
AI-Assisted Theorem 
Proving in Lean
Evaluating three benchmarks



Theorem Proving and Automated Reasoning



ATPs (Automated Theorem Provers)

Characteristics:

- First Order Logic
- SMT solvers, model checkers
- Low human intervention
- Limited expressiveness



ITPs (Interactive Theorem Provers)

Characteristics:

- Higher Order Logic
- Dependent Type Theory
- High human intervention
- Expressive logic 
- Human-readable
- Machine-checkable
- Proof automation is critical for wider adoption



Why Lean?
Lean’s foundation:

• Dependent type theory, CIC, proof irrelevance.

Dual role:

• Functional programming + interactive theorem proving.

Ecosystem:

• Mathlib: community-driven library for pure mathematics.

• Active research and development in metaprogramming and automation.

Lean’s verification paradigm:



State Monads of Lean



AI-Assisted Theorem Proving in Lean

Objectives:

● Leveraging Machine Learning and LLMs to automate the process of ITPs
● Suggest tactics
● Generate proofs
● Guide search
● Formalize informal proofs
● Acts as a copilot to the human user



LeanDojo Overview

Lean 4 benchmark: 122,517 theorems, 259,580 tactics, 167,779 premises



Model Training and Theorem Proving: ReProver



Results of ReProver

Performance increase: 

- Random split: 47.6% success rate => 51.2% success rate
- Novel premises split: 23.2% success rate => 26.3% success rate

Reliability increase:

- 21.1% error rate => 1.4% error rate

Community contribution:

- discovered Lean proofs for 65 theorems



FormalMath Overview
5,560 formally verified problems from:

high school olympiad question and undergraduate level math theorems



Human-in-the-loop pipeline

21.7% ÷ 30.1% = 72.09%
72.09% of statements before manual verification are retained



Evaluation process

Best-First Tree Search (BFS) Single-Pass Generation (SPG)



Evaluation results of LLM-based theorem provers



AlphaProof’s Formal Conjectures



Key features of formal conjectures repository
● AMS attribute

● answer() elaborator

● Category attribute



Three Benchmarks summarized

● LeanDojo: framework that extracts training data from Lean's mathematical libraries 
and provides a gym-like interface for RL AI agents to interact with

● FormalMath: Benchmark for measuring formal mathematical reasoning abilities of 
LLM-Prover by evaluating proof generation

● Formal Conjectures: Repository of mathematical conjectures at different levels, 
formalized in Lean, used to evaluate generalization and progress of AI theorem 
provers


