
Lean:
Past, Present, and Future

Sebastian Ullrich, Lean FRO
FSCD, 2024-07-13



Lean Beginnings
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Lean Beginnings

Created as a platform for white-box automation by Leonardo de Moura

Intended as a frontend-agnostic answer to the Strategy Challenge

A lean kernel: minimized type theory compared to similar systems
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Lean 0.1 (2014)

An interactive theorem prover

Valid Lean 0.1 2 3 4 code!

Small set of built-in tactics, more could be added with Lua
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Lean 2 (2015)

Added support for inductive types, type theory mostly unchanged since

Optional Homotopy Type Theory mode

5



Lean’s Type Theory

A dependent type theory based on the Calculus of Inductive Constructions

Additions for classical mathematics and program verification:

● A definitionally proof-irrelevant universe of propositions Prop
● Quotient types

Adjustments for simplicity and leanness:

● Recursion compiled down to recursor higher-order functions
● No universe cumulativity (since Lean 2)
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Lean And Mathematicians

Expressive, classical-focused logic

Growing a community and library, first at CMU, then on Zulip
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Start Of My Involvement
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Lean 3 (2017)

Made Lean a metaprogramming language

Removed HoTT support

Mathlib spun out as a separate library
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Mathlib
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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
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Liquid Tensor Experiment
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Liquid Tensor Experiment
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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
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https://leanprover-community.github.io/blog/posts/FLT-announcement/


Liquid Tensor Experiment
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Only The Beginning

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

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, Tao and Dillies, 2023

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

Carleson Project, van Doorn, 2024-ongoing

Fermat’s Last Theorem, Buzzard, 2024-ongoing
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Lean 4 (2023)

Current version of Lean

Made Lean a general-purpose programming language

Implemented in 120+ kLoC of Lean!

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

19



Mathlib 4
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21

Software Verification in Lean 4



AI in Lean
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OpenAI: Solving (some) formal math olympiad problems

Meta AI: Teaching AI advanced mathematical reasoning

DeepMind: Scalable AI Safety via Doubly-Efficient Debate

LeanDojo: open source models, datasets, and code for Lean

Morph labs is developing ML models for Lean and moogle.ai

https://openai.com/research/formal-math
https://ai.meta.com/blog/ai-math-theorem-proving/
https://arxiv.org/abs/2311.14125
https://leandojo.org/
https://morph.so/
https://morph.so/blog/the-personal-ai-proof-engineer/
http://moogle.ai/


Focused Research Organization (FRO)

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

https://www.convergentresearch.org/


The Lean FRO

A non-profit organization dedicated to the development of Lean

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
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https://lean-fro.org


The Lean FRO
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The Lean FRO: Year 1

Documentation: Verso authoring tool, lean-lang.org/blog/

System: incremental proof processing

Packaging: Reservoir package registry

Automation: functional induction, omega

Library: verified hash map, bitvector

Infrastructure: Mathlib cache hosting, continuous benchmarking

… and many other improvements across the system
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https://lean-lang.org/blog/


The Lean FRO: Roadmap

Documentation: reference manual, metaprogramming guide

System: parallel processing, module system

Packaging/Infrastructure: cloud build & cache

Automation: SMT primitives, and more

Library: more data structures, programming fundamentals
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Conclusion

10 years of Lean, a system that grew with the ambitions of its users

Introductory reading:

● Functional Programming in Lean

● Theorem Proving in Lean 4

● Mathematics in Lean

lean-lang.org
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https://lean-lang.org/functional_programming_in_lean/
https://lean-lang.org/theorem_proving_in_lean4/
https://leanprover-community.github.io/mathematics_in_lean/index.html
http://lean-lang.org

