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The discrete Fourier transform is a useful, classical tool that allows us to measure the extent
to which a set of integers is uniformly distributed. Higher-order generalisations of the Fourier
transform provide a more sensitive measure of uniform distribution, and first appeared in work
of Gowers on Szemerédi’s theorem in the late 1990s. They were further developed by Green and
Tao (amongst others), culminating in their celebrated proof that the primes contain arbitrarily
long arithmetic progressions.

In this course we shall examine the foundations of higher-order Fourier decompositions, the
analogous regularity results for hypergraphs (generalising Szemerédi’s famous graph regularity
lemma from the 1970s), and some of their applications. In addition to the Green-Tao theorem,
we shall cover recent progress of Peluse on polynomial patterns in dense subsets of the integers.

If time permits, we shall give an outline of the more abstract framework for higher-order Fourier
analysis developed over the past decade by Szegedy and others.

Pre-requisites

This course assumes familiarity with the discrete Fourier transform and Szemerédi’s regularity
lemma for graphs. The Part IIT course Additive Combinatorics offered in the Lent term will be
useful.
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Additional support

Two examples sheets will be provided and associated office hours will be offered.
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