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Neural Theorem Proving (NTP)

4/26/2025 Neural Theorem Proving in Lean 4 2

• Build ML models to prove theorems!

Large Language Models Interactive Theorem Provers



Large Language Models (LLMs) for math
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• LLMs achieve great performance in 
elementary, High school and now 
even in Olympiad/Competition 
Mathematics.

• Data contamination: The proofs 
may have appeared in the training 
data and were memorized by the 
model

• Proof checking: Difficult to check
if the proofs are correct (especially 
for research-level mathematics)



Neural Theorem Proving
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Large Language Models Interactive Theorem Provers

• Automatic learning capability.
• Proof checking for research - 

level mathematics is very hard.
• Combine it with formal languages.

• Rigorous proof checking.
• Expressive logic, e.g., Dependent 

type theory.
• Lots of efforts from humans to 

write proofs.
• Human efforts to pick premises.

Automated Theorem Provers

• SMT solvers, model checkers 
ATP systems in first-order 
logic, etc. 

• Minimal efforts from humans.
• Limited expressiveness.



Run models locally or on a server
Automatically suggest premises/tactics

Neural Theorem Proving
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Interactive Theorem Provers Large Language Models

Extract enriched data as “learning materials”
Train a tactic & premise selector



LeanDojo [Yang et al. 2023]
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LeanDojo
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ReProver: Retrieval-Augmented Prover
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Neural Theorem Proving
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Interactive Theorem Provers Large Language Models

Extract enriched data as “learning materials”
Train a tactic & premise selector

Run models locally or on a server
Automatically suggest premises/tactics/proofs



Lean Copilot [Song et al. 2024] 

4/26/2025 Neural Theorem Proving in Lean 4 10

Run models locally or on a server

Automatically suggest premises/tactics



Lean Copilot

Human+LLM collaboration for theorem proving

https://github.com/lean-dojo/LeanCopilot

Also actual demo after this talk: )! If we have time



Lean Copilot [Song et al. 2024] 
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Locally with
CTranslate2

Server

OR

Lean 4 C++

• Framework for neural network inference natively in Lean
• Fast and cheap – accessible to all
• Platform-independent (We have support for 

windows now natively!)
• Always open to suggestions on how to improve it for 

mathematicians and end users.



Tactic Suggestion
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Proof Search
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• Generate a complete proof rather than the next tactic
• With autonomous check – correctness guaranteed w\ no hallucination!



Premise Selection
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With rich annotations!

• In-scope premises: provide type information and doc strings
• Out-of-scope premises: provide complete definition + instruction on usage
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Lean Agent [Kumarappan et al. 2025] 
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Problem and Motivation
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Framework
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Lean Progress [Huang et al. 2025] 
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Problem and Motivation
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Pipeline
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Key Points
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Pipeline
• Generate proof trees using best-first search.
• Collect proof trajectories from Lean Workbook Plus and Mathlib4.
• Assign sampling ratios to proof length ranges.
• Fine-tune DeepSeek Coder 1.3B model
• Predict remaining proof steps



Results and Conclusion
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Future works and Open Questions
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• Incorporate more ML techniques into the neural theorem proving pipeline

• Generalize to other advanced mathematics, or even scientific domains

• Explore other challenges in AI for mathematics 

• Adaptability across domains

• Generalization and self-improvement

• … and much more!



How is Engineering and Scientific Research done Today?

Bottleneck: simulation/physical experiments

(weeks - months)

Human Intuition

Bottleneck: simulation/physical 
experiments
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The future of Engineering and Scientific Research

Bottleneck: simulation/physical experiments

Lightning speed!

Human Intuition + AI

AI simulates, designs and experiments + Verification with Theorem Provers.
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Example: Climate Modeling requires fine-scale modeling
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Computational constraints limit model resolution
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CREDIT: CIRA/NOAA
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Our AI (FourCastNet) is 45,000 times faster than current 
weather models

AI4SCIENCE: BIG APPLICATIONS + VERIFICATION = FUTURE

Nuclear Fusion

Ultrasound

Deformation
Lithography

Catheter

Our AI (FNO) is differentiable and can do inverse design
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CREDIT: CIRA/NOAA
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Thank you to the Organizers of the ICERM workshop for giving me a chance to speak 
here on our work.

All this work is mostly done by the team here at Caltech and Nvidia (For most of the 
AI4Science Projects) under Anima Anandkumar. For the AI4Math projects, special 
thanks to all the students in our lab who have been involved in it and led some of 
them!

I thank the rest of the contributors and the other members of the teams for their 
feedback and help on the projects. 
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