CYCLES IN RANDOM SIMPLICIAL COMPLEXES, LARGE AND SMALL
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The topology of random simplicial complexes has been studied intensely for the past fifteen years
or so. Some of the main topics that have been studied include: when is homology vanishing or nonvanishing, if non-vanishing how large are the Betti numbers, etc. See Chapter 22 of [1] for a recent
survey.
In this talk, we are interested in a slightly more refined and geometric picture—how large are the
cycles in a random complex? Of course the answer depends on how we measure the sizes of cycles
and also on the model of random complex.
We will see that for the Linial–Meshulam random 2-complex, most cycles are large [2]. This
inspires a proof of the existence 2-dimensional simplicial complexes with nearly optimally large homological systoles. This proof depends on the probabilistic method, and at the moment we have no
idea how to construct such complexes explicitly.
On the other hand, we will also see that for a random geometric complex, all the cycles are small
[3]. Here we measure the size of holes in terms of persistent homology. We show that the maximally
persistent cycles are sub-logarithmic in size. This work is inspired by questions in topological data
analysis, trying to separate topological signal from noise.
We will define these models of random complex as we go, and the talk will aim to be self contained.
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