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Language models and mathematics

Minerva Language Model  
2022 Poland National Math Exam 

[Lewkowycz et al 2022]



Language models and mathematics

Goal: perform useful 
mathematical tasks

Input text Output text



FormalInformal

Mathematical tasks

What’s an intuitive way 
to think about 
compactness?

Formal 
theorem 
proving

Free-form 
conversation …



Formal

Formal theorem proving

1 + 1 = 2



Formal

proof

1 + 1 = 2

Formal theorem proving



General  
web data Expert data

Small data can have a large impact

>1.4 trillion tokens



Case study: MiniF2F [Zheng et al 2022]

Lean MiniF2F

~10k  
tokens

General  
web data

>1.4 trillion tokens



Case study: MiniF2F
• 488 competition problems


• 4 proof assistants
ICLR 2022 



Case study: MiniF2F
Driver of progress in neural theorem proving
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Case study: Draft, Sketch, Prove

Formal 
Proof

Informal 
Proof Sketch

Draft, Sketch, Prove: Guiding Formal Theorem Provers with Informal Proofs 
Jiang*, Welleck*, Zhou*, Li, Liu, Jamnik, Lacroix, Wu, Lample. ICLR 2023 



Case study: Draft, Sketch, Prove

Informal 
Proof Sketch Formal 

Proof

MiniF2F + 488 informal (Latex) proofs  
 
https://github.com/facebookresearch/miniF2F 

Draft, Sketch, Prove: Guiding Formal Theorem Provers with Informal Proofs 
Jiang*, Welleck*, Zhou*, Li, Liu, Jamnik, Lacroix, Wu, Lample. ICLR 2023 

https://github.com/facebookresearch/miniF2F


Case study: Draft, Sketch, Prove

20 (informal proof, sketch) 
examples

Informal 
Proof Sketch Formal 

Proof

Draft, Sketch, Prove: Guiding Formal Theorem Provers with Informal Proofs 
Jiang*, Welleck*, Zhou*, Li, Liu, Jamnik, Lacroix, Wu, Lample. ICLR 2023 



Challenge: broadening scope

Competition 
Problems 

Generality

Background
Knowledge



Competition 
Problems 

Generality

Background
Knowledge



New frontiers

Expand problems & domains Interdisciplinary collaboration



FormalInformal

Formal 
theorem 
provingHard to  

evaluate



FormalInformal

Formal 
theorem 
proving

Show that for any  
real number ,  a

10a ≤ 28a2 + 1

Chat-GPT



FormalInformal

Show that for any  
real number ,  a

10a ≤ 28a2 + 1 “This statement is false”

Chat-GPT



FormalInformal

Formal 
theorem 
proving

Show that for any  
real number ,  a

10a ≤ 28a2 + 1 “This statement is false”

Chat-GPT

Flexibility
Control

Show that for any  
real number ,  a

10a ≤ 28a2 + 1

“And -1 > 0.29”

Chat-GPT



FormalInformal

Formal 
theorem 
provingexpert 

evaluation



Case study: NaturalProver

Theorem  
The sum of any  
finite number of  
even integers is  

even.

Proof 
By induction:  
for all , 

let … 
n ∈ ℕ

P(n)

Dataset: 10,000 informal proofs from ProofWiki

Informal 
(Latex) 
Proof

Theorem

NaturalProver: Grounded Mathematical Proof Generation with Language Models. 
Welleck*, Liu*, Lu, Hajishirzi, Choi. NeurIPS 2022 

https://proofwiki.org/wiki/Definition:Integer_Addition
https://proofwiki.org/wiki/Definition:Finite_Set
https://proofwiki.org/wiki/Definition:Even_Integer
https://proofwiki.org/wiki/Definition:Even_Integer
https://proofwiki.org/wiki/Principle_of_Mathematical_Induction


Theorem 

Proof-so-far
Next step

Case study: NaturalProver

NaturalProver: Grounded Mathematical Proof Generation with Language Models. 
Welleck*, Liu* et al. NeurIPS 2022 



Case study: NaturalProver

Correct

Theorem 

Proof-so-far
Next step

NaturalProver: Grounded Mathematical Proof Generation with Language Models. 
Welleck*, Liu* et al. NeurIPS 2022 



Case study: NaturalProver

Correct

Theorem 

Proof-so-far
Next step

15 UW Math & Applied Math  
Undergrad/Masters/PhD students


IRB-approved study
NaturalProver: Grounded Mathematical Proof Generation with Language Models. 
Welleck*, Liu* et al. NeurIPS 2022 



Case study: NaturalProver

Correct
Useful

Theorem 

Proof-so-far
Next step

NaturalProver: Grounded Mathematical Proof Generation with Language Models. 
Welleck*, Liu* et al. NeurIPS 2022 



Case study: NaturalProver

Correct
Useful
Errors— Equation

Definition…

Theorem 

Proof-so-far
Next step

NaturalProver: Grounded Mathematical Proof Generation with Language Models. 
Welleck*, Liu* et al. NeurIPS 2022 



Case study: NaturalProver

8,400 annotated proof steps 

Theorem 

Proof-so-far
Next step

NaturalProver: Grounded Mathematical Proof Generation with Language Models. 
Welleck*, Liu* et al. NeurIPS 2022 



Case study: NaturalProver

8,400 annotated proof steps 

- Capable of correct and useful next-step suggestions 
- Derivations, long proofs…

NaturalProver: Grounded Mathematical Proof Generation with Language Models. 
Welleck*, Liu* et al. NeurIPS 2022 



Case study: NaturalProver

8,400 annotated proof steps 

- ~51% useful, 43% correct next-step suggestions 
- Equations, proof length…

Expert evaluation today (Arxiv, June 2023):



FormalInformal

Hard to  
evaluate

Easier to 
evaluate



Case study: Lila benchmark

Lila: a unified benchmark for mathematical reasoning 
Mishra*, Finlayson*, et al. EMNLP 2022 https://huggingface.co/datasets/allenai/lila 

Problem

Python 
program
Answer

Grade School Math
Linear algebra
Competition problems 
…

Unifies 20 math datasets

https://huggingface.co/datasets/allenai/lila


Interaction

Improvement

New frontiers



Training 
data

FormalInformal



50B+  
tokens

Math-LM: open-source AI+mathematics
- 50B+ token technical corpus 

- Model suite and evaluation harness 

- Ongoing project:  
https://github.com/EleutherAI/math-lm 

Led by Zhangir Azerbayev 
+ collaborators from many institutions!

https://github.com/EleutherAI/math-lm


Summary

Small data,  
large impact

Expert evaluation 
& interaction Open data



Summary

Small data,  
large impact

- Incoming Assistant Professor, Jan. 2024 

 Carnegie Mellon University 
 School of Computer Science 
 Language Technologies Institute 

Open dataExpert evaluation 
& interaction 


