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PREFACE

This volume is the Proceedings of the symposium held at the University of
Wyoming in August, 1985, to honor Gail Young on his seventieth birthday (which

actually took place on October 3, 1985) and on the occasion of his retirement.

Nothing can seem more natural to a mathematician in this country than to honor
" Gail Young. Gail embodies all the qualities that a mathematician should possess.
He is an active and effective research mathematician, having written over sixty pa-
pers in topology, n-dimensional analysis, complex variables, and “miscellanea.” He
is an outstanding expositor, as his fine book Topology, written with J. G. Hocking
(Addison Wesley, 1961), amply demonstrates. He has a superlative record in public
office of outstanding, unstinting service to the mathematical community and to the
cause of education. But what makes Gail unique and special is that throughout all
aspects of his distinguished career, he has emphasized human values in everything
he has done. In touching the lives of so many of us, he has advanced the entire
profession. Deservedly, he has innumerable friends in the mathematical community,
the academic community, and beyond.

It is tempting to describe Gail Young today as the archetypal “elder statesman”
of mathematics; but that description misses the point that Gail never strikes one as
an elder! He is far too vigorous, too enthusiastic, too involved to qualify for any title
suggesting withdrawal and dispassionate reflection. Our respect for Gail certainly
includes an appreciation of his wisdom; but we have appreciated his wisdom for
decades. He has not had to wait till now to achieve it, nor have we waited till now

to evidence our recognition of it.

It is appropriate to list here certain significant details of Gail’s life and career.
But such a recital, impressive though it may be, is still quite inadequate to capture
the flavor and the true meaning of Gail’s role in American—and world—mathematics
over the past thirty years. The whole man whom we are privileged to know, to respect
and to love is not to be found in the details about to be presented. Gail Young was
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born in Chicago, Illinois, on October 3, 1915. He went as an undergraduate to
Tulane University in 1935 and transferred to the University of Texas for his senior
year. While at Tulane he was profoundly influenced by H. E. Buchanan, who started
many mathematicians on their careers, and by Bill Duren, to whom Gail gives credit
for introducing him to rigorous mathematics. Gail remained at Texas to do his Ph.D.
under R. L. Moore, obtaining the degree in 1942. He taught at Purdue University
until 1947 and then at the University of Michigan through 1959, attaining the rank
of full professor. He then retumgd to Tulane University where he stayed until 1970,
serving as chairman for the years 1963-68. He was at Rochester University from 1970
to 1979, most of the time as chairman, moved to Case Western Reserve University
in 1979 and to a visiting position at the University of Wyoming in 1981, where he
has remained as vigorous, active, and effective as ever.

Gail’s services to the mathematical community and to the cause of education
through his work within various professional organizations, are too numerous to
list individually. Of particular significance are his terms as President of the MAA
(1969-70); his chairmanship of the Teacher Training Panel of CUPM (1964-68); his
membership of the AMS Committee on Employment and Educational Policy (1972-
74) and the Committee on Women in Mathematics (1974-76); his membership of
the Council of AAAS (1968-70, 1975) and his chairmanship of the mathematics
section (1981-84); and his membership of the NAS-NRC Committee on Applications
of Mathematics (1964-67). Yet this catalog of outstanding service omits so much
which most of us would be proud to claim as our own principal contributions.

The simple truth is that everything Gail has done has been well done, useful and
important. And he has done an enormous lot! Let me, then, desist from the unwonted
objectivity of this listing of Gail’s work as researcher, teacher and campaigner for
better education, and adopt the frankly subjective mode appropriate to a friend and
admirer.

Gail was, by all accounts, an outstanding student. The story is told of Gail
returning to calculus class after an absence of several weeks (that was during the
Depression and Gail had been unable to pay the tuition fees!). On his first day
back there was a test from which Buchanan would gladly have excused Gail. Gail
insisted on taking the test and obtained the grade of 100, though others found the
test awesomely difficult. Buchanan, reporting Gail’s success and the failure of others
whom he did not name, asked “What does that show?” After a short silence, one
student replied, “I beg your pardon, Dr. Buck, but it shows that you ruined us.”

Many of Gail’s students have testified to his remarkable qualities as a teacher, at
all levels. He did not use the “Moore” method of his own teacher, but neither was he a
lecturer in the traditional mold. He showed his students how to do mathematics—how
to pose questions and to try to answer them, how to develop and exploit geometric
insight. In his view of mathematics as consisting of the search for questions it might



be profitable to try to solve, he much resembles the great Swiss topologist Heinz Hopf.
Moreover, he shares with Hopf the ineffable quality of unbounded kindness towards
all genuinely interested in mathematics and trying to learn. As one of his students
has said, “When he was with one of his students, he was 100% with that student...
He knew the state of mind of his students, and could be encouraging when things
weren’t going well mathematically or personally.”

My own association with Gail began in 1964 when he persuaded me to join the
Teacher Training Panel of CUPM. I joined that panel knowing little of its duties
because I was aware of wanting to work with Gail—just as I had started to study
algebraic topology in 1946, knowing little of the subject, because I wanted to work
with Henry Whitehead. Both men possessed to a remarkable degree the ability to
convey the conviction—fully vindicated by subsequent experience—that to work with
them would be to do something which was important, probably hard, but certainly
fun. Throughout my many associations with Gail, I have always been struck by the
sheer massive good sense of the man. Gail is possessed of a universal intelligence and
sensitivity which are by no means guaranteed by possession of the quality of clever-
ness. Testimony to that good sense is provided by the anecdote told by Henry Pollak
relating to their visit to Africa in 1968 to evaluate the effects of the Africa Mathe-
matics Program (usually called the Entebbe Program). In Addis Ababa, Gail and/
Henry had an interview with a high official of the Ethiopian Ministry of Education.
At the end, Gail quietly suggested to Henry that he be left alone for a few minutes
with the official. It transpired that the official was making a grant application to
the Ford Foundation and required some help in drafting the proposal. The official
realized that Gail was the person to provide that help—and Gail understood the loss
of face that would be involved if more than he and the official were present.

Further testimony to Gail’s good sense, and to his total honesty and great in-
tegrity, is provided by the record of his chairmanship of the Tulane department in
the years 1963-68. For various evident reasons this was not a propitious time to try
to build a strong research department at a university in the South, but Gail was
remarkably successful. Ed Dubinsky refers to his “openness, reasonableness and con-
cern,” and has described how Gail wooed him to Tulane by writing him a letter in
which he described his philosophy in running a department, offered a salary which he
acknowledged to be too low, and then explained how it was arrived at. One suspects
that it needed a combination of Gail’s honesty and Ed’s idealism to have created this
match!

No tribute to Gail would be complete without mention of his wonderful wife
Irene, who was the Administrative Assistant of the Tulane department. Theirs was
an ideal marriage, a true partnership. Our sympathies go out to Gail who must
face his retirement deprived of her loving companionsli:p; but we find some comfort

in recalling her pleasure in observing the outpouring of respect, admiration, and



affection for Gail at the banquet in his honor held in conjunction with the Laramie
Conference.

My final word should be this: Gail, though now retired, is still an active member
of our community and our profession—long may it be so, for we need him for his
wisdom and we enjoy him for himself.

PETER HILTON

with the assistance of

Ray Cannon, Ed Dubinsky, Bill Duren, Ken Gross, J. G. Hocking,
Burton Jones, Henry Pollak and Sanford Segal
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INTRODUCTION

The articles that follow form the Proceedings of a truly remarkable symposium,
held at the University of Wyoming in August, 1985, on the theme “New Directions
in Applied and Computational Mathematics.” The result was successful beyond
anyone’s expectation. The spirit of communication, enthusiasm, and cooperation was
pervasive, and the breadth and depth of topics was spectacular. All who attended
came away with a rich and enjoyable experience. We hope that the reader of this
Proceedings will also.

The focus of the Symposium was on the mutual interaction among pure mathe-
matics, applied mathematics, and computer science that is rapidly and dramatically
changing the nature of all three disciplines. Indeed, when the editors were in college
and graduate school in the late fifties, the sixties, and the early seventies, there was
seldom a difficulty in determining who were the applied mathematicians and who
the pure. Now, even the purest of mathematics has found profound and influential
applications, and applied problems have generated new thrusts in areas that have
always been regarded as pure. The main instrument in this coalescence has been the
computer. ' -

A glance at the list of authors and titles reveals the unique flavor of the Sym-
posium and this volume. A number of distinguished mathematicians, whose careers
and whose research illustrate the unity of mathematics, were asked to share their
insights into this phenomenon and to describe their own contributions. Thus, the
articles which appear in this volume, which also includes several contributed papers,
are diverse in both scope and nature. Some are expositions of the culfural context of
a field of mathematics, a concept, or a perspective. Others present important current
research. Their quality and clarity is exceptional. At the very least, the articles that
appear here should dispel forever the notion that there are two kinds of mathemat-
ics, and they should reinforce the idea that it is impossible to predict the source of
the next breakthrough. The labels “pure” and “applied” are no longer applicable to
mathematics or to mathematicians.
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It is most appropriate that this volume is in honor of Gail Young, who long ago
realized that mathematics should not be separated from its applications. That is one
of many examples of his wisdom, from which all three of us have benefitted.

It should be noted that the current Symposium is a sequel to an earlier one in
1981, organized by Gail and Peter Hilton, with a similar title, “New Directions in
Applied Mathematics.” That conference also had as its theme the rapport of pure and
applied mathematics. It emphasized the fact that modern techniques are of critical
importance in applications. Missing from that conference was the computer, as the
organizers were not yet ready to define the role of the computer in its interaction
with mathematics and applications. To fill that gap was a motivation of this current
Symposium.

As we learn from the articles herein, much has transpired since the earlier con-
ference. No douft the same statement will be applicable to this volume a few years
hence. The rapid developments alluded to at the outset of this introduction will
continue to bring together more areas that were previously thought unrelated. That
can be seen already. For example, who would have predicted at the time this sym-
posium was organized that the von Neumann algebras which arose decades ago in
quantum physics and had just recently become a major tool in knot classification,
would—because of the resultant improvements in classification—excite great interest
among microbiologists concerned with the knotting of DNA? This would be a major
topic were the Symposium held today. -Thus, the editors see a clear need to continue
this series of symposia periodically as new developments dictate.

To close on a personal note, it is a pleasure to express our appreciation to all
who helped make the Symposium and this Proceedings a success. We are deeply in-
debted to the speakers, authors, and participants. Special thanks go to a number of
individuals. Sol Garfunkel played a major role in proposal preparation. The admin-
istrative assistance of Sharon Distance in organizing the Symposium, and Lois Kline
and Paula Sircin in preparation of the Proceedings was invaluable. In particular, the
excellence of Paula’s typing is evidenced in the camera ready copy that is before you.
The support, encouragement, and suggestions by Dr. Walter Kaufmann-Buhler, Ed-
itor for SpringerVerlag, have been of great benefit to us. Finally, none of this would
have been possible without the financial support of the sponsors. The Editors wish
to record their gratitude for the generosity of the Sloan Foundation, the National
Science Foundation, and the Air Force Office of Scientific Research.

RICHARD E. EWING
KENNETH I. GROSS
CLYDE F. MARTIN
Laramie, Wyoming
May 25, 1986



CONTENTS

Preface by Peter Hilton
Schedule of Symposium Events
Introduction

Computer Graphics Applications in Geometry: “Because the
light is better over here”

Thomas F. Banchoff

Modelling and Algorithmic Issues in Intelligent Control
Christopher J. Byrnes

Global Observability of Ergodic Translations on Compact Groups

Lance Drager and Clyde Martin

Mathematical Modeling and Large-Scale Computing in Energy
and Environmental Research
Richard E. Ewing
Symbolic Manipulation
Harley Flanders
Some Unifying Concepts in Applied Mathematics
Ismael Herrera
Teaching and Research: The History of a Pseudoconflict
Peter Hilton
Stochastic Population Theory: Mathematical Evolution of a
Genetical Model
Kenneth J. Hochberg

Combinatorics and Applied Mathematics
Daniel J. Kleitman

Applied Logic
Anil Nerode

Pure and Applied Mathematics from an Industrial Perspective
H. O. Pollak

Latter Values in Multivariate Exploratory Data Analysis
Donald St. P. Richards and Rameshwar D. Gupta

vii

XV

15

37

61

79

89

101

117

127

165

175

Xi



xii

Newton’s Method Estimates from Data at One Point

Steve Smale
Error Bounds for Newton’s Method under the Xantorovich As-
sumptions

Tetsuro Yamamoto
Panel Discussion: Implications for Undergraduate and Gradu-
ate Education in Mathematics

Sol Garfunkel

Epilogue by Gail Young

185

197

209

213



COMPUTER GRAPHICS APPLICATIONS IN GEOMETRY:
“BECAUSE THE LIGHT IS BETTER OVER HERE”

THOMAS F. BANCHOFF

Department of Mathematics
Brown University
Providence, Rhode Island 02912

The theme New Directions in Applied and Computational Mathematics gives all
of us who think of ourselves as “pure mathematicians” the chance to reexamine the
changes that have taken place in our understanding of that term as a result of the
new directions which have appeared in our lifetimes. I have always thought of myself
as a geometer, as soon as I realized that it was possible to think of different subspecies
of mathematician, and I can make the case today that there will be major differences
in the way we do geometry and the way we present our insights to our students and
colleagues because of the dramatic developments in visualization capabilities in the
form of interactive computer graphics. One effect of these developments is that I find
myself revising my concept of the differences between pure and applied mathemat-
ics. A virture of a symposium such as this, honoring a wide-ranging mathematician
like Gail Young, is that we speakers are encouraged to be introspective about these
changes in our careers, and of course that encourages in turn a certain anecdotal
style.

When I was an undergraduate student at Notre Dame I had the chance to
form definite attitudes about the nature of applied mathematicians as I watched
with some fascination and dismay as my sophomore roommate gradually became
one. Whereas I took philosophy and literature courses to round out my abstract
mathematics, he spent time in the physics and chemistry labs. He actually read the
optional applications chapters on fluid flow when we took an abstract graduate course
in complex analysis. He used a slide rule (which, for the benefit of the young people
in the audience, was a wooden analogue calculating device attached to the belt).

We both ended up as mathematics graduate students at Berkeley in 1960 and our
differences became even greater. Whereas I took the geometry and topology option,
he chose to study differential equations. He began to spend more and more time with
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numerical computations using computers, and he would rail against the evils of bugs
and batch processing. Ultimately he moved over the line into theoretical physics,
where he worked in a laboratory on other people’s problems. He wrote joint papers
with federal funding. While I went back to Notre Dame to teach in Arnold Ross’s
summer program, he worked as a consultant and he began to make money. All these
italicized characteristics I decided were the marks of an applied mathematician. Little
did 1 suspect that virtually all of them would gradually begin to describe the work
of pure mathematicians as well, precisely under the influence of several of the new
directions in applied and computational mathematics that we have been examining
here as part of this symposium.

If applied mathematicians work on other people’s problems, I soon found out
where pure mathematics graduate students got their problems—from their thesis
advisors. Professor Chern (thesis advisors often retain formal titles forever) suggested
that I study a recent paper of Louis Nirenberg “On a class of closed surfaces” from a
symposium on differential equations (!) at Wisconsin. I had to scurry to learn topics
I thought only those other people had to know, like Poincaré-Bendixson theorems
and existence and uniqueness results for hyperbolic partial differential equations. But
true to an earlier “pure” geometric impulse, I tried hard to recast the definitions used
by Nirenberg and twenty-five years previously by A. D. Alexandroff in a way that
would apply equally well to polyhedra. The result was a surprising simplification of
the notion of minimal total absolute curvature which ended up applying to an even
larger: class of surfaces.

.Alexandroﬂ' restricted himself to real analytic surfaces and he studied embed-
dings for which the total absolute curvature was as small as it could be. For surfaces
homeomorphic to a sphere, this condition is equivalent to convexity, and for sur-
faces homeomorphic to a torus, the corresponding condition is that all the positive
curvature was concentrated on the “outer part,” the intersection of the surface with
the boundary of its convex hull. Alexandroff called these objects “T-surfaces” and
he was able to show that they shared some of the rigidity properties of convex sur-
faces. In particular, any two isometric T-surfaces had to be congruent so that any
one-to-one mapping between such surfaces which preserved intrinsic distances could
be extended to an isometry of all of Euclidean 3-space. Nirenberg in 1963 proved
analogous theorems for smooth surfaces which satisfied some additional technical hy-
potheses necessitated by his differential equations techniques. He used a definition
equivalent to Alexandroff’s which said that any local support tangent plane to the
surface, intersecting the surface locally at one point, must be a global support plane,
meeting the surface at no further point. I observed that this definition was sufficiently
geometric to apply to polyhedral surfaces as well, so I determined to remove the extra
hypotheses from Nirenberg’s theorem by proving a polyhedral rigidity theorem and
applying approximation techniques such as had been used successfully by Pogoreloff



