
Alphaproof and the 
IMO

Celio Boulay, Thomas Moulin, Alex Chai

1



2



3



Auto Formalization

(The actual 2024 IMO problems were 

formalized by hand though)

1 Million Informal 
Sample Problems 

80 Million Formal 
Sample Problems

Syntactic, logical 

variations
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Core : RL environment & 
Proof Tree

r = -1
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Core : RL environment & 
Proof Tree
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Core : RL environment & 
Proof Tree
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1. Selection
2. Expansion
3. Backpropagation

Explore the space of
possible proof constructions.



https://thomasmoulin-hub.githu
b.io/animationprez/
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https://thomasmoulin-hub.github.io/animationprez/
https://thomasmoulin-hub.github.io/animationprez/


Test Time 
Reinforcement Learning

When the standard search tree hits a computational wall on a problem

Easy
Medium 
Hard

Classic search run
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Test Time 
Reinforcement 
Learning

1. Generate hundreds of thousands of synthetic variants of the target 
problem: simplifications, generalizations, or related lemmas.

2. Run a focused RL loop on the variants, the agent finetune a specialist 
model on the target problem.

3. Mimics the human strategy of solving a simpler version of a problem 
to gain the logic needed for the final proof. 
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Test Time 
Reinforcement 
Learning

Solving variants allows the agent to:
● fine-tune its policy for the problem
● discover specific logical structures of the problem
● unlock proofs that were previously unreachable.
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IMO 2024
● Successfully solved 4/6 of the IMO 

problems 😃
● Ranked as a silver medalist, and pretty 

close to gold 😃
But:

● Required multiple days to complete 😐
● Had to use AlphaGeometry 2 for 

geometry problems and failed with 

Combinatorics 😐
● Problems were hand formalized 😐
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Alphaproof vs LLMs
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IMO 2025 - 
Alphaproof 2?

Google later used a version of Gemini 

with deep think to achieve gold level 

performance in the 2025 IMO

AND was able to do it faster

But: more emphasis on end to end 

English language, so we’ll have to see…
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Means of 
Improvement

● Geometry
○ AlphaGeometry
○ Wu’s Method
○ Quantum Techniques

● Expansion of Lean libraries
● Optimization - sometimes leveraging LLMs 

in tandem
○ SeedProver

● Multiple techniques at once
○ Lemmanade
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https://www.semanticscholar.org/reader/a76bc48006448ed6b8a32397b4748f60fdcd0921
https://www.semanticscholar.org/reader/0418c85cd2c3f5ed8d3c5e111b151b20f659b416
https://www.semanticscholar.org/reader/044845081231b6efb18351dbd14085d97edbb9b9
https://www.semanticscholar.org/reader/5428fbf3c11442c44da96964049ba580e5ab4d0f
https://www.semanticscholar.org/paper/Lemmanaid%3A-Neuro-Symbolic-Lemma-Conjecturing-Alhessi-Einarsd'ottir/498079c9288e4b47a3c1056a82bb546113459b70?utm_source=direct_link


Future Speculation 
- The Bad News

But IMO problems are different 

from cutting edge research

Can’t create “new rules”

“LLM’s Can’t Jump”

But could still be useful for Lemmas

https://www.nature.com/articles/d41586-025-03585-5
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https://philsci-archive.pitt.edu/28024/1/Scientific_Invention_Position_Paper%20(17).pdf


Future Speculation 
- The Better News

The TTRL system customizes the algorithm 
to individual problems

Using Lean allows for direct checking

Interesting that it brings up AI generated 
results that can be self verifiable, since 
they’re in Lean, which makes hallucinations 
harder

Is AI better suited to specific roles rather 
than general ones?

Does this make expert based systems more 
relevant again?
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Thanks!
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