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Sep 4 …

"We are sharing the first complete computer-checked proof of Fermat’s Last Theorem. Claude worked largely autonomously 
over 11 days to write the proof in the Lean programming language."

anthropic.com/research/formalizing-fermats-last-theorem

https://www.anthropic.com/research/formalizing-fermats-last-theorem


… Sep 7 … … Sep 8 …

mastodon.social/@tristanbuckmaster/117233413705701198 openai.com/index/navier-stokes-solution

https://mastodon.social/@tristanbuckmaster/117233413705701198
https://openai.com/index/navier-stokes-solution/


Lean is a Development Environment for Formal Verification



How did we get here?



The IMO Grand Challenge (2023)



AlphaProof & the International Math Olympiad (2024)

deepmind.google/discover/blog/ai-solves-imo-problems-at-silver-medal-level

https://deepmind.google/discover/blog/ai-solves-imo-problems-at-silver-medal-level/


Learning à la DeepMind

nature.com/articles/s41586-025-09833-y

https://www.nature.com/articles/s41586-025-09833-y


Learning à la DeepMind

julian.ac/blog/2025/11/13/alphaproof-paper

https://www.julian.ac/blog/2025/11/13/alphaproof-paper


IMO 2025: 3 Gold, 1 Silver
OpenAI (informal) DeepMind (informal)

Harmonic (Lean) ByteDance (Lean)



IMO-Level Proof Search as a Service

aristotle.harmonic.fun deepmind.google/alphaproof

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


2026: Putnam Bench Saturated 

trishullab.github.io/PutnamBench/leaderboard.html

💚 fully open-sourced

💙 partially open-sourced

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


Extensibility and Introspection
"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

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.

https://github.com/leanprover-community/repl
https://github.com/stanford-centaur/PyPantograph


Autoformalization (2025)

github.com/math-inc/strongpnt

https://github.com/math-inc/strongpnt


Vibe Proving (2025)

borisalexeev.com/pdf/erdos707.pdf

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


Not Just Mathematics
SymCrypt is Microsoft's core cryptographic library, being rewritten in Rust and verified with Lean and AI.

"We are verifying code faster than we can write it." — Son Ho, Azure Research

lean-zip (Kim Morrison, Lean FRO) is a formally verified and optimized DEFLATE implementation in Lean, 

implemented entirely by loosely supervised AI.



Where do we go 
from here?



5M 10M 15M

Anthropic FLT 13,499,380 LoC

Mathlib 2,415,138

Buckmaster–Alpöge 1,684,580

OpenAI N-S 641,332

That Question of Trust



Verification

github.com/anthropics/fermats-last-theorem#check-it-yourself

https://github.com/anthropics/fermats-last-theorem#check-it-yourself


Verification, faster

leanprover.zulipchat.com/#narrow/channel/416277-FLT/topic/Anthropic.20formalization.3A.20code.20analyses

http://leanprover.zulipchat.com/#narrow/channel/416277-FLT/topic/Anthropic.20formalization.3A.20code.20analyses/


Recapping the Trusted Code Base
In theory, you only have to trust the statement of a proof and the kernel.

In practice, the meaning of statements can be affected by preceding/imported code… and all executed 

code may potentially influence everything else anyway.

Isolation, in multiple dimensions, of statement and proof is a necessity with untrusted inputs.



Validating a Lean Proof (Lean Reference Manual)
Breaks the trust question down into four incremental checking procedures

lean-lang.org/doc/reference/latest/ValidatingProofs

https://lean-lang.org/doc/reference/latest/ValidatingProofs/#validating-proofs


Validating a Lean Proof: Level I
The "blue double check marks" signify in-process acceptance by the official C++ kernel

Protects against "innocent" mistakes:

● incomplete proofs/sorry

● tactics producing incorrect proof terms

… in the current theorem



Validating a Lean Proof: Level II
#print axioms lists all axioms (transitively) used by a theorem.

Three built-in axioms relied on pervasively in Lean: choice, propositional extensionality, quotient lifting

The Gold Standard of the pre-AI world.

Protects against

● inherited incomplete/incorrect proof terms

● custom axioms



Validating a Lean Proof: Level III
The kernel can be run as its own process: leanchecker

Protects against

● incorrect kernel handling by Lean (e.g. imported declarations are trusted)

● metaprograms bypassing the in-process kernel or otherwise corrupting processing



Validating a Lean Proof: Level IV
comparator isolates statement processing, proof processing, and leanchecker into separate, 

sandboxed processes. Optionally runs additional checkers as well.

Protects against

● actively malicious proofs (but not incorrect statements)

● bugs in some but not all checkers



Validating a Lean Proof: Level IV
A Challenge.lean file contains only the statement with minimal dependencies for review.

Solution.lean then is checked to be a refinement of the challenge with arbitrary further imports.

The solution is accepted if it passes all checkers and axiom checks (i.e. no sorry) and its statement plus 

relevant closure is equal to that in the challenge.



Sourcing Statements
FLT can be stated without additional dependencies. Mathlib provides the statement(!) for any semiring.

google-deepmind/formal-conjectures provides the statement of Navier-Stokes used by OpenAI.

Buckmaster-Alpöge provide three challenge files importing only Mathlib.

https://github.com/google-deepmind/formal-conjectures


External Checkers
The Lean Kernel Arena collects, checks, and profiles external checkers.

At the time of writing, the #1 spot sokonanoda (Jeremy Chen, Cambridge) checks Mathlib 17x as fast as 

the official kernel.

lean4lean (Mario Carneiro, Chalmers) is a notable port and in-progress formalization of the official kernel 

and the type theory in Lean itself. Some overlap and cooperation with the MetaRocq (INRIA) project.

con-leche (Joachim Breitner, Lean FRO) is a kernel AI-written in Lean with verified consistency, by way of 

a set-theoretic model. con-ron is a verified port to Rust, removing the Lean runtime from the TCB.

comparator, lean4lean, con-leche, and con-ron come bundled with Lean 4.35+.



Revisiting the Trusted Code Base at Level IV
● the statement (small and independent, ideally)

○ plus its elaboration

● at least one of the used checkers (impl ~7,000 LoC; verification statement ~100 LoC)

● comparator (~1,000 LoC)

○ plus its compilation and runtime

● the OS sandbox (bubblewrap), the OS, the hardware (many LoC)

The newest version of comparator allows for producing the proof export file manually, such as in a VM or 

on a separate machine. 



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 August 2023, the organization has 19 members.

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

It must reach self-sustainability by August 2028 and become the Lean Foundation.

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



Conclusion
The advent of AI proofs has completely changed the trust question for theorem provers.

The default assumption now is that if an agent could feasibly find a weakness, it will use it.

Lean is the first major ITP to ship with an isolated checking setup and verified kernel.



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

https://www.lean-lang.org/


