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Abstract

We describe our experience using Al coding agents to formally verify
proofs from a theoretical computer science paper in Lean 4. Using a two-
agent workflow where one agent generates proofs and another checks their
faithfulness to the paper, we formalized several of the paper’s results, includ-
ing the computational model. We did not know Lean before starting. We
reflect on what worked, what did not, what infrastructure is missing, and
where this might lead for TCS and for mathematics more broadly.

1 Introduction

Formal verification of mathematical proofs has a long history. The goal of these un-
dertakings was to express valid proof steps through explicit symbolic rules, making
mathematical reasoning precise and easier to verify systematically. Early examples
include Frege’s Begriffsschrift (1879) ['/], Hilbert’s formal axiomatic program
(1928) [16], and Principia Mathematica by Whitehead and Russell (1910) [22].
These developments eventually led to foundational work connecting symbolic rules
with computability and proof theory by Godel [13]], Church [2], Turing [20], and
Gentzen [12]]. One of the earliest computer-assisted formal verification projects
was de Bruijn’s Automath system in the late 1960s [3], and the idea that computers
should check our proofs is nearly as old as the idea that computers should help us
find them. The four-color theorem was proved with computer assistance in 1976
and formally verified in Coq (now Rocq) by Gonthier and Werner in 2005 [14].
Hales’s proof of the Kepler conjecture, after years of controversy over its computer-
assisted parts, was formally verified in the Flyspeck project in 2014 [[15].

Yet after more than half a century, the vast majority of theorems in mathematics
and theoretical computer science remain verified only by human peer review. The
reason is not that formal verification does not work. It is that it has cost too much.



Formalizing a single nontrivial theorem in a proof assistant like Lean [6], Rocq [1]],
or Isabelle [18]] has traditionally required a specialist.

This is changing. Al coding agents can now interact with proof assistants
autonomously: they write proof terms, compile them, read the error messages, and
iterate. The human cost of formalization is dropping, and this is starting to reshape
how mathematical knowledge is recorded and trusted, in TCS and beyond.

This column is an account of our own experiment in this direction. We re-
cently had Al agents formally verify some of the proofs in a paper on distributed
computing [8]. The paper studies averaging algorithms under oblivious message
adversaries, introduces a notion of asymptotic subspace consensus, and gives a
characterization of solvability. Several of the results now carry green “Verified in
Lean” badges in the PDF, each linking to a compiled Lean 4 proof. Neither of us
knew Lean before starting.

2 The Two-Agent Workflow

The story begins with a social media post. Jukka Suomela, whose work in dis-
tributed computing many readers of this Bulletin will know, posted about a work-
flow he uses: ask a chatbot to solve a math problem, then ask it to formalize the
proof in Lean 4. The chatbot discovers mistakes in its own reasoning through the
formalization attempt, fixes them, and tries again. Suomela pointed out that, in
principle, he does not even need to look at the Lean code or know what Lean is.
The formalization attempt acts as a kind of rubber duck, forcing the model into
rigor.

We tried this with ChatGPT, and the iterative self-correction worked as de-
scribed. But we were suspicious: was the chatbot actually producing valid Lean
code? ChatGPT confirmed that it does not have access to the Lean compiler. So
we installed Lean and tried to build the code. It did not build.

What followed was tedious but instructive. We went back and forth with
ChatGPT, pasting compiler errors, and it identified issues each time. This was slow,
because we were acting as a human compile-paste loop. The obvious next step was
to use an Al coding agent that could run the Lean compiler itself.

We launched Codex, OpenAl’s coding agent, in a Lean project directory and
asked it to prove one of the lemmas from the paper. Codex can on its own explore
relevant parts in the tex source, run shell commands, compile its own code, read
the errors, and iterate. After a few minutes, it produced a Lean proof that compiled.
But the Lean statement did not match the English statement of the lemma. Codex
had introduced additional hypotheses not present in the paper.

This is a natural failure mode, and in hindsight an obvious one: an agent
optimizing for “make it compile” will strengthen hypotheses or weaken conclusions



until Lean accepts the proof. The resulting theorem may be trivially true and bear
no relation to the intended claim.

The fix was to use a second agent to check the first one’s work. We set up
Claude Code, Anthropic’s coding agent, to review Codex’s output against the
paper’s I£TEX source. Claude reads both the Lean file and the corresponding
section of the paper, and checks for additional hypotheses not present in the paper,
weakened conclusions, sorry placeholders that mark incomplete proofs or missing
arguments, and mismatches between the Lean definitions and the paper’s notation.
When Claude finds issues, it writes a detailed report specifying what is wrong and
how the Lean code deviates from the paper. Codex reads this report and tries again.

This two-agent loop runs with minimal human intervention. In practice, it
required several iterations per lemma. Codex would often stop early with an
incorrect formalization, and Claude would catch the discrepancy. Sometimes the
issue was subtle: a universal quantifier over all vectors replaced by a quantifier
over unit vectors, or a strict inequality weakened to a non-strict one. Sometimes it
was gross: an entire hypothesis added that made the theorem trivial. The checking
agent caught both kinds.

The workflow has a clear separation of concerns. Codex’s job is to produce
Lean code that compiles. Claude’s job is to ensure that what compiles is faithful
to the paper. The human’s job is to write the paper, to decide which results to
formalize, and to verify that the Lean definitions capture the intended concepts.

The agent instructions, which specify the protocol, are available on GitHub [[11]],
and a short demo video of the workflow is also online [9]].

3 What We Learned

Our paper involves processes that update their state by taking weighted averages of
received values, subject to a communication pattern controlled by an adversary. The
main results concern convergence properties and impossibility results characterized
by graph-theoretic properties of the communication patterns.

We started with a warm-up: a basic geometric fact about the distance from a
point to an open halfspace defined by a hyperplane. This was straightforward, and
Codex handled it in a single pass. It gave us confidence that the workflow could
produce real results.

The hardest part of the entire formalization was not a proof but the definitions.
Formalizing the computational model in Lean, the processes, the rounds, the
message adversary, the averaging updates, required making dozens of modeling
choices that have no obvious right answer. How should the states be represented?
What type should the communication graph have? These choices are invisible in
the paper, where we write “each process updates its state by averaging the values it



received” and move on. In Lean, every implicit convention must be made explicit,
and this took more iterations, and more human oversight, than any of the proofs.

Once the model was in place, several convergence lemmas went through without
major issues. These are geometric arguments involving convex combinations,
projections, and distances to halfspaces. Lean’s mathematical library Mathlib [3]
had good coverage of the relevant linear algebra, and Codex could find the right
lemmas and chain them together. We also formalized an impossibility theorem,
a result showing that certain convergence guarantees cannot be achieved under
certain adversary classes. This is a combinatorial argument about the structure of
communication graphs, and it required a different style of Lean proof from the
geometric lemmas. The Lean code is nontrivial, and the agents produced all of it,
with human oversight on the modeling choices.

Our paper also contains results on Steiner symmetrization of convex bodies,
which we did not formalize. Our objective was to verify some of the paper’s results,
not all of them, and we stopped before tackling the symmetrization arguments.

The benefits of the workflow extend beyond the badges that end up in the final
PDF. On a separate paper of ours on chemical reaction networks, we attempted the
same two-agent loop and did not produce a formalization we were happy with, so
we submitted the paper without badges. The attempt was still worthwhile: along
the way, the formalization uncovered errors in the manuscript and suggested how
to fix them. Even an unfinished formalization can serve as a careful proofreader.

The cost was modest. The entire formalization took days, not months, and
required no prior Lean expertise from either of us. The monetary cost amounted
to tens of euros. For comparison, a human Lean expert would likely have done
a better and more reusable job, but would have taken longer and cost more. The
agents gave us a quick, if somewhat brittle, path to compiled proofs.

To make formal verification visible in the paper, we developed a small IZTEX
package called verified-badges [[10]]. It provides commands that add a clickable
badge next to a theorem header, linking directly to the proof source. The package
supports eleven proof assistants and is released under CC0O. For example, the
warm-up halfspace lemma mentioned at the start of this section appears in our
paper as
Lemma ( 0 Lean ). Let point q € RY and normal vector v € R? \ {0} define the
half-space H = {h € R? | (h — q,v) < 0}. Then dist({z}, H) = (z — q,v)/|IV|| for all
points z € R\ H.
and the package likewise produces @ tocq for Rocq, @ fembeie | for Isabelle, and
so on. A blue variant, such as 0 Lean , marks statements whose formalization is
complete but whose proof uses sorry. The same idea has been used independently
in the Rocq community: Leray and Winterhalter’s recent paper [17]] marks each
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formalized lemma and theorem with a small Rocq icon next to its header. A green
badge indicates that the statement and proof have been translated into a formal
language and that the result type-checks. This is a different claim than an English
proof alone, even if it is not an absolute guarantee: the formalization gap remains.

4 The Missing Libraries

The problem of formalizing the right statements is not specific to our paper, or to
distributed computing, or even to computer science. Mathematics rests on informal
consensus about what definitions mean. When we write “let G be a graph,” we rely
on a shared understanding that has been stable for a century. A proof assistant does
not have that shared understanding unless someone has encoded it.

For core mathematics, Mathlib now provides a large and well-maintained
library: groups, rings, topological spaces, measure theory, and much more. It
contains over two million lines of Lean code and is growing fast. When we needed
a fact about inner products or convex combinations, Mathlib had it, and Codex
could find it. This is why the geometric parts of our formalization went smoothly:
someone had already done the hard work of defining the right abstractions.

But beyond core mathematics, the coverage is patchy. Physics, economics, and
theoretical computer science build on mathematical models that, when formalized
at all, are formalized once for a specific result rather than being assembled into
widely-adopted, Mathlib-scale curated libraries. Pieces exist but they are scattered:
Mathlib has Turing machines; Isabelle’s Archive of Formal Proofs hosts a recent
formalization of Nash equilibria for finite games, of the Cook—Levin theorem, of
monotone-circuit lower bounds, and of the Chandy—Lamport snapshot algorithm;
and Rocq has the deepest coverage of computational systems, with verified com-
pilers, separation-logic frameworks, and cryptographic frameworks among others.
But there is no standard shared library for, say, the LOCAL or CONGEST models,
for population protocols, or for Lagrangian mechanics that a researcher can pick
up and build on. In our case, we performed ad-hoc formalizations: each definition
was written for this specific paper. This works once, but the resulting Lean code
may not be reusable.

CSLib [4] is a recent initiative aiming to build a Lean library for computer
science foundations: computational models, complexity analysis tools, verified
algorithms and data structures, and deductive verification techniques. It targets, for
computer science, the role Mathlib plays for pure mathematics.

Research communities are well-placed to drive this work themselves. Each
TCS subcommunity has some standard models that its members already largely
share, even if formalizing them surfaces choices that papers usually paper over.
A shared formalization of those models, with families of interoperable variants



where conventions differ, is a natural service for a conference or a special-interest
group to offer its authors, alongside proceedings and artifact evaluation. The hard
part is not the technical work but the governance: who maintains the library, who
arbitrates incompatible encodings, and how this labor earns credit in the usual
academic accounting.

The same principle applies to any field with a mathematical backbone. What
is needed is broad coverage: the standard models of computation, the standard
models of physics, the standard models of economic theory, all formalized in a
common framework so that results can interoperate. A small group of researchers,
possibly aided by Al agents, could formalize the standard models from foundational
textbooks and maintain them as an open library. This would be a contribution
not just to formal verification but to the foundations of each field: the process of
formalizing a definition forces you to resolve every ambiguity, and the resulting
library becomes a reference that is precise in a way that no textbook can be. It
would also have a pedagogical dimension, since students could trace any claim
back to the axioms mechanically, turning the library into a teaching tool as well as
a reference.

S Looking Forward

Today, the proofs in our papers are checked by peer reviewers who read them, think
about them, and try to convince themselves that they are correct. This process is
valuable but imperfect. Published proofs are sometimes found to be wrong years or
decades after the fact, and human proof-checking does not scale to the complexity
of modern mathematics. Voevodsky, who discovered an error in a 1989 paper of
his own, is a well-known case: he became one of the most prominent advocates for
formal verification and devoted much of the latter part of his career to developing
univalent foundations and the UniMath library [21].

Formal verification offers a complementary check. It does not replace peer
review, since reviewers also evaluate significance, clarity, novelty, and the appro-
priateness of the model. But it can provide a machine-checked guarantee that the
mathematical reasoning is correct, conditional on the formalization being faithful.
Until recently, the cost of formalization made this impractical for most papers. Al
agents have changed this.

Consider arXiv. It is already a public pool of papers with mathematical claims,
and authors or referees can opt to put any of them through a formalization attempt.
The paper-badger tool [19] is one concrete instance: given an arXiv identifier, it
extracts the theorem statements and asks an Al agent to formalize them in Lean and
Mathlib. Used as an opt-in diagnostic by authors, it will not catch every error—the
formalization gap is real, and theorem statements often depend on macros, hidden



conventions, and definitions spread across the paper, so false negatives will be
common. But the mere attempt at formalization would surface ambiguities in
definitions and statements that English prose hides, and would catch some errors
that currently slip through.

Or consider peer review. A conference or journal could assign, alongside its
human reviewers, an Al reviewer whose sole job is to formalize the claimed results
and check the proofs. This reviewer would not evaluate novelty, significance, or
writing quality. It would answer one question: does the proof, as written, imply
the claimed theorem in a formal sense? A report from such a reviewer would not
be a verdict but a diagnostic. It might say: “Lemma 3 compiles as stated, but the
proof of Theorem 1 uses a stronger induction hypothesis than the one stated in the
paper.” Human reviewers could then focus their energy on the parts of reviewing
that require judgment, the parts that machines cannot do, rather than spending
hours line-checking algebraic manipulations.

Beyond individual papers, the corpus of published mathematics is a large
system running on trust: each paper assumes the correctness of the papers it cites,
and the chain of trust extends back to the axioms. Occasionally a link breaks and
the consequences propagate forward. A formally verified mathematical library
would replace this chain of trust with a chain of proof. Mathlib already covers
large parts of undergraduate and graduate mathematics. It is growing fast, and
Al agents are accelerating the pace. It is not hard to imagine a future where the
standard theorems of mathematics exist in a formal library, and new results are
expected to build on that library rather than reprove things from scratch in English.
This would be a shift comparable to the introduction of rigorous proof itself in the
nineteenth century.

As Al-assisted formalization becomes routine, a finer taxonomy of mathemati-
cal knowledge will become visible. Some results are formalized: their statements
and proofs exist in a proof assistant and type-check. Others are easily formalizable:
their proofs are clear and detailed enough that an Al agent can formalize them with
minimal human guidance, even if no one has bothered to do so yet. And then there
are results that are not obviously formalizable.

This stratification has always existed, but formalization has been too expensive
for it to be empirically observable at scale. As the cost drops, the boundaries
will become visible, and they will tell us something about our own mathematical
practice. A result that resists formalization is not necessarily wrong, but it is a
result whose proof rests on conventions and intuitions that have not been made
explicit. This is useful information. It points to places where our understanding
is less complete than we thought, where the informal consensus may be hiding
ambiguity or error. In the long run, the most valuable contribution of Al-assisted
formalization may not be the proofs it verifies but the gaps it reveals.

This is not science fiction. The individual components exist today. What is



missing is infrastructure: the curated libraries of formal definitions, the integration
with submission systems, and the community norms that would make this feel
natural rather than imposed.

Natural-language proofs will continue to be valuable. The agents need the
English proof as a guide, and readers benefit from understanding the proof, not
just knowing that it is correct. A Lean term certifies that the reasoning holds, but it
does not, by itself, convey how the author thought about the problem. The English
proof carries the intuitions and analogies that let a reader spot the next variant, the
next generalization, the next theorem. As the cost of formal verification drops, it
can become a routine check rather than a special project, and natural-language
proofs can keep doing what they are best at.
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