIFIERVLW OO DD SR

WSEIFHICEAZTEIN?2HE T[RAIZEM] T

RV\WDOHBODLRWERIFESLEITH?

O LB M RE IS BRPIE T, 711
ATYIDESBBRBETICHZIAN—T4T7Y - TvIx
W BN EALMBELEELTWVWEDZAK -
REUVEFZ (RNl BHEITZZENTEEY, 2D
B, HRTZDH>TWBZ 2T TR FEH AT
TEEEZDDNEILNBVWVEDALDIMBEZTEZA
FTEBLIC2DTY,

BYICER{ESNT—9Z2AVWNIE BEINS
2H0PHRRICENT, BYITEEH L ZEFE
THIENTEEXT, YATLRBFICZELUINE
To CORIFFEICEETY, RUTHABEEICEHWD IS
EDTBIEBHNELA HKETHATEEITDHD
TY, ZDPHHFREEBVE DD >TVWET, FIZIE

AHE 3BEITRIVRY VLA

S TV EZEHFEEBETHEE Y Ry —ETE.
BAZBNIOFZLEBICHMRLUINE T, T24LH
RTIEHDECAN, AvE—JDEBEEDHE T
BH, (FEFETFDTT, ZNIE HELDAL I BINEL
EXFEENA+HE. AHREVWSXFET—Y52FFT
5IEICELTI/ONET,

ZNFEDKEDT—5. Whp3 £y TF—4]
NHNEL T—IDMICL>TUFIFEABRIETEF
BB ENTRETY, yIEVTHELTWS E, Tl
ZT]AHETEET, TNIE BIZlcoSAnEINS
EICEAEIAIXMRICEDWLWTWEDOTIERL, BEE
B OEDZOEEDRRDMB~ABZEN. HI
et SAALEZEEBLLAEDE T EDLS
BEENPRIZEIZONZFATHIZENTEDIDT
T FRAZEBIFIFEALEDBE, Hinf=p ANy~
THEICHTZEET, COLSIC EFNIVE 21—
Y—DRS>TVWBEEICATHFHREAG, BINE
BEDTY,

A Humane Civilization Should Use

Personal Guardian Angels to
Get The Right Information

e |nformation about natural and man-made emergencies

e tsunami, hurricanes, earthquakes, severe weather etc.

¢ and hazmat, nuclear, biological
* Information about disruption of water, electricity, food, and transportation
* [nformation about traffic, strikes, school closings, stock markets, etc
To The Right Peaple
» Every person on the planet that may impacted

At The Right Time

® Just-in-time, not too soon and not too late

In The Right Language
* Messages in English (or other languages) to be translated into the
preferred language of the recipient
In The Right Medium of Text or Multimedia
* and spoken out using text to speech
With The Right Level Of Detail (Granularity)

® Provide summaries of the text as precisely and quickly as a expert
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Scalable Sustainable Affordable
Personal Guardian Angels

By 2020, Everyone on The Planet Has Access to a Smart
Phone with Global Connectivity

* A Smart Phone is Expected Cost $50

Every Man, Woman And Child will have Access to 16GB+ of
Space on The Cloud from Facebook, Google And Microsoft

Everyone on The Planet Has Access to
* Unlimited Computation. Memory and Bandwidth

Language divide and literacy divide limits access to the
internet-enabled solutions to many people in the world.

# Providing the right information in the right language and right medium
enables scalability to all the people on the planet..

Sustainability and Affordability are natural conseguences of
exponential reduction in size and cost of Information

technology.
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Affordability

e Free Sensor Intensive Smart Phone to Every
Person on the Planet: Current cost of $200/Unit
e Estimated 2020 Cost per Unit of $50
e Assuming 8B population
® One per Family of 47 One per Person?
e Expected Global Cost $100 to $400 Billion
® 0.1% to 0.4% of the Gross World Product
e Funding from Government and Other Stakeholders
e Smart Phone Manufacturers
® Telecom Service Providers
® |T Product and Service Companies
e Increase in Economic Activity and Productivity
e Expected Payback Time: Less than 1 year
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...and Privacy

e A Facebook of Guardian Angels Are Able To Share
Anonymized Knowledge Using Publish/Subscribe
Mechanisms Of Social Networking, and

* Enabling Each Guardian Angel to Learn and Predict
What Events Are Likely To Impact their Protégé

e A Guardian Angel Knows the Location Information
of The Protégé at All Times so as to Provide an
Alert and/or a Detailed Notification. If Needed, It
Must Be Able to Turn-on The Smart Phone.

e No Privacy Breach Since Each Guardian Angel only
Shares Information Already Known to the Service
Provider
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Technology Challenge

In Conclusion

eCreation of Guardian Angel Technologies for providing
the right information to every man, woman and child on
the planet can lead to a Humane Society

eWhile the cost appears to be prohibitive, on a per
capita basis it represents less than 0.1% of GWP.

oA Social Network Of Guardian Angels that can
anticipate and share potential disaster scenarios can
save 50% to 80% of all accidental deaths in the world

« and save millions of lives and hundreds of billions of dollars
of property damage every year

ZNTEIBERICADE Y, IR EDOHOHHB M-
ZiE - FHROLDICETGERZRVWYII VI TR
HMIBH-Fr7Y - ITVITILOEMERIN LTS
RN ABIZESTOFHELEZERIL.EL
HPREEFBOTENTEET, KEAIR D
DNBESCBRIETH —ABDREETEZINIL.
0.1%KRMWICIHEDET,

IR ED—A—ADEZFDHENTEBELS HKEP
ERETHU EE52RKL. REFTH LTSI
BERH—FTA4T7 Y IV TILDY =V v)LRy T —
JIZE2 T HBRIZEITDITRNTOERIEED50%~
BONEMS ZENTEINEHMNEL A ERELT
100 AN EO@mEH W, ATFRRILEVWSYINES
HERNDIEICHDET,

CNEAE2I DAV 21—y —RIEENTES
THAIRLEELMATHDZLIFHLNTHN,
AHEANPABES SINZUHRERET57-010F
KDL ENTEDZTHAS. REEELHR S
ATV hMEEBWET,

REIC2MRICEVWTABEHS SN DA ERIE
THEHIC. AHAMEBICRESIETESTLVWERWE

o AEMEAIICEMNMELTUI. FIT—EIVRT«
YavaEEEL. ABOERRANAE - £&-BH  =F
DEKREZEZ-OIC. WREAIEPEFNODEHEEZR
HI B BRAKEHDWIEIABNKEIINT S
ZEMEERTZEOIC. BR-IRILF—- K-8
X-HEE HOWIARLSOEAN-_—XICEAT
. Bt - IRMED B D BRIFRCKRIB IR R
FORAEPREATOTWAIREENLFEH . B
E-EZBMLTUIVDDTLLSDY,

Options for Honda Foundation in the 215t Century for
Creating a Humane Civilization
Sponsor Annual Competitions and Prizes to Promote
Best Practices in Sustainable Scalable Affordable
Solutions in the areas of

eBasic Needs of All Humanity, e.g.,
e Food, Energy, Water, Transportation, Education,

Communication, And Healthcare
eBasic Human Rights
e Life, Liberty and Pursuit of Happiness
e Freedom from Slavery and Torture
e Safety and Security of Society
# from Natural and Man-made Disasters
eMost Effective Goal for Honda Foundation
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Honda Prize 35" Memorial Symposiuin,
Tokyo, November 14", 2014

Ecotechnology of the water molecule

in biology and medicine
Denis Le Bihan
NeuroSpin, CEA-Saclay, France
FARARFEET MM R R ek e R ¥ —
Water, the molecule of life e
“Uf there is magic on this planet

itix contained in water”
Loren C. Eiseley, 1946
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CO,: A major player for the 21st century

Global warming?
Effects on climate?
Effects on environment?
Impact on earth life?

Economy, society, health issues
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H,0: Yet another tiny molecule...

snuansdiut @ key actor for LIFE on earth, as we know it
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WATER has always been associated with life...

The quest for WATER: “Life” without water is not possible
Most major cities have been built near water (river, sea) ... also in Japan!
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Lack of water: i 77... and death
Drought and famines B
Too much water:
Tsunamis & Floodings
Power of water:
Typhoons

1 B * o
H,0 might play a much bigger role than CO, in the 215t century!
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Not all waters are equal?
... Kyoto water!

- Dyes of kimono fabrics
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Water: a strange small molecule

At hﬁ

» Some puzzling properties of water:
¥ Water has unusually high melting point (100°) and boiling point (0° )
¥ Ice (solid) is less dense that (llquld} water

¥ Large heat capacity=> thermal regulation

v

v

v

High latent heat of evaporation = large evaporative cooling.
Excellent solvent (ionic compounds and salts)

Unique hydration properties towards biological macromolecules
=> 3D structure and function

'Water is H,0, hydrogen two parts, oxygen one, but there is also a
third thing, that makes it water and nobody knows what it is.*
D H Lawrence (1885-1930)

D La Bihan Nov 2014
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The water molecule

‘The molecular structure of water is the essence of all life.*
" Albert Szent-Gyorgy, Nobel Prize 1937

H,0: Single water

. % & )
A e2=

-t

Hu.’.l ‘ogen hound g¢c 'QU

Facebook nerwork!

Social water: H;0, + H™?
Exchanging H' within nerwork
0. L Bihan Now 2014
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MAGNETIC RESONANCE IMAGING
Water: A unique source of signal for multiple contrasts

WATER
(hydrogen nuclei)

A
HA

Radiolologists
WATER

MRI: « plain » virtual image of the
brain magnetized water molecules

0. La Bihan Nov 2014
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Hypertrophy of hippocampus
in London taxi drivers
Genes, Environment & Plasticity Long term
platicity

Plasticity & s-arnr'ng; Jugglers

5 Short term
I plasticity
MeGill Universiry (ICBM)

La Tlmone Hosphal + SHFICEA + . x

0. La Bihan Nov 2014
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The « image » revolution ...
seeing the normal brain at work

MRI: Function <= Structure

Functional MRI

One of the brain secrets lies in its architecture: function and localization are intimely
linked, at all scales, hence the importance of newroimaging. ..
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Seeing is believing .. Biood Oxygen Level Dependent fMRI

PNeurovascular coupling:
rease of local cerebral blood

active regions roy. C.0 &
. €. 1 Physiol 1808, 112 55108

> Change in water magnetization
near capillary blood vessels in

gt @ activated regions
b e s BOOXY H
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Seeing the inner world: Mental imagery

Klein I, Paradis AL, Poling JB, Kosslyn SM, Le Bihan D (2000). J. Cogn. Neurosci.
Visual activation during Braille reading in congenital blind people
(Sadato et al. Nature, 1995)
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« Mind » reading...
brain-machine interfaces

... consciousness

Detecting Awareness in the
Vegetative State

S1LH Pasplian Enagary

RICHFETHDI(F. MIBEIIEEATIEEEES
MEFRDEBRRIKEICWEEITTH>HERET
T, WITERMWICBEDRZIBRWAL, EHBTHEWER
BZIEDTERVALIC, BETRFEFATELOWVEL
T2e ZOWER. RFEFRLEICE>THEODHAEE
AEHALTWEZEERRLEL,

ZHNERBELLWIETYT, COERBRIT, FAZE
I ERETSNIZDEITESI PN A THESTE.
FEHERCRAEMES ZEMNTEREVWS ZEEEK
LTVWET, ADEZTIE HEFICIIREOMEKE
REOHMEERS, & LLITRAFZHRO=HICHBL
TULWBEIBRNMWKONEETZIEBVET, RFZH
CEWSZEIFETRICEBCUASIR A2 TX

HRBITDTHATINS. GENEERDTYT, Z
NoOEBNL, BORZBWAEEIZE>TRSZE
NTED EEIZENTEET,

ESLHEAWVWEETEET, AL OWE. fm& X (3HiE
ROBEBROYBEEEBRLTHDE, NOBBICIFTEE
BENHDEEEZADRENHNET, EBAAZTN
FEATVWETH, HROYGFEZREEITEER(bIN
HRRADEBIIZD&LSBEELTWT, BROYGHE
RI-EE(LFBERIIDLURRDET FIRSAK-E L),

ZNZ. MERNMEROYFEEZRBVNENRTLIZE
WEHNIEREZET 2L HRDOEREZRENIEZD
ANDDEFLZENTEET, AIZIE, ZOAPITER
DEHZBBRLTVET, ZOABITHEDEIZOWVWT
EZTWEY, BETIEH XFZBEICBVWENMNMTEDL
STEETEETY, [H] [E] LI BMEERBWENNRTEH
HZIE. ZOAMIETHELLOl £EE-TW3, EWS C
EFETRHECEEI, SIEISVSAETETVET,

ARy b EERE T 27-OICADIES EEZHAT
HESATEXRT, COAYII. BERTRLLHAONT
WTOELTWET, BARFZ (T TERBRDOTIEHNEE
A FEROFERI vV T, RISFAEH
LTLED WoTWEINT IS, FEENTZLICDW
TEZTCWEY, AVE1— 59— L EHBFDESER
H-BHEL.BFAOHNEI VI UABREZENF
9,95&1,000FO0LDRERFETH-ELTE,
MRIDBEDFIZWEAMDBEICL>THEF BN
TIENTEET BIRZIR-ET) o

FDREN DD AN VA HINEHNZ LD
(3. BEBIESHICE > TLUREYMREICH 2 26DE
WZHEDETT, bBbAAREZZ D2R>THTE, AID
RIGEHNERA., [HRT-ODERFNL?] EE2RT
. BAEHDFERBA.ZITCH—D TV ETDIIL—
FNE BEEMRICNFTHBZEICLELT,

BoOIIREIC THAEZOEARIE?] £8RFLE
P RISIEHDEFGATLEZ, LOAUMRIBEHRERS
ETA—ABREDSEBEETHEENED R TL
£9, CNITEYREBICHIZENEREEBRELTW
5L RIBETLTWS, WS ZEHFEKRLEL,

WoIFTmWAARBLT, BN TZRELTWVS
EZAERBWENMRBZEFTEXIN?] E2ZRTH

AHE 3SEREZIVIRI T L

51



HREE - 7Y B

52
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[BESA. BPORDELDELREEEZRLE
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Sy avEELRZENHER2=DIFTT,
DEDEBOSER T SHTIIENRECHDALZD
#920%(F 322 = —2 3V TEBIENHLNIC
HOTWET,

SHT(E, BEBRADESZRETHENTEEG
(electroencephalogram. BKREH) ZESZ &
TEZDT, MRITZBEHDEEA. BBRILEKIN
[2&>T SHOWVWSTENHEKRB LS ITH->TLBDSE
EBVWET,

Do not always trust your brain!

How many black dots do you see?

- La Bhan Nov 2014

LHOLARIDRIE, EFNBERIIEEVEEADN
NTDHB) TR ITTDEIBEDTY, HESAIFZ
DHRICEBDODEVENRIDERBWETH, ERRICIE

DERICREVRIE—DEHNEEA. ZNIEHT:
DIDPENDHLIZE DT, TEHHIAEIITZETIEA
WDTT, CNEETERABEBRTY (RRZ1R),
—DODEN ZODENRAFTIN?HAEESN
AZBIVDON ESP>TROFITH?

ZITCEBLEVDIE, RDBDIEHBITIFREWN

AHE 3SERBEIVRI T L

EWSZETY, HBRT=DRMN DI, WARSDT
WBDTY, BIRIZTI50IUME WS IEREIE VR
MRIDBAICRREN, TN L HETZIERY V=i
LET, [FAlF—DDFEERE] EEVWITNILEDR
Yo%, [REZODEER] LEWITNIEADR
YVEIBLET,

... believing is seeing!

pormsemuis e )

FFA: Fusiform face area

Rubin's figures: 2 (dark) faces.... or 1 (bright) vase...?

Ambiguous figures and perceptual decision: Non-linear interactions between
brain states before (intrinsic fluctuations of mental states) and after stimulation.

B Lo B v 10 Hesselmann &, Kell €.A., Eger E., Kleinschmidt PNAS 2008

ARDZDFRWERD (FRR) A, BEZRHT2DICfE
DNTVWET, ERIDIDENH DD, BUDSEENLHE
[CEEUERIFTOWETA FEFZ DI LIZRIVTW
BWWEWSZETY, ZNIIEBLTWET, FAZEESC
N& [EMREORENEE | EIFATVET,

O BOBRTEENEZAEIN. CIER WKW
(BLET57). BEIREINDS 2 WEICZOERIE
BAISEM LD, IEFHLENTESZLSTT,

BRI EEIND 2 WEISEEEITNE Harfld
TODBEERDZLICHRNET, BE 2 BRITEEL
LiirniE. HazHEN—DRAFTIEES5TLL
S PEDEIARBBLTHEHLTWRERLIZDE
CnLTWETH, ERICIIMEHBLTWEL Ao
PO EIE > THBTL TN TV B DTY,

ZNTIE. KDOETHBEZEERICOWTIER L
ELEDIC HDFIZTBNALELELED BEAIZID
EREROBEVWTLIZE W, EIFWIERBTIELEF
<WHDEBEWDTIH, RTAVEKERERE, ECH
DR CTHEITRESNEVET, CORKEILEET
V&S, LB ISEAICOVTIE, ZILN)LE -7
AV 271V EBLEHRXTHLMNICLEL,

HIEIZOREBERRE, KD FREDD TN, RBEE
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FDESIE5VWDESICTVFT LT+ —0% LTWE
EICLH>THALE Lz, ZNELLS VT LREER
DT, WEEXEBWEETILEENDELELNZN
FAERBINIZEDTUZ, ENEERBDERE =
MENEZRESAICHNEHINBENTLLEID, Z
DERISRICES>THEICEETYT, BERHZEN
F. KERINESHEITAIVDESBRBICRZZER
MR E D FOESIBRBICRAAVWHMENIHR A
U2 2HEREHBTT,

Macroscopic world«=» Microscopc world
DIFFUSION: From osmosis ... ... to random walk
ater

Brownian motion of mi
seen under Robert Br
a3 :

Disclaimer: Do not try this experiment at home (especially in FRANCE)

s e e (does not work with transparent Sake...)

MRIDFEICENEL &S, HBH/EZLOEREN L
2ELET, ERIELTE ADBRIBEDON?EEIES
SD?WVSTEWABDIEAS LW BEZEIEEET,
ZNEMN K THEROBREIIERNR, ISUA—
MLERDEDTLL R AERAEEA ERTISK
ZHOMIEERD ZENTEBRBERENH>TIE
LW EBRET, CNAFANTIBAF(CHEMRIIC
FOTHELIZLDTT,

1984: CONCEPTION OF WATER DIFFUSION MRI
> Infering microstructure from macroscopic resolution Macrascopic
(virtual biopsy) 1

Conirast: water

(hydrogen nuclei) !
magnetization & relaxation

Brownian motion of water Micr
R s
§ _'1
ﬁa‘!i; ek
B e
Wt
ﬁ' a

TAVIA94AVDER/RERAW-ZCOERTIE, K
DFIFET 270, BREDEEYICEN >THL
EEZFEUI RMETAI VY291V DETILEER %
AWT, KOILHBEGRZR(5T-ODFEZEDEL
foo EIIKDFAE—D—DREZZEIZLERA. B
BT —ILTRZZ DL, KD FDMBHIBNEIC
FOUBZBLNZ XY=V TT,

1984: CONCEPTION OF WATER DIFFUSION MRI
=2 Infering microstructure from macroscopie resolution Macroscopic
(virtual biopsy) i

Water
(hydragen nuclei)

Contrast: Water
ization & relaxation

disiroution becomes sharper
{ Call mombrane hindranca )

ZDESBERBICASTZKIZEWTIE, BALIZETD
DNEEA (T) . 2FD, A FIFEVWERZEZLENS
EWSZETE, DK AV /INT NTE S <D
LHEEICHEBRICEWTIE, D FOEMMILRE
LETS

HENYBZDOETEIAZELELRVWESICLE
WEBWETH, DMESTZER TIE KD FNEDL
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B3 TL&d,
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RADEE(T, RFESAICTTIZERELTWSD
T, BEMBEETLUIZ, DEDHOBMENIRIC(Z
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EHEOLTOZa—AY (FIFEATLEWVSRETL
o —AZEIZHEAGZa—AVHRRbNTWSE
WBRRI R T LT,
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ELTH BRBHOLEEREBENEDZLICRD
Y. AEMEEIER. REBEORADE -
DTY, BEBEEZBC THRENKSID, FEIIL
NTERLGST=DLET, WHERBEICAEN(E, &
EREENEDLDEEZRISEDEE A,

Major application: Diffusion MRI in acute stroke
(Michael Moseley, first in MCAQ cat model, 1990)
Stroke: 3d common cause of death, Ist cause of long-term disabilities

30% patients need daily assistance, 70% have |m|umd in.l.updllun al mjmulm

Water
N diffusion
slower

Energy metabolism failure
= Cytotoxic edema (cell swelling)

30 to 50% diffusion coefficient drop in the first 6 hours
(when an active reperfusion treatment may still work...)

. La Bihan Now 2014

BMEBICEWTL, KOEEIEFZO—(CE 2 e
BEOMICEINTWET, KOBE(EHALET, At
2RI HDEFPLEELLDOTYT A, MIEEHLEST
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WD EBRNIE. EETAKEEANEENH DL
F2MNET,

RROEBOMRITIE AERZEE A ILEMRI
(&2 TDHRBZENTEDZDTY, LNMLEESL

ZEICRETIIMERBREVWSERLNH N, BE
(CEREITNILEMBEEANI L. MREBRIETES
ERSENTE SHICHMBEEEITIUEES
£OICRENET,

LA LZONE(FFRIEROREBLUAIC, RRICHRS
NRIEENELEA, SEAVWEEIEEFN=2—0O
VHKRHONTH T8, FENICKRD T, ZNETTEE
(2T 2DHIEMRITH D, £-FH2012FEDAK
HEAZETD LI -EBRATLEHNET,

KOILEUS. BICEWTEFBICEETY, &R
FBOLSI—0EBI B LW OMEE S
ATWBEE, KOLBIEZAAPLET, EBENEM
Eoh, HBWETEBULBEICIE BB S
EMUET, HFICABIIEVWT, ZOEXRFETCEE
BCY, ABEITVES T T —THRELT, KIZAH

AHE 3BEITRIVRY VLA

i

EESLEEDERDITTEZNIMALDNES L
=, FEEIZZLDLENDETEHDTT,

ar

Diffusion MRI in cancer

&

Tumor

Breast cancer

i

Cell death

1 2\
Cexuacelluar space’)
Hond) -H

0. Le Biban o 2014 diffusion”

Culor@ncoded
diagnosticmap

WEIMSR T M, Le Bian D2, of al.
(‘cell membeanes’)

BIZEHDTENRELZIA TS HE. EETH
KTHRENRAFET, BRICAVISZAMOLED
EEAL EBZ(ISEDERZIENTEET, L
LINEIFTE ZOREDBIELRDOHORIELDH
NEEA

HEMRIZEZIE FEDOEEDOBIED AR % R
T BHEREAFIDENTEEY, LEALRE
DFLRIZEEFLLEIDEREICEETH D, &>
FlEDERTEEY, CNITED ERETS72OI1C
EZICHEBEIELVONM BT ENTEEXT,

THIC,AVE2—9 -V ILITITICE>TRE SR
BOEL. ABRENEBEZFMITDEZTDLS TR
ZRZZEIATERTH. INEFEANDOYIERE
ABUIC, LB EEHA T 5723 TS 28N TESDD
T

Diffusion MRI: tissue anisotropy
-> Decreased water diffusion | white matter fibers ﬁ'ﬁ”
(Moseley 1990: cat brain & spine)

(fiber direction color encoding)
MR Color Mapping of Myelin Fiber Orientation

Philippe Douck. Robent Turer, James Pekar, Nichalas Patronas, and Desis Le Bihan

O taBhanNevzors  Muin fiber direction aligned along highest diffusivity axis

’
=S
Key asswmplion: : "q-"\
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Z U AEREL (A 7K DIREE, BEEICRD D
EDENEERN, EVWSTENHDFE LT, £2T1992
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Z— NP —%[FLHETIRABMNEZITW=DIL,
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FHETHEICEN. MAICH TR0 AA%
BERAV MBI —DFATEDLS(1CTE. &S
EDTU, ILBOBABARD HNUL, ML
ZOABEFTTHREWS ZENDDH>TVET,

& 4

Guevara et al, 2011-12 c\ P
2 -‘r,-:-” Poupon et al. (Connectomist) « W
Vi CONNECT/NEUROSPIN 4

ZHUE 1990 HERIIThNE Lz, BRIFEEAA.
ZNHDORIEIL, THRHERA Y MEOWDOHD
BEREBS2ZETlLE, SHTIFETHEEICTSS
ENNTE, AElFEa—7Y - TLAY - DRI =LA
EFATWET, BMABEROELWEREZIERT D
ENTEET,

KETE. ABOMAERICREYT 2 HRZIERTS
7212, 3,000A RILEHZEALE Lz, A—0OV/NICE
[T5FEIETZLAHRLT2008 RILLIED =D T
ITHRZEF DL REREERT 27=HIC120D
IN—hF—EBEELELZ, INDIEABEDKAES
HRUAHTDEIRTT,

STIF100%E A5 ZDOL S RMOERNH N £,
150D 520D TIER TEX T, IEBADFICASTE

[FTRBECOWTEZSZREE LWV, B>TWS
EIITENEVWETA ZNLEITTIDLSICRER
MAERODEREFICANDZENTEET,

DIFFUSION MRI: From Brownian motion to the Human Brain Connectome

FEBICEBAAYE—JELTUL FILLWTIT T
ERLINZETISIXTI0OENSISFEE VS RVKEED
NS, EWSTETY, ADREMRIZFEFKLI=DIE
1984FE T RRICHIBEDZMICELNIZDIZ
1994F T LT, INRNERARITS 2DTIE WS £RifiHY
KPIND(F1994FTTH, BEICA>TEIPL
FEONBESI12BNDELE,

2-4 month babies

e
e .

aris metro!

Brain development
Maturation of language networks

n oo
] \
il

I 1 AF sup, SLE

Dubois | et al., Cerebral Cortex2008

1500
(Catani M, Oct. 2013)

BIZIE, £LFELIICOHZHI. £&25AD D45 H
DFERICE I/ RMICEEZR S EFIRDHHE
ML, FNEBERI MR ITHOICELNEL
Too E¥IRICIIT TICED BERHMMPEAFELT
W5DT, MERDEMIEFZENH O S ERH
TETLWBDIFTY,
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HARFEBEDOFRICIE. MORMBEECEES
Ao TWAEEHABRWTWSHEREN TSR
PADDET, BENHEODRBRVDTY, ZFHD
FOICHERAEREICIZILOENHDEITH. ZDE
KICF-THATEN B LNFEEA.

2-4 month babies

Brain development
Maturation of la mvmlxﬂl ctworks

BREAKTHROUGH APPLICATIONS..

(>20 000 articles published with « diffusion MRI » as keyword}
BASED ON EXPERIMENTAL EVIDENCE

SPIORMEFETERRIZE>TVWT H2/NUD
T ERER TIIHOMREEIENZ 7 — MERELTERR
LTWET, FAlFE2EE>EMONDFEICRD E
BoTWETY,

The brain: 80% water...

Peter Agree & MacKinnan: Aquaporins (Nobel Prize 2003)
Le Bihan Phys. Med. Biol, 52 RS7-R90, 2007 L

Praston, Agree ol af. S

« Life-scientists have ignored the waler as

malechin dimamice aud the fish forgets the water in the ocean... »

ntiepileptic drugs (AEDs), leading
anti-migraina drugs, triptans, etc: all are aquaporin-4 ...Pollack
inhibitens. -~

MEMRIESEIXICERLINTED. NEED

ZHCRABERROAN T YEY I BORR. Z
LTS TIEMAICHFT2FECDORAZRET 2720
[CAVLWLNTWET, @ TEIHATIRHEIEHDF
BADTE—D KD EEBTNTIIROAL, &S
Ay =T EBEALEVWERWET, KIZFEREICE
ERFETH>URIVIKIE BOANKDI L%

AHE 3BEITRIVRY VLA

BTV KRS CEMBZEIKDFEEZR/RGELTCE
FDTHD, EBRNTVET,

The brain: 80% water...

“The state of lmv:ty vmuld correspond to the
swelling and clongation of the [dendritic]
spines, and the :nsti.ng state (sleep or
inactivity) to their retraction”
S. Ramon y Cajal.
Textura del Sistema Nervioso del Hombre y de
los Vertebrados, 1591,

« Neurons: the butterflies of the soul which
could reveal some day the secrets of our
mental life »

Fu

Water diffusion €-> tissue microstructure :
Neuromechanical coupling hypathesis: Neuronal swelling (dendritic spines)

FEATEEDFRDKIE, BREBCLAIEEZ LR

BOTWAEDELS ICHEBILTH LI TERNT
Ld&S. 2003FEEN/—NILEFEETHIE—
Y—TULREYF/ VRDERIZE ST KD FIE
TOTRIVEWSKHEDRE = £ > THllEEZ®IE
TEBIENDHHTVET,

KN FE—D—D5|EF T UIKRBEEEELTW
DHEEDDFNEELTVWT. ZDOLSCERIZKE
AWIZHIBLTERL, BIRIEKD FITH LU TKERE
BEBETREDITAEITRVWET, ML EHRDK
DFERDAH=V, HBVIEHEETHLZWEWSZE
MTEDDTY, CORRIFBIGICEEINTWVWT,
BIZISBRETCADLACREBEEAERIC. COFHE
ZRALEERNERITINTVET,

Ta—AVERTHD L FRBICZLDOBIREED
DWTWET, ZNEZ2—OVDT7 VY TFDESBE
DT HEERVWTWET, ZNOBL4DT7 VT FIC
F D Z2—AYEDWLK DD DERLHNET, —
D2NZa1—0VIE 10,000pMOZ1—OVEERET
EE

BIADETEFEN10,000Dth0EHE 5T & BA
TWBEBBRLTHTLIEE W, R TT, FE(E
1,000 BEDZ2—AVEFH>TOWEITHI L, TOEH
NEFRBREDTT, Z2—AVDOEREER. HDW
(EEBLEZEY - A/N\=)LE. Za—0VvEld. W
DOHMNABOBEHEFTOMBEEZRELNIZLTINDS



SHSEE - b7yt

HOBETHD, EEVEL, RIFRKEITZTLICELW
ZEHREOTLERBWVET,

REE CNO2TOEBEDERCIIBEWVWSIR
RIF. BZO<KNMOBEABRILZ L THOTCEER
BERTHDERNELTze ZOZEEIHBMRIIZEST
BBOMITEET, CNIFRADPHRR - BRRABEER
MEMFATWEREDT, KOBE(CYY Y/ LIzZ2—0A

—EA DY A XDEZIHEMRICE>TRET
B ENTRETY, COEIE, BAESB<DMER
LTWBEBDNET,

Y7 Neuroimaging:A multiscale approach _

# Yesterday & today: macroscopic functional

M architecture of the brain
-Cognitive codes
-Connections

» Today & tomorrow: Genes and brain
22000 genes (10" bits), 10" neurons, 10'* synap:

# Tomorraw, the « neural coden:
Limited, constant sef of low-level cell
clusters assuming elementary
Sunctions 2> MESOSCOPIC structure-
Sfuncrion relationship

# « Health » aims:
- | P Prevention, early detection of
= M\N" @ > Rehabilitation/reprogramming (« stroke », injuries)

,ﬂ

——'y e = Customized molecular therapies

Slmie | = Mesoscale & MRI-100pn: Structure & Function

ZIHSDOREDWIHMARTYT (EBMRIER) o
FAEIIEYREICH D ADKDEECDBEIRESZA
FTE NHADELWERBEGRLEONETI TN
THEEETREEVWZAFECA EHEEBBREZED DD
BELAHNET, ABIZH£%Z20,000BDEETFEF
TWEITHA, BIFERLEF=L512.1,000BED
Za—AvoznEnst. ®K10,000@DZ DD
Za—OVEERBLTWADTY, > TCEERFTIFA
BN ZHRBATERE A,

IRTCOWICITEBBENHDE I BEEFIEIID
EBETSVRABICER LD REBECEARBIERL
MERTEEF A, CNHER T, CNZZFFED
BREULEWEES AW HRI-—REFATVIED
T3, ABMEEICRA>T-Z2a—AOvoOEBIED LS
EER-HE-EFAZEELTCWRDON, 2O LR
SHIZEWTEELAN>TWEE A,

MEZBEOMITHICIE ELWRT—ILZRDIF

ZRENHNET, MNDOEFELNLCERL, KE

ZRBRRETESSOIC. FEICESBREDESRZR
WBRENHDET, N BEEZZIT-6. 7OV 4

BEYZENTEINEANERA. SIZEYETT
P FAEERRAREZE B TWET, £ E RN RE
TL&D,

... Clinical Ultra-high field MRI:

(-

~5000/world ~50/world Yworld

TlE ESTNILERTESZTLLEIM?EFTMRIE
(3. BABGHBICE>TKDFEHLTHEMTT,
DPMDPILEVET L BESADRDSEEICH D
0.0057 RS DHATY, TR E(IHIBERIDILE
DNBEA T,

RRREOWREIIBE1STATTT NS, HBRE
B®M30,0005 T, SHTIE. HAEZS5TIH. 37
2T DEDHIRBEIZEDE60,000F DR EFE-TWND
ETABBDET, BN DR THROESERARD

BAES2IEICRHHERII7TTRS HIRDEISZD
140,000H N £9, 9.4T AT CHREN T 2HB|/EHD
F9, BR[OZDOLIIC. KNEWBZEIELTHESEN
BIS>TWET, B TLELS?

REASBEERTHET (FIRSAR-EFRR),
AOYRYDY IS —BEFOMICEVWTRECHE
LTWERDMEETY, L2 ZniEe v LT
WML, PILYNAT—RICK>TRAICPOMN
HEFABDTT IERDIVHRBICHEEBEEDNKD
COBEBEFELERECHEREIZAENHNEL,

ZHWETRSIZEICE>TEEDRRDETEES
BEZIENTEZDOTIERVWNEREIEZET,
REBEERIHDECAN, DR ELEREZESEDZ
E(FARETT,
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EZF INDTTRASTHIZBEOBEKRTY (5
AZAR-BHR) , LN LE>EEBIBOBEBERL
BENFEDERDTY, MEIRZNICIFETED
ARDDD B ET MBDOHBAVEIZENET, Z
LTHEZELLE HETERZLAL>TVED,

Large Instruments are key for science

High energy, particles physics - Higgs boson
(LHC, RIKEN, etc)

Astronomy and astrophysics
= Universe (Hubble telescope)

Nuclear fusion (Iter, Naka site)

physics = NeuroSpin
Aimed at ultra-high field MRI:
- SE 7T,
wide-bore for human studies
- (rodents)

. La Bihan Now 2014

NPREL YV AR FERB UL KREN\ROVE
Ze B ANR 2R (LHC) T BROB{CZARFAICEEXR
MENHDEEHMH>TVWET, MEABICDOWTER
. CTEMOEED 7S VRIE EBEICE>TIRIL
F—2EHLHITEEHAZMAEERF (ITER) 2RE
LTWETS, COAFICEBWTIFARL) -5 —K7E
ETY,

ZDOESBBRETRIE. ERAPITHR (BUAREE-
THEVWWTTA) (LT, FRICEHIBDMRIZ T
LEBRBECEIMBETIVAICERTSES5H5H /L
SO ERKLIZD T, BERN1.77RA3, DX D HEIK
Hi#% 220,000 DR E T,

NeuroSpin (CEA, Saclay) 90cm bore 11.74TMRI magnet
(1st in the world)

They did not know it was impossible, so they made it. Mark Twain

- superconducting wire: 65t NbTi (182 km), 2 2x4 Smm* section

= nominal current: 1433 amp in driven-mode (ext power supply)

- stored energy. 325 MJ, inductance 304H, 28.9A/mm?

all weight: 132 tons, 170MPa hoop siress on conductor

tively shielded (5G line at 13m in axial direction, 9m radially)
id homogeneity: 0.5ppm over 22cm DSV

- Fiald stability: <0.05ppm/h

AHEE 3SR VRI T

HUIHAETT, RSS5A—RML BRSA—-RMLEW
SEXRGEDTYE, ZHIFEDBEICL>THERF v
VIBRDIE MRIDDOAAIIHRDITLLS ADFTE
EMEE. PAVARFHEESOYBFEELENH
HLEEDTY, RETRIEEEISBE-TED, Za—
AREVIZRBINDZEICRDEY, Banr @yl
BRBEZR/OND LT, -271°C.2EN1.87ILE
VIZETREEINET,

TIVADTILARLEOTIHBTEEIN TV Z
ZTIRT7IVADERFIETGVN, BERDEKRD=H
[CEBBEICEDNDZVON DR AEEEL
TWET, NP BADOAHETT BFIRZAR-K) .
E5ICHEBLET, £o7KBELEDTY,

They did not know it was impossible, so they made it. sark Twain

Human brain explorer
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