>

lreeia —
Offer #2023-06316

Post-Doctoral Research Visit F/M Finite point sets and
Intersection Patterns

Contract type : Fixed-term contract
Level of qualifications required : PhD or equivalent

Fonction : Post-Doctoral Research Visit
Context

This position is within the INRIA-KAIST partnership.

The postdoc would be hosted in the associate team FIP between the Gamble project, at
INRIA Nancy Grand EST, and the department of mathematical sciences in KAIST. We
expect the candidate to spend about 2/3 of her/his time in Nancy and about 1/3 in KAIST.

Context

Every year Inria International Relations Department has a few postdoctoral positions in
order to support Inria international collaborations.

This year, postdoctoral positions within the frame of Inria London, Inria Brasil and
Inria Chile programs and to strengthen partnerships with Simula (Norway),
University of Waterloo (Canada) and KAIST and ETRI (South Korea) are eligible.

The postdoc contract will have a duration of 12 to 24 months. The default start date is
November 1st, 2023 and not later than January, 1st 2024. The postdoctoral fellow will be
recruited by one of the Inria Centers in France but it is recommended that the time is
shared between France and the partner’s country (please note that the postdoctoral
fellow has to start his/her contract being in France and that the visits have to respect
Inria rules for missions).

Assignment

Candidates for postdoctoral positions are recruited after the end of their Ph.D. or after a
first post-doctoral period: for the candidates who obtained their PhD in the Northern
hemisphere, the date of the Ph.D. defense shall be later than 1 September 2021; in the
Southern hemisphere, later than 1 April 2021.

In order to encourage mobility, the postdoctoral position must take place in a scientific
environment that is truly different from the one of the Ph.D. (and, if applicable, from the
position held since the Ph.D.); particular attention is thus paid to French or international
candidates who obtained their doctorate abroad.

Main activities

The postdoc would join the associate team FIP, which works in discrete and
computational geometry, more precisely on intersection patterns of geometric set
systems and on combinatorial abstractions of finite point sets.

Intersection patterns of geometric set systems. The theory of combinatorial convexity
revealed many striking properties of families of convex sets that found surprising
applications going far beyond their geometric origins. An established line of research
explores generalizations of these properties beyond convexity, and some far-reaching
conjectures were made by Kalai and Meshulam regarding a homological analogue of the
Vapnik-Chervonenkis dimension from learning theory.

Combinatorial abstractions of finite point sets. Geometric algorithms are often designed
over the reals, taking advantage of properties of continuity, closure under arithmetic
operations, and geometric figures of Rd , but effectively operate on a combinatorial
abstraction of the geometric input, as their courses are determined not by the numerical
values given in input, but by the output of the predicate functions. A better
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understanding of these combinatorial abstractions would allow better design and finer
analysis of geometric algorithms, as well as better testing of algorithms or geometric
conjectures dealing with finite point sets. This is a classical line of research; an example
of a long standing open problem is the tightening of the bounds on the number of
halving lines in n-point sets, that is the number of ways in which a line can partition it in
two equal-size subset.

The candidate will develop research in the above directions. Here we give some
examples of problems that can be investigated but this list is not exhaustive.

« Intersection patterns of topological set systems with slowly-growing topological
complexity. Several classical results from combinatorial convexity were extended to
topological set systems with “bounded topological complexity”, see e.g. [GHP21]
and the references therein. The conjectures of Kalai and Meshulam that outline a
homological Vapnik-Chervonenkis theory predict that many of these results hold for
topological set systems whose topological complexity grows polynomially. It would
already be a significant step to establish this for topological set systems whose
topological complexity grows slowly (say polylogarithmically in the number of sets).

o« Geometric transversals in the intermediate range. Another research direction in
combinatorial convexity is to view intersection by points as the special case k = 0 of
a k-transversal, that is, a k-dimensional affine flat that intersects every member of a
family of convex sets. While much is known for the case k = 0 and k =d — 1, much
less can be said for the intermediate range 0 < k < d — 1. In recent years there has
been a resurgence of activity in the area with new results [MZ21, Bar21, McG22,
McG23] and conjectures [BK21]. We intend to investigate colorful and fractional
versions of the recent extension of the Goodman-Pollack-Wenger theorem due to
McGinnis. This could potentially yield new insights to the conjecture of Martinez-
Roldan-Rubin [MSRPR18].

o Extremal configurations for halving-lines. The halving set problem from discrete
geometry is a classical problem concerning planar point configurations in general
position, which has a natural extension to abstract order types. Through the lens of
the Edelman-Greene bijection one can reformulate this as an equivalent question
regarding standard Young tableaux of staircase shape (see e.g. [Tenl2]). We
propose to study this connection in more depth and also from the viewpoint of
random sorting networks (introduced in [AHRVO07]) which have received much
attention recently (see e.g. [ADHV19, DV19, Dau21]).

[ADHV19] Omer Angel, Duncan Dauvergne, Alexander E. Holroyd, and B4 lint Virdg. The
local limit of random sorting networks. Annales de I'Institut Henri Poincaré, Probabilités et
Statistiques, 55(1), feb 2019.

[AHRVO7] Omer Angel, Alexander E. Holroyd, Dan Romik, and Balint Virdg. Random
sorting networks. Advances in Mathematics, 215(2):839-868, 2007.

[Bar21] Imre Barany. Pairwise intersecting convex sets and cylinders in R3, 2021.
[BK21] Imre Bardny and Gil Kalai. Helly-type problems, 2021.

[Dau21] Duncan Dauvergne. The archimedean limit of random sorting networks. Journal
of the American Mathematical Society, nov 2021.

[DV19] Duncan Dauvergne and Balint Virdg. Circular support in random sorting networks.
Transactions of the American Mathematical Society, 373(3):1529-1553, nov 2019.

[GHP21] Xavier Goaoc, Andreas F. Holmsen, and Zuzana Patdkovd. A Stepping-Up
Lemma for Topological Set Systems. In 37th International Symposium on Computational
Geometry (SoCG 2021), volume 189 of Leibniz International Proceedings in Informatics
(LIPIcs), pages 40:1-40:17. Schloss Dagstuhl - Leibniz-Zentrum fir Informatik, 2021.

[McG22] Daniel McGinnis. Piercing families of convex sets in the plane that avoid a
certain subfamily with lines, 2022.

[McG23] Daniel McGinnis. A necessary and sufficient condition for (2d — 2)-transversals
in R2d , 2023.

[MSRPR18] Leonardo Mart|Dnez—SandovaI, Edgardo Rolddn-Pensado, and Natan Rubin.
Further consequences of the colorful helly hypothesis, 2018.

[MZ21] Daniel McGinnis and Shira Zerbib. Line transversals in families of connected sets
the plane, 2021.

[Tenl12] Bridget Eileen Tenner. Repetition in reduced decompositions, 2012.

Skills



We are seeking candidates in the fields of mathematics (discrete geometry or
probabilistic/extremal combinatorics) or computer science (computational
geometry/topology) with an interest in discrete geometric structures.

Remuneration

2746€ gross/month

General Information

o Theme/Domain: Algorithmics, Computer Algebra and Cryptology
Scientific computing (BAP E)

Town/city :Villers lés Nancy

Inria Center:Centre Inria de 'Université de Lorraine

Starting date :2023-11-01

Duration of contract:1year

Deadline to apply :2023-06-18

Contacts

¢ InriaTeam:GAMBLE
o Recruiter:
Goaoc Xavier / xavier.goaoc@loria.fr

About Inria

Inria is the French national research institute dedicated to digital science and technology. It employs
2,600 people. Its 200 agile project teams, generally run jointly with academic partners, include more
than 3,500 scientists and engineers working to meet the challenges of digital technology, often at the
interface with other disciplines. The Institute also employs numerous talents in over forty different
professions. 900 research support staff contribute to the preparation and development of scientific and
entrepreneurial projects that have a worldwide impact.

The keys to success

The application modalities and the deadline of June 18, 2023.
A contact person in the potential host team who will receive the application.

Warning : you must enter your e-mail address in order to save your application to Inria. Applications
must be submitted online on the Inria website. Processing of applications sent from other channels is
not guaranteed.

Instruction to apply

Defence Security :

This position is likely to be situated in a restricted area (ZRR), as defined in Decree No. 2011-1425 relating
to the protection of national scientific and technical potential (PPST).Authorisation to enter an area is
granted by the director of the unit, following a favourable Ministerial decision, as defined in the decree
of 3 July 2012 relating to the PPST. An unfavourable Ministerial decision in respect of a position situated
in a ZRR would result in the cancellation of the appointment.

Recruitment Policy :
As part of its diversity policy, all Inria positions are accessible to people with disabilities.
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