
Teaching AI to Configure Proof Automation in Lean

December 6, 2025

Leo de Moura
Senior Principal Applied Scientist, AWS
Chief Architect, Lean FRO



Theorem proving in Lean is an interactive game

The “game board”

“You have written my favorite computer game”, Kevin Buzzard

Lean is an open-source theorem prover and programming language that has become central to AI for
mathematics, powering systems like DeepMind’s AlphaProof, Harmonic's Aristotle.

http://lean-lang.org/


Theorem proving in Lean is an interactive game

A “game move”, aka “tactic”



Theorem proving in Lean is an interactive game

The “game move” simp, the simplifier, is one of the most popular moves in our game



Theorem proving in Lean is an interactive game

We complete this level using linarith, the linear arithmetic, move



Challenge
AI systems are writing impressive Lean proofs, but they often bypass powerful automation tactics,
generating long manual proofs that a single tactic call could replace.

• The bottleneck is annotations: metadata that tells symbolic automation how to use theorems.

• Most mathematicians can write proofs but can't write good annotations.

• We propose training AI to predict annotations.



Lean is Taking Mathematics by Storm
"Lean enables large-scale collaboration by allowing mathematicians to 
break down complex proofs into smaller, verifiable components. This 
formalization process ensures the correctness of proofs and facilitates 
contributions from a broader community. With Lean, we are beginning to 
see how AI can accelerate the formalization of mathematics, opening 
up new possibilities for research." — Terence Tao

Fermat’s Last Theorem – Kevin Buzzard

Carleson’s Theorem – Floris van Doorn



Lean is Taking Mathematics by Storm
17 out of 29 AI for Math Fund winners reference Lean

renaissancephilanthropy.org/ai-for-math-fund-projects

https://www.renaissancephilanthropy.org/ai-for-math-fund-projects
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IMO 2025: 3 Gold, 1 Silver*
OpenAI (informal) DeepMind (informal)

Harmonic (Lean) ByteDance (Lean)



IMO-Level Proof Search as a Service

deepmind.google/alphaproof

aristotle.harmonic.fun

https://deepmind.google/alphaproof
https://aristotle.harmonic.fun


Highly Active, Healthy Competition on Putnam Bench 

UC San Diego/Apple, Sep 2s025

ByteDance, Jul 2025

Axiomatic_AI et al, Oct 2025

Princeton/NVIDIA et al, Aug 2025

DeepSeek-AI, Jul 2025

Microsoft Research et al, Jun 2025

Huawei et al, Jul 2025

Numina/Kimi, Apr 2025

Stanford, Mar 2025

Princeton et al, Apr 2025

trishullab.github.io/PutnamBench
/leaderboard.html

💚 fully open-sourced

💙 partially open-sourced

https://trishullab.github.io/PutnamBench/leaderboard.html
https://trishullab.github.io/PutnamBench/leaderboard.html


Startups using Lean & AI

Math, Inc. Logical Intelligence

…and more to come



Extensibility and Introspection

Lean 4 is implemented in Lean, allowing for unprecedented extension and introspection by users.

leanprover-community/repl is a simple Lean program for communicating with the Lean compiler via JSON.

AI labs have customized it in many ways, especially around parallelized proof tree search.

stanford-centaur/PyPantograph is the state of the art for open-source Lean REPLs.

"At Google DeepMind, we used Lean to build AlphaProof, a new reinforcement-learning based system for formal 

math reasoning. Lean’s extensibility and verification capabilities were key in enabling the development of 

AlphaProof." — Pushmeet Kohli, Vice President, Research Google DeepMind
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Auto-formalization

github.com/math-inc/strongpnt
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Auto-informalization



Vibe Proving

borisalexeev.com/pdf/erdos707.pdf

https://borisalexeev.com/pdf/erdos707.pdf


Vibe Proving



Autonomous Exploration

arxiv.org/abs/2511.02864

https://arxiv.org/abs/2511.02864


Autonomous Exploration



A vibrant community of users at leanprover.zulipchat.com

https://leanprover.zulipchat.com


Prospective: AI+CS as the Next Frontier is Imminent

leanprover/cslib founded, supported by AWS, Google DeepMind, SDU, Centaur (Stanford)

Companies are starting to pivot their math-proven AIs towards program verification

harmonic.fun/news#blog-post-aristotle-tech-report

Spec auto-formalization + program synthesis + verification as a service

https://github.com/leanprover/cslib
https://harmonic.fun/news
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Prospective: AI+CS as the Next Frontier is Imminent



Teaching AI to Configure Proof Automation in Lean



NeuroSymbolic AI
The future of AI for mathematics is not pure neural or pure symbolic. It's the combination.

Symbolic engines provide exhaustive search in structured domains, guaranteed correctness, and 
decision procedures refined over decades. 

AI provides pattern recognition, heuristic guidance, and retrieval. 



grind is the symbolic in Neurosymbolic AI
New proof automation (Lean v4.22 – released August 2025) developed by Kim Morrison and myself.

https://lean-lang.org/doc/reference/latest/The--grind--tactic/


Automating Quantum Algebra

This is not a toy: it encodes a real algebraic constraint derived from relations among diagrams in a pivotal 
tensor category. 

grind can handle this kind of reasoning automatically, in milliseconds. 

Generate proof term is massive, more than 20,000 terms.



grind: Initial reactions



grind: Initial reactions



grind annotations

Annotations are hints to proof automation.

Lean standard library comes pre-annotated.

We are annotating Mathlib, it is a monumental task. What about user libraries?

Can AI make theorem-proving AI better?

If we had perfect annotations:
Proof synthesis becomes dramatically easier (predict grind instead of 20 tactic steps)

AI-generated proofs become shorter, more robust, more maintainable



Extension Point: grind +suggestions
What about unannotated libraries? 

grind +suggestions will “guess” theorems for you. 

Lean comes light implementation based on symbolic reasoning.

grind +suggestions is extensible.

You can attach your own AI.



grind +suggestions in action



grind +suggestions: do you have to keep guessing?

grind finds out for you exactly with theorems are relevant



First reward signal: reproving existing libraries
Hammer-bench: collecting data about proof automation effectiveness.

https://github.com/leanprover-community/hammer-bench

grind provides diagnostic information.
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Second reward signal: #grind_lint
A tool for analyzing annotations.

We want to minimize the number of 
theorem instantiations generated by 
grind without reducing the number of 
problems we can solve.



Can AI/users control grind? Yes, grind interactive mode.

Already available in v4.25.0. 

Higher level of abstraction.

Prediction: AI will learn how to use grind interactive mode in a few months. 



What do we need from you?
Baselines: How well does Claude / Gemini / GPT-5 do zero-shot on annotation prediction? 

Suggestion oracle: Can you build a neural model that, plugged into grind +suggestions, improves success 
rate on held-out goals?

RL experiments: Can you train an AI with hammer-bench and #grind_lint that learns to write good 
annotations?

The hard version: Given a new library the model hasn't seen, can it produce annotations matching expert 
quality?



Before we wrap up...



Lean FRO: Shaping the Future of Lean Development

The Lean Focused Research Organization (FRO) is a non-profit dedicated to Lean’s development.

Founded in July 2023, the organization has 19 members.

Its mission is to enhance critical areas: scalability, proof automation, usability, and documentation.

We are very grateful for all philanthropic support we have received.



Lean FRO: by numbers

25 releases and +7,000 pull requests merged in the main repository only since its launch in July 2023. 

Public roadmaps: https://lean-lang.org/fro/roadmap/y3/

Lean project was featured in multiple venues NY Times, Quanta, Scientific American, etc.
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How can I contribute?

Help building Mathlib and CSLib.

Want to engage with the vibrant Lean community? Join our Zulip channel. 

Start your own open-source Lean project! Your package will be available on our registry Reservoir.

Start using Lean online: live.lean-lang.org

Support the Lean FRO: Funding, partnerships, or simply advocating the project.

http://github.com/leanprover-community/mathlib4
https://docs.google.com/presentation/d/1aJFM3EaI4LcppHR_2YFQHiBjUfMMhMKxCeM3BfINi48/edit?slide=id.p
https://leanprover.zulipchat.com/
https://reservoir.lean-lang.org/
http://live.lean-lang.org/
http://live.lean-lang.org/
http://live.lean-lang.org/


Conclusion

Lean is an efficient programming language and proof assistant.

Lean enables Verified AI for Mathematics and Code.

AI should learn to use new symbolic tools.

Proof automation based on NeuroSymbolic AI will accelerate progress.

We have the infrastructure. We need you to build the AI.

Teaching AI to Make Proof Automation Work

Software

Mathematics AI

L     N

AE

https://hackmd.io/@f6l0w8kXTciyFFqVRXVh5A/Sy3mkMAZZe


Thank You

https://leanprover.zulipchat.com/
x: @leanprover
LinkedIn: Lean FRO
Mastodon: @leanprover@functional.cafe
#leanlang, #leanprover

https://lean-lang.org/


