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Building on Strengths and Finding One’s Purpose

Simon Asher Levin

1. Introduction: Finding discipline and finding a discipline

I believe in the aphorism that it is better to live to work than to work to live
(Fig. 1). We spend too much of our lives working to waste that time on things
we don’t enjoy. I also realize, however, how lucky | am to have had this choice.
Most people don’t have the luxury of choosing their professions to suit their
tastes; making ends meet dictates decisions for them. So the story I will tell is
one of good fortune and privilege, as much as it is of determination. Still, I have
seen so many students and colleagues who have not taken the options they had to
guide their own careers that I welcome the opportunity to tell others what 1 try
to engrain in my students: Don’t let others make your decisions for you. Choose
problems to work on about which you are passionate, and take possession of them
(Fig. 2). Otherwise, if you do the bidding of others, and follow their dreams, you
will be living their lives. If the work that you do does not inspire you, it is unlikely
to inspire others. One’s life is like any developing system (Fig. 3): There are decision
points where a small amount of leverage can have huge influence (Fig. 4). When
those moments will occur is not always predictable, so prepare yourself in advance
to take advantage of those opportunities.

As a child, I did sums, as the British say, and I did puzzles. I am not sure
that I was any better in mathematics than I was in other things, but other people
were much worse in mathematics than they were in other things. Anyone who
liked mathematics was regarded as something of an oddity, and 1 guess I liked
being an oddity. My mother (Fig. 5) bought me books to do more and more
sums; and, eventually, numbers found their own private place in my brain, so
that they could add themselves up when 1 was busy with something else. While
others fell asleep counting sheep, 1 fell asleep multiplying them, or figuring out
how fast they would need to run to get somewhere they didn't really need to go.
I have met others since, including my own students, who are much better with
numbers. But not then, and it became clear to me that this facility conveyed
almost an obligation to do mathematics. My brother (Fig. 6) especially encouraged
me in this, because he saw I enjoyed it; I think that it was also his way of having
me prepare myself for those decision points by making sure [ had the extra tools
that enable adaptability. I liked mathematics because it seemed to dismiss the
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If one has the good fortune to do so

* Itis better to be able to live to work
o than it is to have to work to live

Fig. 1

One’s life is like any developing
system

Fig. 3
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Advice to students
« Don't let others makes decisions for you
+ Choose problems so that you can
* Be passionate about the work you do
» Take possession of them
* Make them your own

Fig.2
Decision points
Fig. 4
Fig. b
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ambiguities of other subjects (this was before 1 knew anything of Gédel), and of
life. I liked mathematics because it was analytical, and reasoned.

My father (Fig. 7) was in love with science and Nature, and read whatever
he could in the popular literature. But he did not have the luxuries of choice 1
had, and became a pharmacist largely because my mother insisted that he have
a profession. Pharmacy is a great and noble profession, and I always feel a kinship
with pharmacists because of my father. I especially love small and classic pharmacies,
in small villages, in which the pharmacist is the trusted health care professional.
But I am not sure that my father would have chosen pharmacy had he had a life
plan he could follow; he would have chosen medicine, and so he convinced my
brother to do that. My brother became a physician; but he really preferred
research to health care, and carried out studies in biochemistry. My father, the
pharmacist, encouraged my brother not to be a pharmacist, but to be a physician;
my brother, the physician, encouraged me not to be a physician, but to be what
I wanted, whatever that was.

Beyond mathematics, I think that my favorite unit in school was about forest
fires, the destruction they could cause if they got out of hand, and the role of humans
in starting them. Forest fires, | have since learned, are vital events in the life of
a healthy forest. But humans oversimplify forests through forestry practice, and
increase disturbance rates beyond what is good by their carelessness. I took the
forest fire problem quite seriously, writing for materials I could display, and taking
to heart the message of Smokey the Bear (Fig. 8), the friendly animal in the
ranger cap that warned us to be more responsible about our natural environment.
The most important lesson for me was that humans had the capacity to destroy
natural systems, and that the many would suffer from the thoughtlessness and
selfishness of the few. This was my introduction to the Global Commons, a theme
that would dominate my later career.

My father and brother and I took hikes every Saturday. My father was also
an avid fisherman, and occasionally took us along. I spent my summers at children’s
camps, eventually instructing swimming and canoeing, and leading trips into Nature.
This, and my earlier love affair with Smokey the Bear, also preadapted me for a
career in ecology, once I found out what it was. When my wife and 1 crossed the
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country, visiting every national park we could and learning about basic ecological
principles like succession, the die was cast. It was just a matter of time until the
pieces of the puzzle could be assembled.

I studied mathematics at the Johns Hopkins University (Fig. 9), a superb
institution; the department was very pure, but I also took courses in physics, biology
and operations research. I nearly went to graduate school in operations research
at Hopkins; when 1 turned down a fellowship to study that field at Hopkins, in order
to continue with mathematics at the University of Marvland, my advisor, the
famous mathematician Bernard Dwork (Fig. 10), expressed relief. “I thought that
we nearly lost you,” he said. This was a stark introduction to the disdain that
many great mathematicians felt for applications. I chose Maryland, however, because
of its strength in applied mathematics, and there I had the good fortune to fall
under the tutelage of the Director of the Institute, Monroe Harnish Martin (Fig. 11),
who had committed his career to fostering the development of applied mathematics.
The Institute was encouraging, among other things, the development of the new
field of mathematical biology, and I began to read whatever I could. When [ left
Maryland, Monroe Martin sent me off to do postdoctoral work at the University
of California, Berkeley, with George Bernard Dantzig, the son of his colleague
Tobias Dantzig, a well-known mathematician in his own right. George Dantzig was
the inventor of the simplex method for solving problems in linear programming,
and one of the great men of operations research. Dantzig was a kindred spirit, a
mathematician who loved applications, and who had become interested in biology.
Berkeley was an exciting change of venue for me, intellectually and culturally, and
Dantzig was the perfect mentor because his interests were unconstrained by social
norms—he worked on what he wanted, and did not hesitate to tackle problems
that required that he learn new fields. 1 absorbed lessons that have guided my
decisions ever since. At the end of the year, I left to accept a position as an Assistant
Professor of Mathematics at Cornell (Fig. 12).

When I left Berkeley, mathematicians told me that I was lucky my career had
so far survived a year away from mathematics. This surprised me, since it had
been a very productive year, in which we did what I felt was some nice work on
active transport of sodium across the membranes of red blood cells: it had seemed
like time well spent to me. It only strengthened my resolve to follow Dantzig's
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model and not be constrained by the existing social norms within mathematics.
After all, Cornell had hired me to help develop applied mathematics there, so this
seemed the perfect place to begin my career. But this was 1965, not 2005, or even
1985, and most mathematics departments were not ready for a real commitment
to applications, especially to fields like biology where the mathematization was just
beginning. I owe much to many, too numerous to mention here, who encouraged
my activities during those early years, and convinced me that the marriage of
mathematics and biology could be achieved. I probably owe as much, however, to
those who discouraged me, because they toughened my attitude. I realized that I
better believe in what [ was doing, or else I would not succeed. In all of this,
I was driven as well by the need to do work that salved the problems of humanity,
which [ learned from my father. The need to unite basic science and humanity's
interests is also the vision of Dr. Inamori, and I am very gratified and humbled
that the Prize Committee has felt that my efforts in this regard have met with

SOmE SUCCess.

In any case, it turned out that Cornell, for reasons I could not have predicted,
was the ideal place for me to achieve my goals. The Center for Applied Mathematics
and the School of Engineering were fully committed to developing applied
mathematics across departments; they found an eager partner in Richard D. O’Brien,
the Director of the Division of Biological Sciences. The Section of Ecology and
Systematics had grown in my early years at Cornell to be the leading ecology
department in the counfry, and could not have been a better or more willing fit
to my ecological interests. Within a few years, through the encouragement of
Richard Root, Robert Whittaker and others, I became by degrees a full member
of the Ecology and Systematics Section and, in 1974, its Chair. [ had found my
discipline.

2. The early history and development of mathematical biology

Mathematical biology has a rich and long history (Fig. 13). The Nobel laureate, Sir
Ronald Ross, developed mathematical models a century ago to assist in his studies
of malaria; and, even earlier, Francis Galton had developed the method of correlation
to address problems in evolutionary biology. Epidemic theory also got an early
start, and Kermack and McKendrick's 1927 paper remains as fresh and important
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today as when it was written.

In ecology, the great mathematician Vito Volterra was convinced by his
son-in-law, the distinguished fisheries biologist Umberto d’Ancona, to consider
why the fisheries of the Adriatic seemed to exhibit oscillations in abundance, and
showed how these fluctuations could arise simply from the interactions between
different fish species. The equations that bear his name, together with that of the
chemist Alfred Lotka (who developed identical equations in another context), remain
staples of the literature (Fig. 14). The first half of the Twentieth Century counted
Volterra’s work among the few triumphs in mathematical biology, along with the
remarkable development of the theory of population genetics, led by Sewall Wright,
Sir Ronald Fisher, and ]J.B.S, Haldane. In 1961, when 1 began graduate studies and
resolved to explore what mathematics could contribute to biology, the literature
was very sparse. That meant [ could gain a command of it rather easily, but that
there was little to build on. The great advances in deciphering the genetic code
were just beginning: Francis Crick had announced, to his colleagues in 1953 in the
Eagle Pub in Cambridge, the early successes that he and his colleague James
Watson achieved in deducing the structure of DNA, and this provided the basis
for solving the fascinating combinatorial puzzle of the alphabet of life. The basic
problem became to understand how the sequence of nucleic acids in the DNA
translated into the twenty amino acids that form the basis of proteins, and the
1950s were a time of brilliant speculation by many high-powered groups. One of
the most important contributors was the young future Nobelist, Marshall Nirenberg,
and his successes led to his invitation to lecture at the Institute for Fluid Dynamics
and Applied Mathematics, where I was a graduate student. This was truly an electric
occasion.

Neurobiology was also emerging as a quantitative science (Fig. 15), and
developmental biology was not far behind. The Spanish neurobiologist Lorente de
No, one of the greatest of neuroscientists, included some of the most sophisticated
early quantitative analyses of nerve conduction in his studies. It was, however, the
remarkable equations of A.L. Hodgkin and A.F. Huxley in 1952 that really set the
subject of membrane potential and ncuroscience on a firm foundation on which
others could build. Fitzhugh and Nagumo provided simplifications of these, and
McCulloch, Pitts, Rall, Cowan, Hopfield and others then were able to consider
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networks of interacting neurons. The field of artificial intelligence was also born,
and drew much from the study of real neural systems.

Coincidentally, the brilliant mathematician Alan Turing became fascinated by
problems in developmental biology; and, also in 1952, he published his famous
paper showing how pattern could arise in a developing organism robustly and without
a detailed blueprint (Fig. 16). IHe died before he could do a great deal more on
this problem himself, but his suggestion of the importance of diffusive instabilities
leading to dissipative structures continues to be one of the most counterintuitive
and appealing notions about how endogenous pattern formation can occur.

It was against this rich, but limited, tapestry that those interested in
mathematical biology could look for points of entry into the subject. Mathematics
had made inroads into genetics, ecology, epidemiology, neurobiclogy and
development, but these were separate literatures crying for unification, and the
development of a theoretical biology in the tradition of theoretical physics. The
most developed school in the world was the Chicago group built by Nicholas
Rashevsky, who first went to Chicago in 1934; but this effort, for all the brilliance
of Rashevsky, fell into disfavor because the search for a unifying abstraction seemed
to rob the work of its biological grounding. Rene Thom's development of catastrophe
theory (Thom, 1969) also sought unification, but similarly disappeared into the
archives because its adherents seemed (o explain too much, a fate shared by
numerous other later efforts like category theory (Rosen, 1991) and self-organized
criticality (Bak, 1997). In a major upheaval, Jack Cowan replaced Rashevsky at
Chicago, and rebuilt this group from the bottom up at the end of the 1960s, instilling
a new tradition integrating experiment and theory that helped transport the subject
into the mainstream of science.

The late 1960s and early 1970s represented the watershed period for
mathematical biology; it would never look the same. My decision to enter the field
then, of course, was happenstance, since it coincided with my own personal
transmogrification; but 1 could not have chosen a better or more exciting time.
Biologists like Crick, C.H. Waddington (Fig. 17), John Maynard Smith and Lewis
Wolpert (Fig. 18) were unafraid of mathematics, and recognized that in mathematical
approaches could come the unification that they sought. Physicists and quantitalive
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scientists flocked to the subject, and together recognized that the principles that
were needed were ones that dealt with the dynamics of collective phenomena, but
where the assemblages were complex, highly diverse, and continually in evolution.
Terms like self-organization, synergetics, pattern formation and complex adaptive
systems resonated with different groups, but the basic ideas were the same. The
International Union of Biological Sciences induced Waddington to organize a series
of summit meetings of leading thinkers at the Villa Serbelloni, on Lake Como, in
1966-9 (Fig. 19), and the group he brought together was certainly the most
high-powered assembly of scientists that had ever met to discuss these issues. The
four books these meetings produced provided a rich collection of fact and speculation,
still worth reading today (Waddington, 1968, 1969, 1970, 1972).

In 1968, I discovered in the journal Science an announcement for a Gordon
Research Conference in Biomathematics, and decided to apply. For me, this was
a personal watershed. The conference was mixed in quality; but I was stimulated
enough to go again in 1969, together with my close colleague Henry David Block.
Block became the Chair in 1970, 1 was his Co-Chair, and David Cardus served as
Vice-Chair (Fig. 20). We recognized the potential of these meetings to give the
field a needed stimulus, and to bring in a whole new group of scholars. The timing
was important, because the Serbelloni meetings were finished, and hence the Gordon
Conference was the natural successor. We were able to attract many of the Serbelloni
participants, along with others who were to be the new generation of theoretical
biologists. In 1971, I chaired the Gordon Conference, with Walter Freeman of
Berkeley as Vice-Chair, and the Conference went on o become the most important
meeting place for theoretical biology for decades thereafter. Indeed, it continues
to meet and to provide one of the key sources of continuity and coherence in
theoretical and mathematical biology.

3. The decades of the 1970s and 1980s

Cornell was my first real job. Monroe Martin had written to me that it would be
a good place to begin my career, but neither of us contemplated that [ would stay
there for 27 years. The Department of Mathematics at Cornell was excellent, but
very pure, even hy the standards of mathematics departments throughout the
world. But the world of mathematics was beginning to take note of the emergence
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of biology as a client (Fig. 21), and as a stimulus for the development of mathematics
itself. The venerable American Mathematical Society established a Committee on
Mathematics in the Life Sciences, and joined with the Society of Industrial and
Applied Mathematics to organize an Annual Symposium, and to publish a series of
books from those Symposia. Until then, there were few efforts to define the
challenges for mathematics from hiology; this series of books began to establish
a basic library, touching on the classical areas as well as developing applications
in fields like immunology that had no classical literature. The task of organizing
the initial, and hence most important, symposium, fell to Murray Gerstenhaber, at
the University of Pennsylvania. Gerstenhaber was and is a distinguished algebraist;
biology was not part of his personal agenda. But he found the problems intriguing
and important, and organized a wonderfully stimulating first volume before handing
the reins over to Jack Cowan, and five years later, to me.

Momentum was building. Journals like the Journal of Theoretical Biology and
Mathematical Biosciences were gaining in popularity, and Springer-Verlag added its
Journal of Mathematical Biology. But Springer saw the need for more, and started
two new series—its hardcover Biomathematics books and, in 1974, Lecture Notes
in Biomathematics (LNBM) (Fig. 22). LNBM was the extension of Springer's
famous Lecture Notes in Mathematics, which has published nearly 2000 volumes
since its inception, When Alice Peters approached me in 1974 with the idea of starting
such a series in biomathematics, for which authors would receive no royalties, I
thought that it couldn’t succeed. I was wrong. [ somehow agreed to edit the series,
and over the next 20 years or so we published 100 volumes. We found a ready
store of authors looking for such an outlet for their work, and a surprisingly broad
clientele eager for anything to read at the border of mathematics and biology
(Fig. 23). It is hard today, when the field of mathematical biology is so richly
developed in so many dimensions, and when computational biology is one of the
hottest areas within biology, to realize how difficult it was then to make inroads
into conventional departments. There is a lesson to be learned here: Discipline-based
departments, like any other social groupings, tend to foster conservatism and inhibit
the development of novel innovations. Interdisciplinary and multi-disciplinary
research, in particular, needs special encouragement and protection. [ believe firmly
that such interdisciplinary efforts must be grounded in outstanding disciplinary
foundations, but those disciplinary traditions should not stifle innovation.
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Ecology was one of the first areas of biology to profit from the influx of
mathematicians and physicists. I met Joel Cohen at an early Gordon Conference,
and (Lord) Robert May a few years later (Fig. 24), and they have remained the
best of colleagues. Marc Kac, the brilliant probabilist, wrote somewhere that
mathematical physics reached its maturity only when the mathematicians addressing
problems in physics became physicists, making the problems they studied their
own, and asking their own questions rather than those posed by others. This made
a deep impression on me, and 1 took it to heart, moving my appointment at Cornell
as soon as I could into the Division of Biological Sciences so that [ would be
guided by the craft standards of biologists, not mathematicians. Bob May made a
similar transition, replacing Robert MacArthur at Princeton after his untimely
death. Joel Cohen, a genuine polymath, had recognized the wisdom of this path
early in his career, and chose a base in biclogy from the beginning. This may
seem natural to many students today, when mathematicians and physicists populate
many biology departments; many of my best mathematics students and postdoctoral
fellows occupy keystone positions in biology and ecology programs. But at that
time it was highly unusual, and I feel a debt of gratitude to institutions like Cornell,
Princeton, Harvard, and the Rockefeller Institute for opening their doors to my
colleagues and me.

[t was. of course, not just in the United States that mathematical biology
began to flourish in the 1970s and 1980s. The number of centers is too numerous
to enumerate, but special mention must be made of the legacies of James Murray
(Fig. 25) at Oxford, and Ei Teramoto (Fig. 26) at Kyoto. Each led through their
own research, but also through mentoring and by creating a rich environment for
visitors. 1 first visited Kyoto University with my family for a month in 1983-4,
through the sponsorship of the Japanese Society for the Promotion of Science, and
at the invitation of Ei Teramoto. I had worked very closely for a decade with Akira
QOkubo (Fig. 27), the brilliant oceanographer and ecologist; Akira was determined
that I must visit Kyoto, and brokered an invitation to Teramoto’s lab. Yoh Iwasa
(Fig. 28), one of Teramoto’s most brilliant students and now one of the leading
ecologists in the world, had just arrived in my laboratory as a postdoctoral fellow,
and helped prepare me for my visit by teaching me enough so that [ could begin
my first lecture in Japanese. There was, of course, great relief in the audience
when I reverted to English. We fell in love with Kyoto and Japan, with the temples
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and gardens, and with the traditions and culture. I also learned, however, how
much 1 had to gain academically from increased interactions with Japanese
scientists, and what a tradition Teramoto had built. In the twenty years since,
my interactions with scientists from the Teramoto heritage, such as Yoh Iwasa,
Nanako Shigesada, Norio Yamamura and the late Masahiko Higashi, as well as
with others such as Hiroya Kawanabe, Mayan Mimura, and the late Takuya Abe,
have greatly enriched my science and my life. They have also left an indelibly
positive mark on the development of mathematical biology in the world.

4. Today and tomorrow: Challenges for the future

I left Cornell in 1992 to join the faculty al Princeton University (Fig. 29), mainly
because I felt I needed new challenges to stay fresh, and because it gave Steve
Pacala and me a chance to build a new kind of program. Cornell had been a
wonderful home for me, and I remain an Adjunct Faculty member there; Princeton
has been equally wonderful, and has provided me a new set of colleagues to join
my old ones. Science and scientists alike need regular freshening, As in any
complex adaptive system, the infusion of new elements provides the stuff for
selection to operate, so that robust health can be maintained. In the 1990s and the
first years of the new millennium, mathematical biology grew because new
scientists entered, and because new scientific questions took center stage. The
sequencing of large genomes led to great challenges for mathematicians, and to a
new synthesis of molecular and organismal biology. Yet new challenges lie ahead,;
were they to stop coming, the subject would lose its freshness. No area of
mathematics is outside the realm of what might prove useful in biology, and this
is not escaping the notice of distinguished mathematicians of all persuasions, as
well as of biologists. The oceans and atmosphere provide exciting new frontiers
(Fig. 30), as vast amounts of data are becoming available, and as computational
resources expand.

From an intellectual point of view, | think that the greatest challenges facing
us are dealing with ecosystems, socioeconomic systems and the biosphere as
complex adaptive systems (Fig. 31)—that is, as systems made up of lots of distinct
agents that pursue their own selfish agendas, but collectively produce patterns at
higher levels of organization (Levin, 1999). Evolutionary biology strives to show

153



L i olEs

Mathematical Biology in Europe

Fig. 25

Akira Okubo

Fig. 27

Princeton University

Fig. 29

Ei Teramoto
TEEe W waw N

AL BIOLOG

MBER 10-15 1985 KY0

Fig. 26
Fig. 28
The Oceans and Atmosphere
WWW,Euroact £o.jp
Fig. 30

Commemorative Lectures

how these processes at different levels of organization, and different scales of
space and time, relate to one another, and how to extrapolate from nucleotide
sequences to how organisms function to ecosystems and the biosphere. The
problems in socioeconomic systems are similar, but comparable evolutionary
theories are lacking (Fig. 32). The challenges for mathematics and computational
science are daunting, but irresistible. Recognition of the universality of these
challenges has for two decades brought together some of the most original
scientists [ have ever met at the Santa Fe Institute in New Mexico, and I will
continue to spend as much time there as I can. Much of my effort over the next
decades will be directed to these problems, especially for the marine systems that
provide so many of the services humans derive from Nature. Infectious diseases also
represent a persistent threat as new diseases emerge, and old ones reemerge;

these too will occupy much of my time.

From a societal point of view, the greatest challenges are in developing true
theories of applied ecology (Fig. 33): that is, principles to guide the management
of our natural systems. Scientists have an obligation to use the knowledge they
gain to help better humanity's situation—that is the thesis behind Dr. Inamori's
vision. Our global environment is detoriating, largely due to our consumptive
activities, our overuse of antibiotics and our aggressive tendencies (Fig. 34). As our
environment deteriorates, we lose the services Nature provides. We need to have
a better understanding of what those services are, how they depend on different
components of biodiversity, and what is needed to stabilize them. This will involve
partnerships between natural scientists, social scientists and economists, addressing
the problems of monetizing ecosystem services, characterizing the dynamics and
robustness of coupled social and ecological systems, and understanding the social
norms that play such a role in human behavior. [ helieve that we cannot solve the
great problems facing us unless we understand the social forces that so guide our
actions, and how those social forces emerge as the collective results of individual

activities.

I have been fortunate in the past decades to become associated first with the
Beijer Institute of Ecological Economics, in Stockholm (Fig. 35), led by Karl-Goran
Maler, and later with the International Institute of Applied Systems Analysis
(IIASA), in Laxenburg, Austria (Fig. 36), directed by Leen Hordijk. Beijer has
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confronted the interdisciplinary challenges by bringing together some of the
leading economists and ecologists in the world, to find ways to develop common
language and common approaches to sustainability in a global commons; my
interactions there have been remarkably stimulating, and full of promise for the
future. IIASA explicitly focuses on the policy dimensions, and in interfacing good
science with good policy. These interactions will continue to be crucial for me as
I turn more attention to the science-society-policy interface.

I have identified so far some of the challenges that face humanity from the
point of view of pure science, and those that face science from the point of view
of society. We cannot complete the cycle, however, unless we also confront the
challenges to society from the point of view of humanity. The problems that [ have
discussed are not the unique province of developed nations, and neither therefore
are the solutions. We must work incessantly to build partnerships with the scientists
and other peoples of developing nations as well, understanding their perspectives
and increasing their capacities to achieve our common goals. Both Beijer and
ITASA devote a major portion of their efforts to such international cooperation and
capacity building, but one other organization demands special mention here. I
have, for a quarter of a century, been a regular visitor to the International Center
for Theoretical Physics (ICTP), in Trieste, [taly. ICTP was the vision of the late
Pakistani Nobel physicist, Abdus Salam, and today continues under the inspired
leadership of Katepalli Sreenivasan. It is not only a great research institution, but
also the most effective center for outreach in the world for scientists from
developing nations. My years there have been immeasurably rewarding, and I hope
to be a part of ICTP's inestimably valuable future.

I am deeply indebted to the Dr. Inamori and the Inamori Foundation for their
vision, for selecting me for the Kyoto Prize, and for allowing me the opportunity
to deliver this lecture. I also thank all those who have supported me over many
years—public and private foundations, my mentors, my staff, my students and
postdoctoral fellows (Fig. 37), my colleagues, but especially my family (Fig. 38).
My wife Carole, in particular, has been a sounding board, support, and source of
inspiration for more than 40 years. We have all been on a wonderful journey
together.
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Complex Adaptive Systems

Fig. 31

From & societal point of view,
must develop true theories of
applied ecology

Fig. 33

We live in a global commons, in

which

* Individual agents, including nations, act

largely in their own self-interest

+ Social costs are not adequately accounted for
* Hence it is no surprise that the collective

actions of individuals can lead to
environmental degradation

Fig. 32

Threats

* Overconsumption
* Emerging Discases
» Overuse of antibiotics »
« Aggression and
tribal warfare

Fig. 34

[OASA, Laxenburg, Austria

Fig. 36
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Students and staff

Fig, 37 Fig. 38
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