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Abstract:

The goal of this lecture is to introduce the basic tools for processing signals defined over a topological space, focusing
on simplicial and cell complexes. Nowadays, processing signals defined over graphs has become a mature technology.
Graphs are just an example of topological space, incorporating only pairwise relations. In this lecture, we will motivate
the need to generalize the graph-based methodologies to higher order structures, such as simplicial and cell complexes
as spaces able to incorporate higher order relations in the representation space, still possessing a rich algebraic structure
that facilitates the extraction of information. We will motivate the introduction of a Fourier Transform over a cellular
complex and recall the fundamentals of filtering and sampling of signals defined over such spaces. We will then show
the impact of imperfect knowledge of the space on the tools used to extract information from data. Finally, we will we
will present methods to infer the structure of the space from data and show how to exploit the above tools to design
topological neural networks, operating over data defined over topological spaces of different order.
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