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LLM: Conditional Probability Model
Section 0.1

P(N | P)

Next Token Previous Tokens



Lean: Programming Language
Section 0.2

Curry-Howard Isomorphism

Programming Language
● Type
● Term of proposition’s type
● Function type
● …

Constructive Logic
● Logical Proposition
● Proof of a proposition
● Logical implication
● …

-- As a logic theorem:
theorem identity_proof (A : Prop) : A → A :=
  fun (h : A) => h

-- As a programming function:
def identity_program (α : Type) : α → α :=
  fun (x : α) => x

Example



Theorem Prover: LLM + Lean
Section 0.3

P(N | P)

Next Token Partial Proof



Foreground
Section 12Section 1



Motivation
Section 1.1

Goals

Lean theorem prover that is:

● Open
● Extensible
● Performant
● Future proof  

Design Constraints

● Single developer
● No training costs
● Rapid model releases
● Limited model contexts
● Model running costs
● LLM hallucinations
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Related Work: Recursive Decomposition
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Related Work: REPL Server
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Related Work: REPL Server
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Related Work: Theorem Vector DB
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Related Work: Theorem Vector DB
Section 2.3
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Related Work: Small Powerful LLM
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Related Work: Small Powerful LLM
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Related Work: RAG Theorem Retrieval
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Related Work: RAG Theorem Retrieval
Section 2.5

LLM Prover Theorem Vector DB
Querry

MathLib Theorems
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Formalizer

Prover

Decomposer

Done!

Subgoal 1 Subgoal 2

Prover Prover

Decomposer Decomposer

Recurse

Not Proved Proved

Architecture
Section 3.1

Formalizer

Prover

Decomposer

Formalizes informal theorems

Proves formal theorems

Decomposes formal theorems
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Architecture: Formalizer
Section 3.2

Informal Theorem

Formalizer Agent

Syntax Agent

Semantics Agent

Prover

Formalizer

In
va

lid

In
va

lid

Valid

Valid

Formalizer Agent
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LLM that formalizes informal theorems

Kimina Lean Server variant that checks 
the syntax of formal theorems

LLM checks formal and informal 
theorems are semantically equivalent 
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Architecture: Prover
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Architecture: Decomposer
Section 3.4

Prover

Search Query 
Agent

VectorDB Agent

Proof Sketcher 
Agent

Sketch Syntax 
Agent

Sketch Correction 
Agent

Sketch Parser 
Agent

Prover

Decomposer

Invalid

Correct

Sketch 
Decomposer 

Agent

Search Query Agent LLM that generates vector DB 
search queries

VectorDB Agent LeanExplore variant containing 
MathLib vector DB

Proof Sketcher Agent LLM that decomposes a theorem 
into sorry proven have statements 

Sketch Syntax Agent Kimina Lean Server variant that 
checks a sketch’s syntax

Sketch Correction Agent Takes the last agent’s output and 
creates a correction request

Sketch Parser Agent Kimina Lean Server variant that 
generates a sketch’s AST

Sketch Decomposer Agent Agent that decomposes a sketch 
into independent formal theorems
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Implementation: Technologies
Section 4.1

Agents ● Formalizer Agent
● Syntax Agent
● Semantics Agent
● Prover Agent
● Validation Agent

● Correction Agent
● Proof Parser Agent
● Search Query Agent
● VectorDB Agent
● …

Kimina Lean Server

• REPL
• AST Code

Endpoints

LeanExplore Server

• MathLib
• Batteries
• …

Vector DBs

LLM Endpoints



Implementation: Limited Model Context
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Implementation: Limited Model Context
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Implementation: Limited Model Context
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Implementation: Extensibility
Section 4.3
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Implementation: Extensibility
Section 4.3
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Implementation: Extensibility
Section 4.3

Environment Variables



Implementation: Extensibility
Section 4.3

Environment Variables



Examples
Section 12Section 5



Formalization: Informal to Formal
Section 5.1

“Prove that for any natural numbers m and n, if m is even and n is even, then m + n is even.”



Proof: Without Decomposition
Section 5.2



Proof: With Decomposition
Section 5.3



Post Mortem
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Post Mortem
Section 6.1

Rapid Model Releases

Model Running Costs

LLM Hallucinations

Protected against such, but 
failed to predict formalization 
performance improvements. 

Model running costs seem less of 
a concern; people spend 100’s to 
1000s of euros on one run.

LLM hallucinations are still a 
problem; so Lean as a “source of 
truth” is still required.

Limited Model Contexts
Decomposition of LLM contexts 
across the proof tree allows for 
essentially infinite model context



Thank

You


