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About me
2010–2016 MSc in CS at KIT

●  2016 Master’s thesis on Lean+Rust at CMU (Pittsburgh, USA)

2017–2023 PhD in CS at the Programming Paradigms group, KIT
●  2018 Internship at Microsoft Research (Redmond, USA), design draft of Lean 4

2023–now  Co-founder of the Lean Focused Research Organization together with Leonardo de Moura (AWS)
●  21 people worldwide, 8 in Germany, 3 in Munich



Why Prove?

Unverified Mathematics: Mistakes in proofs or logical gaps that go 

unnoticed

Unverified Software: Bugs, vulnerabilities, and failures in critical systems

Unverified AI: Hallucinations, incorrect outputs, and unreliable reasoning 

steps

The Lean project started in 2013 with the goal of addressing challenges in 

software verification. Today, it has gained popularity in both mathematics 

and AI.



Lean is an open-source programming language and proof assistant that is 
transforming how we approach mathematics, software verification, and AI

Lean provides machine-checkable proofs

Lean addresses the “trust bottleneck”

Lean opens up new possibilities for collaboration



A small example



A small example
Mathlib is the Lean Mathematical library



A small example

Definition of an odd number



Our first theorem

Theorem statement, i.e., the claim being made



Our first theorem

A proof



Our first theorem

An incorrect proof



Theorem proving in Lean is an interactive game

The “game board”

“You have written my favorite computer game” – Kevin Buzzard (Imperial College London)



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

The “game move” use is the standard way of proving statements about existentials



Theorem proving in Lean is an interactive game

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



Theorem proving in Lean is an interactive and addictive game

“You can do 14 hours a day in it and not get tired and feel kind of high the whole day. 

You’re constantly getting positive reinforcement” – Amelia Livingston  (University College London)



Trying it for yourself: The Natural Number Game

adam.math.hhu.de

https://adam.math.hhu.de


Trying it for yourself: The Natural Number Game

adam.math.hhu.de

…as featured on Jonathan Blow's Twitch stream on Jan 25, 2026

https://adam.math.hhu.de


Mathematics Software AI



Mathematics



Mathlib github.com/leanprover-community/mathlib4

The Lean Mathematical Library supports a wide range of projects

It is an open-source collaborative project with over 500 contributors and 2M LoC

“I’m investing time now so that somebody in the future can have that amazing experience” –

Heather Macbeth (Fordham University)

https://github.com/leanprover-community/mathlib4


Mathlib



The Perfectoid Spaces Project
Kevin Buzzard, Patrick Massot, Johan Commelin

Goal: Demonstrate that we can define complex mathematical objects in Lean.

They translated Peter Scholze's definition into a form a computer can understand.

It not only achieved its goals but also demonstrated to the math community that 

formal objects can be visualized and inspected with computer assistance.

Math is now data that can be processed, transformed, and inspected in various ways.



The Perfectoid Spaces Project



The Challenge
In November of 2020, Peter Scholze posits the Liquid Tensor Experiment (LTE) challenge

“I spent much of 2019 obsessed with the proof of this theorem, almost getting crazy over 

it. In the end, we were able to get an argument pinned down on paper, but I think nobody 

else has dared to look at the details of this, and so I still have some small lingering doubts”



The First Victory
Johan Commelin led a team with several members of the Lean community and announced the 

formalization of the crucial intermediate lemma that Scholze was unsure about, with only 

minor corrections, in May 2021.

“[T]his was precisely the kind of oversight I was worried about when I asked for the formal 

verification. [...] The proof walks a fine line, so if some argument needs constants that are 

quite a bit different from what I claimed, it might have collapsed” – Peter Scholze



Success
The full challenge was completed in July 2022.

The team not only verified the proof but also simplified it. 
Moreover, they did this without fully understanding the entire proof.

Johan, the project lead, reported that he could only see two steps ahead. Lean was a guide.

“The Lean Proof Assistant was really that: an assistant in navigating through the thick 

jungle that this proof is. Really, one key problem I had when I was trying to find this proof 

was that I was essentially unable to keep all the objects in my RAM, and I think the same 

problem occurs when trying to read the proof” – Peter Scholze



Crowd-Sourced Mathematics



Only the Beginning
Independence of the Continuum Hypothesis, Han and van Doorn, 2021 

Sphere Eversion, Massot, Nash, and van Doorn, 2020-2022

Unit Fractions, Bloom and Mehta, 2022

Consistency of Quine's New Foundations, Wilshaw and Dillies, 2022-2024

Polynomial Freiman-Ruzsa Conjecture, Tao and Dillies, 2023

Prime Number Theorem And Beyond, Kontorovich and Tao, 2024-ongoing

Carleson Project, van Doorn, 2024-2025

Equational Theories Project, Tao, Monticone, and Srinivas, 2024-2025

Fermat’s Last Theorem (FLT), Buzzard, 2024-ongoing, community estimates it will take 1M+ LoC

Sphere Packing, Birkbeck et al., 2025-ongoing



Summary
Machine-checkable proofs enable a new level of collaboration in mathematics

It is not just about proving but also understanding complex objects and proofs, getting new 

insights, and navigating through the “thick jungles” that are beyond our cognitive abilities



Software



Lean in Software Verification: The Story of SampCert
Lean is a programming language, and is used in many software verification projects

You can write code and reason about it simultaneously

You can prove that your code has the properties you expect

“Testing can show the presence of bugs, but not their absence” – E. Dijkstra



Differential Privacy
A mathematical framework that ensures the privacy of individuals in a dataset by adding 
controlled random noise to the data

Discrete sampling algorithms, like the Discrete Gaussian Sampler, are used to add carefully 
calibrated noise to data

What may go wrong if a buggy sampler is used?

 Privacy Violations: leakage of sensitive information 

 Incorrect Results: distorted analysis results

The 2017 Gödel Prize was awarded to Dwork et al for the development of diff. privacy



SampCert
A project led by Jean-Baptiste Tristan at AWS

An open-source Lean library of formally verified differential privacy primitives

Tristan's implementation is not only verified, but it is also twice as fast as the previous one

He managed to implement aggressive optimizations because Lean served as a guide, ensuring 
that no bugs were introduced



SampCert would not exist without Mathlib
SampCert is software, but its verification relies heavily on Mathlib

The verification of code addressing practical problems in data privacy depends on the 
formalization of mathematical concepts, from Fourier analysis to number theory and topology



Many more open-source projects
Cedar, a policy language and evaluation engine

LNSym, a symbolic simulator for Armv8 native-code programs: cryptographic machine-code programs

TenCert, a tensor compiler, verified StableHLO and NKI

NFA2SAT, a verified string solver

Many more at the Lean Project Registry: reservoir.lean-lang.org

                                is a new industry/academia effort on formalizing computer science in Lean

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


Summary
Machine-checkable proofs enable you to code, refactor, and optimize without fear 



AI



Lean Enables Verified AI for Mathematics and Code
LLMs are powerful tools, but they are prone to hallucinations

In math, a small mistake can invalidate the whole proof

Imagine manually checking an AI-generated proof with the size and complexity of FLT

The informal proof is over 200 pages

Buzzard estimates a formal proof will require more than 1M LoC on top of Mathlib

Machine-checkable proofs are the antidote to hallucinations





AlphaProof & the International Math Olympiad

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

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/


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


IMO-Level Proof Search as a Service



Putnam Bench as the Next Frontier Already Being Solved

trishullab.github.io/PutnamBench/leaderboard.html

💚 fully open-sourced

💙 partially open-sourced

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


Autoformalization

github.com/math-inc/strongpnt

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


Vibe Proving

borisalexeev.com/pdf/erdos707.pdf

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


Vibe Proving

github.com/teorth/erdosproblems

https://github.com/teorth/erdosproblems


Vibe Proving

github.com/teorth/erdosproblems

https://github.com/teorth/erdosproblems


Vibe Proving

github.com/teorth/erdosproblems

https://github.com/teorth/erdosproblems


Autonomous Exploration

arxiv.org/abs/2511.02864

https://arxiv.org/abs/2511.02864


Summary
Machine-checkable proofs enable AI that does not hallucinate

AI can find proofs, translations, and new results, in collaboration with humans or by itself



Wrap-Up



Lean enables decentralized collaboration

Lean is Extensible

Users extend Lean using Lean itself

Lean is implemented in Lean

You can make it your own

You can create your own moves

Machine-Checkable Proofs

You don’t need to trust me to use my proofs

You don’t need to trust my automation to use it

Code without fear



Lean is a game where we can implement your own moves

The linarith  “move” was implemented by the Mathlib community in Lean!



Focused Research Organizations
A new type of nonprofit startup for science developed by Convergent Research



Conclusion
Lean is an efficient programming language and proof assistant

Machine-checkable proofs eliminate the trust bottleneck

Lean enables decentralized collaboration

Lean is very extensible

The Mathlib community is changing how math is done

It is not just about proving but also understanding complex objects and proofs, getting new insights, and 

navigating through the “thick jungles” that are beyond our cognitive abilities



lean-lang.org
lean-fro.org
Community chat: leanprover.zulipchat.com
Mastodon: @leanprover@functional.cafe

Thank You


