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AI in 2024

Figure: Solution to the hot spots problem
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Lean: A programming language to verify math

Lets you check that proofs are correct down to the axioms

Morally correct, skipping obvious steps etc.. does not pass

Interactive verification

Why Lean? (vs Rocq, Agda, Isabelle...) Mathlib

Large human-written and thoroughly reviewed mathematical library
Builds ∼all of undergrad and a lot of grad school from the axioms.
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Mathlib size – status of Lean before AI

Lean: A programming language to verify math 

• Lets you check proofs if they are correct down to the axioms 

• Morally correct, skipping obvious steps etc.. does not pass 

• Interactive verification

• Why Lean? (vs Rocq, Agda, Isabelle…) Mathlib 

• Large human-written thorougly-reviewed 
mathematical library 

• Builds ~all of undergrad and a lot of grad school 
from the axioms. 

Figure: Mathlib size
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How do I Learn Lean?

Step 0: Play the Natural Numbers game to get a feeling.

Write Lean

Mathematics in Lean (Math)

Theorem Proving in Lean
(CS)

Join the Zulip channel

Read Lean*

Very very basics next slide

madvorak’s GitHub tutorial

Tutorials by D.
Muñoz-Lahoz(ICMAT)

Lean is Math meets Software Engineering (best practices in SE apply)

*produced by either humans or AI-systems
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The shortest primer on lean

What does a theorem in lean look like?

The shortest primer on lean 

• What does a theorem in lean look like?

R is a type (like a set)
R has a Commutative  
Ring Structure x and y are elements of type R

: separates hypotheses and conclusion
:= -> states you will give a proof 

“by” enters  proof mode
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How far can LLMs write Lean?

If your paper is ≲ 50 pages and the prerequisites are in Lean, you
can Lean verify it in one day.

By far most of the work is getting the LLM to write the
prerequisites.

The proof code will be ugly – but sometimes you only care about
the statements.

The statements will be ugly at first – but you can carefully write
them by hand.

If you want to use Lean in your field you will want to build a re-usable
library. This involves learning some Lean (or asking me or my friends
nicely to build a library for you).
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Some tips

Learn how to read statements in Lean – see the appendices of our
recent papers!

Easy in combinatorics, very subtle in topology.

Read the definitions you are using for common pitfalls.

Print axioms: if you see anything else than Propext, Quot.sound
and Classical.choice you’re in trouble.

Partial formalizations are extremely delicate. It is surprisingly
easy to write a false statement!
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Goals of the talk

Show a workflow for producing a Lean certificate of a
mathematical result.

Prepare a written proof for formalization.

Use an LLM to build the Lean proof, step by step.

Check that the formal statement matches the intended
mathematics.

Compile the proof and check for remaining gaps and assumptions.

A Lean certificate is a formal proof checked by Lean’s kernel.
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Step 0

Make sure the proof is entirely self-contained modulo
Mathlib.

Give a proof of every step, except results already available in
Mathlib.

Ask GPT to produce a TEX file with this level of detail.

You may have to ask it multiple times to fill in all the missing
steps.

This can expand the length of the proof significantly.
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The starting files
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1. Check the Lean statement
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2. Audit the proof and Mathlib
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3. Refactor the manuscript
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4. Prepare the workflow
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5. Review the workflow steps
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6. Start the formalization
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7. Follow the proof progress
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8. Review the generated Lean code
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9. Audit the final statement
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What is in the black box workflow

0 Prepare the inputs.

1 Identify and check the exact main theorem.

2 Create the blueprint.

3 Split the Lean project into files.

4 Create a compiling scaffold with tracked temporary assumptions.

5 Maintain the proof ledger.

6 Replace assumptions with proofs in dependency order.

7 Break difficult lemmas into intermediate results.

8 Assemble the main theorem.
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New opportunities

Learn at unprecedented rates.

Explore new techniques and fields exceptionally fast.

Formal verification is needed in industry, e.g., software verification.

Applications in other areas of science and technology.

Large scale verified numerics is now possible.

Better organization of knowledge.

Community – people I used to talk to once a month I now talk to
every day.
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