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Paper2Formalization: Auto-Formalization of Research Papers

Abstract:

In this talk, I will present a paper to formal agentic framework for automated
formalization of math research papers in Lean. The framework contains three
agents: an ocr agent with LLM supervision, a plan agent based on knowledge-graph,
and an automated formalization agent. The proposed agentic framework is tested
over 30 papers on optimization theory, producing a Lean library of more than
110,000 lines of codes.
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MechMath Agent Team: LLM Driven Agents for Mathematical Research

Abstract:

Al reasoning has become a central focus in contemporary artificial intelligence,
largely driven by the success of large language models. However, mathematical
research, which is characterized by non-linear derivation paths, rigorous logical
requirements, and protracted exploration cycles, poses severe challenges for exist-
ing reasoning systems. To overcome these limitations, we present the MechMath
Agent Team (MMAT), which is a large language model driven agent designed to
serve as a co-pilot throughout the full cycle of mathematical research. We design a
tripartite Harness Architecture that decouples system responsibilities into Control,
Execution, and Augmentation planes, thereby reconciling rigorous logical control
with the agility demanded by open-ended research. Building upon this framework,
we instantiate three specialized agents: a Knowledge Base Manager, a Natural Lan-
guage Prover, and a Formal Language Prover, all operating in a closed loop to pro-
duce formally certified mathematical proofs. We evaluate MMAT on open problems
in Number Theory, Algebraic Complexity Theory, Differential Algebra, Operator
Algebra, and Inequalities. Across a two-month deployment, 11 problems have been
solved, demonstrating its capacity to act as a co-pilot throughout the entire research
cycle. The contributions are threefold: a general decoupled Harness Architecture
for multi-agent mathematical reasoning, its concrete instantiation in the MMAT

system, and empirical validation on a diverse suite of open problems.
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Formalization of Hierarchy of Local Rings in Lean4

Abstract:

This talk reports on a formalization project in the Lean4 theorem prover for the
hierarchy of local rings in commutative algebra. We develop the theories of depth
and Cohen--Macaulay rings, proving the Auslander--Buchsbaum and Ischebeck the-
orems, and obtain a homological characterization of regular local rings via maximal
Cohen--Macaulay modules and a weakened version of the Ferrand--Vasconcelos
theorem. We then investigate Gorenstein rings, showing that they are Cohen--Ma-
caulay of type one, and complete intersection rings using the epsilon-one invariant
and Koszul complex. A key technical contribution is the construction of Ext maps
induced by exact functors, which enables dimension--shifting arguments. The
formalization also includes the Koszul complex that benefits from Al-assisted prov-
ing for exterior algebra and base-change lemmas. The overall result establishes full

formalization of hierarchy of local rings and some related theories.
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Al Proofs in PDEs

Abstract:

In this talk, I will discuss recent results on fluid equations done by Al I will first out-
line the relationship between the mixing properties of incompressible flows and the
diffusion process, including dissipation enhancement. I will then focus on the
so-called unmixing phenomenon and on the existence of Batchelor scales for cer-

tain flows, both of which are results recently proved using AI.
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LeanAide: Extensible Autoformalization by Combinator Code Generation

Abstract:

Autoformalization is the process of automatically translating natural language
mathematics into machine-verifiable code. The most successful machine-verifiable
formats in this space are theorem provers, among which Lean has found much suc-

cess as an interactive theorem prover in recent times.

LeanAide is an approach to autoformalization into the Lean theorem prover that
offers modularity and extensibility in many aspects such as using Al models of one's
choice and adding combinators to suit specific domains. While strong autoformal-
ization agents are emerging, our project stands out as an open-source, extensible
system written primarily in Lean, leveraging its wonderful metaprogramming
framework. This is achieved by writing various handlers for different kinds of math-
ematical constructs and composing those handlers to generate the final output. We
call this novel approach *Combinator Code Generation*. LeanAide is architected
such that any improvements in rule-based automation (e.g., grind’) or large lan-

guage models will directly improve its autoformalization capabilities.

Funding
We gratefully acknowledge funding from Renaissance Philanthropy under their Al
for Math Fund.

Title:
MechMath: Sorrifier-Driven Formal Decomposition Workflow for Automated

Theorem Proving

Abstract:

Recent advances in large language models (LLMs) and LLM-based agents have
substantially improved the capabilities of automated theorem proving. However, for
problems that require complex mathematical reasoning, current systems rarely
succeed on the first try and must repeatedly modify their proof strategies. Existing
approaches for handling failed attempts typically either iteratively fix errors within
the proof or discard the entire proof and regenerate it from scratch. The former
leads to progressively longer contexts, which progressively degrade the model’s
ability to attend to the remaining unresolved subproblems, while the latter is
inefficient, as it may abandon mostly correct reasoning due to localized errors. To
address this dilemma, we propose MechMath, a novel agent system that employs a
sorrifier-driven formal decomposition strategy. By leveraging the sorry placeholder
in Lean to precisely isolate unresolved subgoals while preserving the surrounding
verified proof structure, MechMath extracts each failed subproblem into a clean,
self-contained context and resolves it independently. This avoids both the waste of
full regeneration and the excessive context length induced by repeated repairs.
Experimental results on challenging mathematical competition benchmarks,
including IMO 2025, Putnam 2025, miniF2F, and a subset of ProverBench,

demonstrate that our agent achieves significant advantages in proving efficiency.
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Title:
Formalizing Extended Complex Numbers, Mobius Transformations, and Cross

Ratio in Lean 4

Abstract:

The extended complex plane is a fundamental object in complex analysis, hyperbol-
ic geometry, and mathematical physics. Its geometry is governed by Mobius trans-
formations, with the cross ratio serving as a central invariant. We present a formal-
ization of these concepts in the Lean4 theorem prover. The extended complex plane
is represented using Mathlib's Option type over C, where the additional element rep-
resents the point at infinity. On this foundation, we define Mobius transformations,
their action on the extended complex plane, and the cross ratio. We formalize sever-
al basic properties of Mobius transformations, including their group structure, and
identify them with a projective general linear group. We also prove the uniqueness
of a Mobius transformation mapping any three distinct points to any other three
distinct points, and the invariance of the cross ratio. All proofs are machine-checked
in Lean 4. The complete development comprises approximately 6,000 lines of Lean
code, including about 40 definitions and 150 lemmas and theorems. This work pro-
vides a verified foundation for future formalizations of conformal geometry, hyper-
bolic models, modular forms, and applications in mathematical physics.This is a

joint work with Fubin Yan.
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FormalRx: Rectify and eXamine Semantic Failures in Autoformalization

Abstract:

The veracious semantic alignment in autoformalization is significant for formal
mathematical reasoning. However, existing evaluations provide only opaque binary
verdicts or scalar scores, offering no interpretable insight into where or why
translations fail. This opacity severely limits both human understanding and
automated system improvement. To bridge this gap, we introduce FormalRx, a
comprehensive diagnostic evaluation framework that transforms autoformalization
assessment from black-box judgments into actionable feedback. At its core is SCI
Error Taxonomy, a hierarchical classification scheme decomposing
autoformalization errors into 28 distinct categories with strict priority ordering.
Building on this taxonomy, FormalRx provides four critical diagnostic capabilities:
alignment verdicts, error categorization, error localization, and correction. We
instantiate the framework with a diagnostic model FormalRx-8B, trained on 56,287
synthetically generated samples with fine-grained diagnostic annotations, and
release FormalRx-Test as the first fine-grained diagnostic benchmark. FormalRx-8B
achieves F1-scores of 0.88 (verdict) and 0.71 (categorization), along with accuracies
of 0.75 (localization) and 0.73 (correction), substantially outperforming both
general-purpose LLMs and specialized baselines. By connecting evaluation with
actionable insights, FormalRx enables systematic diagnosis and improvement of

autoformalization systems.
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LeanMarathon: Toward Reliable AI Co-Mathematicians through Long-Horizon Lean

Autoformalization (KAEECAEET HENE LR S)

Abstract:

In this talk, T will discuss LeanMarathon, a multi-agent harness for reliable
research-level Lean autoformalization. Its core abstraction is an evolving blueprint:
a Lean file that serves simultaneously as formal proof skeleton, natural-language
proof graph, and shared system of record. Four contract-scoped agents construct,
audit, prove, and repair this blueprint. These agents are coordinated by a two-stage
orchestrator that first stabilizes target fidelity through adversarial review and then
discharges the proof directed acyclic graph (DAG) from its dynamic leaves upward in
parallel CI-gated rounds. We evaluate LeanMarathon on two recent research papers
spanning four Erdés problems (#1051, #1196, #164, #1217). Across three autonomous
runs, it formalizes all seven target theorems with no sorry, proving 258 lemmas and
theorems. These results show that reliable AI co-mathematics requires not only
stronger provers, but durable harnesses that preserve target fidelity across long

mathematical developments.
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Abstract: Title:

REMN— DA A EIRIRAE Al4Math 751 ER—2R R MNERIFTE LR H %, 2R Automated Reasoning Agents for Open Problems in Mathematics

&8 AT BASKBI Al $ e, & 5%, MM BRIE S Btamdis] Lean JERCRIEHEHE &

FRSERE 2R HR, e 2 IREE E4M(EES Lean UEFAP BRI IE R PG HERR, 55, Abstract:

I3 AR AL 77 T WP IR R, B 5 benchmark /& 75 AT RE =l BYRE TT, Recent LLM-based mathematical reasoning agents have begun to tackle

research-level problems and, in several cases, have contributed to the resolution of
open problems. In this talk, we will discuss the design and implementation of such

agents, as well as how they can be orchestrated into effective workflows for mathe-
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Title:

matical research. We will illustrate these ideas through several recent systems and

examples of their applications to open problems in mathematics.
Evolutionary Ensemble of Agents (EVE): A self-evolving agent for math proof, algo-

rithm discovery, and beyond

Abstract: e % BT

We introduce Evolutionary Ensemble (EVE), a decentralized framework that orga- Title:

nizes existing, highly capable coding agents into a live, co-evolving system for math G e s €A INEHE AN

proof, algorithm discovery, and beyond. By maintaining two co-evolving popula-

tions, namely downstream task solvers and agent guidance states, the system keeps Abstract:

evolving the agents based on the marginal gains they contribute to the solvers. With- AR E RN A EEEE IR Archon IEH, 45 & BARREI RRHAEE 2EIEA A B,
out human intervention, EVE was able to solve a mathematical problem in just one R UEFN O 55 TR B

day that previously took one PhD student an entire year to complete. We will also
show some results of applying EVE to algorithm discovery, control design, and
beyond.

EvE is open-source and actively maintained: https://github.com/scaling-group/eve
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