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HONDA PRIZE COMMEMORATION LECTURE

ABSTRACT

ECO-TECHNOLOGY AND THE CONQUEST OF HUNGER
by

Dr. M.S. Swaminathan

Hunger has remained through the ages an unconquered foe of humankind. Many
time targets have been set during the post-World War II period of this century for
ensuring that "no child, woman or man goes to bed hungry and no human being's
physical or mental potential is stunted by malnutrition." Some recent examples are:
the World Food Congress held in Rome in 1974 which set 1984 as the year for
achieving such a goal, and the World Children's Charter adopted in New York in

reducing infant mortality and for creating conditions for a productive and healthy life
for all children by the year 2000.

September 1990 under the auspices of UNICEF which also prescribed time targets for

On the other hand, there have been predictions from time to time of the possibility
of occurrence of more widespread famines and for Malthusian calculations coming
true in several parts of the developing world, including my country India. Paul and
William Paddock in their book, "Famine - 1974," for example, predicted mass
Starvation in India by 1974. Fortunately, this has not come true. We know that both
enhanced production and producer and consumer-oriented public action are essential
for developing national and global food and nutrition security systems. I have defined
"nutrition security" as economic and physical access to balanced diets and safe
drinking water to all the children and adults of a country.

Taking my country as an example, I would like to illustrate the role of science and
technology in the sustainable end of hunger. A team of experts sponsored by FAO in
their report submitted in 1963 projected a 10 percent increase in food-grain

nearly 50 percent during 1963-1970, thanks to the introduction of what is popularly
known as the "Green Revolution" technology, thereby helping to avoid the predicted
famines. Technology coupled with trade opportunities based on remunerative prices
made projections based on extrapolation from past achievements inappropriate.

production by 1970, a growth rate less than that of the growth rate in population,
which was and continues to be above 2 percent. Food production, however Tose by

Average yields of cereals like rice and wheat had remained in India at about one
metric ton/hectare for centuries. Hence, in the early fifties a programme of rice
improvement based on hybridization of japonica rice varieties obtained from Japan
and indica rice varieties grown in India was started for the purpose of transferring
genes for response to good soil fertility and nutrient supply from japonica to indica
strains. While some good strains came out of this programme, more widespread
progress in improving the per hectare yield of indica rice varieties occurred in India
as well as other countries in South and South-East Asia only with the introduction of
semi-dwarf indica strains, first from Taiwan (Taichung Native 1) and later from the
International Rice Research Institute in the Philippines (IR-8).



In wheat, striking progress was witnessed in the late sixties with the transfer of Norin
dwarfing genes from Japanese material into spring and winter wheats. The semi-
dwarf spring wheat material developed in Mexico under the leadership of Dr. Norman
E. Borlaug showed wide adaptation in India, Pakistan and many other countries, since
they were also relatively photo-insensitive. The commercial exploitation of heterosis
or hybrid vigour in rice, maize, sorghum, pearl millet, pigeon pea, cotton and several
vegetable crops added a further dimension to productivity-based production

practices led to a doubling of average yields in several crops during the seventies and
eighties.

programmes. These developments in plant breeding coupled with good agronomic

Maintaining the high yields already reached on an ecologically sustainable basis is the
primary goal of the era of ecological agriculture now beginning in the industrialized
countries. In contrast, raising productivity to the levels essential to meet the food,
fodder, fuel wood, fibre and other needs of the growing population, based on
ecologically friendly technologies, is the major aim of the agricultural research strategy
of India. The famine of jobs and consequently of purchasing power is the primary
cause of undernutrition in India. About 100 million jobs will have to be created in
India between now and the year 2000, both in rural and urban areas, to ensure
economic access to balanced diets.

In 1968, when there was evidence that India can make significant progress in wheat
and rice production through higher yields per hectare, I pleaded for higher yields
through eco-technology rather than exploitative technology in my presidential address
to the Agriculture Section of the Indian Science Congress. The eco-technological
enhancement of biological productivity, in my view, should have the following major
components:

microbiological and erodability aspects of improving and maintaining the biological
potential of the soil.

i) Soil health maintenance through concurrent attention to the physical, chemical,

ii) Water use efficiency, including the conjunctive and sustainable use of surface
and ground water;

iii) Management of weeds, pathogens and insect pests through an integrated pest
management strategy;

iv) Energy management, particularly nutrient supply, through green manures,
inclusion of legumes in the rotation, bio-fertilizers, organic manures and need-based

application of mineral fertilizers;

from every part of the plant and animal biomass and promoting packaging and

marketing techniques which are not wasteful in energy consumption;

v) Post-harvest management, involving the preparation of value-added products

vi) Reviving interest in eco and health foods and botanical pesticides and

pharmaceuticals;



vii) Reviewing and redesigning multiple and mixed farming systems involving crop
and animal husbandry, capture and culture fisheries and forestry and agro-forestry, so
as to promote sustainable systems of land and water use as well as the conservation
of biological diversity and critical ecosystems; and

viii) Reducing the farm sector's contribution to greenhouse gas accumulation in the
atmosphere and promoting through the greening of degraded and waste lands a better
balance between carbon emission and carbon absorption.

Such an Eco-Green Revolution needs strong scientific and public policy support. An
important scientific need is the establishment of Genetic Resources Centres for
Sustainable Agriculture and Genetic Enhancement Centres for the production of novel
genetic combinations through recombinant DNA experiments. Such material can then
be used in the development of location-specific crop varieties. In addition,
anticipatory research centres to produce new material and management technologies
for adaptation to possible changes in temperature, precipitation, sea levels and ultra-
violet- B radiations are essential for promoting a new paradigm of agricultural
research based on the principles of ecological sustainability, economic efficiency and
social equity. It is to this paradigm of agricultural and rural development research
that the Centre for Research on Sustainable Agricultural and Rural Development at
Madras is addressing itself.

Ecological sustainability needs location specific technology. It involves participatory
research with farm men and women. Public policy and private initiative and
investment should both be tailored to the needs of such an Eco-Green Revolution, if
the food production component of the conquest of hunger is to remain satisfactory
now and forever.
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1990 HONDA PRIZE

Awarded To

PROFESSOR FREI OTTO

TOKYO _ - _ The Honda Foundation (President, Takeso Shimoda) has

decided to grant the 1990 Honda Prize to Prof. Frei Otto of

Stuttgart University.
With the increasing attention being given to lightweight

architecture -- more often referred to as a membrane structure

in recent years, use of new membrane materials and progress in

structural calculation using computers are bringing about

tremendous davelopments in this field. Professor Otto. who

established the concept of this lightweight architecture, paved

the way for the first step towards the development of membrane

structure (an approach that has lead to subsequent computor

analysis) by developing a practical mode! study technique for

structuring theory and overcoming the difficulties of planning.

@ This prize has been awarded to Professor Otto for "his

introduction and development, in the field of architecture. of

a new creative method of the membrane structure based upon his

profound interdisciplinary study into ecological structure.

organization and models imbued with a harmony and natural

balance. Further, it has been granted in recognition of his



which have been builtmany outstanding works of architecture,

utilizing such new methods and which reflect his concept of a

beautiful and rich human environment." With these

considerations, his efforts have been highly evaluated as

"the diffusion ofhaving made a great contribution to

technology that is truly useful to human society." a

contribution which coincides with the goals of the concept of

eco-technology advocated by the Honda Foundation.

The Honda Prize is granted to individuals and groups that

have recorded outstanding accomplishments as seen from the

viewpoint of "eco-technology" (true technology, the goal of

which is to harmonize with the whole environment that surrounds

human activities), which the Honda Foundation has been

advocating. This year, Prof. Otto is the eleventh winner. The

is to be 10 million ven.amount of the supplementary prize

Eco-technology: A coinage combining "eco" from "ecology" with

"technology." it is a new technological concept which

harmonizes the progress of technology and civilization, rather

than merely pursuing technology designed only for efficiency
and profit.
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CURRICULUM VITAE

Professor Frei Otto

1925 Born in Siegmar. Sachsen, Germany

1950-1951 Studied sociology and city planning at the

University of Virginia
Obtained the title "independent architect" from Berlin1952

Became a visiting professor at the University of

California. Berkeley and at Harvard University

Served as professor and director at the Lightweight

Piane Support Institute of Stuttgart University

Founded Atelier Warmbronn

Doctor of Art and Architecture from the University of

Washington, U.S.A.

1962

1969

1973

Honorary Doctor of Science from Barth University, U.K.1980

In addition. Professor Otto has worked with numerous

architectural styles including gardens, kindergartens, churches and

hotels as wel! as the German Pavilion in the Montreal

Expo of 1967 and the Roof of the Munich Olympic Games in 1971,

receiving various awards from many countries.
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he creation of a humane civilization is a great challenge facing all mankind In order

to solve the problems of modern civilization a completely new approach ts required
The HONDA FOUNDATION advocates eco technology a new concept of tech

nology which does not pursue efficiency and profits alone but is geared toward harmony with

the environment surrounding human activities
To establish and diffuse this concept of eco technology which aims at the harmony of eco

logy and technology the HONDA FOUNDATION established the Honda Prize in 1980
This prize 1s awarded annually to an individual or an organization irrespective of nationality

for a distinguished contribution in the field of eco technology The prize includes a donation

of ¥10 000 000
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into ecological structure organization and models imbued with a harmony and natural

balance Further he has presented many outstanding works of architecture which have

been built utilizing such new methods and which reflect his concept of a beautiful and
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HONDA PRIZE Professor Frei Otto

4 ee Oe

Persona H story
1925

1950 1951

1952

1962

1964

1969

1973

1980

Born in Stegmar Sachsen Germany
Studied soctology and city planning at the University
of Virginia
Obtained the title independent architect from Berlin

Became a visiting professor at the University of Calt
fornia Berkeley and at Harvard University
Served as professor and director at the Lightwerght
Plane Support Insticuce of Stuttgarc University
Founded Atelier Warmbronn
Doctor of Art and Architecture from the University
of Washington USA

Honorary Doctor of Science trom Barth University
UK

In addition Protessor Otto has Worked with numerous architectural

styles including gardens kindergartens churches and hotels as well

as the German Pavilion in the Montreal Expo of 1967 and the

Roof of the Munich Olympic Games in 1971 receiving various
awards from many countries
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Professor Otto s Works of Architecture
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Letter of Recommendation by Kiyonori Kikutake. Architect
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Prof. Frei Otto has explored the new realm of architecture called membrane structure,

and has led its successful development by skillfully performing the phillosophical
and logical structuring of this new technology through his gifted talents.

He has learned from ecological organizations, structures and models that are in harmony

and equilibrium with nature, developing his unique membrane structure through

interdisciplinary cooperation between biology, ecology and sociology.
As a result, he has been able to minimize waste in architecture and has opened the

for assembly, dismantling, transportation and repeated use by reducing weight,

@.. providing an excellent soluuon to the task of modern architecture which was

effective utilization and conservation of resources.
He has then remarkably expanded the range of application of membrane structure

from an architecture to a city, from exterior to interior and from temporary to

parmanent and has realized numerous master pieces in various places of the world

Prot. Free Otto is a leading scientist, artist and architect of the world who

represents contemporary Germany and provides us with an image of the future more

than any other individual.
Prof. Frei Otro has taken architecture with membrane structure beyond a mere

technological result and has accomplished the establishment and realization of a true

eco- technology for the environment in a rich and gentle manner. Therefore,

recommend Prof. Frei Otro as being worthy of the Honda Prize for his culturally-

oriented accomplishment.

HONDA PRIZE Lau reates

1980
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Gunnar Hambraeus
(Chairman, Royal Swedish Academy of Engineering
Sciences)

BRE
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Harold Chestnut
(SWIIS Foundation, Inc}

1982
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John F. Coales
(Professor Emeritus, University of Cambridge)

1983.
AUR TU IVY (AL¥-)
llya Prigogine
(Professor, Free University of Brussels)
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Umberto Colombo
(Chairman, The ftahan National Commission for
Nuclear and Alternative Energy Sources)

1985
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eeeeed
Carl E Sagan
(Protessor. Cornell University)

1986.
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Jun-icht Nishizawa
(Professar Tohoku Un vers ty)

198 4.

Jean Dausset
(Professor, College de France)

1988
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Paolo Maria Fasella
(Professor, Commission of the European Communities)
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Lotfi Asker Zadeh
(Professor, University of California, Berkeley)
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Honda Foundation

RObjective
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President Takeso Shimoda

Modern society has achieved greater pros-
perity than ever, thanks to sustained high
economic growth which has been made pos-
sible through a rush of technological innova-
tions in production, traffic, transportation,
communications and other activities. We are

experiencing revolutionary changes in our
way of life, and in our changing life-style we
have also expanded our horizons,
This achievement, made at a fast pace, has

had negative effects too: environmental

destruction, pollution, urban density, popula-
tion explosion, food shortages, growing
nationalism plus a number of other deep-
rooted, complex issues,

Serious efforts have been made to resolve
these problems, Each of them, however, is a

kaleidoscopic reflection of different elements
of modern civilization, and thus requires a

completely new approach in the search for a

resolution,
A makeshift resolution serves no purpose,

Wisdom and effort must be pooled on an

international level, and through an interdisci-

plinary approach to the analysis of modern

civilization, the results can be used for the

promotion of human welfare and happiness,
In such a way must we strive to create a

higher level of humane society,
In order to provide the opportunity for

scholars, researchers and specialists from all
walks of life, irrespective of nationality, to
meet together and freely discuss the present
state and the future of our civilization, the

HONDA FOUNDATION sponsors interna-
tional exchange, symposia and study proups,
and offers prizes and awards for the promo-
tion of research, education and other such

activities, and also carries on its own study
and research, making use of the achievements
of modern civilization, the FOUNDATION
was established with such objectives in mind,
and by extending its own activities to fulfil
the requirements of the modern age, it con-
tributes towards the creation of a truly
humane civilization,
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Honda Foundation

Advocacy of
Milestones in the History of the HONDA FOUNDATION : "£co-Technology"

APBROOCHABET So LILAA
dbirbne bo TOKS SCT.
DURES HED BARORT I b
oT. (LEDTHREE 3 LOTT.
ASIHEABS, COMER ELI FAR

RLY 2B BHHEL LtVY TS

197641 HTS b

RSH
DE OF RPArlRD, AIHBES 3

CTECK,

AE 3 Hird ABAHOCH

CHS LORRIZCEO, PaAMlOabv FZ

tock,

& ( SSA b OGRA? ld LAOAT
"mae yay,

VEAL, COMAPI BRAS

OBA ie, tik
+ BPTI LS

PUbVRMELET.
2) AMHORY-

OLD 6 gee7

ADL PES 4b OC.
AU £ LT1, 000HFJay othe

3) FRAN SKBHS & LOTReROTEE
771 PER wear,

TETRA (=3cA OBR © SCLBEE ER

9HFXEL ET.

The creation of a humane civilization is a

great dream of mankind, It can be realized

only through the joint efforts of modern-day
intellectuals, particularly those engaged in

technology,
The HONDA FOUNDATION, on this

basis, has sponsored the DISCOVERIES
Symposia, Starting with the 1st Symposium
held in Tokyo in 1976 to the 9th Symposium
held in Vienna in 1987, many scholars and

As a result of these symposia, there is a

growing understanding that the development
of technology chat can truly contribute to

human society is vital in the "Creation of a

Humane Civilization," the objective of the

HONDA FOUNDATION, Consequently, a

DISCOVERIES declaration was issued on the

final day of the 4th Symposium in Stockholm

to announce future activities,
The declaration was based upon the objec-

tive of establishing a technology, in a true

sense, that aims at harmony with the overall

environment surrounding human activities

rather than mere efficiency and profit, For

the establishment and diffusion of this new

concept of technology, eco-technology."

SSC OBA

ered and openly discussed various themes
specialists from all over the orld have ga
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activities in the following three areas wereAAT) -ABE
proposed:

Internatio>1. The DISCOVERIES
Symposia of scholars and specialists from

all over the world for realization of "eco-

technology" will be held,
2. A Honda Prize has been established, to be

awarded annually an individual or an

organization, irrespective of nationality,

for a distinguished achievement in the

field of "eco-technology,
" The prize

includes the sum of ¥10,000,000,

3. International seminars and workshops will

be held as needed to establish and diffuse

the eco-technology and to deepen

mutual understanding in the field of tech-

nology and culture,

DITTAAS NLS

KF4 AWS) -A(DISCOVERIES) TH Wyk 2

CIES "Definition and
Identification Studies on Conveyance Of Values,
Effects and Risks Inherent in Environmental
Synthesis" EPROPTART RR (ofrePR
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*The term "DISCOVERIES" 1s, besides being the plural

form of the word "Discovery, a term formed bv the sntuals

of the words "Definition and Identification Studies 0"

Convevance Of Vlues, Effects and Risks Inherent n

Environmental Svathesis "
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October, 1976

May-June, 1977

November, 1977

October, 1978

November, 1978

August, 1979

November, 1980

November, 1981

May, 1982

November, 1982

April, 1983

September, 1983

November, 1983

December, 1983

May, 1984

August, 1984

November, 1984

September, 1985

October, 1985

November, 1985

October, 1986

November, 1986

July, 1987

November, 1987

December, 1987

mag AII52 41227Fike
MFounded on December 27, 1977

1st DISCOVERIES International Symposium in TokyoRYU ORD)
Soichiro Honda tours Europe to promote the cause of
DISCOVERIES

2nd DISCOVERIES International Symposium in

Rome

3rd DISCOVERIES International Symposium in Paris

Ist HONDA FOUNDATION Tokyo Symposium

4th DISCOVERIES International Symposium in Stoc-

kholm

Conferring Ceremony of the Honda Prize 1980
2nd HONDA FOUNDATION Tokyo Symposium

19804JAA04

2

Conferring Ceremony of the Honda Prize 1981
2s

5th DISCOVERIES International Symposium in Colu-
mbus, Ohio

Conferring Ceremony of the Honda Prize 1982

6th DISCOVERIES International Symposium in Lon-
19834 4 H B64 AALS) - KYA (ay Py)

(hv 7)1983419 1 Fax) PURE
don

1st Seminar Co-sponsored by the HONDA FOUND-
ATION and AGNELLI FOUNDATION in Torino

Conferring Ceremony of the Honda Prize 1983

1983412J : RLU RGR ONYAROW)> 7 VP

Malaysia International Symposium in Kuala Lumpur198448J BT [nr4 Ave y - 2
2nd Seminar Co-sponsored by the HONDA FOUN-
DATION and AGNELLI FOUNDATION in Tokyo

7th DISCOVERIES International Symposium in M-

elbourne

Conferring Ceremony of the Honda Prize 1984

3rd Seminar Co-sponsored by the HONDA FOUND-
ATION and AGNELLI FOUNDATION in Torino
8th DISCOVERIES International Symposium in Brus-

sels

Conferring Ceremony of the Honda Prize 1985

4th Seminar Co-sponsored by the HONDA FOUNDA-
TION and AGNELLI FOUNDATION in Tokyo

Conferring Ceremony of the Honda Prize 1986

198549 A 3 Y pee Se Ch YZ)
#8 lnlr AA-T) -Azo vyRLV!4
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1

Seminar Sponsored by the HONDA FOUNDATION
with the cooperation of the Institute of Japanese Studies

of the Chinese Academy of Social Sciences in Bejing.
9th DISCOVERIES International Symposium in Vie-

19874121 AWA PRESET a

nna

Conferring Ceremony of the Honda Prize 1987

Seminar sponsored by the HONDA FOUNDATION
with the cooperation of Australian Academy of

Technological Sciences and Engineerng

5
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September, 1988 The 5th seminar co-sponsored by the HONDA FOUN.
DATION and AGNELLI FOUNDATION in Torino

November, 1988 Conferring Ceremony of the Honda Prize 198819894 9 1

September-October, Co-sponsored the symposiums of Science & Technology
1989 "Europalia 89 Japan.

(Brussels, Toulous, Varese, Berlin. Lisbon)

November, 1989

November, 1990

The Ist DISCOVERIES International Symposium 1976 Tokyo

Conferring Ceremony of the Honda Prize 1989

Conferring Ceremony of the Honda Prize 1990

©
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The 1st Symposium was held in Tokyo

October, 1976, The theme was An inte

gent human approach to traffic problems
The theme was discussed fiom an interdisc.pl.-

nary point of view by specialists representing
a cross-section of academic fields, The mean-

ing of "traffic" was explored as an integral

part of our civilization, as well as its signifi-
cance both for our society of the present day

and for our posterity,
A new awareness emerged at the Sympo-

sium: Namely, that underlying che DISCOV-

ERIES activities should be the concept of the

Thinkers' Olympics, For the "Harmony of

Scientific Technology and Human Society,
wisdom should be pooled from all available

sources,

6



The 2nd DISCOVERIES International Symposium 1977 Rome

vyROUATIL, i?FARXHOBAIE

OP

FU ADP FHF
THLE D, KO? SOUPS HE LR.
LSE Tami AL TO4 ALL, BR
Wve AWARE & ORL tHe)He

Ly FySIRT
ves XPALL LIER
fee, ACR 3PEE LAT
THE ZL,

ASS ln] AAS) YYRY
The 3rd DISCOVERIES International Symposium 1978 Paris

During the 2nd DISCOVERIES Interna-

tional Symposium, held in Rome in 1977,
animated discussions took place on the theme

of "Review to cope with megacrisis",
Through the participation of the represen-

tatives of 15 countries in Europe, the U.SA.,
Asia and Africa who gathered at the Sympo-
sium the following two conclusions were

drawn:

1) The interdisciplinary approach adopted
by DISCOVERIES 1s indispensable in

resolving the various problems faced by
modern society, such as population, food

shortages, energy resources and mutual

understanding,
2) New scientific approaches and in partic-

ular data analysis by computer, should be

used together with traditional scientific
methods related to mankind,

2
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The principal theme of the 3rd DISCOV-
ERIES International Symposium, held in Paris

in 1978, was "Communication in Human

Activity." The sub-themes were "What is

Communication?," "The Development of

Communication," "Society and Communica-

tion,' and "Communication and Socio-

economic Phenomena."
A total of 51 scholars and technical experts

representing 15 countries participated and

their lively free discussions attracted the atten-

tion of the Paris media,

DISCOVERIES
Symposium INnterNaTIONAl
COMMUNICATION DANS2ACTION HUMA

PARIS BRE27

On the Humane Hi uM as leds
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The 4th DISCOVERIES International Symposium 1979 Stockholm
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His majesty, the king of Sweden delivered
the opening address ar the 4th DISCOVERIES
International Symposium in Stockholm in

August, 1979,
With the main theme, "Man and Society-

Automated for Information Processing, 39

specialists, in such fields as science, political
science, sociology, and philosophy gathered
from all over the world to discuss the three

sub-themes: "Machines," "Individuals," and

dent Shimoda of the HONDA FOUNDA-
TION proclaimed the "DISCOVERIES Decla-

ration," in which the future activities were

indicated,
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On the final day of the Symposium, Pred
Society and Computers.
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The 5th DISCOVERIES International Symposium 1982 Columbus, Ohio
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The Sch DISCOVERIES International Sv

posium was opened in May 1983 with

presentation of a message from President

Reagan by Governor Rose of the state of

Ohio,
With the main theme, "The Social Impact

of Advanced Technology," 150 scholars and

technical experts (52 of them participated in

the discussion} from Japan, the U.S., and 7

European countries gathered to openly discuss

the four sub-themes, "Computers and Robots,"

"Robotics and Automated Production Con-

trols," "Advanced Technology and Human

Health," and "The Social Implications of

Advanced Technology."
The Symposium was directed at the most

current problem of the social effects of

advanced technology and discussed what man

should do not to be used by advanced technol-

OCHSHELI,
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ogy but to have full control over it,



The 6th DISCOVERIES International Symposium 1983 London
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The 7th DISCOVERIES International Symposium 1984 Melbourne

Prince PHILIP, Duke of EDINBURGH,
delivered the opening address at the 6th
DISCOVERIES International Symposium in

London in April, 1983,
With the main theme, "Social and Cultural

Challenge of Modern Technology," lectures
and discussions were held on the sub-themes,
"Modern Technology in the Context of
Western Europe "Advanced Technology in
North America, Technology and Cultures in

0 I S Ly st
Technology in Southeast Asia and Japan."
The Symposium ended successfully with 150

participants (49 of them participated in the

discussion) from 13 different countries, in-

cluding Dr. Moeen Qureshi, Senior Vice-
President Finance, World Bank, Sheikh
Yamani, Minister of Petroleum and Mineral
Resources, Saudi Arabia, Dr. Umbert Agnelli,
Vice-Chairman, FIAT, etc,
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The 7th DISCOVERIES International Sym-

posium, held in Melbourne in August 1984,

began with the opening address by Mr.

Murray, Governor of Victoria,
The main theme for the Symposium was

"The Use of Resources and Technology in the

Interest of Mankind." 41 specialists of each

field, including academicians and engineers
from 12 countries, lectured on and discussed
the sub-chemes of: "The Roles of Academia,

Industry and Government," "The West Pacific

Technological Competition, Complementa-
tion and Cooperation," "Technological and

Cultural Needs and Obligations of the Less

Developed Countries" and "Highly Developed
Countries especially Europe the Americas and

Japan." Active discussions were held on what
should be done by the developed and develop-
ing countries, The significance of the Sympo-
sium being held for the first time in a country
other than the U.S., Europe or Japan was

reflected in its results,
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The 8th DISCOVERIES International Symposium 1985 Brussels
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The 8th DISCOVERIES International Sym-

posium was held at the Royal Academy of

Belgium in Brussels, Belgium, in October

1985 under the chairmanship of Professor I,

Prigogine of Free University of Brussels,
Ninety-four people from 20 countries

around the world participated in the sympo-
sium under the main theme of "Laws of

Nature and Human Conduct." A variety of

presentations were given on "culture and

lenge of advanced technology, followed by

lively academic discussion,
Mr. Alvin Toffler, auchor of "The Third

Wave," and Dr. J. Salk, celebrated for his

work on polio vaccine, also lectured before

the King Baudouin at the palace,

a8

B DISCOVERIES

1.
technology for the forthcoming new era af

civilization as weil as interdisciplinary h
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The 9th DISCOVERIES International Symposium 1987 Vienna

The 9th International Symposium was

at the international conference hall of

burg Palace inVienna in July 1987 under the

main theme of "Complexities of the Human

Environment." 52 people from 13 countries

patricipated in the symposium to hold wide-

ranging discussions on what types of interac-

tions will be generated between human soci-

ety and the natural environment due to the

influence of culture, which has become in-

accompanying the

h

H

creeasingly complex
expansion of technical/economic activities,

and the cultures facet-technology. The partic-

ipants exachanged their opinions from the

viewpoints of technical/industrial activities,

énvironmental policies and social organisa-

tions.

DISCOVERIES P SH COATER
international
Symposium

au D Vienna 1987

Cy,

77

SIMs AVY FEA
AMIEL,

FOL SS SOT
T. BON

CUBA PRE Ue

10



The Ist HONDA FOUNDATION Tokyo Symposium 1978
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The 2nd HONDA FOUNDATION Tokyo Symposium 1980

The DISCOVERIES International Sympo-
sium first held in Tokyo in 1976 was followed

by one in Rome, and then in Paris, and drew

international attention,
In November 1978, a Tokyo Meeting for

the DISCOVERIES International Symposia
was held on the theme, "Communication of
Culture and Technology," with the purpose of

deepening the understanding of the Japanese

people, Professor E. Caianiello, Vice-President
of Salerno University, Italy, and Professor J.C.
Shimon of the Paris VI University were

among those invited to participate in the

lively discussions on the social theory of

de-industrialization, communication theory,
etc
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In November 1980, the 2nd HONDA
FOUNDATION Tokyo Symposium was held

with the main theme, Eco-Technology
Communication of Technology and Culture,"
for the purpose of establishing and diffusing
of "eco-technology" to resolve the problems
of modern technological civilization,

In order to establish the Japanese concept
of technology, discussions were held on the

sub themes the "Challenges in Establishing

Eco-Technology," (the background of this

new concept was explained, and problems
were brought up); "Civilization and Eco-

Technology," (the necessity of the concept of

"each technology for each culture" was

pointed out); and the Japanese Concept of

Technological Development and Eco-

Technology," (successful cases of applying
characteristics, peculiar to Japanese society,
to technological development),

7 SAS CRASH
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Alternately in Tokyo and in Torino,
Italy where the Agnelli Foundation is loc-FUTURAMAndustrial Creativity-Japan and Italy
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Honda FoundationG. Agnelli Foundation Seminar
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ated, a two countries seminar has been
held under the contemporary subject bet-
ween not only Japan and Italy also Japan
and Europe.
September 1983 (Torino)
Technology and Social Changes
-Comparison of Japan and Italy"
May 1984 (Tokyo)

- Japan and Iraly"

September 1985 (Torino)
"Automation Technology and Socio-Eco-
nomic Consequences"
October 1986 (Tokyo)
"Perspective on the European Technology
and International Cooperation
September 1988 (Torino)
"EC unification in 1992"

"FUTURAMA- Industrial Creativity a
IBS JOHit Ly

(bY 7)

As one of the events in "Europalia »
Japan, a cultural affair introducing Japa
held mainly in Brussels, Belgium for 3-

months in aurumm, 1989, Honda Foun-

datinn co-sponsored a series of symposiums
with EC, Joint Research Center, concerning

Science and Technology. Visiting Brussels

and several cities in France. Iraly, Germany

and Portugal, Dr. J. Kondo (President,

Science Council. ofJapan), Dr. M.Oda
(President RIKEN) Prof M Okamoto

(Professor Emeritus, Kyoto University) and

other 70 interdiciplinery experts partici

pated in symposiums and they exchanged

their opinion to understand each other

ty hth r FCT INI Lal
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under the various themes.
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Malaysia International Symposium
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The International Symposium, held in

Kuala Lumpur, Malaysia in December 1983
statted with the opening address by Prime

Minister Mahathir,
At this Symposium, co-sponsored by the

Honda Foundation, the International Associa-

tion of Traffic and Safety Sciences (Japan),
the University of Malaya (Malaysia) and

Centro di Ricerca e Documentazione Feb-

braio '74 (Italy), the main theme was "Tech-

nology, Culture and Development." During
10 sessions, 40 participants from four coun-

tries lectured on and discussed the issue of the
transfer of technology in the interest of the

recipients from cultural, social, economic,
traffic and educational points of view.

AHA]
Seminar Sponsored by the HONDA FOUNDATION with the cooperation of the Institute of
Japanese Studies of the Chinese Academy of Social Sciences.
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Seminar sponsored by the HONDA FOUNDATION with the cooperation of Australian Academy of
Technological Sciences and Engineering(A.T.S.)

A seminer sponsored by the HONDA
TOT ND ATION in co
Institute of Japanese Studies of the Chinese

Academy of Social Sciences was held at the

National Peoples Congress Hall in Beijing,
the Peoples Republic of China in November

1986 under the theme of "Technological
Civilization and Modernization." A total of

200 participants from the two countries were

involved in active discussions on the state-of-

the-art technologies and bilateral cooperation,

resulting in the further promotion of mutual

understanding and friendship.
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In December 1987, a two countries semi-

nar jointly organized by the Honda Founda-
tion, A.T.S. and the Society of Non-
traditional Technology was held in Tokyo un-
der the theme of ''Australia and

Japan/ Advanced material technology
The seminar was ended successfully with

70 participants exchanging their opinions
about the progress of the technology in both

countries, following the lectures by Japanese
and Australian scholars of advanced

b 7 ) TF
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materials.
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1980
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Gunnar Hambraeus
(Chairman, Royal Swedish Academy
of Engineering Sciences)

Professor Hambraeus has been

playing a leading role, for many yeas,
in bringing abour close cvordination
among the Swedish public, academic
and industrial sectors in the field of
engineering sciences as well as in

enhancing «international collabora-
tion in the same field among aca-
demic organizations of the industrial
countries.

1983
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GBT jPRsPLA,
llya Prigogine
(Professor, Free University of Brus-
sels)

Professor Prigogine has made a

significant contribution to the estab-
lishment of the original theories in
the field of chemistry and physics and
ther application to the practical
aspects such as urban development
and traffic problems. He has also

played a leading role for long years in
various international activities con-
cerning the environmental problems.
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Harold Chestnut
(SWIIS Foundation, nc.)

Dr.Chestnut has made great contri-
butions to the promotion of Systems

Engineering Research, both tn aca-
demic and industrial sectors, as well
as his leading role played for long
years in various international organ-
izations of engineers.

1982 e

984

FUP)
BILLxLEoFRE

FAHOoECT TLTSAOR
CAPESFERRE AMOICR

Le
Umberto Colombo
(Chairman, The Italian National
Commission for Nuclear and Alter-
native Energy Sources)

Mr.Colombo has made a signifi-
cant contribution to the solucion of
various problems facing modern soci-
eties;and also in recogntion of his
contribution to the transfer of scien-
tific cechnology from academic
boundaries to practical appliications
in peoples everyday lives.
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John F.Coales
(Professor Emeritus, University of

Cambridge)
Professor Coales has made great

contribution to the advancement of
the theory and industrial application
of Auromaric Control Technology
both in academic and industrial sec-

tors, and the promition of transfer of

technology to developing countries.
He has also played a leading role for

long years in various international

organizations of engineers.
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Carl E.Sagan
(Professor, Cornel! University)
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Dr.Sagan has made a significant
contriburion toward ecotech-

nological exploration of space, as

theory of technological development
for the new era of civilization, based

on a more cosmic viewpoint.
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Jun-ichi Nishizawa
(Professor, Tohoku University)

Professor Nishizawa has made a

significanc contribution to the estab-
lishment of basic theories in semicon-
ductor and electronics engineering as
well as in their applied fields, and
also, to putting such basic theories
into practice. He utilized technology
for the sake of humanity and the

development of society.

1989
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Lotfi Asker Zadeh
(Professor, University of California,
Berkeley)
As an advocate of Fuzzy Theory,
Prof. Zadeh has been participating in
activities around the world for che
development of this theory, thereby
combuting toleading the information
onented society of the future towards
a more human direction.

987
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Jean Dausset
(Professor, Catlage de France)

Professor Dausset has promoted a

worldwide movement called the
"Universal Movement for Scientific

Responsibility" as its leader in a bid
to clarify the benefits and evils which
may be brought by the advancement
of science and technology so as to
utilize science and technology for the
furure of mankind and the earth.

1990
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Frei Otto

(Professor, University of Stuttgart}
Prof. Otto, who established the

concept of lightweight architecture
referred to as a membrane structure,
has presented many ourstanding works
of archirecture ucilizing such new met-
hods and which reflect his concept of
a beautiful and rich human environment.

1988
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Paolo Maria Fasella
(Professcr, Commission of the

European Communities)
Professor Fusella has achieved an out-

standing reseacch work in the field of
life science and its applied areas and,
also. done the extensive international
activities which contributed greatly
cowards harmonious development be-

cween man and science in this modern

world.
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Honda Foundation

FA

@ Honorary Fellows
Eduardo Caianiello
(Dean, University of Salerno)
Jean Claude Simon
(Professor, Pierre et Marie Curie
University)
Edward H. Jennings
(President, Ohio State University)
Viscount Caldecote
(President, The Fellowship of Engi-
neering)
David Zeidler
(President, Australian Academy of
Technological Sciences and Engi-
neering)
Jacques Solvay
(President, The International(Solvay)
Institutes of Physics and Chemistry)
@ President
Takeso Shimoda
Gudge of the Permanent Court of
Arbitration)
@ Vice-President
Hiromori Kawashima
(President of Central League)
@ Managing Director
Toshio Sasaki
@ Directors
Shuhei Aida
(Professor, University of Electro-
Communications)
Yoshio Okawara
(Executive Advisor, KEIDANREN/
Japan Federation of Economic Organ-
zation)
Eiji Tokura
(Chairman, International Hospitality
and Conference Service Association)
Takao Harata
(Advisor, Honda Motor Co., Lrd.)
Mursuo Yanase
(Professor, Sophia University)
Hideo Yamamuro
(News Commentator, NHK)
@ Auditors
Hiromichi Nakase
(Managing Partner,
Audit Corporation)
Masayosh1 Tsukamoro
(Statutory Auditor, Honda Motor
Co., Ltd.)
@ Advisors
Taizo Ueda
Noboru Okamura
(Advisor, Honda Motor Co., Ltd.)
Hideo Sugiura
(Advisor, Honda Motor Co., Ltd.)
Michihiro Nishida
(Advisor, Honda Motor Co., Ltd.)
Shinsaku Hogen
(Advisor to the President, Japan
Incernarional Corporation Agency)
Soichiro Honda
(Supreme Advisor, Honda Motor Co.,
Ltd.)
Benjiro Honda

Chuo Shinko

Councillors
Keita Asari
(President, Shiki Theatrical Com-
pany)
Kazuhiko Atsumi
(Professor, Emeritus University of
Tokve)

(EB3 7SENTRA)

Takemochi Ishii
(Professor, University of Tokyo, Fac-

ulty of Technology)
Ichiro Emori
(Professor, Emeritus Setkei University,
College of Technology)

Shosaburo Kimura
(Professor, University of Tokyo, Col-
lege of General Education)
Masataka Kosaka
(Professor, University of Kyoto, Fac-

ulty of Law)
Akinobu Kojima
(President, QUICK Corp.)
Reikichi Shirane
(Professor, Tama Institute of Manage-
mene & Information Sciences)

Shuji Takashina
(Professor, University of Tokyo, Fac-

ulty of Literature)
Akira Tsujimura
(President, Tohoku Womens College)
Toshiro Terano
(Professor, Hose: University, Faculty
of Technology)
Mineo Nakajima
(Professor, Tokyo University of For-

(Dean, Tama Institute of Manage-
ment & Information Sciences)
Toshiyuki Furukawa
(President,Osaka National Hospital)
Yoichiro Murakami
(Professor, University of Tokyo, Re-

search Center for Advanced Science

Kikutake
(Architect)
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Professor Lotfi Asker Zadeh

is awarded HONDA PRIZE together with all the

privileges and honours pertaining thereto, recognizing
that as an advocate of Fuzzy Theory which incorporates
the vagueness of the human brain compared with

computer systems, Prof. Zadeh has been participating
in activities around the world for the development
of this theory, thereby contributing to leading the

information oriented society of the future towards
a more human direction.

Biography and Positions
1921 Born in Baku, U.S.S.R.
1942 Graduated from the University of Teheran

(electrical engineering)
1946 Completed a master's course at Massachu-

setts Institute of Technology
1949 Completed a doctor's a course at Columbia

University
1953-1957 Served as Associate Professor at Columbia

University
1957-1959 Served as Professor at Columbia Univer-

sity (electrical engineering)
1962 and Became a visiting professor at Massachu-
1968 setts Institute of Technology

(electrical engineering)
1959 to

present

Serving as professor at the University of
California, Berkeley (electrical ngineering)

Until 1965, Prof. Zadeh's work was centered on system
theory and decision analysis. Since then, his research
interests have shifted to theory of fuzzy sets and
their application (artificial intelligence, linguistics,
logic, expert systems, etc.). Prof. Zadeh was awarded

honorary doctorates by the Paul-Sabatier University,
France,and the State University of New York in

recognition of his development of the theory of fuzzy
sets.

At present, Prof. Zadeh is a fellow of the IEEE
(Institute of Electrical and Electronics Engineers ) and
AAAS (American Association for the Advancement of
Science), and also a member of the National Academy
of Engineering.
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The Birth and Evolution of
Fuzzy Logic

Professor Lotfi A. Zadeh
University of California, Berkley

Text of a lecture presented on the occasion of the award of the 1989 Honda Prize on
17 November, 1989

I feel honored to have been chosen as the win-
ner of the 1989 Honda Prize. To me this honor has
a speical significance. First, because it represents
an important recognition of the validity of the ideas
which were set forth by me more than two decades
ago. And second, because these ideas have found
a fertile soil in Japan-a country for which I have
a deep admiration and affection. It gives me great
pleasure to take this opportunity to pay my trib-
ute to the brilliant Japanese scientists and engineers
who have contributed fundamentally to the de-
velopment of fuzzy logic and its applications and
who have played such an important and enlight-
ened role in the international community of fuzzy
mathematicians, scientists and engineers.

Unlike traditional logical systems, fuzzy logic
is aimed at providing amodel for modes of reason-
ing which are approximate rather than exact. In
this perspective, the importance of fuzzy logic der-
ives from the fact that almost all of human
reasoning-is approximate in nature.

The basic ideas underlying fuzzy logic were
described in my first paper on fuzzy sets which was
published in 1965. This paper and my subsequent
papres on fuzzy sets drew a mixed reaction. Some
academics and especially the late mathematicians
Richard Bellman and Grigori Moisil, greeted my
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ideas with enthusiasm. For the most part, however,
what I encountered was skepticism and, on occa-
sion, downright hostility. Today, twenty-five years
later, the controversy surrounding fuzzy logic is.
still with us, though not to the same degree. The
numerous applications of fuzzy logic, especially is

Japan, are too visible to be denied. There are still
some, however, who remain unconvinced that fuz-
zy logic has something important to offer. The
Cartesian tradition of respect for what is quantita-
tive and precise, and disdain for what is qualita-
tive and imprecise is too deep-seated to be
abandoned without a fight. The basic tenet of this
tradition was stated succinctly by Lord Kelvin in
1883, ''In physical science a first essential step in
the direction of learning any subject is to find prin-
ciples of numerical reckoning and practicable
methods for measuring some quality connected
with it. I often say that when you can measure what
you are speaking about and express it in numbers,
you know something about it; but when you can-
not measure it, when you cannot express it in num-
bers, your knowledge is of a meagre and unsatis-
factory kind: it may be the beginning of knowledge
but you have scarcely, in your thoughts, advanced
to the state of science, whatever the matter may
be."'

In a similar vein, in commenting on a paper



of mine in 1972, Professor Richard Kalman wrote
'*T want to say only a few words about what hap-
pens to the application of algebra. As an example,
I will use a notion of a fuzzy set mentioned by Prof.
Zadeh. Let me say quite categorically that there is
no such a thing as a fuzzy scientific concept, in my
opinion."'

"We do talk about fuzzy things but they are
not scientific concepts. Instead, let us view the de-
velopment of science as something like the follow-
ing. You look at a vast mass of facts-fuzzy or
not-and you would like to make some sense out
of it. This is usually done through rising to a higher
conceptual level, by working harder than the aver-
age person. some people in the past have discovered
certain interesting things, formulated their findings
in a non-fuzzy way, and therefore we have
progressed in science."'

Despite the skepticism and hostility, there is,
today, a rapidly growing international communi-
ty of scientists and engineers who are actively en-
gaged in the development of fuzzy logic and its
applications. In the forefront of this activity are
Japan, The People's Republic of China and the
Soviet Union. In Japan, in particular, the ideas of
fuzzy logic have found a wide acceptance, as is evi-
denced by the establishment of LIFE, the Labora-
tory of International Fuzzy Engineering, which is
certain to become the world's premier center for
research and development relating to fuzzy logic
and its applications. One cannot but admire the
work done in Japan and the foresight of a small
group of eminent scientists who nurtured the field
while it was still in its initial stages of development.
I should like to pay my tribute to this group-a
group which was led by the late Professor Kokichi
Tanaka of Osaka University, and Professors T.
Terano, K. Asai, M. Sugeno, H. Tanaka, M.
Mizumoto, M. Mukaidono and K. Hirota. I would
like to do so, but time does not allow me to men-
tion the names of outstanding scientists and en-
gineers in Japan who are currently contributing so
importantly to the development of fuzzy logic and
its applications in a wide variety of fields ranging
from train control and resource allocation to med-
ical diagnosis and portfolio management.

What are basic ideas underlying fuzzy logic?
What are its potentialities and limitations? These
are some of the issues on which I should like to
focus on in my lecture.

First, a bit of history. Although I am an elec-
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trical engineer by training, I have always been a
strong believer in the power of mathematics. To
me, it was an article of faith that to almost any
problem there is a mathematical solution. Like
many other workers in systems analysis, informa-
tion analysis and control, I was driven by a quest
for precision, rigor and mathematical sophistica-
tion. There was no doubt in my mind that this was
the right path to follow.

However, in the course of writing a book with
Professor Charles Desoer on linear system theory,
I began to realize that there are many concepts in
system theory that do not lend themselves to pre-
cise definition. For example, one can give a pre-
cise definition of a linear system, a stable system,
a time-invariant system, etc. But how can one de-
fine what is meant by a decentralized system, a
slowly-varying system, a reliable system, etc.?

In trying to do so, I began to realize that the
problem lay in the Aristotelian framework of clas-
sical mathematics-a framework which is intoler-
ant of imprecision and partial truth. In essence, a
basic assumption in classical mathematics is that
a concept must admit of precise definition which
partitions the class of all objects into two classes:
(i) those objects which are instances of the concept;
and (ii) those which are not, with no borderline
cases allowed. For example, a function is either
continuous or discontinuous; it cannot be continu-
ous to a degree. Similarly, a matrix is either sym-
metric or not symmetric; it cannot be somewhat
symmetric or more or less symmetric or symmet-
ric to a degree. By the same token, a paper pub-
lished in a mathematical journal is expected to @
contain precisely stated definitions, assumptions
and theorems. Generally, a paper would not be ac-
ceptable for publication if its conclusions are stat-
ed as assertions which are not unequivocally true.

In sharp contrast to the idealized world of
mathematics, our perception of the real world is

pervaded by concepts which do not have sharply
defined boundaries, e.g., tall, fact, many, most,
Slowly, old, familiar, relevant, much larger than,
kind, etc. A key assumption in fuzzy logic is that
the denotations of such concepts arefuzzy sels, that
is, classes of objects in which the transition from
membership to non-mermbership is gradual rather
than abrupt. Thus, ifA is a fuzzy set in a universe
of discourse U, then every member of U has a grade
of membership in A which is usually taken to be
a number between 0 and 1, with 1 and 0 represent-
ing full membership and non-membership, respec



tively. The function which associates with each
object its grade of membership in AA is called the
membership function of A. This function defines
Aas a fuzzy subject of U.

It is important to observe that there is an in-
timate connection between fuzziness and complex-
ity. Thus, a characteristic of the human brain,
which it shares in varying degrees with all infor-
mation processing systems, is its limited capacity
to handle classes of high cardinality, that is, class-
es having a large number ofmembers. Consequent-
ly, when we are presented with a class of very high
cardinality, we tend to group its elements together
into subclasses in such a way as to reduce the com-
plexity of the information processing task involved.
When a point is reached where the cardinality of
the class of subclasses exceeds the information han-
dling capacity of the human brain, the boundaries
of the subclasses are forced to become imprecise
and fuzziness becomes a manifestation of this
imprecision. This is the reason why the limited
vocabulary we have for the description of colors
makes it necessary that the names of colors such
as red, green blue, purple, etc., be, in effect, names
of fuzzy rather than non-fuzzy sets. This is also
why natural languages, which are much hgiher in
level than programming languages, are fuzzy
whereas programming languages are not.

Fuziness, then, is a concomitant of complex-
ity. This implies that as the complexity of a task,
or of a system for performing that task, exceeds
a certain threshold, the system must necessarily be-
come fuzzy in nature. Thus, with the rapid increase
in the complexity of the information processing
tasks which the computers are called upon to per-
form, we are reaching a point where computers will
have to be designed for processing of information
in fuzzy form. In fact, it is the capability to
manipulate fuzzy concepts that distinguished hu-
man intelligence from the machine intelligence of
current generation computers. Without such capa-
bility we cannot build machines that can summa-
rize written text, translate well from one natural
language to another, or perform many other tasks
that humans can do with ease because of their abil-
ity to manipulate fuzzy concepts.

It should be noted that the door to the de-
velopment of fuzzy computers was opened in 1985
by the design of the first fuzzy logic chip by Togaiand Watanabe at Bell Telephone Laboratories. The
conception and design of a fuzzy computer is oneof the basic research projects at LIFE, as well as

in Professor Yamakawa's laboratory at Kyushu In-
stitute of Technology. Such a computer may well
become a reality during the coming decade. It
should be stressed, however, that fuzzy computers
will employ both fuzzy hardware and fuzzy soft-
ware to process fuzzy information. In this and
other respects they will be much closer in structure
to the human brain than the present-day computers
are.

To be able to say more about fuzzy logic and
its application, I will have to clarify some of the
issues underlying the concept of a fuzzy set. For
this purpose, let us consider a concept, say kind
person, which does not admit of a precise defini-
tion in terms of a collection of necessary and suffi-
cient conditions. Such a concept may be defined
extensionally by associating with each individual
who is a member of a universe of discussion U/, his
or her grade of membership in the fuzzy set of kind
persons.

For example, the grade of membership of
Robert might be 0.6, while that of Carol might be
0.9. These numbers would be elicited from an ob-
server by asking the question ''On the scale of from
0 to 1, to what degree is Carol kind? What is im-
portant to note is that the numbers in question are
subjective in nature. In the case of Carol, for ex-
ample, the number 0.9 would not be interpreted
as a measure of consensus. That is, as the propor-
tion of individuals who when asked if Carol is kind
would respond in the affirmative; nor should 0.9
be interpreted as the probability or the belief that
Carol is kind. In this connection, it should be not-
ed that, in general, it is much easier for us to esti-
mate numerical grades of membership than to
estimate numerical probabilities.

In the case of a quantifiable concept, the
membership function may be represented as a func-
tion may be represented as a function of one or
more measurable attributes. For example, in the
case of a young person, the attribute in question
would be Age. In this case, the universe of dis-
course may be taken to be the interval [0,120], and
the grade of membership in the class of young peo-
ple of a person who is, say, 85 years old might be
0.6.

Clearly, the concept kind person and young
person are both context-dependent and subjective.
Some concepts are more context-dependent than
others. For example, many is more context-
dependent than several, and small is more context-

3



dependent than circular. As will be seen at a later
point, in the theory of fuzzy sets, context-
fdependence plays a key role in the concept of the
so-called /uinguistic variable.

It should be noted that the grade ofmember-
ship may be interpreted as the truth value of a

predicate in multivalued logic. For example, the
grade of membership of Carol is the class of kind
persons may be equated to the truth value of the
proposition ''Carol is kind.'' However, the de-
velopment of the theory of fuzzy sets and fuzzy
logic has followed a path quite different from that
ofmultivalued logic. As an illustration, in the con-
text of the theory of fuzzy sets it is natural to ask
the question ''What is a convex fuzzy set, or what
is meant by the convex hull of a fuzzy set?'' This
would not be a natural question in multivalued
logic. In a more general setting, the theory of fuz-
zy sets has stimulated the development of a new
branch of topology called fuzzy topology, which
is a sophisticated mathematical theory in the clas-
sical tradition. The conceptual framework of fuz-
zy topology is related to that of the theory of fuzzy
sets but not to multivalued logic.

So far as fuzzy logic is concerned, it may be
viewed in two different perspectives: (a) as a branch
of the theory of fuzzy sets; and (b) as a generali-
zation of multivalued logic and, especially, as a

generalization of Lukasiewicz's L'Alephl logic.
Regardless of the perspective in which it is viewed,
fuzzy logic is substantially different in both spirit
and detail from the traditional logical systems and
provides a much more general framework for
knowledge representation and inference.

Among the features of fuzzy logic which are
not possessed by tradtional logical systems are the

following:

(a) In fuzzy logic the truth values are allowed to
be fuzzy sets labeled true, quite true, very true,
more of less true, mostly true, etc. Thus, the
truth value of a proposition such as '' The crime
rate in Japan is very low,'' may be very true,
with very true representing a fuzzy subset of
the unit interval.

(b) Classical logical systems, including multivalued
logic, allow the use of only two quantifiers, for
all (universal quantifier) and there exists (ex-
istential quantifier). In fuzzy logic, the quan-
tifiers such as most, many, few, several,
usually, etc. are interpreted as fuzzy numbers
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which serve to describe the absolute or relative
cardinalities of fuzzy sets. The importance of
this interpretation derives from the fact that,
through the use of fuzzy arithmetic, fuzzy logic
provides a computational framework for
representing the meaning of propositions in a
natural language which contain fuzzy
quantifiers-as most propositions in a natur-
al language do. This capability of fuzzy logic
plays aparticularly important role in the
representation and inference from imprecise
facts and rules in knowledge-based systems.

(c) From the frequentist point of view, fuzzy quan-
tifiers bear a close relation to fuzzy probabili-
ties, e.g., likely, not very likely, unlikely, etc.,
which underlie much of the commonsense
reasoning which we employ in our daily
decision-making Through the connection be-
tween fuzzy quantifiers and fuzzy probabilities,
fuzzy logic provides a machinery for qualita-
tive decision analysis in which fuzzy utilities are
computed from fuzzy probalbilities and fuzzy
payoff functions. Once the fuzzy utilities are
known, techniques for the ranking of fuzzy
numbers may be employed to determine an op-
timal course of action.

(d) The conventional approaches to meaning
representation in natural languages are based
for the most part on predicate logic and its var-
iants. Such approaches do not address an im-
portant issue, namely the role played by hedges,
e.g., very, more or less, quite, somewhat, ex-
tremely, etc. By contrast, fuzzy logic provides
a mechanism for dealing with such hedges by
interpreting them as operators which act on
fuzzy predicates. For example, to a first ap-
proximation, the hedge very may be assumed
to act as a squaring operator, meaning that the

membership function of very tail is the square
of the membership function of tall.

As a consequence of having the capability to
deal with (a) fuzzy predicates, (b) fuzzy truth
values; (c) fuzzy quantifiers; (d) fuzzy probabili-
ties; and (e) hedges, fuzzy logic has a far greater
expressive power than traditional logical systems.
What this means is that if we were to pick at ran-
dom aa sentence in a book or a newspaper, it would
be very unlikely that its meaning could be represent-
ed in first-order predicate logic, since a typical sen-
tence in a natural language contains one or more
words which are labels of fuzzy predicates. For ex-

ample, in the sentence It is very unlikely that there



will be a significant increase in unemployment in
the nearfuture, very unlikely is a fuzzy probabili-
ty, significant increase is a fuzzy predicate, and so
is in the near future. The presence of these predi-
cates presents an obstacle in the way of applica-
tion of first-order predicate logic. By contrast, it
is a simple matter to represent the meaning of
propositions of this type in fuzzy logic by employ-
ing the techniques provided by so-called test-score
semantics. In this semantics, the meaning of a
proposition is expressed as a procedure which tests
the elastic constraints induced by the fuzzy predi-
cates and computes the degree of compatibility of
a proposition with an explanatory database. Once
the meaning of a proposition is expressed in this
manner, the inference techniques of fuzzy logic
may be employed to reduce to the solution of a
mathematical program the problem of deduction
of an answer to a query.

By providing a body of computationally-
oriented concepts and techniques for dealing with
uncertainty and imprecision, fuzzy logic comes
much closer to serving as a descriptive model of
human reasoning than traditional logical systems.
In this way, fuzzy logic opens the door to many
applications which fall beyond the reach of con-
ventional logic-based methods as well as the
methods based on classical probability theory. I will
not attempt to be more specific at this point by list-
ing the many imporant applications of fuzzy logic
which have been made over the past few years, es-
pecially in Japan. It will suffice to mention the
highly successful subway system in the city of
Sendai which started operating in July, 1987, and
has received world-wide recognition. At this junc-
ture, the number of applications of fuzzy logic is
growing rapidly in number and variety, with the
Japanese scientists and engineers, supported by the
government and industry, playing a leading role in
the development of a wide-ranging technological
and scientific base for future applications.

Most of the applications of fuzzy logic involve
three basic ideas which were put forth in my 1973
Paper, "'Outline of roa New Approach to the Anal-
ysis of Complex Systems and Decisions Processes.

The first idea relates to the concept of a /in-
guistic variable. A linguistic variable, as its name
Suggests, is a variable whose values are words or
sentences in a natural or synthetic language. For
example, if the variable height is treated as a lin-
guisitic variable, its values might be expressible as
tall, not tall, somewhat tall, very tall, not very tall,
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very very tall, tall but not very tall, quite tall, more
tall or less tall. Thus, the values in question are sen-
tences formed from the label fa//, the negation not,
the connectives and and but, and the hedges very,
somewhat, quite, and more or less. The motiva-
tion for the use of linguistic variables rests on what
might be called the principle ofminimum specific-
ity. The basic idea underlying this principle is that
precision and hence specificity carry a coat and thus
should not be used unnecessarily. For example, if
I were asked ''What is Mary's age?'' normally I
would not respond by saying twenty three years and
Jive months and five days because such a degree
of specificity would not serve a useful purpose.
Typically, my response might be young or very
young. If the specificity of these terms would be
sufficient for the purpose. The guiding principle,
then, is do not be more specific than is necessary.
This is the essence of the principle of minimum
specificity.

Viewed in this perspective, the basic idea be-
hind the concept of a linguistic variable is that,
although linguistic values are less specific than nu-
merical values, they are in many instances suffi-
ciently specific for the purpose on hand.

AS a very simple illustration, suppose that we
wish to describe in approximate terms the relation
between two linguistic variables, Age, which can
take the values young, middle-aged, and Color-of-
hair, which can take the values black, gray and
white. The relation in question may be expressed
as three if-then rules:

IfAge is young then Color-of-hair is black.
If Age is middle-aged then Color-of-hair is

gray
If Age is old then Color-of-hair is white

Fuzzy if-then rules of this type were employed
by Mamdani and Assilian in 1974 in their seminal
work on the fuzzy control of a steam engine. In
the intervening years, fuzzy logic control has been
employed with considerable success in a wide var-
iety of systems ranging from the Sendai subway to
Sugeno's fuzzy car and Yamaichi's fund manage-
ment system. We can expect the application of fuz-
zy logic control to be greatly accelerated by the
availability of fuzzy logic chips which are current-
ly in the initial stages of production and testing.
These chips are the descendants of the fuzzy logic
chips conceived by Togai and Watanabe in 1985.

The second basic idea is that of a canonical
form. Basically, the concept of a canonical form



serves to express a proposition in a natural language
as an elastic constraint on a variable. For exam-
ple, in the case of the proposition Mary is young,
the constrained variable is Mary's age, written as

Age(Mary), and the elastic constraint on the vari-
able is defined by the fuzzy predicate young. In its
canonical form, then, the proposition Mary is

young would be expressed as Age(Mary) is young,
which places in evidence that the meaning of the
proposition in question may be represented as an
elastic constraint, young, with the constrained vari-
able being Age(Mary). In this way, a collection of
propositions may be expressed as a system of elastic
constraints, and the deduction of an answer to a

query reduces to the solution of a nonlinear
program.

In addition to providing a system for
representing the meaning of propositions in a
natural language, the concept of a canonical form
in combination with the concept of a linguistic vari-
able serves to provide a basis for the representa-
tion of qualitative dependencies in systems such as

economic systems and complex control systems,
which are not sufficiently well defined to admit of
analysis by conventional methods. As was allud-
ed to already, many of the practical applictions of
fuzzy logic make use of a qualitative characteriza-
tion of input-output relations in the form of fuzzy
if-then rules in which the antecedent and conse-
quent propositions are expressed in canonical form.

The third basic idea in fuzzy logic is that of
interpolative reasoning. As its name suggests, in-
terpolative reasoning is concerned with a mode of
reasoning in which the available information is in-
complete, so that an interpolation of the available
data is required to arrive at an approximate answer
to a query. A special case of interpolative reason-
ing is analogical reasoning, in which the concept
of similarity plays a central role. In interpolative
reasoning, a comparable role is played by the

degree of match between fuzzy predicates.,

As a simple illustration of interpolative
reasoning, assume that we have two variables X
and Y and we know that when_X is small Y is large,
and Y is small when X is large. The question is:
What is the value of YwhenX is, say, medium?

The inference rules of fuzzy logic provide a
method for computing approximate answers to

questions of this type. I cannot go into the techni-
cal details of the method in question, but it will
suffice to observe that it plays a key role in fuzzy
logic control, especially in industrial applications.

(6)

In such applications, as well as in the realm of ex-
pert systems, the importance of interpolative
reasoning derives from the fact that the ability to
interpolate greatly reduces the need for a large
number of if-then rules in the knowledge-base. In
this connection, it is of interest to observe that
much of human reasoning is interpolative in na-
ture, and that the ability to interpolate depends in
an essential way on the remarkable human ability
to manipulate fuzzy concepts without a conscious
use of the underlying mathematical structure.

I should like to conclude my talk with an op-
timistic forecast. The past decade has witnessed a

rapid growth in the industrial applications of fuz-
zy logic, especially in Japan. Most of these appli-
cations involve the replacement of a skilled human
operator by a fuzzy rule-based system. The com-
ing decade will withness a maturing of fuzzy logic ¢
and the development of fuzzy computers which will
make it possible to replace not just skilled opera-
tors but, more importantly, experienced experts.
We are beginning to see such applications is the
realms of medicine, securities transactions and
computer-aided design. And we are likely to see

important applications involving a symbiosis of
fuzzy logic and neutral networks. This may well

prove to be a highly promising direction for future
research.

Finally, a word of caution. Although fuzzy
logic has a much longer reach than traditional log-
ical systems, it has its limitations. There are and
will be many tasks which humans can perform with
ease which lie beyond the capability of any com-

puter, any machine and any logical systems that
we can conceive of today. A simple example of such
a task is that of summarizing a non-stereotypical
story or a book. At this juncture, we cannot see

even dimly the structure of a logic that could be

used to perform tasks of this type.
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Professor Frei Otto
In the field of architecture, Professor Otto

has introduced and developped a new creative method

of the membrane structure based upon "his profound

interdisciplinary study into ecological structure,

organization and models imbued with a harmony and

natural balance. Further, he has presented many

outstanding works of architecture, which have been

built utilizing such new methods and which reflect his

concept of a beautiful and rich human environment.

Personal History
1925 Born in Siegmar, Sachsen, Germany
1950-1951 Studied sociology and city planning at the

University of Virginia
1952 Obtained the title "

independent architect "

from Berlin

1962 Became a visiting professor at the Univer-

sity of California, Berkeley and at Har-

vard University
1964- Served as professor and director at the

Lightweight Plane Support Institute of

Stuttgart University
1969 Founded Atelier Warmbronn

1973 Doctor of Art and Architecture from the

University of Washington, U.S.A
1980 Honorary Doctor of Science from Barth

University, U.K.

In addition, Professor Otto has Worked with nume-

rous architectural styles including gardens, kinder-

gartens, churches and hotels as well as the German

Pavilion in the Montreal Expo of 1967 and the Roof
of the Munich Olympic Games in 1971, receiving
various awards from many countries.
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Architecture and Nature

Professor Frei Otto
Lightweight Plane Support Institute of Stuttgart University

Text of a lecture presented on the occasion of the award of the 1990 Honda
Prize on (6 November, 1990

There is discord between ourselves and the
world we live in. Architects have been building
against nature for 5000 years. It has been their duty
to protect mankind against enemies, and especial-
ly against its greatest enemy: nature. Houses have
been their weapons and their symbols of victory.

The architects of today, still build against na-
ture. They have destroyed nature and they continue
to destroy nature instead of conserving it.

They can build everything they want to build.
The technical and the financial possibilities have
never been so great before. Feasibility is not the
problem today, but rather the enormous range of
options available to us.

As all buildings, -since they should not
collapse are subject to the natural laws of phys-
Ics, certain constructions and building designs are
more appropriate for certain purposes than others.
However, this fact does not reduce the number of
Possibilities open to the architect. Even the search
for the minimal house, -that is a house which has
nothing unnecessary-, has led to more than one
solution.

Against this background the question arises:
Why are so many buildings overdesigned obstacles
against nature?

Is the will to be artificial unnatural? Man him-
self has invented the artificiality by restriction based
on social conventions, doctrines, design regulations
and aesthetics. Art and the aitificial are still regard-
ed as the opposite of nature and the natural. But
these opposites are outdated. However, architects
still lack the philosophical basis which could help
us develop a new understanding of nature and to
see man as a part of it.

The ability to build naturally has yet to be de-
velopped. There is still no natural architecture. But
I hope that there will be the peace between man
and the ever changing nature. It is our duty today
to prepare the many new roads to natural and hu-
mane architecture. We will only make use of the
irretrievable chance of our age if we set to work
now; if we do what has to be done, simply, natur-
ally and friendly, with a will to peace and an aware-
ness of what is good and right.

The second half of our twentieth century is
a time of big changing. In architecture there was
taking place a radical transformation in its rela-
tion to humanity.

In the architecture of the Fifties humanity
meant creating vast amounts of living space. In the
architecture of the Sixties it meant emphasizing sim-
ple forms. In the Seventies it meant reviving past
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aesthetics. The term of humanity was alienated, be-
cause it was increasingly equated with beauty and
finally replaced by it.

At the beginning of the Sixties the term ''hu-
manity'', which had increasingly been overused,
and thus was losing much of its meaning-, was also
being related to the many varieties of the term ''na-
ture'' or ''naturalness''.

Some architects finally started to realize that
their aims, working methods and the resulting
products were, in principle, unnatural, becauseman
is increasingly becoming aware of ecological
problems and the detrimental effects of buildings.
Already, a minority of architects is promoting a
new ecological approach to architecture.

This minority no longer aims to serve the
clients or users of a specific project alone, nor to
build for man or for humanity alone, but to at-
tain a new, all-embracing naturalness. The build-
ings and the people who live in them are seen as
an integral part of a greater whole. It is impera-
tive to help people, but it is no longer man who
is the center of nature.

This new view of nature leads to a new un-
derstanding of nature, not only by architects. The
most recent findings of natural science and an
awakened society force us to reconsider. The
awareness that vast ecological systems are ailing has
a mobilizing effect on us.

The youngest ecological system within evolu-
tion is the human city which has probably never
been genuinely healthy since it came into existence.
Not blind conservation of nature, but integration
of the natural individual into his environment, into
the world in which he lives, is our new task. And
this means achieving greater knowledge of the
natural processes which lead to the forms of ob-
jects. These forms, in turn, form the overall pic-
ture of nature.

Just as architects of the Twenties never found
the entirely simple and inexpensive ''house per se'',
so the form of the ''natural house'' and further-
more the ''natural city'' has still to be found to-
day, -not surprisingly, since only a few architects
are searching for it anyhow. Most are content to
celebrate those forms which they think are ecolog-
ical or biological.

Some architects think that they will find a
greater nearness to nature by limitating living natur-
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al forms and structures. For the most part this is
bound to fail.

Technical objects such as a house do not be-
come natural by imitating forms found in living
nature or by using so called biological building
materials.

Gradually, adaptable building has developed
since about the end ofWorld War II. Building are
no longer conceived and built as unchangeable en-
tities, but can be adapted to changing tasks. The
potential for rejuvenation is built into them.

The idea of adaptable building has led many
people to again build their individual homes for
themselves. A new, unconventional do-it-yourself
building culture, borne out by amateurs, has de-
veloped and should be taken very seriously.

In the field of architecture (including engineer-
ing, cityplanning and environmental design) we are
nowadays aware of a fact which we call plurality.

This means: All of the old traditional methods
of design are still valid. They are not out of date.
On the other hand new methods of thinking and
new technical inventions have been introduced.
There are infinite possiblities. Man is technically
prepared to solve the immense problems.

This new time of plurality makes it possible
to focus on aspects of increasing importance, which
are for example:

a new understanding of the terms humanity and
nature as an inseparable whole;
-conservation of nature, in particular of the bio-
logical macro systems and their components;
-avoiding of unnecessary buildings and building
masses and conserving the energy for human and
ecological concerns;

a new sensitization of the faculty of perception
for quality in architecture by reviving lost compo-
nents of the senses;
-the integration of contemporary arts as paint-
ing, sculpture and music;
-striving for natural security for every human be-

ing in a society which through tolerance encourages
individuality;
-consideration of natural self-forming processes
when designing buildings and developing cities;
-development of adaptable building adequate to

changing environment and functions through the
use of adjustable structures;

¢
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Now I will give you some remarks on my own
research work, which follows one way of all the
unnumbered possible ways in the plurality of our
time.

In the field of building structures my research
work relates to the evolution of light weight struc-
tures such as space frames, shells, tents, air-
supported membrane halls and adaptable dwelling
houses.

One of the very clear results of our research
was that most of the technical functions of build-
ings can be performed by a very small consump-
tion of material and/or energy, which often me-
ans that less than 5% are necessary from that what
is usually used on normal buildings.

In the field of natural sciences we study
together with biologists living structures and we do
research work on so called self-making or self-
organizing processes in non-living nature, using the
methods of synergetics. We concentrate our work
especially on those processes which are equivalent
responsable for the building of forms in living na-
ture and which equally influence many kinds of
technics ofman, such as cityplanning, engineering
and architecture.

For this reason we cooperate with physicists,
mathematicians, engineers, biologists, historians
and philosophers.

In our research teams we know: Scientific
results become only valid by having been proved
in experiments.

Real experiments in the field of architecture
are executed buildings which should be carefully
observed in their behaviour as parts of the human
society and their environment.

But even buildings which are scientifically cor-
rect and perfectly done don't guarantee to be at
the same time objects of architectural art.

Nowadays the architect is still demanded to
gain the special quality of architecture. It is his duty
to develop and to guide projects as fare as possi-
ble until buildings get their own individual beauty.
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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 ofMr. Honda that tech-
nology must respond to recognized needs; the same
should be said ofmany 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
O.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.
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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
on Controlled Nuclear Fusion is an interesting case.
The 12 Member States of the E.C. plus Sweden and

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
long term satisfaction of energy requirements (cf.
fig. 1).

Fig-1 Energy 2000
A reference projection and alternative outlooks for the European

Community and the world to the year 2000
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Fig.2 Location of fusion laboratories in Europe
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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; JJET 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 Ist 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 6

'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 ofmedi-
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
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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, [v.

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

Table I
-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 amistake 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.

6



Table III 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 IV 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
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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/ STUDY 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

8



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 aremak-
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
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**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

-10

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 COz 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 CO2
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, llustrating 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 ofMr. 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 ofMr. 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.
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HONDA FOUNDATION 6-20, Yaesu 2-chome. Chuo-ku, Tokyo 104. Japan Tel. 03-3274-5125 Fax. 03-3274-5103

February 18, 1993

Dr. M.S. Swaminathan
Chairman,
Swaminathan Research Foundation,
14, 2nd Main Road,
Kottur Gardens, Kotturpuram,
Madras - 600 085,
INDIA

fax: 001-91-44-410031

Dear Dr. Swaminathan,

We have received your message, your signature and the figure
with many thanks. Your prompt answer is highly appreciated.

Your message which will be translated immidiately will be
schaduled to appear in the newspaper next March. I believe
it will draw all the readers attention and will be warmly
welcomed by the people.

Thank you again for your kind cooperation and we will be in
touch with you again in a short time.

Very Sincerely Yours.

SRE

Michihiro Nakai
a 5 FER 1993

Secretary General

MADRAD


