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What this talk is not:
m How to use LLMs or Lean to prove theorems

m A technical introduction to machine learning



What this talk is not:
m How to use LLMs or Lean to prove theorems
m A technical introduction to machine learning
What this talk is about:
m What kind of machine learning techniques can | use in my math research?

m How can machine learning be useful to me? What kind of problems can | attack with
machine learning?

= What might a typical workflow using machine learning in math research look like?
= How can | get started?



Perhaps you use programming languages
(Python, SAGE, Oscar...) and databases
(OEIS, FindStat...) for:

m sanity checks

m computing large examples you can't do by
hand

m testing out a conjecture
m generating data to look for patterns

m checking if something you are looking for
already exists



Perhaps you use programming languages

(Python, SAGE, Oscar...) and databases Machine learning can be another tool in your
(OEIS, FindStat...) for: box for:
m sanity checks m Search for an example that occurs sparsely
m computing large examples you can’t do by over large spaces
hand m Learn hidden patterns in mathematical
m testing out a conjecture structures
m generating data to look for patterns m Symbolic formula discovery
m checking if something you are looking for m Pushing the bounds on an inequality
already exists "
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Advancing mathematics by guiding human
intuition with Al
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formulateand prove conjectures, resultingin theorems. Since the 1960s,

| Checkfor updates mathematicians have used computers toassistin the discovery of patternsand
formulation of conjectures', most famously in the Birch and Swinnerton-Dyer
conjecture?, aMillennium Prize Problem’. Here we provide examples of new
fundamental results in pure mathematics that have been discovered with the
assistance of machine learning—demonstrating amethod by which machine learning
canaid mathematicians in discovering new conjectures and theorems. We proposea
process of using machine learning to discover potential patterns and relations
between mathematical objects, understanding them withattribution techniques and
using these observations to guide intuition and propose conjectures. We outline this
machine-learning-guided framework and demonstratets successful application to
current research questionsin distinct areas of pure mathematics, in each case
howing howit led to meaningful mathematical contributions onimportant open
problems: anew connection between thealgebraic and geometricstructure of knots,
anda candidatealgorithm predicted by the combinatorial invariance conjecture for
symmetric groups®. Our work may serve as amodel for collaboration between the
fields of mathematics and artificial intelligence (Al) that can achieve surprising results
by leveraging the respective strengths of mathemati and machine learning.

Openaccess

One of the central drivers of mathematical progress s the discovery — that Al canalsobe used to assistin the discovery of theoremsand con-
of patterns and formulation of useful conjectures: statements that jectures at the forefront of mathematical research. This extends work
aresuspected to betrue but have not been proven to holdinall cases.  usingsupervised learningtofind patterns™ by focusingon enabling
Mathematicians have always used data to help in this process—from _mathematicians to understand the learned functions and derive useful
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The prime number theorem
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Can a neural network learn new relationships between combinatorial statistics?

m Permutation statistics on FindStat (~400)
m |dea: train a model to predict one statistic from the others

m if it could, then perhaps we could uncover a previously-unknown relationship between these
statistics

m Tried: neural networks, random forests, transformers...

Combinatorial statistics are highly discontinuous!




Can we find formulas connecting combinatorial statistics?

m Tool: Graffiti3 (Randy Davila) — automated conjecturing system
m Objects: Dyck paths <> linear Nakayama algebras

m Goal: relate homological statistics to combinatorial statistics
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Can we find rare mathematical objects or sought-after examples using machine learning?

m Reinforcement learning: give the agent a quantity to minimise and let it play



m Goal: find an s-lecture hall simplex without the Integer Decomposition Property

m Qutcome so far: Reinforcement learning generated thousands of non-IDP simplices in
dimensions 4, 5, 6, 7
m can study properties of these simplices!
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Bijection search (OpenEvolve):

m AlphaEvolve/OpenEvolve: Instead of evolving “matrices”, evolve a block of code using an
LLM

m Goal: Find bijection on Dyck paths interchanging area and bounce
m Hard! We need new ways of framing the problem
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m You do not need to become an machine learning expert
m Use LLMs! Chat about your problem, see what techniques you can use, ask for code snippets
or ask them to make a skeleton folder for your experiment

m Find a well-defined mathematical question and phrase it in a way that gives you a quantity
to optimise

m The timeline for doing these sorts of experiments has gone down from months to days or
even hours!
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Searching for counterexamples

Searching for rare examples

Searching for extremal examples

Discovering formulas

15



