
Geometric, Topological and
Computational Aspects of

High-Dimensional Combinatorics

April 22-26, 2018
Israel Institute for Advanced

Study

Abstracts Booklet



Stability, Invariant Random Subgroups and
Property Testing

Oren Becker (HUJI)
Given two permutations A and B which "almost" commute, are they "close"
to permutations A′ and B′ which really commute? Arzhantseva and Păunescu
(2015) formalized this question and answered affirmatively. This can be viewed
as a property of the equation XY = Y X, and turns out to be equivalent to
the following property of the group Z2 = 〈X,Y | XY = Y X〉: Every "almost
action" of Z2 on a finite set is close to a genuine action of Z2. This leads to
the notion of stable groups. Another point of view is that of property testing:
The result of [AP] implies that for a pair of permutations, “being (close to) a
solution for XY = Y X” is a locally testable property, and one may ask which
other equations, or systems of equations, are locally testable in this sense.
We will describe a relationship between stability, invariant random subgroups
and sofic groups, giving, in particular, a characterization of stability among
amenable groups. We will then show how to apply the above in concrete cases
to prove and refute stability of some classes of groups. Finally, we will dis-
cuss stability of groups with Kazhdan’s property (T), and some results on the
quantitative aspect of stability.
Based on joint works with Alex Lubotzky, Andreas Thom and Jonathan
Mosheiff.

Hypergraph expanders from Cayley graphs
David Conlon (Oxford)

Given a k-uniform hypergraph H, consider the associated graph whose vertex
set consists of the (k − 1)-tuples of vertices in V (H) which are contained in
some edge and where two vertices are joined if there is an edge of H containing
both. We say that H is an expander if this associated graph is an expander.
Using Cayley graphs over elementary abelian 2-groups, we give a randomisable
construction of such expanders whose degree is polylogarithmic in the number
of vertices. Partly based on joint work with Jonathan Tidor and Yufei Zhao.
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Spectral high dimensional expansion and
applications to codes

Irit Dinur (Weizmann)
Spectral high dimensional expanders are simplicial complexes that have spectral
expansion in the 1-skeleton of each link. I will show how that they can be viewed
as a sparse model of the complete complex (the k-dimensional complex on n
vertices containing all possible k-faces). For example, random walks that go
from i-face to a containing j-face and back to a contained i-face, have the same
behavior on a sparse high dimensional expander as they do on the complete
complex of the same dimensions (up to low order error terms).
I will describe a couple of applications to the derandomized direct product code.
One showing local testability, and the other showing algorithmic decoding.
Based on joint works with Prahladh Harsha, Tali Kaufman, Inbal Livni-Navon,
and Amnon Ta-Shma.

Ramanujan bigraphs and complexes, and golden
gates in PU(3)

Shai Evra (HUJI)
In their seminal works from the 80’s, Lubotzky, Phillips and Sarnak proved
the following two results: (i) An explicit construction of Ramanujan regular
graphs. (ii) An efficient and easily applied method of placing points on the
sphere, uniformly equidistributed. These two seemingly unrelated problems,
were solved by applying deep number theoretic Theorems (Deligne-Ramanujan
conjecture, Jacobi Theorem) on a single group form of GL2 over the rational
field.
In recent years these two results have seen the following generalizations and
developments: (i+) The explicit construction of Ramanujan complexes by
Lubotzky, Samuels and Vishne. (ii+) The explicit construction of super golden
gates for PU(2) by Parzanchevski and Sarnak. This time, the two results are
unrelated, since the construction of LSV is over a field of positive characteristic
and not over the rationals.
In this talk I will describe a recent new construction of both golden gates for
PU(3) and an explicit construction of Ramanujan bigraphs (biregular bipartite
graphs), as well as some new Ramanujan complexes. Moreover, we shall see
that these constructions are actually three ’local’ consequences coming from
analyzing a single ’global’ group (much like the LPS construction).
This is a joint work with Ori Parzanchevski.
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Robot motion planning and equivariant Bredon
cohomology

Michael Farber
(Queen Mary, University of London & IIAS)

A robot motion planning algorithm produces a continuous robot motion from
an initial state to a desired state. I shall discuss properties of such algorithms,
in particular for systems with aspherical configuration spaces. I will explain
how the concept of equivariant Bredon cohomology (whose prior knowledge is
not expected) helps to describe the topological complexity of motion planning
algorithms.

Ultraproduct and stability of groups
Lev Glebsky (UASLP & IIAS)

The nonstandard analysis may be thought of as a language to deal with ultra-
products. It is often intuitive and inspiring. I plan to recall a small part of
the language of nonstandard analysis and show how to use it for studying of
asymptotic representations. Precisely, I am going to describe some results and
problems related with stability of groups.

On Colorings and Independence
Konstantin Golubev (Bar-Ilan & Weizmann)
I’ll give an exposition of recent results on questions related to colorings and in-
dependent sets in different settings. In particular, I’ll talk about generalizations
of the Hoffman bound for graphs to simplicial complexes, and their applications
to problems in extremal combinatorics; colorings of the Ramanujan complexes;
and colorings of the hyperbolic plane and surfaces (an analogue of the Hadwiger-
Nelson problem). Based on several works written jointly with E. De Corte, S.
Evra, N. Lifshitz, A. Lubotzky and O. Parzanchevski
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Lossless dimension expanders
Venkatesan Guruswami (Carnegie Mellon)

A dimension expander for a vector space Fn is a collection of d linear maps such
that for any low-dimensional subspace U of Fn, its image under all the maps
has dimension at least a ·dim(U), where a is the "expansion factor”. Dimension
expanders are the linear-algebraic analog of vertex expanders. Over finite fields,
w.h.p. a random collection of d = O(1) linear maps offers excellent “lossless”
expansion (with expansion factor almost equal to d). But explicit constructions
(for growing n and fixed d) with even modest expansion factors are non-trivial
to obtain. This talk will describe some recent progress that has led to explicit
lossless expanders over large fields (previously even constructions with expansion
proportional to the degree weren’t known). A crucial notion underlying these
developments is that of a subspace design, which is a collection of subspaces of
Fn most of which are disjoint from every low-dimensional subspace of Fn. This
concept was originally put forth and used in algebraic list decoding. We will
describe subspace designs, a near-optimal construction over large fields based
on polynomials with structured roots (joint with S. Kopparty), and a simple
connection to dimension expansion that leads to expansion factor of

√
d (joint

with M. Forbes). Finally, we will sketch a construction (joint with N. Resch and
C. Xing) that is inspired and made possible by recent progress on list decoding
in the rank-metric, and which together with appropriate subspace designs leads
to degree-proportional or even lossless dimension expanders over large finite
fields.

Coloring problems for circles and spheres
Gil Kalai (HUJI)

Two weaks ago Aubrey de Grey proved that the chromatic number of the plane is
at least five. To celebrate and supplement this result we discuss several coloring
problems for circles. We then move to higher dimensions and connect it also
to another breakthrough of recent months: The example by Serge Vlăduţ for
lattices with exponentially large kissing number.

Geometric Factorization of Affine Weyl Groups
Ming-Hsuan Kang

(National Chiao Tung University)
In this talk, we will introduce a length preserving factorization of affine Weyl
groups which involves all parabolic subgroups. Moreover, we will show that how
does the factorization arise from zeta functions of high dimensional complexes.

4



Iterative absorption for designs and
decompositions

Daniela Kühn (Birmingham)
I will discuss several recent results in the area of hypergraph design theory and
graph decompositions. Classical results in this area have often been limited to
symmetric structures, as these allow for the exploitation of these symmetries or
the use of algebraic techniques. I will discuss the “iterative absorption method”
– a general method to deal with problems in the area, based on a mixture of
probabilistic and combinatorial ideas. It has been successfully applied e.g. in
the context of hypergraph designs, Hamilton decompositions and tree packings.

Gradient flows and discrete structures
James Lee (Washington)

In the fields of online learning and online algorithms, one makes a sequence of
decisions based on information that arrives over time. The goal is to ameliorate
the deleterious effects of uncertainty on optimization. A host of problems of this
type can be solved effectively by algorithms that do constrained gradient flow
in an appropriate geometry; one chooses a Riemannian metric that naturally
promotes hedging against uncertainty in the future. I will sketch the use of this
method in resolving some long-standing open problems in competitive analysis.
It turns out that a similar approach is effective in settings where things that are
"hard to know" (uncertain) are replaced by things that are "hard to understand"
(complex). As a basic example, it can be used to construct expander graphs
(when one thinks of a graph as a high-dimensional positive self-adjoint operator),
or to discover additive structure in dense subsets of integers (encoded as a
sequence of high-entropy probability measures).

Distribution of primes
Winnie Li (Pennsylvania State)

The distribution of prime numbers has been one of the central topics in number
theory. It has a deep connection with the zeros of the Riemann zeta function.
The concept of "primes" also arises in other context. For example, in a compact
Riemann surface, as introduced by Selberg, primitive closed geodesic cycles play
the role of primes; while in a finite complex arising as a quotient of a building,
for each positive dimension, there are primes of similar nature. In this talk
we shall discuss the distributions of such primes and their connection with the
analytic behavior of the associated zeta and L-functions.

5



Problems and challenges in high-dimensional
combinatorics

Nati Linial (HUJI)
Here are three examples of open problems in high-dimensional combinatorics.

• Brown Erdos and Sos proved about a half century ago that every n-vertex
3-uniform hypergraph with at least Cn5/2 hyperedges contains a triangu-
lation of a 2-sphere and this is tight up to the value of C. Is a similar
statement also true if we replace 2-sphere by "torus"?

• Hypertrees were introduced by Kalai about a third century ago. These are
"connected" and "acyclic" d-complexes with a full (d − 1)-skeleton. It is
easy to see that if an n-vertex d-dimensional simplicial complex with

(
n−1
d

)
d-faces and a full (d − 1)-skeleton is d-collapsible, then it is a hypertree.
Kalai has conjectured that the fraction of hypertrees that are d-collapsible
is asymptotically vanishing. There is good numerical evidence supporting
this statement, but no proof yet.

• An n× n array with 0/1 entries in which every line contains a single 1 is
a permutation matrix. We know how to generate such matrices and we
understand well their typical properties. An n × n × n array with 0/1
entries where every line has exactly one 1 entry is a Latin square. We
know how to construct many Latin squares, but their statistical behavior
is still a mystery. For n × n × n × n arrays with the same property of
having a single 1 per line we do not even have a "hill climbing" method
for construction.

In this talk I will try to explain some of the many exciting problems that high-
dimensional combinatorics has to offer.
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Pseudorandom generators from polarizing
random walks

Shahar Lovett (UC San Diego)
We propose a new general scheme for designing pseudo-random generators
(PRGs) for boolean functions. The main idea is to first construct a simpler
object, which we call a fractional PRG, which takes fractional values in the con-
tinuous boolean cube. Then, use this fractional PRG to guide a random walk
in the boolean cube to obtain the actual boolean-valued PRG. Such random
walks exhibit a strong polarization effect, which implies that only a logarithmic
number of steps (in the dimension) is needed for them to converge. To demon-
strate this idea, we construct a simple PRG which fools any boolean function
with bounded Fourier tails. This includes several classes of boolean function
where previously no efficient PRG was known, and simplifies the construction
and analysis for several others. Joint work with Eshan Chattopadhyay, Pooya
Hatami and Kaave Hosseini https://eccc.weizmann.ac.il/report/2018/015/.

From expander graphs to high dimensional
expanders: a road map

Alex Lubotzky (HUJI)
Expander graphs has been a topic of great interest in the last 50 years for
mathematicians and computer scientists. In recent years an high dimensional
theory is emerging. We will describe some of its main directions and questions.

Concurrency Theory and Topology
Roy Meshulam (Technion)

Concurrency theory in computer science deals with properties of systems in
which several computations are executing simultaneously and potentially in-
teracting with each other. We will be concerned with Dijkstra’s classical PV-
model of concurrent computation. In this model, an execution corresponds to a
directed path (d-path) in a state space, and homotopic d-paths represent equiv-
alent computations. The homotopy type of resulting path spaces often reflects
interesting combinatorial properties of the system.
In this talk we will first describe the general Dijkstra geometric model, and
then restrict to a special class of PV-programs in which the homotopy type of
the path spaces can be computed using techniques of topological combinatorics.
This approach yields a number of applications, including a simple proof of a
result of Raussen and Ziemiański, and a determination of the connectivity of
space of d-paths in terms of combinatorial data of the PV-program. Joint work
with Martin Raussen.

7

https://eccc.weizmann.ac.il/report/2018/015/


On a conjecture of Erdős on locally sparse
Steiner triple systems

Deryk Osthus (Birmingham)
A famous theorem of Kirkman says that there exists a Steiner triple system
of order n if and only if n equals 1,3 mod 6. In 1976, Erdos conjectured that
one can find so-called ‘sparse’ Steiner triple systems. Roughly speaking, the
aim is to have at most j − 3 triples on every set of j points, which would be
best possible. (Triple systems with this sparseness property are also referred
to as having high girth.) We prove this conjecture asymptotically by analysing
a natural generalization of the random triangle removal process. Our result
also solves a problem posed by Lefmann, Phelps and Rodl as well as Ellis and
Linial in a strong form. Moreover, we pose a conjecture which would generalize
the Erdős conjecture to Steiner systems with arbitrary parameters and provide
some evidence for this. (joint work with Stefan Glock, Daniela Kuhn, Allan Lo)

Ramsey-type questions viewed from higher
dimensions

János Pach
(EPFL, Lausanne & Rényi Institute, Budapest)
Many basic problems in extremal graph and hypergraph theory become easier
if we restrict our attention to (hyper)graphs whose vertices are points in a
Euclidean space and whose edges are defined by simple algebraic or geometric
relations. We illustrate this paradigm with the following result. For any integers
p ≥ 3 and m ≥ 2, let R(p,m) denote the smallest positive integer R such
that for any m-coloring of the edges of KR, the complete graph on R vertices,
we can find a monochromatic Kp. It is an old problem of Erdős to decide
whether R(p,m) = 2O(m), for a fixed p. We prove that this is true if we restrict
our attention to edge colorings, whose color classes are semi-algebraic sets of
bounded complexity. Joint work with Jacob Fox and Andrew Suk.
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Expansion in Ramanujan graphs, complexes,
and digraphs

Ori Parzanchevski (HUJI)
Ramanujan graphs, introduced by Lubotzky, Phillips and Sarnak, are quite
famous. Much less so are their high dimensional counterparts, Ramanujan com-
plexes. Recently, a third notion, of Ramanujan digraphs has emerged; beside
being interesting in themselves, these digraphs shed new light on Ramanujan
complexes (and graphs), exhibiting an extremal expansion feature which is com-
mon to all of them. I will survey these developments, with a broad audience
in mind. Based on joint works with S. Evra, T. Kaufman, E. Lubetzky, A.
Lubotzky, R. Rosenthal and P. Sarnak.

Density Theorems and the Ramanujan
Conjectures

Peter Sarnak (IAS, Princeton)
Density theorems for L functions are substitutes for their Riemann Hypothesis
(R-H). In a number of the cases that they have been proven they yield the
as much as RH. For higher rank congruence quotients of symmetric spaces and
Bruhat-Tits buildings, the naive forms of the Ramanujan Conjectures are either
not true or not known to be true. However certain density versions are likely to
hold universally and they too serve as complete substitutes for the Ramanujan
Conjectures for certain problems.

Explicit Binary Tree Codes with
Polylogarithmic Size Alphabet

Leonard J. Schulman (Caltech & IIAS)
Tree codes play a role in the theory of interactive communication somewhat
analogous to that which the familiar block codes play in the classical theory
of one-way communication. For block codes, explicit constructions yielding
constant relative distance and constant rate have been known since the 1960s.
However, for tree codes, the corresponding problem has remained open since the
early 1990s. We report on the first major progress on this problem: construction
of tree codes with constant relative distance and rate 1/(log log n). Joint work
with Gil Cohen (Princeton) and Bernhard Haeupler (CMU).
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Expansion and Overlap of Equivariant Maps
Uli Wagner (IST & IIAS)

We discuss connections between higher-dimensional expansion of cell complexes
and overlap properties of equivariant maps (inspired by Gromov’s Topological
Overlap Theorem), which can be seen as quantitative versions of Borsuk-Ulam
type theorems.
Joint work with Kristóf Huszár

Almost Flat Bundles
Shmuel Weinberger (UChicago)

(joint work with Alex Lubotzky). In this talk I’ll explain an idea of Gromov and
Lawson and its variation by Connes-Gromov-Lawson that has had significant
applications in geometry and topology. This work exploits that for the operator
norm on many even dimensional uniform lattices almost unitary representations
are not nearly representations.

Quantum error-correcting codes based upon
high-dimensional cubic complexes

Gilles Zémor (Université de Bordeaux & IIAS)
We investigate some error correcting codes based upon cubic complexes that
have improved locally testable properties. Joint work with Anthony Leverrier
and Vivien Londe.
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