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Figure 1: What knot? Top: three different embeddings of the trefoil knot. Bottom left: braid
representation of a knot. Bottom right: three randomly generated knots to be classified [2].

Description

A knot in the mathematical sense can be imagined as a piece of string whose ends are connected
together. This connection, and the impenetrability of the physical string, preserve the topology of
the knot and prevent it from untying, even if deformed. A knot type is a set composed of all those
closed curves that can be deformed one into the other without creating self-intersections.

A famous theorem by Alexander states that every knot can be represented as a closed braid [1]
(see bottom left of Figure[I). A braid can be encoded by a braid word, which uses a finite set on
symbols (letters) to represent over- and under-crossings between otherwise parallel strands. The
mapping between knot type and braid word is one-to-many: we can exploit this redundancy to
generate a set distinct braid words of known knot type to train a classifier.

Gukov and colleagues [2] show promising results using language models [5, 4] trained to distin-
guish trivial knots from non-trivial knots i.e., to solve the Unknot Problem. In this project, we aim
at approaching the Knot Classification Problem using language models on braids words. Kauffman
et al. [3] use a different representation to solve the same classification problem.



Prerequisites

Good knowledge of at least one programming language is required, preferably Python. Good
coding skills in PyTorch is expected. Familiarity with language models [5} 4] is a plus.

Remarks
The project is intended for Master students only.
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