Preface

The thematic program on “Discrete Geometry and Applications” took place at the
Fields Institute for Research in Mathematical Sciences in Toronto between July 1
and December 31, 2011. The core part of the book is based on my three lectures,
delivered at the the Fields Institute under the titles “Contact numbers for congruent
sphere packings” (September 23, 2011), “Rigid ball-polyhedra” (October 11, 2011),
and “On a strong version of the Kepler conjecture” (November 17, 2011).

One can briefly describe discrete geometry as the study of discrete arrangements
of geometric objects in Euclidean, as well as in non-Euclidean spaces. J. Kepler
was the first to raise discrete geometry problems on packings of balls in the early
1610s, but the systematic research began in the late 1940s with the work of L. Fejes
T6th. The Hungarian school he founded focused mainly on packing and covering
problems, while a number of great mathematicians helped to lay a broad foundation
for the emerging field of discrete geometry, including H. S. M. Coxeter, J. H.
Conway, B. N. Delaunay, B. Griinbaum, V. Klee, and C. A. Rogers. Two active areas
that have been outstanding from the birth of discrete geometry are dense sphere
packings and tilings. Both occupy a substantial part of my book as well. There is a
chapter on unit sphere packings and there are a number of sections that apply the
method of Delaunay and Voronoi tilings in the solutions of a variety of problems.
Sphere packings and tilings have a very strong connection to number theory, coding,
groups, and mathematical programming. In particular, the latter greatly helped to
achieve recent breakthrough results. Extending the tradition of studying packings
of spheres, another core topic of my book is the investigation of the monotonicity
of volume under contractions of arbitrary arrangements of spheres. The research on
this fundamental topic started with the conjecture of E. T. Poulsen and M. Kneser
in the late 1950s. The third major topic of my book can be found under the sections
on ball-polyhedra introducing an extension of the theory of convex polyhedral sets
to the family of intersections of congruent balls. This part of my book is connected
in many ways to the above mentioned major topics and it is also connected to some
other important research areas as well including the one on coverings by planks
(with close ties to geometric analysis). This topic is the forth major one in my book
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discussed under coverings by cylinders. The research work on the latter topic started
with a conjecture of A. Tarski in the early 1930s!.

My book is aimed at advanced undergraduate and early graduate students, as
well as interested researchers. In addition to leading the reader to the frontiers
of geometric research on sphere arrangements, it gives a short introduction to the
relevant modern parts of discrete geometry. I have structured the book in such
a way that the four major research topics (unit sphere packings, contractions of
sphere arrangements, ball-polyhedra, and coverings by cylinders) are surveyed in
individual chapters (Chaps.1, 3, 5, and 7) each followed by a chapter with a
collection of selected proofs (Chaps. 2,4, 6, and 8). The survey chapters are readable
independently from each other. The selected proofs combine elementary and convex
geometry with analytic and in some cases, probabilistic or topological ideas. They
are the results of the author’s joint work with a number of discrete geometers.
In addition, an independently understandable collection of unsolved problems is
compiled in Chap. 9.

I am very much indebted to all my students and colleagues who attended my
lectures and actively participated in the discussions at the Fields Institute in the fall
of 2011. Furthermore, I want to thank the support of a number of colleagues and
friends in particular, Ted Bisztriczky (Univ. of Calgary, Canada), Karoly Boroczky
(Eotvos Univ., Hungary), Robert Connelly (Cornell Univ., USA), Balazs Csikés
(Eotvos Univ., Hungary), Antoine Deza (McMaster Univ., Canada), Gabor Fejes
Té6th (Rényi Inst., Hungary), Herbert Edelsbrunner (Duke Univ., USA and IST,
Austria), Ferenc Friedler (Univ. of Pannonia, Hungary), Thomas C. Hales (Univ.
of Pittsburgh, USA), Janos Pach (EPFL, Switzerland and Rényi Inst., Hungary),
Konrad Swanepoel (LSE, UK), Salvatore Torquato (Princeton Univ., USA), Asia L.
Weiss (York Univ., Canada), and Yinyu Ye (Stanford Univ., USA). It is a particular
pleasure for me to acknowledge my long-lasting research collaboration with my
brother Andras Bezdek (Auburn Univ., USA and Rényi Inst., Hungary) as well
as with my friends Ted Bisztriczky (Univ. of Calgary, Canada) and Bob Connelly
(Cornell Univ., USA). Also, it is a pleasure to acknowledge the excellent support
provided by the Fields Institute; in particular, I would like to offer special thanks
to Edward Bierstone, Alison Conway, Claire Dunlop, Matheus Grasselli, Debbie
Iscoe, Matthias Neufang, and Carl Riehm. Also, special thanks are due to Samuel
Reid (Univ. of Calgary, Canada) for the expressive drawings. Last but not least, I
wish to thank my three sons, Daniel, Maté, and Mark, and in particular, my wife,
Eva, whose strong support and encouragement helped me a great deal during the
long hours of writing.
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