Moden. u ananus ungopm. cucmem. T.19, Ned (2012) 168-173

YIK 517.51+514.17

The First Yaroslavl Summer School
on Discrete and Computational Geometry

Dolbilin N.}, Edelsbrunner H.2, Ivanov A.? Musin O.*

Steklov Mathematical Institute, P.G. Demidov Yaroslavl State University
Institute of Science and Technology Austria, P.G. Demidov Yaroslavl State University
Moscow State University, P.G. Demidov Yaroslavl State University
Unwversity of Texas in Brownsville, P.G. Demidov Yaroslavl State University

e-mail: dolbilin@mi.ras.ru, edels@ist.ac.at, aoiva@mech.math.msu.su, omusin@gmail.com

received 12 September 2012

Keywords: Discrete and Computational Geometry, Summer school

We summarize the results of the First Yaroslavl Summer School on Discrete
and Computational Geometry and asses its future perspectives.

The First Yaroslavl Summer School on Discrete and Computational Geometry was
organized by the International Delaunay Laboratory “Discrete and Computational Geo-
metry” and held in July and August of 2012 in a neighborhood of Yaroslavl. The aim of
this article is to summarize the results of the School and to asses its future perspectives.

School on Discrete and Computational Geometry

The 21st century rises as the era of science-based technologies and innovations. The
field of Discrete and Computational Geometry provides some of the main tools for sev-
eral application areas, ranging from entertainment to manufacturing, from medicine to
facility planning, and more. Today, the field represents one of the most rapidly devel-
oping, perspective, and popular directions of modern mathematics and science. The
Government of the Russian Federation supports the creation of a laboratory of discrete
and computational geometry at the P.G. Demidov Yaroslavl State University under the
leadership of Herbert Edelsbrunner, a pioneer in computational geometry and topology
with commercial experience in the field. In 2011, the International Delaunay Laboratory
“Discrete and Computational Geometry” was established.
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At the laboratory, specialists from Russia (Demidov Yaroslavl State University,
Lomonosov Moscow State University, Saint Peterburg State University, Steklov
Mathematical Institute), Austria (Institute of Science and Technology, Vienna), and the
USA (University of Texas in Brownsville), join forces in research and education aimed
at creating a modern word-class center of Discrete and Computational Geometry. An
important activity at the laboratory is the teaching of graduate and post-graduate stu-
dents, with the purpose of attracting young scientists to the field and training the future
personnel of the laboratory. The Summer School is a significant part of this educational
programime.

Goals and Objectives

Mathematical Schools organized during winter and summer vacations have a long
traditions in Russia. The main goal of the Summer School on Discrete and Compu-
tational Geometry is to improve the academic level of the graduate students in the
subject. For this reason, the Delaunay Laboratory aims at a good compromise between
the traditions of the Krein Winter Voronezh Mathematical School, organized since 1967
and oriented toward post-graduate and post doctoral levels, and that of the Summer
School “Contemporary Mathematics”, organized since 2001 in Dubna and featuring in-
troductory courses on a wide spectrum of modern mathematical topics.

Several elementary courses were given at the school, by members of the Delaunay
Laboratory as well as by invited professors from Austria, Japan, Russia, and the USA.
These courses were supported by practical exercises conducted by graduate and post-
graduate students with experience in the subject. In addition, a scientific seminar
was organized, in which resent results in Discrete and Computational Geometry were
presented and open problems were discussed. The informal contacts of the young
mathematicians with each other and with older colleagues are of great value. New
ideas can appear not only in the class room, but also during a volleyball game, while
swimming in the Volga river, or during a table-tennis game. The main goal of the school
is to provide the participants with plenty of food for thought.

Education and Program

Below we give the complete list of lecture courses given at the School. We make
no distinction between computational geometry, discrete geometry, and computational
topology, since such divisions are not helpful. After all, in reality the best work re-
sults from interactions between pure science and applications, and this interaction can
be complex and multi-facetted. One of the aims of the school was to show that such
interdisciplinary cooperation can form a basis for progress in all the branches. Usually
we had three 1-hour lectures and one seminar talk per day. The list of courses given at
the School is as follows:

e H. FEdelsbrunner, Introduction to Computational Geometry and Topology, 4 lec-
tures, see [1, 2, 3];
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N. Dolbilin, Introduction to the Theory of Periodic Coverings and Tilings, 2 lec-
tures, see [4, 5, 6];

0. Musin, Sphere Packings, 3 lectures;

S. Matveev, Computer Classification of 3-dimensional Manifolds, 4 lectures, see |7,
8];

A. Ivanov, Optimal Networks, 3 lectures, see [9, 10, 11];

L. Pak, Triangulations of Convex Polyhedra, 3 lectures, see [12];

M. Myachin, Geometric Problems in Endoscopy, 3 lectures;

V. Volodin, Combinatorics of Simple Polytopes, 3 lectures;

V. Bondarenko, Graphs of Polytopes and Polytopes of Problems, 3 lectures;
V. Dolnikov, Kneser’s Problem and its Generalizations, 3 lectures;

R. Karasev, Borsuk-Ulam Theorem and Measure Partitions, 3 lectures, [13];

M. Kerber, Robust Geometric Computation, 4 lectures, [14, 15], [16], [18, 19, 20],
21, 22, 23];

N. Andreev, Mathematical Etudes, 2 lectures, see www.etudes.ru.

The videos of the lectures are available on the site of the Delaunay Laboratory
(http://dcglab.uniyar.ac.ru). In addition, a volume with lecture notes is under
preparation and will appear in the Demidov Yaroslavl State University Publishing house.
In addition to the lectures, some of the seminar talks are also available as videos on the
same site. The list of seminars on new results and open problems is as follows:

H. Edelsbrunner, Which Convex Bodies Are Most Chiral?

0. Musin, The Thirteen Spheres Problem.

T. Samsonov, Geometric Methods in Cartographic Generalization.

N. Dolbilin, Local and Global Approaches to the Crystallographic Structure.
G. Ivanov, Deviation of the Convex Hull.

N. Strelkova, Minimal Networks on Convex Polyhedra.

B. T. Fasy, Metrics on Persistence Diagrams.

A. Magazinov, Voronoi Conjecture for a Special Class of Parallelohedra.

B. Wang, Elevation, Protein Docking and Gauss Map.

G. Chelnokov, Some Combinatorial Inequalities About Defining a Periodic Word
by a System of Forbidden Subwords.
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e V. Fokin, Stability of Voronoi Diagram in Euclidean Plane.

e V. Manturov, Graph-valued Quantum Invariants of Virtual Knots.
e F. Bannai, On Spherical Designs.

e J. Phillips, Computational Geometry on Uncertain Data.

The School was concluded by a lecture on “The Discrete and Computational Project”
given by H. Edelsbrunner, in which he talked about his understanding of the interaction
between Mathematics, Computations, and Applications, illustrating the relationships
with the development of a surface reconstruction algorithm (Computations), based on
idea of discrete flow (Mathematics), with industrial uses in manufacturing and medicine
(Applications).

Concluding Remarks

During the 19 days of the Summer School, 13 courses with a total of 40 lectures and 14
seminar talks were delivered to 50 students. During the practical exercises, most of the
students passed a test on Computational Geometry and Topology. We therefore believe
that the academic level of the participants has significantly improved. Very importantly,
new communication channels have been opened and cooperations between participants
have been initialized. All this gives us reason to conclude that the School has been
successful. It is now time to start planning the Second Yaroslavl Summer School on
Discrete and Computational Geometry that will be held by the International Delaunay
Laboratory in the Summer of 2013. The information concerning the Second School will
appear on the site of the Laboratory (http://dcglab.uniyar.ac.ru).

Before closing this article, we would like to express our thanks to the Local Organizing
Committee, and in particular to A. Yu. Uhalov, A. N. Maksimenko, and A.I. Garber, who
took on the responsibility for planning and scheduling the School. Without their hard
work, this School would have been impossible.

We hope that the Summer School on Discrete and Computational Geometry in
Yaroslavl will become tradition and an appreciated event within the wider Mathematical
community.
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