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Open questions in autoformalization (of HoTT)



The old way of doing math research

Main theorem proven in 2019
Preprint posted in 2024

Published in 2026:
113 pages

plus a computer formalization in Agda

Project started in 2017
Preliminary results reported in 2018

Resumed work in 2023
Preprint posted in 2026

Submitted for publication: 64 pages



The new way of doing math research
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Advances in autoformalization



September 4, 2026



September 8, 2026

⋯



October 6, 2026

As of today, just under half (344/721) of
the manuscripts have some relevant Lean
formalizations of either the main theorem or
of a significant result.a

aThat is 48% of these papers come with a
comparator challenge.



October 26, 2026



The future?
The future [of (auto)formalization] is already here — it’s just not very evenly distributed.

A team of Lean experts formalized 50
theorem statements — the “easiest 50” —
from the roughly 200 papers published in
the Annals of Mathematics since 2020.

OpenAI paper by area # Lean % Lean

Functional analysis 18 / 19 95%
Logic 7 / 8 88%
Theoretical CS 59 / 74 80%
Combinatorics 40 / 50 80%
Convex/metric geometry 24 / 30 80%
Group theory 16 / 22 73%
Operator algebras 16 / 31 52%
Real/complex analysis 14 / 27 52%
Algebra 14 / 29 48%
Dynamics/ergodic theory 9 / 19 47%
PDE 13 / 29 45%
Probability/stat. mech. 41 / 105 39%
Mathematical physics 23 / 59 39%
Differential geometry 17 / 49 35%
Number theory 18 / 58 31%
Algebraic/complex geom. 12 / 86 14%
Topology 3 / 26 12%

All areas 344 / 721 48%
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How to formalize “all” of mathematics
In a blog post, Jeremy Avigad, Kevin Buzzard, Johan Commelin, Rémy Degenne, Kim
Morrison, Oliver Nash, and Adam Topaz outline concerns:

If spending millions of dollars to formalize mathematics results in libraries
nobody uses, it will be a terrible waste of resources. Worse, the project
could disincentivize good research and productive use of AI, disrupt the social
norms and practices research depends on, and set the field back decades. A
grand failure will make it hard, or even impossible, to recover later. A lousy
formalization of existing results is worse than no formalization at all.

They then describe positive models such as Tau Ceti, Formal Frontier, and Palomar.

https://xenaproject.wordpress.com/2026/10/16/how-to-formalize-all-of-mathematics/
https://taucetiproject.org/
https://mathlib-initiative.org/formal-frontier/
https://palomar-registry.org/


2

Autoformalizing homotopy type theory



A challenge from the Lean FRO

An open challenge from June was to autoformalize the calculation of 𝜋3𝑆2,
characterizing maps from the 3-dimensional sphere to the 2-dimensional sphere:

Image from an
animation by Niles Johnson

https://youtu.be/AKotMPGFJYk


The Agda-Unimath library



Autoformalization with Codex
Codex completed the autoformalization
between June 3–June 25, 2026 (with
repeated prompting) and also
autoformalized various missing
prerequisites:

For the most part, natural language
sources (specifically, the HoTT Book)
were a sufficient guide, but when Codex
got stuck, we pointed it to
formalizations in the Coq-HoTT library
by Dan Christensen (join associativity)
and Mike Shulman (the long exact
sequence and Blakers–Massey).



Open question: library impacts

The effort to import the
AI-generated formal proofs
back into its supporting
library continues:



Open questions in autoformalization

What is the future of formalization of HoTT/synthetic mathematics in an age of AI?
• What form of AI-contribution policy best supports our existing libraries?
• Should we have an AI-generated AI-reviewed HoTT Tau Ceti — perhaps “Vega”?
• Autotranslation between libraries and between proof assistants is certainly within

scope. Is this a good idea or does it impair HoTT’s naturally evolved biodiversity?
• Should we be building more proof assistants?
• Should we be building deep embeddings into a future formal library of “all”

mathematics?
• How do we make the case for aesthetics of formalized proofs?
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