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Summary : The aim of this PhD proposal is to study data complexity measures for discrete structures (with a
focus on graphs) and related problems, mainly from a theoretical point of view, from the structural and
algorithmic perspectives.

Measuring the complexity of input data is crucial in data processing applications, especially as datasets grow
exponentially in size, usage, and diversity. Some widely used measures include Vapnik-Chervonenkis
dimension (VC-dimension for short) [1], Teaching dimension [4], and neighbourhood complexity [2]. A related
field is the classic area of identification problems, where we are given a combinatorial structure, such as a
graph, a set system, or a geometric configuration. The goal is to select a (small) set of certain elements of
the structure, so that all other elements are uniquely determined by their relationships with that solution set.
The goal of this PhD proposal is to study the rich area of graph complexity measures and its connection to
identification problems.

On the structural/combinatorial side, several intriguing conjectures and open problems in the area merit
further investigation. One such conjecture is the Simon-Zilles conjecture [4], about the optimal relation
between recursive teaching dimension and VC-dimension, that is connected to the celebrated sample
compression conjecture in theoretical machine learning [6]. Another related conjecture is the n/2-location-
domination conjecture [7], a major open problem in the area of graph identification problems. These open
problems are related and we expect progress can be made by studying them under a common point of view.
We also wish to investigate the neighbourhood complexity of important graph classes, such as planar graphs
and graphs of bounded treewidth, for which the optimal values are still unknown [2].

These structural aspects can be complemented by algorithmic aspects. Indeed, though several papers
investigate algorithmic aspects of data complexity measures [1] and identification problems [3], many
interesting questions remain open, such as the algorithmic complexity of recognizing graphs of n vertices
with an identifying code of size exactly log2(n) (equivalently, VC-dimension exactly log2(n)), or the
parameterized complexity of data complexity measures with respect to structural parameters such as the
treewidth or the vertex cover number of the input graph. Another interesting research direction is to
investigate algorithmic applications of neighbourhood complexity, a topic which started to be investigated
recently [5] but needs to be explored more.
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