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Informal Math

Math in Natural language:
● Intuitive 

● Readable

● Flexible
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Informal Math

Math in Natural language:
● Intuitive

● Readable 

● Flexible

● Ambiguous

● Hard to verify
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Formal Math

Math as Source Code
● Verbose

● Precise

● Verifiable

● Automatable
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Formal Math & Fields Medalist

Liquid Tensor Experiment posted by 
Peter Scholze (December 2020)
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Formal Math & ML

OpenAI (2022) AlphaProof (2024)
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Benchmarking Gap
Highschool competitions

(AMC / AIME / IMO)

● Self-contained
● Uses basic math techniques
● Limited domain (algebra, 

number theory)

Real projects

Theorem to prove

New lemmas & definitions

Theorem to prove

● Part of a project
● Uses unseen lemmas
● Various domains
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Testing on Real Projects

Lean Library
Mathlib 4

Math Projects
Prime Number Theorem, 
Polynomial Freiman-Ruzsa 

Physics
HepLean

Scientific Computing
SciLean

Math Textbook
How to Prove It
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Avoid Data Contamination

We maintain benchmark integrity by using most recent theorems
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● Task: (theorem, context) → proof

File 3 context

Preceding code in file
Lemmas, definitions, 

proofs, comments

Problem Formulation

Cross-file context

Theorem statement

Proof

File 2 context
File 1 context

In-file context
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Data splits:

● Prime Number
Theorem +

● Polynomial
Freiman–Ruzsa

● Mathlib

● How to Prove It

● High Energy Physics

● Scientific Computing

miniCTX Benchmark
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Data splits:

● Prime Number
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● Polynomial
Freiman–Ruzsa
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● How to Prove It

● High Energy Physics

● Scientific Computing
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Polynomial 
Freiman-Rusza:

Valid
● Theorem 1
● Theorem 2

…
● Theorem 50

Test
● Theorem 1
● Theorem 2

…
● Theorem 50
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Data splits:
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…

Does Context Actually Matter?

No context model

Ignore context

File context model

Lean proof state

Proof step (“tactic”)

Lean proof state

Proof step (“tactic”)

In-file context
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● Similar standalone competition (miniF2F) performance
● Much better real-world (miniCTX) performance

Does Context Actually Matter?

Standalone 
Competition 

Problems 
(miniF2F)

Real-World 
Problems 
(miniCTX)
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● Similar standalone competition (miniF2F) performance
● Much better real-world (miniCTX) performance

Does Context Actually Matter?

Real-World 
Problems
(miniCTX)

Standalone 
Competition 

Problems 
(miniF2F)
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● Similar standalone competition (miniF2F) performance
● Much better real-world (miniCTX) performance

Does Context Actually Matter?

Problem: 

❌
✅

Context contains analogous proof

Problem: 

File context model:No context model:

https://emojipedia.org/cross-mark
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● Difficulty of research math

Open Challenges

miniF2F 
(Competition 

problems)

miniCTX
(PFR Split)
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Open Challenges

● Difficulty of research math
● Harder proofs & more dependencies

Example miniF2F proof: Example miniCTX proof:

In-file notations, 
proofs, comments

Cross-file definitions, 
lemmas
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Open Challenges

● Difficulty of research math
● Harder proofs & more dependencies
● Integrating different contexts

In-file notations, 
proofs, comments

Cross-file definitions, 
lemmas

Context
O(100k) tokens

Proof

Model
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Automatic Updates

● We periodically update miniCTX with newer theorems to stay ahead of LLM training
● We release miniCTX-v2 with theorems after November 2024
● Data is extracted automatically
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Toolkit & Resources

We open-source the miniCTX benchmark, training data, and evaluation and data extraction code

Project page

miniCTX benchmark Evaluation code

Automated data extraction

cmu-l3.github.io/minictx


