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Speaker : M. Golumbic
Title : Recent Trends in Intersection Graphs.
Abstract : After a brief introduction, with examples, on the topic of in-
tersection graphs and containment graphs, we will report on recent work
on the intersection graphs of k-bend paths on a grid, the so called Bk-VPG
graphs. We will then discuss the family of Threshold Tolerance graphs and
their complements, the coTT graphs, and give a characterization of split
coTT graphs along with an efficient recognition algorithm for this class.

Speaker : B. Datta
Title : Tight neighborly triangulations of manifolds.
Abstract : If X is a connected triangulated d-manifold then the first Betti
number of X satisfies
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β1(X;Z2), where f0(X) is the
number of vertices of X. Moreover for d ≥ 4, the above inequality is an
equality if and only if X is neighborly and the links of vertices in X are
stacked (d − 1)-spheres. For d ≥ 3, a triangulated d-manifold X is called
‘tight neighborly’ if
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β1(X;Z2). A tight neighborly tri-
angulated manifold is tight and strongly minimal. In this talk, we present
examples of some tight neighborly triangulated manifolds.

Speaker : B. Bagchi
Title : On ovalic and ovoidal packings : the case of even order.
Abstract : We shall discuss packings of even order projective planes/ pro-
jective spaces by ovals/ ovoids, i.e., sets of pairwise almost disjoint ovals/
ovoids which almost cover the point set. Sample results : any n pairwise
disjoint ovals in a projective plane of even order n have a unique common
tangent line. The common tangent lines to any q+1 pairwise disjoint ovoids
in projective three-space of even order q form a regular spread. Time per-
mitting, we shall tie up these results with Klein correspondence and linear
complexes.

Speaker : A. Diwan
Title : The zero-sum Ramsey number of cycles.
Abstract : Let G be a simple graph and k a positive integer that divides
|E(G)|. The zero-sum Ramsey theorem states that there exists a smallest
positive integer R(G, k) such that if the edges of a complete graph of order
R(G, k) are assigned weights from Zk, there exists a subgraph isomorphic
to G such that the sum of the weights of edges is zero. This is an easy
consequence of the classical Ramsey theorem and the condition that k divide
|E(G)| is necessary, otherwise each edge can be assigned weight 1.

Let F be a family of graphs such that for all k ≥ 1, there exists a graph
G in F with |E(G)| divisible by k. It follows from the zero-sum Ramsey
theorem that for all k ≥ 1, there exists a smallest positive integer R(F , k)
such that if the edges of a complete graph of order R(F , k) are assigned
weights from Zk, there exists a subgraph isomorphic to some graph in F
with total weight zero.



We determine R(C, k) for the family C of cycles. We consider various
extensions of the basic result, including vertex weights, graphs with large
minimum degree instead of complete graphs, and families F consisting of
subdivisions of a fixed graph. In many of these cases, we do not know the
exact answer.

Speaker :R.B. Bapat
Title : On the adjacency matrix of a block graph.
Abstract : A block graph is a graph in which every block is a clique. Let
G be a block graph and let A be the adjacency matrix of G. We obtain a
formula for the determinant of A over reals. It is shown that A is nonsin-
gular over GF(2) if and only if the removal of any vertex from G produces
a graph with exactly one odd component. A formula for the inverse of A
is obtained, whenever it exists. We obtain some results for the line graph
of a tree, which is a claw-free block graph. A combinatorial formula for
the inverse of a triangular matrix is obtained and it generalizes the known
formula for the inverse of the adjacency matrix of a tree. This talk is based
on joint work with Souvik Roy and Ebrahim Ghorbani.

Speaker : Michel Deza
Title : Spheric analogs of fullerenes.
Abstract : It is a joint work with Mathieu Dutour Sikirić from Institut
Rudjer Boskovic, Zagreb.

Given R ⊂ N, a (R; k)-sphere is a finite connected k-regular plane graph
with only i-gonal, i ∈ R, faces.

Such ({a, b}; k)-spheres with (a, b; k) = (5, 6; 3) or (4, 6; 3) and (R; 4) cor-
respond to carbon or boron nitride fullerenes and projections of alternating
links, respectively.

All ({a, b}; k)-spheres with pb ≤ 3 are listed. We consider ({a, b}; k)-
spheres with 1 ≤ a < b = 2k

k−2 (i.e. minimal curvature of faces is 0) so, 4, 2, 2
infinite families with (b, k) = (6, 3), (4, 4), (3, 6). Their symmetry groups,
parametrizing, zigzag (or central circuit) structure are addressed.

Also, we treat icosahedrites, i.e., ({3, 4}; 5)-spheres, and fullerene c-disks,
i.e., ({5, 6, c}; 3)-spheres with pc = 1.



Speaker : D. Mubayi
Title : Quasirandom hypergraphs.
Abstract : Since the foundational results of Thomason and Chung-Graham-
Wilson on quasirandom graphs over 20 years ago, there has been a lot of
effort by many researchers to extend the theory to hypergraphs. I will
present some of this history, and then describe our recent results that pro-
vide such a generalization and unify much of the previous work. One key
new aspect in the theory is a systematic study of hypergraph eigenvalues.
I will conclude by showing some applications to Sidorenko’s conjecture and
the certification problem for random k-SAT. This is joint work with John
Lenz.

Speaker : W. Haemers
Title : Graphs with maximal energy.
Abstract : The energy of a graph is the sum of the absolute values of
the eigenvalues of the adjacency matrix (see [2] for a recent survey). An
important problem is to find graphs with maximal energy, given the number
of vertices. Koolen and Moulton [6] derived an upper bound and showed
that it is tight if and only if the graph is strongly regular with specified
parameters. These graphs are related to certain regular Hadamard matrices
which leads to the existence of many graphs with maximal energy [3, 5].
More recently, some variation on this theme have been considered. This
concerns the energy with respect to the Seidel adjacency matrix [4], and the
energy per vertex of a regular graph [1]. It turns out that the energy attains
its maximum for symmetric conference matrices, and incidence graphs of
projective planes, respectively. Results about the existence of the mentioned
combinatorial objects lead to asymptotic results for the various kinds of
maximal energy.
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Speaker : S. Friedland
Title : Upper bounds for perfect matchings in pfaffian and planar graphs.
Abstract : In this talk we give upper bounds for the number of perfect
matchings in pfaffian and planar graphs. Our bounds are better than Breg-
man’s upper bounds. Some of our upper bounds are sharp. We discuss the
applications of these bounds to fullerene graphs. This is a joint work with
Afshin Behmaram from University of Tehran.

Speaker : S Sivaramakrishnan
Title : Two immanants of combinatorial matrices.
Abstract : Not given.

Speaker : S. Ghosh
Title : Two Unsolved Problems on Triangulating Planar Point Sets.
Abstract : A triangulation of a set of points S in the plane is a maximal
set of straight-line segments with endpoints in S such that no two segments
intersect in their interior. Firstly, we consider the problem of triangulating a
given point set S (with no three points collinear) so that the resulting graph
G is highly connected. Since G is planar, it follows from the Euler’s formula
that the graph can be at most 5−connected. A graph H is k-connected if H
remains connected after removing any k−1 vertices and their incident edges
from H. It can be seen that a triangulation of S is 3−connected if and only
if there is no edge (called a chord) in the triangulation that connects two
non-adjacent convex hull points of S. It is open for two decades whether a
polynomial-time algorithm exists for determining whether S admits a 4− or
5− connected triangulation.

Secondly, we consider the problem of triangulating two sets of points A
and B, where |A| = |B| = n. Two triangulations T (A) of A and T (B) of
B are called joint triangulation (also called compatible triangulation) of A
and B if there exists a bijection f between A and B such that (i) ijk is a
triangle in T (A) if and only if f(i)f(j)f(k) is a triangle

in T (B), and (ii) ijk and f(i)f(j)f(k) do not contain any point of A
and B respectively. The problem of joint triangulation of A and B has two



variations depending upon whether the bijection between points of A and
B are fixed in advance. Here, we consider the problem where the bijection
is fixed in advance. It is open for two decades whether a polynomial-time
algorithm exists for determining whether A and B admit joint triangulation.
Speaker : G. Tardos
Title : Lower bounds for geometric epsilon-nets.
Abstract : Let R be a set system (range space). A set S is said to be
shattered by R if every subset H of S can be obtained as the intersection of
a suitable element of R with S. The VC-dimension of R (named after Vapnik
and Chervonenkis) is the maximum size of a set shattered by R. Let epsilon
be a positive constant. An epsilon-net (also called strong epsilon-net) for
the finite set S with respect to the range space R is a subset H of S satisfying
that if an element of R (a range) contains at least an epsilon fraction of the
points in S, then R contains at least one point of H.

According to a well known theorem of Haussler and Welzl, with respect
to a range space of bounded VC-dimension any set admits an epsilon-net of
size O((1/ǫ) log(1/ǫ)). Using probabilistic techniques, Pach and Woeginger
(1990) showed that there exist range spaces of VC-dimension 2, for which
this bound is tight. Geometric range spaces consisting of ranges of “constant
description complexity” (e.g., balls, boxes, halfspaces, etc. in a Euclidean
space) have bounded VC-dimension, so the Haussler Welzl theorem applies
to them. But in many instances epsilon-nets of smaller size exists than
those guaranteed by this general result. In fact, it was generally believed
that with respect to geometric range spaces linear size epsilon-nets (that is,
of size O(1/ǫ)) always exist and this was confirmed is some specific cases,
like for halfspaces is dimensions 2 and 3 by Matousek, Seidel and Welzl. In
a more recent paper Aronov, Ezra and Sharir proved that with respect to
axis-parallel boxes in dimensions 2 and 3 O((1/ǫ) log log(1/ǫ)) size epsilon-
nets exist. The linear epsilon-net conjecture had to be revised after Alon
discovered some geometric range spaces of small VC-dimension, in which
the ranges are straight lines, rectangles or infinite strips in the plane, and
which do not admit linear size epsilon-nets. Alon’s construction is based
on the density version of the Hales-Jewett theorem, due to Furstenberg and
Katznelson (and recently improved by the Polymath project). However,
his lower bound is only barely superlinear and it is related to the inverse
Ackermann function.

In a joint result with Janos Pach we show, that both the above mentioned
results of Matousek, Seidel and Welzl, and Aronov, Ezra and Sharir are best
possible in the sense that neither result generalizes to dimension 4 or higher
and the loglog factor cannot be removed from the second result. We show
the following: Theorem 1. All epsilon-nets for some point sets with respect
to axis parallel boxes in dimension 4 are of size Ω((1/ǫ) log(1/ǫ)). The same
is true with respect to half spaces in dimension 4.

Theorem 2. All epsilon-nets for some points sets with respect to axis
parallel rectangles in the plane are of size Ω((1/ǫ) log log(1/ǫ)).

While it is enough to consider a random point set of certain size in the
unit square for the proof of Theorem 2, the proof of Theorem 1 relies on
dualizing an explicit construction of a collection of axis-parallel rectangles



in the plane that have no small “dual epsilon-nets”. Both proofs are slight
modifications of earlier results about hypergraph coloring. For Theorem 1
our starting point is also a joint result with Janos Pach, for Theorem 2 it is
a joint result with Chen, Pach and Szegedy.
Speaker : N. Balachandran
Title : Combinatorial Batch codes and an extremal Hypergraph Problem.
Abstract : An (m,N, k, n, t)-batch code models the problem of storing m
data items into n servers in such a way that any k of the m data items may
be retrieved by reading at most t items from each server and the overall
storage to be limited to N and we are interested in general in minimizing
N , over all m servers. The case t = 1 corresponds to the situation where
every server stores a subset of the items is called a Combinatorial Batch
code (CBC). The problem of determining m(n, r, k), the maximum value of
n for which there exists a uniform (m, rn, k, n)−CBC has been the object
of interest in recent times and it is known that m(n, r, k) = O(nr) for fixed
r, k. We shall look at some of these results, and some recent improvements
of the bounds for m(n, r, k) for all 2 ≤ r ≤ k ≤ 8722; 3, for fixed k > 4. This
is joint work with Srimanta Bhattacharya.
Speaker :R. Wilson
Title : Generalized Reed-Muller codes andthe Smith form of projective
incidence matrices.
Abstract :Given a prime power q = pe and integers n, k, let N be the
incidence matrix of the 1-dimensional and k-dimensional subspaces of an
n-dimensional vector space over the field of q elements. In 2006, Chandler,
Sin, and Xiang gave a formula for the integer Smith normal form of N . We
discuss the relationship of this result to generalized Reed-Muller codes and,
in particular, give a new proof of their result in the case e = 1 (which had
been settled in 2000 by P. Sin). This is joint work with Tony Wong.
Speaker :J. Pach
Title : Big Unsolved Problems in Geometric Graph Theory.
Abstract : In the problem section of the Jahresbericht der Deutschen
Mathematiker-Vereinigung, in 1934, Hopf and Pannwitz posed the following
problem: Prove that among n ≥ 3 points in the plane, the largest distance
(the diameter) can occur at most n times. This problem led to many new
ones and has generated a lot of research in discrete geometry. What is the
maximum number of edges, triangles, or higher-dimensional simplices in the
diameter graph induced by n points in Euclidean d-space (d ≥ 3)? At most
how many times can the unit distance occur? A graph drawn in the plane
by straight-line edges (curvilinear edges) is called a geometric (topological)
graph. The fundamental extremal question in geometric graph theory is the
following: What is the maximum number of edges that a geometric graph
of n vertices can have if it does not contain a fixed, so-called “forbidden”
configuration F? For example, what is the answer if F is a matching that
consists of k disjoint edges, for a fixed integer k? The same question can
be asked if F is a set of k pairvise crossing edges? Starting with the oldest
problems and results, we sketch the state of the art of geometric graph the-
ory, with special emphasis on major open problems that can be (directly or
indirectly) traced back to the question of Hopf and Pannwitz.



Speaker : H. Janwa
Title : Eigenvalues and expansion of bipartite graphs, optimal Ramanujan
graphs, and their applications.
Abstract : We prove lower bounds on the largest and second largest eigen-
value of the adjacency matrix of bipartite graphs and give necessary and
sufficient conditions for equality. We give several examples of classes that
are optimal with respect to the bounds. We determine the expansion param-
eters of the BIBD graphs and show that they yield optimal expander graphs
and also bipartite Ramanujan graphs. We also prove that BIBD-graphs are
characterized by their eigenvalues. Finally we present an improved version
of the expander mixing lemma, and derive an improved bound on the expan-
sion coefficient of (c,d)-regular bipartite graphs and compare that with our
earlier bound, and a classical bound. We show that the bipartite graphs de-
rived from several classical combinatorial configurations yield optimal or ex-
cellent expander graphs. This in turn, combined with our expansion bound,
leads to a theoretical explanation of the good performance of some classes
of LDPC codes that have been constructed so far, and of some additional
ones that we now propose.

Speaker : S.S. Sane
Title : Maximal k-Cliques.
Abstract :A finite collection C of k-sets, where k ≥ 2 is called a k-clique
if every two k-sets (called lines) in C have a nonempty intersection and a
k-clique is a called a maximal k-clique if |C| < ∞ and C is maximal with
respect to this property. The broad aim of this talk is to discuss the prob-
lem of maximal k-cliques that have a small as well as very large number of
blocks. This involves a good number of conjectures that ask for construct-
ing such structures with additional regularity conditions. An elementary
example of a maximal k-clique is furnished by the family of all the k-subsets
of a (2k − 1)-set. This k-clique will be called the binomial k-clique. Some
combinatorial characterizations of the binomial k-clique as a maximal k-
clique are discussed. The techniques developed are then used to provide a
large number of examples of mutually nonisomorphic maximal k-cliques for
a fixed value of k.

Speaker : P. Harsha
Title : The Hardness of the noncommutative determinant.
Abstract : The determinant and the permanent of a matrix, though de-
ceivingly similar in their definitions, behave very differently with respect
to how efficiently one can compute these quantities. The determinant of a
matrix over a field can be easily computed via Gaussian elimination while
computing the permanent, as shown by Valiant, is at least as hard as count-
ing the number of satisfiable assignments to a Boolean formula. Given this,
it is natural to ask ”over which algebras A, is the determinant easier to
compute than the permament? Furthermore, since all algorithms for deter-
minant crucially use commutivity of the underlying algebra, we could ask
”is commutativity essential for efficient determinant computation?”

In this talk, I will survey the results in theoretical computer science
which study the hardness of the determinant, in the non-commutative con-



text. Our current understanding reveal that it is the commutativity of the
quotient algebra A/rad A (where rad A is the radical of the algbera A) that
determines efficient determinant computation.


