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The Challenge: Missing Documentation in Formal Libraries

Lean 4 libraries are large in size:
Mathlib: 112,407 definitions
Mathlib: 230,392 theorems
Plus PhysLean, Batteries, Std, etc.

Critical problem:
Existing search interfaces can be hard to navigate
They lack the ability to search things both formally,
informally, by name, etc.
Why not use all of the data available to us?

Example: Mathlib docs
Try searching for:
"fundamental theorem of calculus"

Result: Nothing found!

Actual name:
intervalIntegral.integral_hasDerivAt_of_

tendsto_ae_left
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Our Approach

1 Inductively informalize all Lean top-level declarations
Use LLM with dependency context for consistency
Generate human-readable descriptions for formal code

2 Create 4 embeddings for each declaration:
Name (e.g., Real.sqrt)
Source code (formal Lean definition)
Docstring (if available)
Informalization (AI-generated description)

3 Add all embeddings to a unified index (FAISS + BM25+)

4 Use hybrid search algorithm combining semantic, lexical, and structural signals
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The Search Algorithm
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Hybrid Search Algorithm Details

Embedding Model: BAAI bge-base-en-v1.5 (109M parameters)
Lightweight yet effective for mathematical content
Embeds formal code, informalizations, names, docstrings

BM25+ for Lexical Matching:
Extension of BM25 with proper lower-bounding
Excellent for keyword matching: distinguishes "groups" vs "rings"
Handles exact term relevance that embeddings might miss

PageRank on Dependency Graph:
Computed on dependencies between declarations
Identifies foundational/important theorems

Signal Weighting: 1.0×semantic + 1.0×BM25+ + 0.2×PageRank
(Semantic score = max over embeddings: name, docstring, composite informal statement.)
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Example: Single Lean Construct

User writes one structure definition:
structure Scheme extends LocallyRingedSpace where

local_affine :
∀x : toLocallyRingedSpace,
∃(U : OpenNhds x)(R : CommRingCat),
Nonempty

(toLocallyRingedSpace.restrict U .isOpenEmbedding ∼=
Spec.toLocallyRingedSpace.obj (op R))

Fragments into multiple constants:

AlgebraicGeometry.Scheme (inductive type)

AlgebraicGeometry.Scheme.mk (constructor)

AlgebraicGeometry.Scheme.local_affine (the local affine theorem)

AlgebraicGeometry.Scheme.toLocallyRingedSpace (projection)

AlgebraicGeometry.Scheme.rec, .noConfusion, etc.
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AI-Generated Informalization: The Prompt
Goal: Translate formal Lean 4 statements into clear, concise informal English descriptions suitable for
mathematical textbooks.

Key Instructions:

Reference only the formal statement and docstring

Focus on core mathematical concept or assertion

Write in natural mathematical English

No repetition of Lean syntax, keywords, or declaration names

Use standard informal mathematical terminology

Be brief and mathematically rigorous

Context Provided:

Primary declaration name and type

Docstring (if available)

Formal statement text block

Prerequisites context (informal descriptions of dependencies)
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BM25+ Impact: Example Query "finite morphism schemes"

With BM25+ (full hybrid):
1 A finite morphism of schemes is locally of finite

type.
Score: 1.97

2 A finite morphism of schemes is an integral
morphism.
Score: 1.83

3 A finite morphism of schemes is proper.
Score: 1.72

4 A finite morphism of schemes is proper.
Score: 1.69

5 A morphism of schemes is finite if and only if it
is an integral morphism and locally of finite
type.
Score: 1.66

Without BM25+ (semantic only):
1 A finite morphism of schemes is locally of finite

type.
Score: 1.01

2 A morphism of schemes from X to Y can be
viewed as a rational map...
Score: 0.92

3 Given a morphism f of schemes, we can view it
as a partial map...
Score: 0.90

4 A finite morphism of schemes is an integral
morphism.
Score: 0.89

5 Given two composable morphisms f and g
between covers...
Score: 0.82
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Hybrid Search Algorithm Pipeline
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Evaluation Setup

Experimental Design:
300 AI-generated queries reflecting typical Mathlib search tasks
Tested against two leading search engines: LeanSearch and Moogle
Blind evaluation by Google’s Gemini 2.5 Flash model
Top 5 results from each engine presented to evaluator

Evaluation Criteria:
LLM evaluator ranks 1st, 2nd, 3rd place for each query
Based on accuracy and relevance to natural language query
Ties permitted when results are of equal quality
3 independent runs to ensure reliability

Competitors:
LeanSearch: E5mistral-7B model (7 billion parameters)
Moogle: Existing semantic search for Mathlib
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Evaluation Results
Overall Comparison:

Search Engine 1st Place 2nd Place 3rd Place
LeanExplore 55.4% 33.8% 10.8%
LeanSearch 46.3% 34.1% 19.6%
Moogle 12.0% 24.8% 63.2%

Head-to-Head Comparison:
Comparison LeanExplore Wins Competitor Wins Ties
vs LeanSearch 50.0% 39.4% 10.6%
vs Moogle 79.2% 15.9% 4.9%

Pairwise win rates computed head-to-head; tables show 3-way ranking frequencies.

Key Results:
Very rarely came in last (only 10.8% 3rd place)
Achieved with lightweight 109M parameter model
LeanSearch uses 7B parameter model but still loses overall
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Limitations & Future Work

Lightweight model limitations: Our 109M parameter model can miss very broad queries
(e.g., "vector space axioms")

Variable name sensitivity: BM25+ can be overly sensitive to specific variable names in
queries

PageRank bias: Popular theorems may rank highly even when loosely related to queries

Limited package coverage: Currently indexes 6 packages (Batteries, Init, Lean, Mathlib,
PhysLean, Std); broader ecosystem coverage needed

Static indexing: No nightly updates; data is becoming outdated as libraries evolve
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Applications

Justin Asher (Axiom Math) LeanExplore September 16, 2025 14 / 33



Making Search Accessible: Multiple Interfaces

Web Interface:
Public search at leanexplore.com
Dependency exploration
API key management

Python Library:
pip install lean-explore

Local & remote backends

Command Line Interface:
Direct search commands
Data management
AI chat integration

Model Context Protocol:
Tools for AI agents
Standardized integration
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Web Interface Demo (1/5)

Web search entry and initial results.
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Web Interface Demo (2/5)

Result details view: code, docstring, informal, dependencies.
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Web Interface Demo (3/5)

Dependency exploration and navigation context.
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Web Interface Demo (4/5)

Filtering and further actions.Justin Asher (Axiom Math) LeanExplore September 16, 2025 19 / 33



Web Interface Demo (5/5)

Additional web interface features and functionality.
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What is the Model Context Protocol (MCP)?

A standardized protocol enabling AI systems to connect to external tools and data

Universal interface: Like USB-C for connecting AI applications to external systems

Tool integration: Allows AI agents to use specialized tools during conversations

Live data access: AI can query real-time information from connected services

Standardization: One protocol works across different AI applications (Claude, ChatGPT,
etc.)

1
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Model Context Protocol (MCP): AI Agent Integration

Standardized interface for AI agents to access LeanExplore

Three Core Tools:
search: Semantic search functionality
get_by_id: Retrieve specific statements
get_dependencies: Explore relationships

Integration Examples:
Claude Desktop
Claude Code
ChatGPT
etc.
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Claude Desktop with LeanExplore MCP (1/9)
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Claude Desktop with LeanExplore MCP (2/9)
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Claude Desktop with LeanExplore MCP (3/9)
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Claude Desktop with LeanExplore MCP (4/9)
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Claude Desktop with LeanExplore MCP (5/9)
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Claude Desktop with LeanExplore MCP (6/9)
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Claude Desktop with LeanExplore MCP (7/9)
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Claude Desktop with LeanExplore MCP (8/9)
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Claude Desktop with LeanExplore MCP (9/9)
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Community Adoption

250-500+ search requests per day
100+ registered users

Growing momentum in the Lean community
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Thank You!

Questions & Discussion

Website: leanexplore.com
Documentation: leanexplore.com/docs
Try it: pip install lean-explore
Contact: justinchadwickasher@gmail.com
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