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Background
Overview of interactive theorem prover and formalization in Lean



What is formal language (ITP) ?

• Interactive Theorem Provers:
• build theorems from axioms
• show proof states
• verify the proof

• Lean is a popular ITP
• Mathlib4 is its mathematical 

library

Tactic



Formalization

Natural language version Formal language version

25x slower
2x-10x longer



Translation

Stone-Weierstrass theorem
A fundamental result in real analysis 
stating that any continuous function…

theorem exists_polynomial
(a b : ℝ) (f : C(Set.Icc a b, ℝ)) 
(ε : ℝ)(pos : 0 < ε) : ∃ p :ℝ[X], 
‖p.toContinuousMapOn _ - f‖ < ε

Formal language statementNatural language statement

How can we train LLM for this?



Herald Dataset
Pipelines for auto-informalization and augmentations



Dependency hierarchy

theorem exists_polynomial
(a b : ℝ) (f : C(Set.Icc a b, ℝ)) 
(ε : ℝ)(pos : 0 < ε) : ∃ p :ℝ[X], 
‖p.toContinuousMapOn _ - f‖ < ε

Dependency

Definition

Dependency

Level 1

…

Level 263



Retrieval-Augmented Generation

• Contextual information
• Retrieval human-annotated similar examples use LeanSearch

Gao, Guoxiong, et al. A Semantic Search Engine for Mathlib4. EMNLP, 2024.



Augmentation
• What if data is still not 

enough?
• Previous efforts:
• Symbolic generator
• Swap conditions

• Swap lead to repetitions
• Random generation collapse 

the curve
• We need provable data

Distribution of Theorem in Real World

ProvableEasy Conj.Trivial Unprovable

Feasible generation



Augmentation
• Our approach: Use proof state
• Advantage: All local state are provable.

https://github.com/reaslab/jixia



Augmentation



Augmentation Result

Obtaining 580k statements out of 291k raw statement in 
Mathlib4.



Herald Translator
Auto-formalization of mathematical statements



Inferencing

Informal 
statement

Drop

passed

Drop

passed

Lean type correct Mathematical correct

Formal 
statement

Herald
Translator

Lean
Validator

Back-translation
Comparison



Result



Real-world Formalization Project

• Formalized Stacks Project (online resource of algebraic 
geometry and related topics), section Normal Extensions.



Future Work
How far can we push in data preparation?



Future Work

• How can we further assist human experts in formalization?
• How far can we push by augmenting and using the existing 

dataset?

Data Algorithm



Thank you!


