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Abstract

The lean4-skills package provides a reusable protocol layer for AI-assisted Lean de-
velopment, implemented as a coding agent skill that aims to make agents easier to steer
on large formalizations. This protocol defines the operational rules by which a human
mathematician, an LLM coding agent, Lean, and Mathlib interact: when to search the
library, inspect goals, attempt proofs, review, replan, checkpoint, or return control to the
user. The main failures of coding agents in this setting are often operational rather than
purely mathematical: agents reprove library lemmas, miss diagnostics, change target state-
ments, add brittle adapters, or pursue stalled paths. The package equips a coding agent
with countermeasures (library search, Lean feedback, bounded attempts, coherent check-
points, review for drift, and explicit stop/replan decisions) alongside reference material on
Lean and Mathlib conventions and a guide to the Lean LSP MCP server (goal queries,
diagnostics, and Mathlib search).

1 Protocol Design for Lean Coding Agents
Large-scale formalization needs more than a strong model. It calls for a protocol that specifies
when to inspect goals, search Mathlib, split a lemma, build, review, checkpoint, simplify, or
stop. Prompts shape responses but get diluted across long sessions and many tool calls; a
protocol gives repeatable structure to the interaction among the model, the Lean compiler,
search tools, review, and the human supervisor. The lean4-skills1 package [15] provides this
protocol layer for coding agents such as Claude Code and Codex.

The package, implemented primarily as a coding-agent skill, gives an agent four kinds of
support: reference material; commands, subagents, hooks, and scripts; a bounded proof loop;
and guidance for using the Lean LSP MCP server. The references record recurring conventions
and failure modes: search the library before attempting a proof, introduce no new axioms,
leave target statements unchanged without human approval, build proofs incrementally, follow
Mathlib idioms, and manage typeclass instances. The commands and subagents cover drafting,
proving, reviewing, refactoring, golfing, checkpointing, and learning. A learning mode lets even
informal explanations stay grounded: the agent checks claims against Mathlib and the project’s
Lean code.

The bounded loop alternates phases: planning (set goals, gather context), Lean-checked
work (search, attempt proofs, test tactics), checkpointing (build, axiom- and sorry-checks), re-
view (classify the obstruction), and replanning (split, refactor, or escalate). Figure 1 shows the
loop together with the other package components. In guided modes, the loop creates natural
points for human review; in autonomous modes, the same loop supplies budgets, checkpoints,
and stop conditions. The Lean LSP MCP server [16] exposes the Lean language server and
Mathlib search tools to LLM agents over the Model Context Protocol, giving the agent feed-
back analogous to what humans see in Lean’s InfoView; the package’s guide explains how to

1Project repository: https://github.com/cameronfreer/lean4-skills.

https://github.com/cameronfreer/lean4-skills
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Figure 1: Components and bounded proof loop of lean4-skills.

query goals, diagnostics, hover text, and Mathlib search, alongside builds, axiom- and sorry-
checks. The protocol scaffolds operations, not mathematics: a wrong target statement or a
mathematical gap still leans on the model’s own reasoning or on direction from the user.

Related work. LeanDojo and ReProver [1] provide dataset, retrieval, benchmark, and toolkit
infrastructure. LLMSTEP [2] and Lean Copilot [3] integrate proof suggestions into Lean;
COPRA [4], Pantograph [5], CoqPilot [6], Agentic Proof Automation [7], and Numina-Lean-
Agent [8] explore feedback-driven or coding-agent approaches. DeepSeek-Prover [9], Goedel-
Prover [10], Kimina-Prover [11], and Aristotle [12] push benchmark performance, while SWE-
agent [13] and OpenHands [14] study coding-agent interfaces. In contrast to some of these
approaches, lean4-skills targets the complementary protocol between a coding agent and
Lean, rather than proposing a new prover model or benchmark search algorithm.

2 In Practice
The lean4-skills package grew out of an exchangeability project [17, 18] in which the author
formalized three different proofs of de Finetti’s theorem [21]. As the project ran into recur-
ring problems with conditional expectation, sub-σ-algebra bookkeeping, elaboration slowdowns,
Mathlib discovery, and statement drift, those lessons were recorded in the skill so that later
sessions could start from what earlier sessions had learned.

The author has since used the same skill on follow-up projects on graphons [19] and infinitary
logic [20]. Other groups have begun using it, spanning mathematics, physics, and program
verification: Numina-Lean-Agent [22] installs it; Ramanujan–Nagell [23] and QFT [24] Lean
formalizations use it; and an independent benchmark study [25] places “Claude Code + lean4-
skills” among the state-of-the-art on the CLEVER [26] and VERINA [27] program-verification
benchmarks, ahead of Aristotle [12].

What lean4-skills offers is therefore not just a prompt file, but a protocol for keeping
a coding agent, Lean, Mathlib, and a human supervisor in a checked feedback loop. Such
protocols can serve as shared infrastructure for the Lean community, beyond project-specific
prompting notes.
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