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Introduction to the theory of higher—order interactions and
topological signals:

effects on synchronization dynamics and Turing pattern formation

Riccardo Muolo (ElR T E K=)

Joint work with Hiroya Nakao (BRIR TZ K%), Shigefumi Hata (BEIR B K%), Ivan Leon
(University of Cantabria, Spain), Ginestra Bianconi & Runyue Wang (Queen Mary University
of London, UK), Timoteo Carletti (Université de Namur, Belgium) and Lorenzo Giambagli
(University of Florence, Italy)

Networks are powerful tools in the modeling of complex systems, but they may not capture
the right interactions when multiple units are involved simultaneously. Such many—body
interactions are encoded by higher—order structures which can be thought as extensions of
networks [1]. The most general form is a hypergraph, in which interactions of any order can
coexist without any constraint. Over the last years, higher—order structures have been the
focus of great excitement, since this novel framework has enormous potential for
applications. Moreover, particular interest has been directed towards the analysis of
topological signals, i.e., state variables defined not only on the nodes, but also on links,
triangles and higher—order structures, which can be coupled together when the higher—order
structure is a simplicial complex [2].

In this seminar [ will introduce higher—order interactions and their effects on nonlinear
dynamics. It will be divided in two parts: one about higher—order interactions and dynamics
on hypergraphs, while the other will be focused on the theory of topological signals. In the
first part I will introduce the basics of dynamics on networks and its extension to the case
of higher—order interactions, i.e., dynamics on hypergraphs. As an example of the effects
that such framework can have on nonlinear dynamics, I will discuss the case of phase
reduction [3] and show how the presence of three—body interactions can greatly enrich the
dynamics of the simplest possible higher—order Kuramoto—Sakaguchi model [4]. In the
second part, after having introduced topological signals on simplicial complexes, [ will
discuss reaction—diffusion dynamics in such framework and show some recent results
regarding Turing theory of pattern formation [5,6] and synchronization dynamics [7,8].
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