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Project Description:

Functors provide a systematic way of transforming one mathematical object into another. For
example, homology is a functor from the category of simplicial complexes to the category of
abelian groups. In many respects, functors can be viewed as an abstraction, or categorification,
of functions, and functor calculus extends this analogy by developing a categorical version of
Taylor’s theorem from classical analysis.

For suitably well-behaved functors, a functor calculus constructs a sequence of “polynomial”
approximations, with the precise notion of polynomial depending on the context. This analogy
with Taylor expansion has become a central idea in modern algebraic topology, influencing a
wide range of research directions. However, constructing new instances of functor calculi
remains a subtle and challenging task.

A powerful way to understand a functor calculus is to move one step further in abstraction and
study the category of all polynomial functors rather than individual approximations. These
categories often have elegant descriptions that reveal deep structural information about the
calculus itself.

Recent work by the supervisors and their collaborators has demonstrated that this perspective
can lead to significant new insights. The aim of this PhD project is to build on these
developments by developing a unified framework and generating new examples of functor
calculi. The range of potential examples is broad and can be guided by the student’s interests,
with possible directions including purely algebraic settings, applications in topological data
analysis, and connections to differential topology.

The student should have attended courses on both topology and algebra. This project will
require the student to become familiar with the abstract language of infinity categories and
stable homotopy theory.
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