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1 Background

Regular and context-free languages form a central pillar of the theory of formal languages. This foundational
role is underpinned by the variety of well-established formalisms that define these classes of languages. For in-
stance, regular word languages can be represented by finite automata, semigroups, regular expressions, regular
grammars and monadic-second order logic. These formalisms provide a robust and interconnected framework
for understanding the structure of regular word languages.

Graphs are important for many areas of computing such as static analysis [10], databases with knowledge
representation [2] and concurrency [7]. While formal languages of words and ranked trees are understood,
the development of formal languages for graphs still raises several open problems. One such problem is the
lack of a notion of automaton defining a class of graph languages closed under boolean operations and having a
logical characterization. A seminal development in this direction is the work of Courcelle that introduced graph
algebras [5, 6]. In particular, the hyperedge replacement algebra generalizes the notion of recognizability from
words to graphs.

The tree-width of a graph is a positive integer measuring the distance between the graph and a tree. For
instance, trees have tree-width one, series-parallel graphs (i.e., circuits with one input and one output that can
be either cascaded or overlaid) have tree-width two, whereas n×n square grids have tree-width n, for any n ≥ 1.
The tree-width is a cornerstone of algorithmic tractability. For instance, many NP-complete graph problems
such as Hamiltonicity and 3-Coloring become PTIME, when restricted to inputs whose tree-width is uniformly
bounded by a constant, see, e.g., [9, Chapter 11].

The problem of defining finite description of infinite sets of graphs of bounded tree-width has gained recent
momentum. For instance, regular expressions that capture the recognizable sets of graphs of tree-width at most
2 [8] and regular grammars that capture the recognizable sets of graphs of bounded embeddable tree-width [4],
i.e., an over-approximation of tree-width that considers only decompositions whose backbones are spanning
trees of the given graph. Based on the recent development of regular grammars for sets of graphs having
tree-width at most 2, we give an algorithm that decides the inclusion problem between the languages of such
grammars in 2EXPTIME [3].

2 Goal and Challenges

The goal of this internship is an implementation of a toolbox that handles sets of graphs described as regular
grammars. Ideally, such a toolbox should support the boolean operations of union, intersection and complement
and decide the problems of membership and inclusion, by building finite recognizer algebras from the syntactic
description of sets, as regular grammars.

The main challenge lies in the fact that such recognizer algebras are at least exponential in the size of
the grammar (even for words). We aim at investigating optimization techniques, such as the use of antichain
algorithms [1] and on-the-fly generation to tackle this complexity.

The internship consists of both theoretical and implementation work.

3 How to Apply

Send your CV and a letter of intent to: mailto:Radu.Iosif@univ-grenoble-alpes.fr
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