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

Lean and its tooling are implemented in Lean. Lean is very extensible.

LSP, Parser, Macro System, Elaborator, Type Checker, Tactic Framework, Proof automation, 
Compiler, Build System, Documentation Authoring Tool.

Lean has a small trusted kernel, proofs can be exported and independently checked.

The Lean FRO is a nonprofit dedicated to developing Lean.



Lean is based on dependent type theory

An example by Kim Morrison:

Full example here.

https://github.com/leanprover/lean4/blob/master/tests/lean/run/grind_indexmap.lean


An example by Kim Morrison:

:



An example by Kim Morrison:

:



Theorem proving in Lean is an interactive game

The “game move” simp, the simplifier, is one of the most popular moves in our game

“You have written my favorite computer game”, Kevin Buzzard

The “game board”



Mathlib

The Lean Mathematical Library supports a wide range of projects.

It is an open-source collaborative project with over 650 contributors and 2.0M LoC.

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

Heather Macbeth



Lean is impacting Mathematics

"Lean enables large-scale collaboration by allowing mathematicians to 
break down complex proofs into smaller, verifiable components. This 
formalization process ensures the correctness of proofs and facilitates 
contributions from a broader community. With Lean, we are beginning to 
see how AI can accelerate the formalization of mathematics, opening 
up new possibilities for research." — Terence Tao

Liquid Tensor Experiment – Peter Scholze

The Equational Theories Project – Terence Tao

Fermat’s Last Theorem – Kevin Buzzard 

Carleson’s Theorem – Floris van Doorn

Abc conjecture



Lean Enables Verified AI for Mathematics and Code

LeanDojo is an open-source project from Caltech, and everything (model, datasets, code) is open.

OpenAI and Meta AI have developed AI assistants for Lean.

Gemini 3 and Claude 4.5 are fantastic on Lean code. 

Claude’s System Card contains a Lean example.

https://leandojo.org/
https://openai.com/index/formal-math/
https://ai.meta.com/blog/ai-math-theorem-proving/
https://www-cdn.anthropic.com/6be99a52cb68eb70eb9572b4cafad13df32ed995.pdf


The Silver Medal at the IMO 2024 

"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



The Gold Medal at the IMO 2025

Google DeepMind and OpenAI achieved gold medal level using informal reasoning.

ByteDance achieved silver* medal using Lean. (*) They reached gold after the competition.

Harmonic achieved gold medal using Lean.

https://x.com/AlexKontorovich/status/1947852329006350712?t=yAJVaZl_mG3qXDwjR-IaBg&s=19
https://github.com/ByteDance-Seed/Seed-Prover
https://x.com/i/broadcasts/1BdGYqEkOYyGX


Startups using Lean & AI

Math, Inc. Logical Intelligence

…and more to come



Vibe Proving

borisalexeev.com/pdf/erdos707.pdf

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


Vibe Proving



Lean in Software Verification

Cedar – Language for defining permissions as policies – AWS

SampCert – Verified Differential Privacy Primitives – AWS

SymCrypt – Verified Cryptography – Microsoft

Neuron Compiler – AWS

https://github.com/cedar-policy/cedar-spec
https://github.com/leanprover/SampCert
https://www.microsoft.com/en-us/research/blog/rewriting-symcrypt-in-rust-to-modernize-microsofts-cryptographic-library/
https://github.com/leanprover/KLR


Prospective: AI+CS as the Next Frontier is Imminent

Companies are starting to pivot their math-proven AIs towards program verification

harmonic.fun/news#blog-post-aristotle-tech-report

Spec auto-formalization + program synthesis + verification as a service

https://harmonic.fun/news
https://harmonic.fun/news
https://harmonic.fun/news
https://harmonic.fun/news
https://harmonic.fun/news
https://harmonic.fun/news
https://harmonic.fun/news
https://harmonic.fun/news
https://harmonic.fun/news


Veil: Multi-Modal Verifier for Distributed Protocols 

● A shallowly-embedded DSL in Lean
● Bounded model checking and automation via SMT

(using Lean-auto, Lean-SMT)
● Interactive proofs in Lean when automation fails

github.com/verse-lab/veil Pîrlea et al., CAV’25



A Foundation for Computer Science in Lean

CSLib: A Mathlib for computer science. 

Clark Barrett (Stanford University and Amazon)

Swarat Chaudhuri (Google DeepMind and UT Austin)

Jim Grundy (Amazon)

Pushmeet Kholi (Google DeepMind) 

Leo de Moura (Amazon and Lean FRO)

Fabrizio Montesi (University of Southern Denmark)

CSLib aims to be a foundation for teaching, research, and new verification efforts, including AI-assisted.

https://docs.google.com/presentation/d/1aJFM3EaI4LcppHR_2YFQHiBjUfMMhMKxCeM3BfINi48/edit?slide=id.p
https://docs.google.com/presentation/d/1aJFM3EaI4LcppHR_2YFQHiBjUfMMhMKxCeM3BfINi48/edit?slide=id.p
https://www.cslib.io/


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.

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

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

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

25 releases and +7,000 pull requests merged in the main repository only since its launch in July 2023.

We run the FRO as a startup.



Lean FRO current and next steps

Module system: faster builds

Lake: version resolution

StdLib: on track to be finalized in the summer of 2026

New benchmarking infrastructure: radar.lean-lang.org

Compiler:

• Zero-cost BaseIO

• Smaller binaries

• Stack allocated objects

• Improved reference-counting instruction placement



Lean FRO current and next steps (cont.)

Extensible `do` notation, and monadic verification framework. 

Scalabilty:

• Linear time auxiliary constructions (NoConfusion, DecidableEq, BEq, etc)

• Efficient `match` compilation

• Asynchronous terminal tasks

• Lazy extension initialization

• Type class resolution bottlenecks



Lean FRO current and next steps (cont.)

New code formatter

Literate programming and UX improvements

• Verso performance and PDF support

• Blueprint + Verso integration

• Workbench and hostable software

• Game development with Verso

• Improved error messages

• Improved documentation



Lean FRO current and next steps (cont.)

Proof automation:

• try? – Extensible frontend for terminal tactics

• grind – SMT based tactic for dependent type theory

• +suggestions – Extensible theorem selection for grind, simp, Aesop

• grind interactive mode and grind?

• Better nonlinear inequality support in grind 

• New annotations for controlling theorem instantiation

• simp performance improvements

• cbv – an efficient proof producing evaluator



Proof Automation: grind



Why do we need proof automation? 

“I thought AI would prove all theorems for us now.”

AI at the IMO 2024

AlphaProof (Google DeepMind) achieved silver medal level using Lean. 

AI at the IMO 2025

Google DeepMind and OpenAI achieved gold medal level using informal reasoning.

ByteDance achieved silver* medal using Lean. (*) They reached gold after the competition. 

Harmonic achieved gold medal using Lean.

https://x.com/AlexKontorovich/status/1947852329006350712?t=yAJVaZl_mG3qXDwjR-IaBg&s=19
https://github.com/ByteDance-Seed/Seed-Prover
https://x.com/i/broadcasts/1BdGYqEkOYyGX


AI is playing the “Lean game" 

The moves in this game are tactics from Automated Reasoning:  good old proof automation.

Here are some “moves” played by AlphaProof:

simp_all[Finset.sum_range_id]

zify[*]at*

norm_num at*

nlinarith[(by norm_cast:(c:ℝ)>=A*(l-⌊_⌋)+⌊_⌋+1),Int.floor_lex,Int.lt_floor_add_one x]

Even the most advanced AI relies on the same tactics we use every day.

By developing better moves/tactics, we enable even more powerful AI.



What is grind?
New proof automation (Lean v4.22) developed by Kim Morrison and me.

A proof-automation tactic inspired by modern SMT solvers. Think of it as a virtual whiteboard:

Discovers new equalities, inequalities, etc.

Writes facts on the board and merges equivalent terms

Multiple engines cooperate on the same workspace

Cooperating Engines:

Congruence closure; E-matching; Constraint propagation; Guided case analysis

Satellite theory solvers (linear integer arithmetic, commutative rings, linear arithmetic, AC)

Supports dependent types, type-class system, and dependent pattern matching

Produces ordinary Lean proof terms for every fact.



What grind is NOT

Not designed for combinatorially explosive search spaces:

Large-n pigeonhole instances

Graph-coloring reductions

High-order N-queens boards

200-variable Sudoku with Boolean constraints

Why? These require thousands/millions of case-splits that overwhelm grind's branching search

Key takeaway: grind excels at cooperative reasoning with multiple engines, but struggles with 
brute-force combinatorial problems.

For massive case-analysis, use bv_decide



grind: Design Principles

Native to Dependent Type Theory: No translation to first-order or higher-order logic needed.

Solves trivial goals automatically.

Fast startup time: No server startup, no external tool dependencies, no translations

Rich diagnostics: When it fails, it tells you why.

Configurable via Type Classes and annotations.

Provide grind? similarly to bv_decide? and aesop?

Interactive mode for full control

Stdlib and Mathlib pre-annotated. 



grind: Architecture

Preprocessing: normalization, canonicalization, extracting nested proofs, hash-consing, …

Internalization: process of converting Lean expressions into solver’s internal data-structures.

E-graph: congruence closure, E-matching, constraint propagation.

Satellite Solvers: linear integer arithmetic, commutative rings, linear arithmetic, AC, orders, etc.



grind: Model-based theory solvers

For linear arithmetic (linarith) and linear integer arithmetic (lia). 

linarith is parametrized by a Module over the integers. It supports preorders, partial orders, and linear orders.

“I'm interested in developing some API for linearly ordered vector spaces, in order to easily handle manipulations 
of asymptotic orders” – Terence Tao on the Lean Zulip

OrderedVectorSpace implements IntModule, LinearOrder, IntModule.IsOrdered.



grind: Model-based theory solvers

lia is parametrized by the ToInt type class used to embed types such as Int32, BitVec 64 into the integers



grind: Model-based theory solvers



grind: commutative rings and fields

Support for commutative rings and fields uses Grobner basis.

Parametrized by the type classes: CommRing, CommSemiring, NoNatZeroDivisors, Field, AddRightCancel, 
and IsCharP



Automating Quantum Algebra

Here is a concrete example from quantum algebra. It comes from a classification result involving quantum 
SO(3) categories. Specifically, the condition that certain relations among trivalent graphs imply a constraint 
on the parameters d, t, and c:

From: “Categories generated by a trivalent vertex”, Morrison, Peters, and Snyder



Automating Quantum Algebra

This is not a toy: it encodes a real algebraic constraint derived from relations among diagrams in a pivotal 
tensor category. 

grind can handle this kind of reasoning automatically, in milliseconds. 



Associative (commutative, idempotent) operators & neutral elements

This is not a toy: it encodes a real algebraic constraint derived from relations among diagrams in a pivotal 
tensor category. 

Parametrized by the type classes: Associative, Commutative, IdempotentOp, LawfulIdentity.

Coming soon: AC E-matching.



grind: E-matching

E-matching is a heuristic for instantiating theorems. It is used in many SMT solvers.

It is matching modulo equalities.



grind: Extensibility

You can configure grind using type classes.

You can annotate theorems and definitions with the [grind] attributes.

That said, grind is implemented in Lean, and you can extend its implementation using Lean itself.

No need to learn another programming language, or how to create shared objects.



grind: Extensibility - constraints

You can associate constraints to theorem instantiation patterns.



grind: Extensibility - propagators



grind: Extensibility - solvers

You can plugin your own solver. We implemented all built-in solvers using the plugin API.



grind: Extensibility - solvers

After you declare your solver extension. You implement your internalizer, propagators, and equality 
handlers.



grind: Tooling

How to maintain annotations in a huge libraries with more than 2M lines of code?



Can AI/users control grind? Yes, grind interactive mode.

Already available in v4.25.0. 

Higher level of abstraction.

Foundation for grind? 

Prediction: AI will learn how to use grind interactive mode in a few months. 



grind?



grind?



grind?



+suggestions: grind’s best friend

grind finds out for you exactly with theorems are relevant



grind diagnostics at your fingertips



grind diagnostics at your fingertips



grind diagnostics at your fingertips



"if-normalization” challenge by Leino, Merz, and Shankar



"if-normalization” challenge by Leino, Merz, and Shankar

Interactive tactic suggestion tool: the try? tactic

It tries many different tactics, guesses induction principle, and is extensible



grind: Initial reactions



grind: Initial reactions



Challenge
AI systems are writing impressive Lean proofs, but they often bypass powerful automation tactics,
generating long manual proofs that a single tactic call could replace.

• The bottleneck is annotations: metadata that tells symbolic automation how to use theorems.

• Most mathematicians can write proofs but can't write good annotations.

• We propose training AI to predict annotations.

simp, aesop, and grind become much more powerful after theorems are properly annotated.

If we had perfect annotations:
Proof synthesis becomes dramatically easier (predict grind instead of 20 tactic steps)

AI-generated proofs become shorter, more robust, more maintainable

RL signals: success rate when reproving existing libraries, grind diagnostics, #grind_lint



Conclusion

Lean is an efficient programming language and proof assistant.

Lean is very extensible and is implemented in Lean.

Lean proofs are maintainable, stable, and transparent.

Progress is accelerating with the Lean FRO: module system, new compiler, new proof automation, etc.

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. 

Software

Mathematics AI

L     N

AE



Thank You

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

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


