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The International Dimension of
Scientific and Technological Research:
Prospects and Perspectives

SPEECH OF PROF. P.M. FASELLA

JAPAN, NOVEMBER 88

Mr. Honda
Amb. Shimoda

Mr. Minister
Ladies and gentlemen

It is a great honour and a great responsibility
to address you tonight. I wish to thank the Honda
Foundation for the honour and you all for your
presence.

It is one of the tenets of Mr. Honda that tech-
nology must respond to recognized needs; the same
should be said of many human activities, including
research. This presentation concerns what, in my
own view, are increasing needs for international
collaboration in science and technology.

Science and technology are by their very
nature transnational: collaboration and open com-
petition have greatly contributed to their acceler-
ated development over the last three centuries.

World-wide publication of results and ideas,
their critical discussion, confirmation and further
use by fellow scientists, recognition of priority and
originality, protection of intellectual property
through author’s rights and patents, have enor-
mously stimulated growth, assured validation, and
encouraged practical exploitations.

During the last decades Science and
Technology have become more valuable from the
economical, social, political and militar point of
view; they have also become more expensive,

interdependent and complex. This has several
effects on international collaboration.

The increased ‘‘value’’ of science and tech-
nology induces individuals, companies, and coun-
tries to be more ‘‘jealous’’ of their research results
and to impose constraints to their free circulation
because of economic and/or military reasosns.

Are new systems necessary to assure protec-
tion of inventions without losing the benefits of
openness? Should patent and author’s right legist-
lation be revisited?

What is the correct equilibrium between col-
laboration and competition in research? What is
the impact of dual use technologies?

These problems were raised at the 1987
0.E.C.D. meeting of Research Ministers, and are
presently analyzed by that organization. The in-
creased ““cost’’ of research favours the development
of international collaboration beyond the tradition-
al “‘scientist with scientist’’ interactions. Indeed,
some individual projects have become so expensive
in financial terms and so exacting in the quality and
quantity of knowledge and know-how, as to make
international collaboration a ‘‘conditio sine qua
non’’. This has been particularly necessary in
Western Europe where individual countries, though
very advanced are not large enough to support
alone some big science projects.




Several examples of successful EUROPEAN
ventures could be given, ranging from CERN
(Comité Européen pour la Recherche Nucléaire)
which recently demonstrated the existence of par-
ticles Z°, W+ and W-, to ARIANE which brought
Western Europe into space.

The European Community (EC) Programme

Switzerland, have decided to pursue together this
very ambitious, very long-term, very difficult but
also very promising programme, the ultimate goal
of which is the development of a cheap, univer-
sally available, environmental-friendly source of
energy. Honda Prize recipients U. Colombo and
Nishizawa would agree on the interest of pursu-
ing the controlled nuclear fusion approach to the

on Controlled Nuclear Fusion is an interesting case.
The 12 Member States of the E.C. plus Sweden and

long term satisfaction of energy requirements (cf\
fig. 1). g
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Fig-1 Energy 2000

A reference projection and alternative outlooks for the European
Community and the world to the year 2000

WORLD GROSS ENERGY CONSUMPTION*
(by sources)

S°— Annual rate of growth '000million toe

X 12
- Others(nuclear,hydro:-etc) oo
x 17% 10
Natural gas
Qil
Solid fuels
10% 6
32%
S° 369
4 X 0. - — 4
42% 0
5% 39%
~ [+)
TR 44% 2 )
:.n o 0/0
137%# Ak Sette L 30%:
440 28% 29% 0
1960 1970 1980 1983 1990 2000

WORLD GROSS ENERGY CONSUMPTION*
(by regions)

olo "000million toe
X‘Q,,LL_F‘ Annual rate of growth

Y0
T~ _ P .."O‘._10
»’.0},? Industrialized countries o, -
Mo ___ ¢
Centrally planned economies _Beq 1Ak
% Developing R O N °C
i countries T A2, D oo D-C ;f >°‘
-‘(>'=€ % 0.5C X‘h..l‘;48%~ 50 5
P 157 ] = LS 5y I 52 P
—~ Q?\O .520/9: K505 9
3 R = B o
A KB ":' ._. ’ ":Q-
4 D?\o !580/95 0( _op O
e Pl NN IS XZI‘E,—F L0 33%
o —{(G1) ch o B e 2| 320 33% | x> ]
U x%' . 26% oo Q\g L o\o o
O 0 0
26% H o s xO 1 B x| Hi7o68 X T 9% x
0 —E755, 18%
()
1960 1970 1980 1983 1990 2000



0€ $IBUOISSd)0Id
PUBIRTIMG
uobuyuainp-gi3 ~
uabipa-NIS -

auuesne ap

91219p2 4 dnbiuydnlAjog 81003

(ddyD) sewiseld sap anbisAygd
U3 3YdiaYddY 3P 3NV -
3SSING UOIIRIIPIJUOD

(6261)

go:_a:o P SisOIBAYd = SRUOISSB)0IY

Q. . [y
®. .0

o
re{.d

O  S[eUOISS310id
SPUEIDLION - Ualad -
e - asaiep ‘eids) -
(Oyr) anuad yaieasay juior

(LL61)

0f S|eu0ISSdj0id
RUewiat)

10 ongnaoy 1€13pay
uinaunyy 1aq HBuiydieny -
wea| JaN auy

(£861)

012 SIeULISSajVIg
(1961 UCWIT

LUy 10 buiysse -
(ddl) sAydetusejd iny
INISU| ¥oue|d-Xew

(ONN) V3V
usim,

02 SILUMISSB|0id

x:r_:.:mmm

aynspey -
(MI%) HQWD aynisien
wnuazsbunyasiojudy

(2861)

RIS

S8 Sjeuoissaloid
KT

O 3QNasy [e1eha g
yane -

(v4¥) HQWH yaune
abejuesbunyosiojuiay

(2961)

08 : S|BUDISS3)0)d
(0961) R
BIDOBSEY) B|I3p 0NjUd) - YINT -

nesses4 Ip 0NudD - YINI -
(v3N3) aanewayy aibiaug
8j1ep @ aseajonN eibiaul op
oddnjiag 0] 1ad 3 e2191Y

) Jod ajeuoizeN OlRIWOD

06 : S[eu0IsSajoig
. wen
eAOpRY -
ouBRpIN -

VaN3 -(UND) aydieoiy

ajeuoizeN oybisuo)n

(2261)

(9861) 6z :S|eUOISSD)0IY

ueds
(N3P pupEY
1eajonp eibsauy ap eung

04} ' Sjeuoissajold
J50eiJ

ayoeiepe) -
a|igovaiy -
S3s0y-xne-ABusaiuoy -
Aepoeg -

(v30) anbiwoyy
a1618uz,| € jeleSSIWWOD

(6s61)

Sp S|EUDISSD|0Id

whbEy

IOW - N3D/HMDS -

Sa)j|@axnig ap 8.qi7 SNSIdA) -
j@ssnig,sa|iexnig

- 3NN 3jehAoy 3)023 -

(g3) abjag %13

(6961)

G| S|LUOISSa)0Id
FPWUag

IP|INSOY -

osiy Geejuesbosiog auy

(£261)

0€ $jeuOISSajoid
TIPOMS
NASPNIS -
Bingalon -
Wwioyso0ls -
UOISSIWIWOY)
ydieasay ABiau3 ysipams

(9261}

041 ' SIBUOISSA|0Id

TIoPBUTY Petun
uopbuiqy -
Buiyepapun Juiop 130

(8261}

081 : SIeU0ISS8}0.d

(EL61) WOPOUTY poTun
ll8MIeH - W3V -

uopbuigy - Aiojei00RY WeYN) -
(v3vyn) Ansoyiny
ABisu3z-onuoly wopbury panun

09 ' S|eUOISS3j0id
‘SPUEIBUISN

usliad - NO3 -
wepiaiswy - NOd -

(n) wabamnaiN - WO4 -
(WOJ) auaien J9p ¥802)3pUQ
199luswepung Jooa Bunyons

(2961)

edoinz uj sejJojeioqe] uojsnj jo uonedo z'6i4




The scientific and technical problems posed
by controlled nuclear fusion are formidable. In the
present approach, two isotopes of the gas hydro-
gen, namely deuterium and tritium, must be heated
to more than 100 million degrees (a temperature
10 times higher than that of the sun!) for the du-
ration of seconds and at a density of 10% particles
per cubic meter!

Containment cannot obviously be achieved in
a simple vessel (no material would withstand that
temperature) but through very intense magnetic
fields which confine the hot gases in a doughnut
shaped space, called Tokamak. Heating is achieved
in a number of ways, including the circulation of
a very intense current (5§ M ampére) around the
doughnut.

The structure of the E.C. Fusion Programme
is worth noting. Unlike CERN, where all the fa-
cilities are concentrated in one center at a yearly
cost of about 500 million $, in the fusion
programme the resources (of a similar level) are in-
vested half in one large machine (JET = Joint
European Torus) hosted by the UK near Oxford,
and the other half in severl Research Centres local-
ized in ‘‘associated’’ laboratories of the Member
States, where work, essential for the common ef-
fort and complementary to that of JET, is carried
out with the participation of all Member States (cf.
fig. 2).

The programme is successful; JET is presently
the largest torus in the world, and remains quite
competitive even after the Japanese J.T. 60 start-
ed functioning in 1987. The progresses made world-
wide in demonstrating the ‘‘physical’’ feasibility
of controlled nuclear fusion are summarized in fig.

3 and 4). The next steps (demonstration of ‘‘tech-
nical’’ and then of ‘‘economic’’ feasibility will be
more expensive and exacting. Yet, the perspective
offered are such as to attract the attention of po-
litical leaders at the highest level.

At the Summit meetings between President
Reagan and 1st Party Secretary Gorbatchev in 1986
and in 1987 controlled nuclear fusion was proposed
as a research area requiring ‘‘the joint effort’’, not
only of the US, and the USSR but also of Japan
and the European Community.

Under the aegis of the United Nations
I.A.E.A., a detailed design of the next generation
nuclear fusion reactor has now begun. Joint work
is being carried out by a task force comosed by
Japanese, Americans, Russians and West
Europeans at the European Community-Max
Planck Institute site of Garching, Federal Repub-
lic of Germany.

As far as I know, this is the first long-term
collaborative effort among the four major indus-
trialized powers of the world.

This ‘‘world-wide’’ interest in controlled
nuclear fusion is indeed justified since it could pro-
vide a source of energy which would not contrib-
ute to environmental pollution and to the global
climate change and green-house effect, which we
shall discuss later. Relatively small amounts of
““Fusion Fuel’’ would replace large amounts of pol-
luting fossil fuel.

In the case of high energy physics and con-
trolled nuclear fusion, it is the scale of the energy
requirements which imposes concentration of the

Fig.3 How far away from Reactor Values?
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effort in one place. Politically, this poses the deli-
cate problem of the choice of the site. A solution
could become less difficult, if several large, joint,
projects were considered together, so that each
main participant could have the responsibility and
advantages of hosting a project.

At present, new scientific ventures emerge
which, because of their size and complexity, require
international cooperation and, being ‘‘information
intense’’ rather than ‘‘energy intense’’, do not have
to be localized at one site but, thanks to the enor-
mous development of information technology, can
be pursued through highly coordinated network-
ing among complementary research centres.

Biology, which is intrinsically ‘‘information
intense’’, provides some example. The total eluci-
dation of the human genome is perhaps the most
striking of them. The difficulties are enormous, but
so are the rewards. Each of the 10 trillions cells of
the human body contains about 100,000 individu-
al genes encoded by about 3 billions subunits of
the large polymeric DNA molecules, the vectors of
genetic information. The sum total of these
“genes’’ corresponds to what is known as the
human genome. Knowledge of the human genome
is as necessary to the continuing progress of medi-
cine as knowledge of human anatomy has been for
the present state of medicine. Human beings,
though basically similar have each individual fea-
tures determined by small but significant differ-
ences in their genes. In the same species a gene can




exist in different forms (polymorphism). It is the
combination of different variants of the thousands
of genes constituting the human genome that de-
fines the genetic individuality of each human being.
Deciphering not only the general structure of the
human genome but the ‘‘particular’’ gene variants
of single individuals will make it possible to define
the genetic features of a person, including predispo-
sition to disease.

The work to be performed is complex and
tedious; it should consist of several phases involving
the detailed physical mapping of the genome, the
development of automated techniques for large
scale cloning and sequencing, and finally, the
sequencing itself.

The technical steps involved and proposed
strategic approaches are summarized in tables I,
II, III, IV.

'The importance of studying the human gene
has been well understood in many circles: a con-
siderable effort for the automation of mapping and
sequencing techniques is being carried out in Japan;

Table 1

-GENETIC MAPPING
-PHYSICAL MAPPING

the USA is considering spending 3.5 billion dol-
lars for the next 10 years for work on the human
genome under the leadership of Jim Watson, the
Nobel Prize winner, co-discoverer of the double
helix.

It would be a mistake to consider only the hu-
man genome at the expense of research on other
species. On the contrary, several essential problems
concerning the automation of techniques, the
characterization of the key features of gene func-
tion, gene organization and gene evolution can find
easier solutions from the sequencing of smaller ge-
nomes. Many laboratories in Western Europe are
engaged in various aspects of genome research;
however, the size of national programmes, even the
largest, is not adequate to the scale of the problem.
Pooling human as well as financial resources, task
sharing, avoidance of duplication, common data-
banks and compatible bio-informatics are indeed
necessary to collect and analyse the huge amount
of information on which genome analysis rests.

One important part of the programme goes
under the name of ‘‘Predictive Medicine’’. A pro-

TECHNICAL STEPS FOR SEQUENCING GENOMES

-PRODUCTION OF DNA FRAGMENTS OF DECREASING SIZE
-SEQUENCING SMALL DNA FRAGMENST

-DATA TREATENT

-DEVELOPMENT OF SEQUENCING TECHNOLOGY
-MOLECULAR RULES GOVERNING STRUCTURE-FUNCTION RELATIONS
—~APPLICATIONS IN MEDICINE AGRICULTURE AND INDUSTRY

Table II

STRATEGIC GUIDELINES

—SEQUENCING SMALL GENOMES AS OBLIGATORY STEPS BEFORE TACKLING THE

HUMAN GENOME.

-NETWORK APPROACHES SHOULD BE PREFERRED TO CENTRALIZED

APPROACHES.

-HOWEVER CENTRALIZED DATE AND DAN MATERIAL REPOSITORIES ARE

REQUIRED.

~GENETIC, SEQUENCING AND COMPUTER TECHNOLOGIES HAVE TO BE DEVELOPED

IN PARALLEL.

—"SMALL SCIENCE” IS INDISPENSABLE FOR THE STUDY OF THE BIOLOGICAL

FUNCTION OF NEWLY UNCOVERED GENES.

—TRAINING SHOULD BE LINKED TO RESEARCH ACTIONS.
-WORLD-WIDE COORDINATION SHOULD BE PROMOTED.



Table Il

HOMO SAPIENS

(3,000,000 Kbp -23 haploid chromosomes — less than 0.1% sequenced today)

----WHY HUMAN GENOME?

—ABOUT 50,000 GENES AND GENE PRODUCTS OF STILL UNKNOWN NATURE AND

FUNCTION.

—-FOR EARLY PREDICTION/TREATMENT OF HEREDITARY DISEASES.
—-FOR IMPROVED PROGNOSIS AND PREVENTIVE TREATMENTS.

Table ¥ HOMO SAPIENS

----HOW TO PROCEED?
FIRST :

RESOLUTION OF THE GENETIC MAP IMPROVED FROM 10 TO 1 CENTIMORGANS

SECOND :
ORGANIZED DNA LIBRARIES
MEANWHILE :

-GENETIC, SEQUENCING AND COMPUTER TECHNOLOGIES.
~CENTRAL FACILITIES FOR DNA SAMPLES AND DATA ANALYSIS.
-SEQUENCES OF cDNA CORRESPONDING TO GENES OF PARTICULAR INTEREST.

THEN :

SYSTEMATIC SEQUENCING OF GIVEN CHROMOSOMES OR CHROMOSOME

FRAGMENTS.

motor of this initiative, Jean Dausset, the recipient
of the 1987 Honda Prize and of the 1980 Nobel
Prize, recently stated, ‘‘predictive medicine is the
first step in preventive medicine’’. The aim of the
programme is to identify genes involved in disease,
with a view to their isolation and structural analy-
sis. Many diseases have a genetic component: they
may result from the inheritance of a single defec-
tive gene (monofactorial) or from the interaction
of multiple gene defects with environmental fac-
tors (multifactorial). Many common and debilitat-
ing diseases such as artery disease, diabetes the
major psychoses, fall into the latter category.
Predictive Medicine seeks to forecast susceptibility
to diseases with a view to their early diagnosis and
prevention, as well as to improved prognosis and,
eventually, treatment (cf. table V and VI).

The scale of the problems posed by the eluci-
dation of the human genome and its medical im-
plications is such that a world wide concertation
of effort may be in order. This includes task-
sharing (different terms, each taking on one chro-
mosome or a part of it), mutual access to data
bases, sharing genetic markers, widening the corre-
lation between gene structure and clinical condi-
tions, as well as technological developments in au-
tomated analysis.

The development of a significant European
programme on the elucidation of the genome
should make world collaboration easier.

The enormous increase in genetic information
— or rather some uses which could be made of it
— does raise ethical questions. Personal privacy
must be weighed against general health care; the
ability to diagnose disease may outrun the possi-
bilities of treating it; misuse could be made of
genetic information in the choice of employees or
in establishing a premium for health insurance.
These and many other issues must be given serious
and continuous attention. In these as in other areas,
the progress of science and technology should be
accompanied and, where possible, anticipated by
ethical, social, and legal considerations. In 1984,
Japan pioneered action in this field when it pro-
posed and hosted the First Bioethics Conference
of the “‘Summit of the Most Industrialized coun-
tries’’. Earlier this week, Mr. Nakasone opened a
conference on bioethics chaired by Prof. Okamoto.

Such ““ethical”’ problems should indeed be dis-
cussed at the ““world’’ level, and not only within
individual countries or groups of countries. The
whole of mankind is concerned. Moreover, wide-
ly diverging legislation could distort competition




among firms interested in the large market for high
tech instrumentation and data banks which a
widespread development of predictive medicine
would create. On the other hand, the ‘“culture’’ of
each people must be respected when discussing such
very delicate issues.

Having considered some problems posed by
the increasing value and cost of research, it is
worthwhile to examine a third set of problems

created by the very nature of present ‘‘Science and
Technology’’, namely mutual interdependence and
complexity.

As Nobel Prize winner Ilya Prigogine outlined
in his Honda Prize lecture, the scientific approach
to_complexity (which he pioneered) marks the
second half of this century and opens new perspec-
tives for the next.

Table V. OBJECTIVE

PREDICTIVE MEDICINE PROGRAMME
(1989 - 1991)

-STIMULATION OF BASIC RESEARCH ON THE HUMAN GENOME LEADING TO

IMPROVED :

-PRENATAL DIAGNOSIS OF GENETIC DISEASES
-EARLY PREDICTION OF CERTAIN DISEASES
-IMPROVEMENTS IN PROGNOSIS AND, EVENTUALLY, TREATMENT

Table VI PRIORITIES

PREDICTIVE MEDICINE PROGRAMME
(1989 - 1991)

1/ ADVANCED GENETIC TECHNOLOGIES

-HUMAN DNA COLLECTIONS

-NEW PHYSICAL MARKERS (RESTRICTION ENZYMES OR HYBRIDIZATION PROBES)
-PROBES FOR SPECIFIC GENETIC DISEASES

~NEW DNA LABELLING SYSTEMS

—-AMPLIFICATION OF SPECIFIC GENES

—NEW CLONING TECHNOLOGIES AND SHUTTLE VECTORS FOR HUMAN GENES

2/ 8TUDY OF THE HUMAN GENOME
—PHYSICAL AND GENETIC MAPPING

(ESPECIALLY OF GENES ASSOSIATED WITH PATHOLOGY AND IMMUNITY)
-DATA HANDLING AND SOFTWARE DEVELOPMENT

3/ SETTING OF ORGANIZED HUMAN GENE LIBRARIES

Areas, which were too complex for science,
can now be studied. Because of their very complex-
ity, they often require international collaboration
since the multiple and diverse competences involved
or the huge number of data needed cannot always
be found in a single country.

One such emerging area is Neurobiology.
Mathematics, physics, chemistry, material and in-

formation sciences, meolecular and cell biology,
physiology, zoology, medicine, psychology, linguis-
tics and philosophy all contribute to the under-
standing of the higher brain functions such as
memory, language and problem solving. The brain
has been the subject of intense interest since it was
recognised as the anatomical basis of intelligence,
thought and feelings. The scientific study of the
brain began in the early part of the last century



when certain brain functions were pinpointed and
the nervous tissue found to be composed of in-
dividual interconnected cells (neurons).

The brain of man is extremely complex. It
contains more than 10° cells, connected in a highly
structured pattern through more than 10" syn-
apses. Information is processed through a series of
highly nonlinear steps. In some key nerve centers
a message is transmitted on the next relay only
when the center itself receives a set of inputs co-
herent among themselves or with stored messages.
Learning and memory occur through adaptive
changes in cells, leading to more or less stable
connections.

Much has been learned on the cellular and
molecular physiology of the nervous system. With-
in neurons impulses are essentially carried as a wave
of electrical depolarization of the nerve cell mem-
brane. Between neurons, the message is transmitted
by chemicals released at the extremity of a neuron
and picked up at a “‘synapsis’’ by the receptors in
the dendrites of adjoining cells.

Very many specific chemical and their recep-
tors messengers have been identified. More are be-
ing discovered every year. The results of multiple
messages on the behaviour of each cell is complex,
since some messages re-inforce, others oppose each
other. Repeated elementary contacts among cells
could lead to learning by selective stabilization of
the connection. The mechanisms that lead to such
an assembly of billions of neurons into a very
complicated system are only beginning to be
understood.

Not only the components of the networks and their
local interactions, but also the assembly structure
and function of the networks must be elucidated.

Relative simple detailed models have been de-
veloped, which are amenable to mathmatical treat-
ment and experimental verification. At the other
end of the scale macroscopic connections among
the main structures of the brain are being discribed.

The observation of the brain in-vivo using
scanners based on advanced physical methods has
been possible since the 1970’s and has now greatly
expanded allowing more resoltion in time and
space. Computerized tomography, Nuclear
Magnetic Resonance and infra-red spectroscopy as

well as electro encephalography, allow the study
of the living brain and revolutionize the diagoni-
sis and treatment of many diseases from epilespy
to arteriosclerosis, and brain tumors. Many of these
developments have been possible by extensive trans-
national collaboration involving industry as well
as universities and research institutions. I have my-
self been involved in one such development. It con-
cerned a relatively simple and inexpensive system
for monitoring of brain blood supply and function
by non-invasive IR Spectroscopy.

The new physical methods not only open new
perspectives for the diagnosis and treatment of
many diseases; they permit the study of the nervous
system, including some highly specific chemical
events, in the living brain. They allow therefore to
combine the molecular, cellular and holistic
approaches.

Neurocomputing requires special attention.
Since the 1940’s, parallels have been drawn between
the functioning of the human brain and comput-
ing machines. Up to now attempts to emulate the
brain have proved largely unsuccessful. In recent
years, however, interest for neurocomputing is
rapidly increasing. In the United States federal in-
stitutes universities and private companies are mak-
ing important financial commitments.

Scientists hope that, guided by an understand-
ing of brain functions, they can build a neurocom-
puter — a computer which is structured like the
brain and which, like the brain, can learn by itself.
Though relatively slow and quantitatively limited,
the brain processes information with great efficien-
cy, and it is envisaged that neurocomputers would
be vastly superior to conventional machines. The
brain differs from ordinary computers in several
important ways including the ability to carry out
simultaneous processing, connective learning and
active reasoning. While computers have been
trained to play chess at world level or to rediscover
physical principles, they are a long way from be-
ing considered ‘‘intelligent”’, or provided with
human-like intuition, not to mention ‘‘feeling’’ and
““awareness’’.

An illustration of the diversity of skills of the
human brain comes from an observation by the
Japanese neurologist SASANUMA quoted by J .P.
Changeux, of the Pasteur Institute, in his book



‘“The Neuronal Man”’. Vascular lesions on the left
brain impair the use of the Kana alphabet much
more than that of Kanji ideograms. The reverse is
reported for lesions of the right side. It seems that
the left brain develops skills in dealing with pho-
netic, linear, combinatory information, while the
right hemisphere performs rather holistic functions
and image recognition. As I once had the priviledge
of discussing with Prof. Okamoto, it is tempting
to speculate as to the effects which training of both
hemisphers in young Japanese may have in their
future activity.

Could they be better prepared to cope with the
holistic recognition of compiex images and hence
to deal with complex systems?

European laboratories are very active in neu-
robiological research and have to their credit several
important discoveries.

The Commission of the European Commu-
nities has been supporting joint neurobiological
research, and in particular the study of intercellu-
lar communication since 1984. The BRAIN (Basic
Research on Adaptive Interlligence and Neurocom-
puting) initiative was launched in 1987.

- The development of connectionist models for
neurocomputing — a mathematical way of
simulating the brain’s calculating capacity

- The design of a neurocomputer with learning
abilities »

- The study of the use of neural networks for
data processing

- The determination of the level of complexity
necessary for a computer to start to function
in a similar way to the brain

- The study of the neural networks determining
the relationship between the brain and the eye
movement

- The study of dynamic connectionist models for
the recognition of designs and graphs

- The investigation of sensorimotor strategies in-
volved in visually guided arm movements in a
view of possible application

- Application to robotics and computer vision

- The study of the basic operations involved in
the cerebral cortex of primates in controlling
a reaching movement.

Japan, besides promoting a multidisciplinary
approach to neuroscience at home, has proposed
it as a major area to be developed at the interna-
tional level, in the frame of the Human Frontir

Science programme. It is indeed a wise choice which
could lead to significant progress through mutu-
ally advantageous sharing of tasks and pooling of
research results on a subject of enormous complex-
ity and of enormous interest. A successful develop-
ment of the initiative will of course require a fair
balance of giving and taking.

So far we considered cases where the useful-
ness of international collaboration is related to the
size of the required research installations (as in the
case of ‘‘fusion’’) or to the large amount of infor-
mation to be collected and analyzed (as in the case
of ‘“‘genome’’ and ‘‘brain’’ research). It is worth
now considering a problem which has a claim to
broad international collaboration, because it is
extremely complex, it requires large and expensive
devices and, by its very nature, it concerns the
whole world. I refer to the study of the global cli-
mate change.

Environment results from the complex inter-
action of very many complicated sub-systems: the
sun, the planet earth, the moon, the stratosphere,
the atmosphere, soil, inland water, the sea, the bi-
osphere and, more recently, human activities. Each
must be analyzed and the mutual interactions of
each component with the others must be studied
in an integrated ‘‘system’’. A scientific approach
to a problem of this complexity would have been
unthinkable a few decades ago. progress in
mathematics, physics, chemistry, biology and ana-
lytical methods (including remote sensing from
space), as well as the huge present capacity to store
and analyze information by advanced computing
now make this approach possible.

Burning of coal and oil produces increasing
amounts of carbon dioxide. Although the oceans,
through complex processes involving phytoplanc-
ton, fix some of it, large quantities of carbon
dioxide accumulate in the atmosphere, which now
contains 15 — 20% more of this gas than in the
preindustrial era. To make things worse, deforesta-
tion reduces natural recycling of CO- by terrestrial
green plants. The CO; cycle is schematically
represented in fig. 5.

Some of the solar energy which reaches the
earth is radiated back into space as infra-red light.
The presence in the atmosphere of excess CO;
which is not transparent to infra-red light, reduces
this irradiation. The corresponding energy is thus



Fig.1 Carbon Pools and Fluxes
Global carbon pools and annual fluxes. Slzes of pools (circles) and
annual fluxes (arrows) are shown In glgatons of carbon. Dotted arrows
represent additional fluxes due to human activities. Pool sizes are In
true relative proportions, lllustrating the relative dominance of oceans,
and the “dead” biosphere (soil, humus) in the active carbon cycle.
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trapped as heat in the lower atmosphere and the
planet is transformed into a gigantic green house.
Besides CO» the accumulation in the atmosphere
of other ‘“‘green house’’ gases such as methane, ni-
trous oxide and fluorocarbons also contributes to
this phenomenon.

It is generally thought that such heating will
produce an increase in the mean temperature of the
Globe of 1.5 to 4.5% over the next 50 years.

The change of climate resulting from such
heating would have serious consequences for
agriculture, while a significant rise in the level of
the sea would result from the thermal expansion
of the oceans, apart from melting of the large ice
caps of the planet.

The problem literally has global dimensions;
the search for preventive solutions is impaired by
uncertainties on the extent of global heating, on
the regional and seasonal features of the anticipated
climatic changes, on the rates of green house gases
production, on the role of the oceans and the bio-
sphere as sinks or sources, on the possible shift of
bioclimatic zones, on the rate of deforestation and
finally on the consequence of policy decisions con-
cering energy and industrial productions.

The problem is further complicated by the ef-
fects of other industrial discharges, such as those
presumably connected with ACID RAINS which
affect forests and the cycle of OZONE; the
presence of this gas in the stratosphere shields the
earth from U.V. light.

The main research requirements have been es-
tablished, notably by the International Geosphere
and Biosphere Programme of the International
Council of Scientific Union, which issued a com-
prehensive paper at its September ’88 meeting in
Stockholm.

Eventually thousands of researchers and huge
technological and financial means should be mobi-
lized. Work should be well coordinated in order
to be efficient and timely. Carrying out this work
is a challenge to all concerned: scientists, technol-
ogists, industrialists and public authorities. The

results of such a global study are badly needed in
order to make the right decisions in environmen-
tal protection. In the absence of sound scientific
knowledge, policies may be misguided and could
improve uncecessary burdens while neglecting key
actions.

At a recent meeting of the Bioethics Confer-
ence of Industrialized Summit, my attention was
brought to the analogy between the present situa-
tion of ‘“The Space Ship Earth’’ and the situation
of Japan, when, in the Edo period, it was essen-
tially sealed off from the rest of the world and its
30 million inhabitants had to husband their
resources and their environment. At that time, an
agriculturist KAMASAWA BANZAN (1659 — 91)
developed the ‘‘theory of Land and Water”’. It was
an exemplary approach to the problem of wise
resource management; it did not confine itself to
controlling rivers, lakes, soil and forests, but also
considered socieconomic factors such as lawless-
ness, excessive burdens on the population and the
optimal use of human skills. KAMASAWA was
in a sense a precursor of ‘‘ecological economics’’
and of Mr. Honda’s promotion of eco-technology.

It is indeed necessary that we all jointly seek
a comprehensive, harmonious approach to our own
self, to each other, to our common environment.

The research areas we discussed today as pos-
sible objects of international collaboration refer to
this need.

Research on the human genome and on neu-
robiology should lead to a better understanding of
what each of us is, while the study of the global
climate change and the search for clean energy
through nuclear fusion should make us aware of
the impact which our actions have on the environ-
ment we share.

The decision of Mr. Honda, one of the leading
world industrialists, to promote environmental-
friendly technology is indeed most significant.

I know that many people and leaders on both sides
of the Pacific and of the Atlantic share his vision.





