


My field of research – categorification in a nutshell

▶ I am working in categorification and categorical or 2-representation theory

▶ I am very interested in developing the abstract theory and finding applications

▶ Applications include the fields above – some are very present at UNSW

Today

My very biased tour through categorification
with focus on the two aspects “most important”:

Homologies and Actions

Above Knots, links‘ and their categorifications: cobordisms between them
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Categorification – homologies

▶ Categorification, in disguise, is around for Donkey’s years

▶ Example Linear algebra is a categorification of the natural numbers

▶ And, of course, linear algebra is one of the most successful theories in mathematics

One of the main first steps in categorification:

Noether, Hopf ∼1925 Singular homology categorifies the Euler characteristic

Mayer ∼1929 With chain complexes its even nicer:

The Euler characteristic becomes an alternating sum of dimensions

Application Link homology knows 4d topology

Functoriality is crucial for applications in 4d topology such as the 4d Poincaré conjecture
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▶ Above; Kyoto 1990 Jones walks away with the fields medal
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mathematics and quantum physics
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Categorification – actions

▶ Reshetikhin–Turaev ∼1990 gave a rep theoretical construction of Jones-type polynomials

▶ Roughly, slices of knots are reps and knots equivariant maps

▶ Upshot Low-dim top “=” rep theory

Around the same time Crane–Frenkel ∼1994
asked about the rep theory underlying higher TQFTs

Task ∼90s

Categorify rep theory itself

This is theory building so it is hard to nail down one theorem
but:

Joint with Mackaay–Mazorchuk–Miemietz–Zhang ∼2021
We worked out the

categorical analog of rep theory of (group rings of) symmetric groups
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Categorification – actions

▶ Chuang–Rouquier∼2004, +others Cat. Lie group/algebra actions

▶ Etingof–Nikshych–Ostrik∼2000, +others Cat. group actions

▶ Joint with Mackaay–Mazorchuk–Miemietz–Zhang ∼2010, +others Cat. fd algebra actions

Why so many theories? The same is true in the classical case! They all run in
parallel, but differ in details.
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Categorification – actions

▶ Application of the theory in all the fields above Many people ∼2000++

▶ Application of the theory in low-dim top (Joint with Ehrig–Wedrich ∼2018)

▶ Application of the theory in monoid-based cryptography (Joint with

Khovanov–Sitaraman ∼2021)
▶ Application of the theory in machine learning (Joint with Gibson–Williamson ∼2023)
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There is still much to do...

Thanks for your attention!
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