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Formal methods

A set of techniques and specialized tools used to specify, design, and verify 
complex systems with mathematical rigor.

Specify: Describe a system's desired behavior precisely.

Design: Develop system components with assurance they'll work as intended.

Verify: Prove or provide evidence that a system meets its specification.

Increased assurance of system correctness.



Formal methods & proof assistants

Specify

Design

Verify

Proof assistants are software tools that assist you to:



Formal proofs (aka machine checkable proofs)

A logical argument that demonstrates a statement's truth within a formal system, 
with each step rigorously defined and verified.

A small trustworthy program can check formal proofs.
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Machine checkable proofs in mathematics

It is the Ultimate Democratizer.

Things you say should not be taken on faith or authority.

It doesn't matter who you are.

If the proof can be checked the world can build on your work.

Addresses the “Trust Bottleneck”.



   Proof Assistant & Programming Language

Based on dependent type theory

Goals
Extensibility, Expressivity, Scalability, Efficiency

A platform for 

Formalized mathematics

Software development and verification

Developing custom automation and Domain Specific Languages

Small trusted kernel, external type/proof checkers



                   is and IDE fo 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.

A compiler for mathematics: high-level language ⇒ kernel code



                   and formal mathematics



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, 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.



develops Mathlib
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OpenAI GPT-f for Lean
Facebook AI

"This will help make Lean a prime choice for machine learning 
research."  
Stanislas Polu - OpenAI



The                ecosystem 

Mathematicians

Lean developers

AI Research Students
Software 
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A great language for Math is also a great language for 
programming. 
Lean is a language for "programming your proofs and proving your 
programs" 



The                ecosystem 

Mathematicians

Lean developers

AI Research Students
Software 

developers

We can reach self-motivated students with no access to formal math education.



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

https://leanprover.zulipchat.com


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.”



The Liquid Tensor Experiment (LTE) - 2021
Peter Scholze (Fields Medal 2018) was unsure about one of his latest results in Analytic Geometry.

The Lean community and Scholze formalized the result he was unsure about.

We thought it would take years (Scholze included).

Trust agnostic collaboration allowed us to achieve it in months. (Math Hive in action). 

"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



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, …

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


              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

Sphere eversion project: https://leanprover-community.github.io/sphere-eversion/

https://leanprover-community.github.io/sphere-eversion/
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Focused Research Organization (FRO)
A new type of nonprofit startup for science developed by Convergent Research. 

convergentresearch.org

https://www.convergentresearch.org/


The Lean FRO
Mission: address scalability, usability, and proof automation in Lean

~7 FTEs by end of year

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

Richard Merkin

lean-fro.org

https://lean-fro.org


Questions of Scale
“Can mathlib scale to 100 times its present size, with a community 100 times its 

present size and commits going in at 100 times the present rate? [...] Will the 

proofs be maintained afterwards [...]?”

– Joseph Myers on Lean Zulip

https://leanprover.zulipchat.com/#narrow/stream/113488-general/topic/lots.20of.20theorems/near/378297465










Usability







Machine checkable proofs and AI

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



















Lean + Mathlib + AI opportunities

AI Math assistants that produce machine checkable proofs.

Auto-formalization (aka machine translation): English/Informal => Formal.

AI proof/code refactoring assistants that produce machine checkable certificates. 

Verified code synthesizers powered by AI.

Machine checkable proofs are built on top of extensive mathematical libraries.








