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Extended Abstract

In this tutorial we present a new formal framework for Rough Set Theory
(RST) introduced for the first time in [3, 4], along with various applications
to graph theory recently achieved in [2, 5]. By emphasizing intuition, our pur-
pose consists of explaining the mathematical foundation of several notions and
techniques of RST based on Pawlak’s information tables [8] via examples and
potential applications rather than technical formalism.

The tutorial is organized into two main parts. The first part introduces the
conceptual background needed to understand the proposed approach. Given a
Pawlak’s information table I = (U,Att,Val, F ), we show how to associate with
it different kinds of set systems, set operators and binary set relations on the
attribute set and, at the same time, we interpret various related results obtained
in [3, 4, 6].

More specifically, via the classical Pawlak’s indiscernibility relation we induce
an equivalence relation on the powerset of Att, that we call indistinguishability
relation. This allows us to group together subsets that generate the same infor-
mational content and to study their behavior from both a local and a global
perspective.

We discuss in detail its mathematical properties and their interpretations in
applied contexts. In particular, indistinguishability classes are union-closed and
therefore admit a maximum element, called maximum partitioner, representing
the largest attribute subset inducing a given indiscernibility relation. The fam-
ily MAXP(I) of all maximum partitioners, when ordered by inclusion, forms
a complete lattice, which provides a global representation of the indiscernibil-
ity relations induced by the information table (the so-called granular partition
lattice [3]). We also propose an alternative but essentially equivalent relational
counterpart to the granular partition lattice through the formalization of the
notion of functional dependence from database theory [1].

In addition, we focus our attention also to the collection MINP(I) of the min-
imal partitioners of I, i.e. the minimal attribute subsets of each indistinguisha-
bility class, by stating their main properties and their non-trivial relationship
with maximum partitioners.

As can be seen from the above description, the proposed framework natu-
rally supports two complementary levels of analysis. On the one hand, it allows
a micro-granular investigation, focused on local information carried by attribute
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subsets; on the other hand, it provides a macro-granular perspective, capturing
the global organization of indiscernibility relations through lattice structures.
The interaction between these two levels plays a central role in understanding
how local information aggregates into global patterns within a Pawlak’s infor-
mation table [4].

The second part of the tutorial is devoted to the application of the afore-
mentioned mathematical setting to graph theory, with the specific purpose of
determining new structural properties of simple undirected graphs. While early
connections between graph theory and GrC were proposed by Stell [9] in the con-
text of qualitative spatial reasoning, our approach (see [2, 5]) exploits RST-based
tools as a systematic methodology for the analysis of structural and combina-
torial properties of graphs. Indeed, every simple graph can be represented by
different matrices, such as adjacence, distance, incidence, or Laplacian matri-
ces. Each of these representations induces a distinct Pawlak’s information table,
leading to non-equivalent granular descriptions of the same graph. We discuss
analogies and differences among these viewpoints, showing how each choice em-
phasizes specific graph-theoretic features.

Accordingly, GrC tools admit a direct translation into meaningful structural
properties of graphs, depending on the selected matrix representation. For in-
stance, when considering the Pawlak’s information table induced by the adja-
cence matrix, the indiscernibility relation captures a local symmetry already
studied by P. Erdös, A. Rényi [7]. When the distance matrix is considered in-
stead, reducts coincide with the resolving sets of the graph and their minimum
cardinality yields its metric dimension [5].

We conclude by presenting several results that explicitly connect graph-
theoretic properties with the combinatorial behavior of maximum and minimal
partitioners and related theoretical open problems, thereby demonstrating the
applicability and flexibility of the proposed granular framework in graph theory
and, more broadly, in its areas of application.

Main Goals of the Tutorial

The main goal of this tutorial is to establish a solid connection between a
new mathematical formalization of RST and graph theory, showing how GrC
tools can be systematically used to describe and analyze structural properties
of simple undirected graphs. Overall, focusing on intuition, examples and ap-
plications rather than technical proofs, the tutorial illustrates how RST-based
granular methods provide a flexible and systematic approach to the study of
graphs, offering tools that are applicable not only within graph theory itself,
but also in interdisciplinary contexts where graphs are used to model complex
systems, such as computer science, engineering, robotics and chemistry.

Finally, the tutorial also aims to present some technical challenges to be
addressed in successive research, thereby demonstrating the relevance and the
richness of this new research field.
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Relevance of the Tutorial of the RST Community

The tutorial is relevant for the RST community as it contributes, on the
one hand, to the ongoing effort of providing a rigorous and unifying mathe-
matical foundation for GrC and RST techniques and, on the other hand, to
create a bridge between RST and combinatorics. The ideas we intend to convey
through our tutorial make it possible to interpret several existing constructions
as instances of common underlying patterns, thereby clarifying their mutual in-
terplay and conceptual scope. From an interpretative viewpoint, the proposed
framework supports the transfer of insights obtained from specific case studies
to more general settings, facilitating the identification of meaningful analogies
across different RST-based models. Moreover, by explicitly connecting local and
global levels of analysis, the tutorial highlights structural aspects that are often
treated separately in the literature. Finally, the interaction with graph theory
opens new perspectives for applying RST tools and suggests novel research di-
rections within and beyond the traditional boundaries of the field.
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