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What is            ?

An efficient pure functional programming language and a proof assistant.

Lean is implemented in Lean, and is very extensible.

Main applications:

● Formal Mathematics

● Software/Hardware verification

● AI for Mathematics and code synthesis

● Education

Small trusted kernel, and many external type/proof checkers.

Soonho Kong and I started the project at Microsoft Research in 2013.
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is and IDE for formal methods

Lean is a development environment for formal methods.

Proofs and definitions are machine checkable.

The math community using Lean is growing rapidly. They love the system.

Lean is used in several software verification projects at AWS since 2023.



and formal mathematics



has a rich user-interface



Should we trust                ?

Lean has a small trusted proof checker.

Do I need to trust the checker?

No, you can export your proof, and use external checkers. There are checkers implemented in 
Haskell, Scala, Rust, Lean, etc.

You can implement your own checker.



enables decentralized collaboration

Meta-programming
Users extend Lean using Lean itself
Proof automation
Visualization tools
Custom notation

Formal Proofs
You don't need to trust me to use my proofs.
You don't need to trust my proof automation to use it.
Hack without fear.



enables decentralized collaboration

Meta-programming
Users extend Lean using Lean itself
Proof automation
Visualization tools
Custom notation

Formal Proofs
You don't need to trust me to use my proofs.
You don't need to trust my proof automation to use it.
Hack without fear.

Takeaway: formal proofs address the “Trust Bottleneck”



starts Mathlib – 2017



Lean 4 development starts in 2018

Sebastian Ullrich and I start Lean 4 in 2018

Main goal: make the system much more extensible and address many limitations

Lean is now a general-purpose and efficient programming language

Implemented in 120+ kLoC of Lean!

Opened up parser and elaborator for complex notations, embedded languages, …

It is not backward compatible with Lean 3



The Lean Zulip Channel – https://leanprover.zulipchat.com

https://leanprover.zulipchat.com


– 2019



The Lean Mathematical Library goes viral – 2020

“You can do 14 hours a day in it and not get tired and feel kind of high the whole day,” 
Livingston said. “You’re constantly getting positive reinforcement.”

“It will be so cool that it’s worth a big-time investment now,” Macbeth said. “I’m investing 
time now so that somebody in the future can have that amazing experience.”



Liquid Tensor Experiment

Nov 2020: Peter Scholze posits formalization 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.”
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Liquid Tensor Experiment

Nov 2020: Peter Scholze posits formalization challenge

May 2021: Johan Commelin announces completed Lean formalization of crucial intermediary 
lemma, with only minor corrections

“[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.”
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Liquid Tensor Experiment

Nov 2020: Peter Scholze posits formalization challenge

May 2021: Johan Commelin announces completed Lean formalization of crucial intermediary 
lemma, with only minor corrections

July 2022: Completion of the full challenge in Lean

“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
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Abstract Formalities
Johan Commelin's talk: http://www.fields.utoronto.ca/talks/Abstract-Formalities

Abstraction boundaries in Mathematics.

Formal mathematics as a tool for reducing the cognitive load.

Not just from raw proof complexity, but also

discrepancies between statements and proofs, side conditions, unstated assumptions, …

Unexpected win: Johan’s team simplified the proof 
without fully understanding it.

http://www.fields.utoronto.ca/talks/Abstract-Formalities


Mathlib is ported to Lean 4 – 2023

Takeaway: the power of the community





is impacting how mathematics is done

Thomas’ Bloom result: https://b-mehta.github.io/unit-fractions/

https://b-mehta.github.io/unit-fractions/


is impacting how mathematics is done



2023 was a great year for  
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The Lean FRO – 2023

A non-profit organization dedicated to the development of Lean launched in July of 2023.

Missions: 

● Address scalability, usability, and proof automation in Lean.
● Support formal mathematics.
● Achieve self-sustainability in 5 years.

Supported by Simons Foundation International, Alfred P. Sloan Foundation, and Richard Merkin

lean-fro.org

https://lean-fro.org


Focused Research Organization (FRO)

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

convergentresearch.org

https://www.convergentresearch.org/
https://www.convergentresearch.org/


The Lean FRO
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Strategic Advisory Board

Team Board of Directors

Simone Severini (AWS)
Alex Kontorovich (Rutgers University)
Lars Bergstrom (Google)
Leo de Moura (AWS)
Corinna Calhoun (Lean FRO) 

Adam Marblestone (Convergent Research)
Leo de Moura (AWS)
Jeremy Avigad (CMU)

https://www.ucl.ac.uk/~ucapsse/
https://sites.math.rutgers.edu/~alexk/
https://lars.com/
https://leodemoura.github.io/about
https://www.linkedin.com/in/corinnacalhoun/
https://www.convergentresearch.org/adam-marblestone
https://leodemoura.github.io/about
http://www.andrew.cmu.edu/user/avigad
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● AI’s unpredictability is not problem for maths because we can use theorem provers to verify 
AI-generated content

● Lean and Mathlib are enabling experts from different backgrounds to work collaboratively.
● “It’s like solving a puzzle, like thinking at a different level […] it makes you see the essence 

of why something really works and gives you this extra level of internal security” Terence 
Tao 



Only The Beginning

Perfectoid Spaces, Buzzard, Commelin, and Massot 2019
Sphere Eversion, Massot, Nash, and van Doorn, 2020-2022

Liquid Tensor Experiment (LTE), Commelin et al., 2021-2022

Fermat’s Last Theorem for regular primes, Brasca et al., 2021-2023

Unit Fractions, Bloom and Mehta, 2022

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

Polynomial Freiman-Ruzsa Conjecture (PFR), Tao and Dillies, 2023

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

Carleson Project, van Doorn, 2024-ongoing

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



Lean Blueprint
Developed by Patrick Massot

Connects informal and formal mathematics

Used in many Lean projects: LTE, Sphere Eversion, PFR, FLT, Prime Number 
Theorem and Beyond

https://github.com/PatrickMassot/leanblueprint

https://github.com/PatrickMassot/leanblueprint


Lean Blueprint

…



Lean Blueprint

…



Lean Blueprint

… …



Takeaway:
Formal Proofs enable Crowd-Sourced Mathematics

“The beauty of the system: you do not have to understand the whole proof of FLT in order to 
contribute. The blueprint breaks down the proof into many many small lemmas, and if you can 
formalise a proof of just one of those lemmas then I am eagerly awaiting your pull request.” 

Kevin Buzzard on the FLT Project

https://leanprover-community.github.io/blog/posts/FLT-announcement/
https://leanprover-community.github.io/blog/posts/FLT-announcement/
https://leanprover-community.github.io/blog/posts/FLT-announcement/


Lean Game Server
https://adam.math.hhu.de/

https://adam.math.hhu.de/


Takeaway: Extensibility

Mathlib is not just math, but many Lean extensions too
Users extend Lean using Lean itself
Users can browse and access Lean data-structures: Math as data
We wrote Lean 4 in Lean to ensure the system is very extensible



Visualizing Lean 4 Proofs in Blender

David Renshaw - https://github.com/dwrensha/animate-lean-proofs
A tool for turning Lean proofs into Blender animations
YouTube video

https://github.com/dwrensha/animate-lean-proofs
https://www.youtube.com/watch?v=KuxFWwwlEtc&list=LL


SciLean: Scientific Computing Assistant

Tomáš Skřivan - https://github.com/lecopivo/SciLean
Framework for scientific computing such as solving differential equations, optimization or machine 
learning written in Lean

https://github.com/lecopivo/SciLean


ProofWidgets
Wojciech Nawrocki and Ed Ayers



Lean enables AI for math

Large language models are incredibly powerful, but they “hallucinate.”



Lean enables AI for math

nlarith is a tactic (aka proof automation procedure)



Lean enables AI for math



LeanAide – Autoformalization 
https://github.com/siddhartha-gadgil/LeanAide

https://github.com/siddhartha-gadgil/LeanAide


Harmonic.fun – Mathematical Superintelligence

https://harmonic.fun/

https://harmonic.fun/


A quick Lean tour 

SSFT 2024 summer school – David Christiansen – https://github.com/david-christiansen/ssft24
…

…

https://github.com/david-christiansen/ssft24


A quick Lean tour 

…

…
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LeanSAT – A verified bit-blaster

● Henrik Boving, Josh Clune, Siddharth Bhat, and Alex Keizer

● Uses LRAT proof producing SAT solvers: Cadical

● SAT tactics: sat_decide, sat_decide?, sat_check <lrat-proof>

● Bit-vector tactics: bv_decide, bv_decide?, bv_check <lrat-proof>

● Simplify => Reflect => Bit-blast => AIG => CNF => SAT-solver => LRAT Proof => Verified checker

● Implemented in Lean
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LeanSAT – A verified bit-blaster
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LeanSAT – A verified bit-blaster
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…



LeanSAT – A verified bit-blaster
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Proof search and replay-ability
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Many other tactics implement this idiom: simp?, aesop?, etc.



Lean at AWS

● Automated Reasoning Group
      “The Business of Proof”

● Open-source projects
○ Cedar – https://github.com/cedar-policy/cedar-spec
○ SampCert – https://github.com/leanprover/SampCert
○ LNSym – https://github.com/leanprover/LNSym
○ AILean – coming soon

● Blog post at Amazon.Science coming soon.
● Many more projects coming soon.
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https://www.youtube.com/watch?v=PaPoujuUOkM
https://github.com/cedar-policy/cedar-spec
https://github.com/leanprover/SampCert
https://github.com/leanprover/LNSym


Cedar

 

https://github.com/cedar-policy/cedar-spec

https://www.cedarpolicy.com/

https://github.com/cedar-policy/cedar-spec
https://www.cedarpolicy.com/


Cedar

Takeaway: “We’ve found Lean to be a great tool for verified software development. You get a 
full-featured programming language, fast proof checker and runtime, and a familiar way to build 
both models and proofs”



Cedar

To learn more about Cedar: 
https://aws.amazon.com/blogs/opensource/lean-into-verified-software-development/

https://aws.amazon.com/blogs/opensource/lean-into-verified-software-development/


SampCert

SampCert is an open-source library of formally verified differential-privacy primitives used by 
the AWS Clean Rooms Differential Privacy service for its fast and sound sampling algorithms

SampCert provides the only verified implementation of the discrete Gaussian sampler and the 
primitives of zero concentrated differential privacy

2x faster than the unverified previous implementation

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.

Led by Jean-Baptiste Tristan

https://github.com/leanprover/SampCert
https://aws.amazon.com/clean-rooms/differential-privacy/
https://docs.aws.amazon.com/clean-rooms/latest/userguide/differential-privacy.html
https://arxiv.org/abs/2004.00010
https://arxiv.org/abs/1605.02065


LNSym

LNSym is a symbolic simulator for Armv8 machine-code programs
Led by Shilpi Goel
Open-source and under active development: https://github.com/leanprover/LNSym
Focus: automated reasoning of cryptographic machine-code programs
It uses Lean as
● A specification language to model the Arm instruction semantics and cryptographic protocols
● A theorem prover for reasoning
Takeaways
● Lean programs are executable and efficient: conformance testing
● Automation: SAT, verified bit-blaster, and domain specific tactics implemented in Lean
● Interactive prover when automation fails

https://github.com/leanprover/LNSym


AILean – AI for Math and Math for AI

AILean is exploring the relationship between LLMs and formal mathematics in collaboration with 
the Technology Innovation Institute (TII). 
Led by Soonho Kong
AI for Math
● LLMs for enhancing proof automation
● User assistance 
Math for AI
● Extracting training data from Lean proofs
● Correct by construction synthetic datasets

https://www.tii.ae/


To learn more about Lean

Check out our website: https://lean-lang.org/
Follow Lean announcements on Twitter and Mastodon
Try out Lean online: https://live.lean-lang.org/
Check out the community website: https://leanprover-community.github.io/
 Courses: https://leanprover-community.github.io/teaching/courses.html
Engage with the Lean community on the Lean Zulip Channel.

https://lean-lang.org/
https://twitter.com/leanprover
https://functional.cafe/@leanprover
https://live.lean-lang.org/
https://leanprover-community.github.io/
https://leanprover-community.github.io/teaching/courses.html
https://leanprover.zulipchat.com/


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: 

○ Users extend Lean using Lean itself without fear of introducing unsoundness
● The Mathlib community is changing how math is done
● Lean proofs are maintainable, stable, and transparent
● The FRO model has been instrumental in supporting Lean

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. 


