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https://x.com/kaitou_ryaku/status/1894453591735505353?s=20
https://zenn.dev/autores_math/articles/81298aec0ac42c
https://www.erdosproblems.com/
https://arxiv.org/abs/2601.07222
https://arxiv.org/abs/2507.23726
https://arxiv.org/abs/2507.23726
https://trishullab.github.io/PutnamBench/leaderboard.html
https://epoch.ai/benchmarks/frontiermath

EtimdD Al BFICEA T S EA
2026.01 LB Erdos [BIRE 0K, ERERER Yuta Oriike & A, Kenta Kitamura T A
2026.05.20 OpenAl BAIFEEEFAEDREE (blog)
2026.06.02 Leiden EE (doi)
2026.07.19 Claude Fable 5 Jacobian FREDKEE (x)
2026.07.27 Lean v4.32.1 OELMIZBET 2 /\Y (Collatz FRED TREEI github) (IEIEZ blog)
2026.08.01 OpenAl 10 {ElDREREEE HEE (blog)
2026.08 tB Formal Conjectures l3E. EXNE#K Kenta Kitamura A (PR)

— Primary math
= Crosslists into math

[llustration of monthly submission counts at arxiv math
by Pablo Groisman, 4 Aug 2026

3/31


https://www.erdosproblems.com/
https://openai.com/ja-JP/index/model-disproves-discrete-geometry-conjecture/
https://doi.org/10.5281/zenodo.20302944
https://x.com/__alpoge__/status/2079028340955197566?s=20
https://github.com/xrchz/CollatzLean
https://leodemoura.github.io/blog/2026-8-1-postmortem-for-kernel-soundness-bug-14576/
https://openai.com/index/ten-advances-in-mathematics/
https://google-deepmind.github.io/formal-conjectures/
https://github.com/google-deepmind/formal-conjectures/pull/4656
https://x.com/pgroisma/status/2084377413165699125?s=20
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https://leanprover.zulipchat.com/#narrow/channel/219941-Machine-Learning-for-Theorem-Proving/topic/Welcome!/with/185552859
https://arxiv.org/abs/2009.03393
https://github.com/leanprover/lean4/releases/tag/v4.0.0-m1
https://mathai-iclr.github.io/
https://arxiv.org/abs/2103.03874
https://arxiv.org/abs/2109.00110
https://arxiv.org/abs/2110.14168
https://arxiv.org/abs/2201.11903
https://arxiv.org/abs/2205.11916
https://research.google/blog/minerva-solving-quantitative-reasoning-problems-with-language-models/
https://terrytao.wordpress.com/2023/05/13/pcast-working-group-on-generative-ai-invites-public-input/
https://terrytao.wordpress.com/2023/11/18/formalizing-the-proof-of-pfr-in-lean4-using-blueprint-a-short-tour/
https://lean-lang.org/fro/
https://arxiv.org/abs/2306.15626
https://arxiv.org/abs/2407.11214
https://epoch.ai/frontiermath/tiers-1-4
https://arxiv.org/abs/2408.08152
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https://leodemoura.github.io/blog/2026/02/18/proof-assistants-in-the-age-of-ai.html
https://arxiv.org/abs/2603.03684

Lean OD1B1ER
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Lean (C & B2 TVEERA D HHH A
EFE: — 000, OOOOO0000, OO0000000, 00000, ... CEERd D
T — ERECHREREZE > TER (=1HF) &L
SFER — BAAEECIRWE, BIEE, . B o T (=3 &<

. 6 (XMBETH S (leandweb)
000000 Mat hli b

/- BE : B 0 DMBETHZEE, HZEAE k BEELT n = 2 » x LEFZILEVS ——/
000 I sEven [n U "0 O 0000 OO
Gk O"On=10%*k

/- B : 6 IBETHD -/
0000000 six_is_even O IsEven O 00 OO
/- @ : 6 =2+ 3 THD -/
0000 six_is_two_times_three 0 0= 0* O [0 00 deci de
/- 3 & IsEven 6 DIHITHD ——/
exact <[] six_is_two_tinmes_three>

0000000 six_is_even' [ IsEven O [0 O
/- 3 NEDEHLTH D (BELMDEL) ——/
use [
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https://live.lean-lang.org/#codez=JYWwDg9gTgLgBAWQIYwBYBtgCMBQOD0AtHIFnaglf5wBccgV4GBsjoA6mcAdnIDIMgbgoODmDIEIMg0QyALBkD2DIBh%2FgfSYBrdoA1tQBTqgdQZAZgws4AXjgAmOACo4MwYA%2BzQIoM%2FQMoMgwEkMgEQZAYgxxChfDgAmAUwBmcAJIBnAFEAN3dWAApWakBUQgBKKjgABSgIMCp1HDg4QGAiA3iogBo1TR19KTwiUkAwF3iANjhhLj5%2BR2ccNHdodxA4P2AADwB9YD8B9xDI30DxuDrKTSwATwy4CsBfFUAZDNqNbT04AGY4JpaXTNQkEJ7%2BoZGYAHcIAZhQdxvUKHd3LeLdg7m4RbgHgAxsAPMsKgdhJNgqEZnBAHYMgB4owAHRkcnCc4O4%2BkggfBABfke0KvUGw0e90ez1e73cgEvyPDtTrdYnXUbjADk8X8MNYs3mS0yEPYgF0GJGogTHZZYnH4wn%2FBaA9wgjx0tqoDrvJlXUljUJsjnULnTXly8HEA5sEUopqACH%2FAF0egGkGQCBDIAIhkAkP8SzIAVz8nz2OCAA

SHEERICEERR T B

TS IHRIBTDORITH (leandweb)
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https://live.lean-lang.org/#codez=JYWwDg9gTgLgBAWQIYwBYBtgCMBQOD0AtHIFnaglf5wBccgV4GBsjoA6mcAdnIDIMgbgoODmDIEIMg0QyALBkD2DIBh%2FgfSYBrdoA1tQBTqgdQZAZgws4AXjgAmOACo4MwYA%2BzQIoM%2FQMoMgwEkMgEQZAYgxxChfDgAmAUwBmcAJIBnAFEAN3dWAApWakBUQgBKKjgABSgIMCp1HDg4QGAiA3iogBo1TR19KTwiUkAwF3iANjhhLj5%2BR2ccNHdodxA4P2AADwB9YD8B9xDI30DxuDrKTSwATwy4CsBfFUAZDNqNbT04AGY4JpaXTNQkEJ7%2BoZGYAHcIAZhQdxvUKHd3LeLdg7m4RbgHgAxsAPMsKgdhJNgqEZnBAHYMgB4owAHRkcnCc4O4%2BkggfBABfke0KvUGw0e90ez1e73cgEvyPDtTrdYnXUbjADk8X8MNYs3mS0yEPYgF0GJGogTHZZYnH4wn%2FBaA9wgjx0tqoDrvJlXUljUJsjnULnTXly8HEA5sEUopqACH%2FAF0egGkGQCBDIAIhkAkP8SzIAVz8nz2OCAA

b TE B efaniEl vwh

EEDOFR (RTE i) HEREICRS
FEEADIEL E = HMRYICIREETE %
Mz B AR TERTES
e.g. Mathlib
AERRZE K DIRSERTE S
e.g. Lean blueprints
ERAERIEL THLLWEENRRETES

Al ZHAL THRNICHFzERESE
513

Lean Ridgelet Blueprint
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https://shosonoda.github.io/lean-ridgelet/blueprint/html-multi/
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EZEFRTHIIETESD

RO (RENAG) HFEZELHRTES

Lean, Rocq (Coq), Agda: R1FEIEFRICE D <FEFAZIER
Isabelle/HOL: mF&EmIEICED < SIFAIEER

Mizar, Metamath: 55 ICED < SEFAZIER

HEZATZ
Mathlib (Lean) — algebra, topology, analysis, probability, geometry,
combinatorics, logic, ...

MathComp (Rocq), AFP (Isabelle), MML (Mizar)

Lean DIMBE VR M), HEUANDZ ATV
Reservoir (Lean projects 1 > 7w X)

CSlib (GTE#RISE) | Physlib (MIBZ) | StatMLIib (et - ¥

SEE) mathlib overview
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https://leanprover-community.github.io/mathlib-overview.html
https://reservoir.lean-lang.org/
https://www.cslib.io/
https://physlib.io/
https://statsmllib.github.io/
https://leanprover-community.github.io/mathlib-overview.html

EAD Lean FREH

HRETHYFE B IEER Lean Rademacher, StatsMLIib
EFIERES Lean Quantum

WMo ATENER Leray-Hopf &R/ —

BEEUARMT Lean Ridgelet

AESR RER AT, Lebesgue BN RAER/ —
AR AT 2026
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https://github.com/auto-res/lean-rademacher
https://statsmllib.github.io/
https://github.com/Hayata-Yamasaki-Group/lean-quantum
https://uda-lab.github.io/leray-hopf-notes/
https://shosonoda.github.io/lean-ridgelet/blueprint/html-multi/index.html
https://yuma-mizuno.github.io/measure-theory/ja/
https://shosonoda.github.io/lean-ksk2026/blueprint/
https://zenn.dev/autores_math/articles/81298aec0ac42c

EDXSICHERILT BH

Fa st SEjiZauld
B e.g. LeanMarathon (SE2BEER/\—%X)
RHATA -

YO SED D Lean S:BAM
HERIVRIA—HY—D7=HD Lean A

EEDELA:

Zulip chat

Lean-by-Example

Loogle!, Moogle

B HEERR%EE simp, aesop, grind
mathlib HR3R
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https://lean-lang.org/learn/
https://www.lambdanote.com/products/leanbook
https://shosonoda.github.io/lean-math-note/
https://leanprover.zulipchat.com/
https://lean-ja.github.io/lean-by-example/
https://loogle.lean-lang.org/
https://www.moogle.ai/
https://github.com/YuanheZ/LeanMarathon

Lean @ AV /NTILHE - =BT I0OH

> I

T - TEOEREIPER LD LERD

eg R (Fv X b) - RERICHTIERENSNLL,
eg BMUWMRE (ERZTOHBDHEY) HNEALTWS

EENY
eg BARESAHL. L (sound) TAL).

TR—kY—I

nanoda (Rust), Lean4lean (lean) — Lean kernel D7F!J3EEE

Comparator — {EEACEI RV 7ML ZL2ICAVNAILT B DY —)L

Lean Blueprints, LeanArchitect — FEFSTREERE (LaTeX) Y HSTNEERE (Lean) % LHEE T B
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https://github.com/leanprover/comparator
https://github.com/PatrickMassot/leanblueprint
https://github.com/hanwenzhu/LeanArchitect
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Overview (Al4Math)

Theorem Proving / Mathematical Reasoning using LLMs
0000 D0D00 D00 bo0oo 00O 0b0ool 000000 bobo
Auto / Manual-formalization with LLMs
2024.1-present 0O0O0OOOOOIOOO00
0000 10000mo0mon 0o 000omooiofo toooion tooooo
0000000 Onobo0 1000Iib0oOooooDn oibooooo 0o Oopoooomo
00000000 0i0oot boobo 0000 0o boo O00000o0moD 0o 0boitoodo Ooot boiOoroomoo 0o Iomoooe 0odg
2025.11-present JOOODOOOOODOO
0000 100D00000ooD 0o b0boobOd 1000000000 0b0ooo boobooibooo Oooo0 boibooo bOopobom 0oooooO
00n0omon 00 0000 Oo0oo0oe0 [0000o0mdo oo Ooomitoo 0 booo Oo O OoOoooom
0 o M A R
0 o O A A ]
2026.07-present 0OOO0OIOOONOO
U000 I00D0mo0moo 0o ibooitt DOonooe 000iC0od Co0mnoe 0o booodn 0oooooood
0 R
00000000 DI0MO00 0000000000 000 020000000000 000010 00000000 0000000000
Theory

2026.1-present O00OIOOIOON OOOCOOITED theory of agentic provers, |CML2026
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https://github.com/auto-res/lean-rademacher
https://arxiv.org/abs/2607.05492
https://github.com/Hayata-Yamasaki-Group/lean-quantum
https://arxiv.org/abs/2106.04770
https://shosonoda.github.io/lean-ridgelet/blueprint/html-multi/

How Formalization looks like (excerpt from Lean-Rademacher)?

1S-Kasaura-Mizuno-Tsukamoto-Onda, ITP2026 (ArXiv:2503.19605, GitHub:lean-rademacher)
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Example of Lean Formalization

Given a family of functions F f1: X ¥ Rg and a set of vectors 0 := flygf_, X",

Empirical and Population Rademacher complexities

X
Ry (F:0):=E DDD% @) ; Ro(F) = Eq[Ro(F:D):
r2F Yo,
Uniform deviation
A(0) =000 By 0OQ) :
2F

000 enpi ri cal Rademacher Conpl exity tn O°0 0 OF A ®{ " 0OCSOFinn A @07 OO
[Fintype.card [ISigns n{J 0" [kt * \
i POSignsnil i OF]|n 0"t i k OFinnO Pk OO0 f i [S kO

0 rademacher Conplexity [n "0 f OF 4 @+ " [J[K [J Measure D IXO" ~ 00" o
KaloO W O Fin n < “ 4 enpirical Rademacher Conplexity n f X § W

000 uni formDeviation On O "0 CfF OF N &~ OCK O Masure "OX D" ~ @S OFinn @

o m
i OFO|n O et *{ k OFinnOf i OSkO- KIOODOW 4 f i X W[
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Example of Lean Formalization

Theorem (Rademacher generalization bound)

000000 0000 000 1000000 000t F 000oooo ji(0)j O 000 0ooo0 02 F 000 02 Z0 00000 00i000m;
U0000000MIm 0000IDOmi 000 0000bOo0 oootdonoon

D“z

O0f o 2Ro(F)+"g 000 o5
0000000 uni f orm devi ati on_t ai | _bound_separ abl e_of _pos
[Measur abl eSpace @1 [Nonenpty @]
[Nonenpty H [Topol ogi cal Space H [ISepar abl eSpace H' [First Count abl eTopol ogy HCI
[l sProbabi lityMeasure KU
OF OHA &+ " 0OChF_neas O hi Measurable [OF hiJ
[X [J" { & [hX [J Measurabl e X[
(b 0070 Chb [ O< bl ChF_bound 07 h x[J|F h x| b
ChF_cont [0  x [J @J Continuous OJJ h 4 F h x[J
oOr0°0ohr 00 roo
[Ka [S |
0 * rademacher Complexity n F K X + I
uni formDeviation n F K X X 0 S[II. toReal
Gr~0* n/ 0OO* b~ OJ exp
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Why Agentic Theorem Prover Works:
A Statistical Provability theory of Mathematical Reasoning Models?

2S-Akiyama-Uezato, ICML2026 (ArXiv:2602.10538)+ preprint: 2602.10512
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A new gap between theory and practice is emerging in Al4Math

Theory: Theorem Proving (TP) is hard
00000000 booooot Dooiooo boonoomnono Oohonh 00000 0 Ooooboooo
000000 000000 0OD 00000 0000Db00 DiootCoboo bomono biobioo 0 0booonooo

Real world: generative Als can solve expert-level mathematical tasks
00000 000 000000 00 0Ib000boDoD 000 bioOoiboooott bobooOoooo
00000 00O 00000000 0o DOoobo 0oofiooCo 0i;oooood 0ioO0ot 0hooobobobooo Oooo

Possible Scenarios: Real-world datasets are biased, not uniform
— but how to formulate a probability distribution of problems?

0 o o 0I0000 00 0000000000
DDDDDDDDDDD (Fig. 1 from Seed-Prover, D:D[:] D: DD[[]D][D:D D‘:::‘D [éDDE]:D‘__ -
Aug 2025) Onnnnnonnnn 17/31


https://www.erdosproblems.com/
https://arxiv.org/abs/2601.07222
https://arxiv.org/abs/2507.23726
https://arxiv.org/abs/2507.23726
https://trishullab.github.io/PutnamBench/leaderboard.html
https://trishullab.github.io/PutnamBench/leaderboard.html
https://epoch.ai/benchmarks/frontiermath
https://epoch.ai/benchmarks/frontiermath

Formulation: Interactive Theorem Proving as Markov Decision Process

Proof in Natural Deduction (ND) Theorem Proving in Lean
(forward reasoning) (backward reasoning)

assumptions (current state x) LLM goals (next state x')
A-B-HA-B AFA “no goals”

I_] infer/derive r‘(“f‘:{"’-"cs rule construct/fill
actiona

v (transition F) —E, or MP

conclusion (next state x') N .
‘arrow elimination’, or
*modus ponens”
A—-B,A +- B

| | ctransition F

goals (current state x)
h:A B,a:A - B

tactics (action a)
apply h a
agent (policy m)
LLM

ITP as MDP

state [ a set of open sequents / subgoals f( : < :)gL;
action [J an inference rule / tactic with parameters

state transition 0(0;0) @ 0° (deterministic) goal reduction by Lean kernel
solved state [J accepted proof / “no goals”

policy (0j0) LLM (or human) prover

18/31



New Concept: Statistical Provability := Goal-reaching Probability

For a policy , initial distribution 0y, solved set G, and budget 0, define the rollout trace
Oo oy [Op ( j00);  Ooer = 0(Hg; Oo);
hitting time
Og:=000f1 0:0;2Gg:

Definition (statistical-provability)

Og(@ =P (Oc 0Oj0Oo=0); 00u(0o) = Eg, 0o[Hn(Do)]:
Namely, the pointwise and average goal-reaching probabilities
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Case |: Action-value regression and greedy search3

3S-Akiyama-Uezato, ICML2026 (preprint: 2602.10538)
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Learning setting: action-value regression
For each remaining horizon 1 =1;:::; 0, train a value scorer separately.

Training data

(OO " Oy (= 252000 O = (i Dy g 027 T 2

Up: query distribution on the relevant state-action region Cp
[y is the number of queried pairs sampled from 0.
(lg: number of independent rollout labels attached to each pair.

Op.p0 2 0; 1g: verifier-backed success label for the [-th rollout under the remaining budget.

Hypothesis space
H; fO:Cp ¥ [0;1]g is a class of leanring machines (e.g. LLMs)

Learning algorithm
. 1Po.
With D[;: =0 =1 D];I;Dy
B, 200000 000 jO(Quz; Op)  Ogge
o2H; 17 O
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Search setting: greedy search with action-value

Test-time pipeline
Given the current state [,
compute action values BD(D; 0) (over a candidate action sets A;(0))
draw the next action ";(0) 2 000 OU0go B, (0; D).

21/31



Main bound and error decomposition
With high probability over sampled query pairs and rollout labels,

N X N
O00p(o)  00po) 2 Pio(Ue  D"o ow1;
=1

where PSO(DG [) is the probability that the learned prover is still active at step [.

s 00000
oo/ ) VP o040,/
"= KD Opkog e+ Ooon(Ong + Do)l ¥ % +2 %'
—{z—} | {z }l—{z
approximation coverage / geometry rollout-label noise

Reading as regret

00n(0o)  DO05(Do)

}

The gap is controlled by average search-length factor PSO(DG [) and the local value-estimation error

at the remaining horizon.
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Variables in the error bound

s 0000
. 1/0;
" oo 000/ ) 00(40/ 1) |
o= 00 kO Ogko, ¢y ¥ Oooo(@ogp + Opp)ly 7 ———— —_—
2H; Ug 2L
I {z—} | {z }ol—{(—1}
approximation coverage / geometry rollout-label noise
Value approximation Sampling, coverage, and smoothness
0, (G;0) = 0; 1(0(0; 0)): optimal success Op: query distribution on Cj.
probability after trying action [. Og: number of sampled query pairs; Og: rollout
Cy: relevant state-action region where the labels per pair.
theorem is local. Op; Op: local coverage parameters,
Hp: scorer class used to approximate [; on 0(0(0;0))  Og0™.
Co. Og:p; Ooa: Lipschitz constants of Hy and O

Ugog: geometric constant.
The error gets smaller with better approximation, denser coverage [, more rollout labels [y, lower
effective dimension [;, and smoother value functions.
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Assumptions behind the bound

000010000 DChoo0oo0o 000 booooo DO000 000 (000000 Doo0oo 00 000Io0oo0o Cp 0000000 0o (0000 000 00Doon
0ooeoo

000000omon O, 000 000 Do000000I0 01000 Hp 000 010000mo 00 Gl
000000000 O, DbOoo bODOOC 1000 Dot 00 Doooo bome 0 Gyl

0(O@ D) O™

00mo0o0 I000mo
E[Ou;;0 j Doy Oyl = Op (Do Ooy):
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Where the regret bound comes from

WkO:; Opka ™0 0000 000 000 000000 00000 ~(0) 000 00 000000 000000 O (0)0
O @@ @A) 2%

Telescoping

000 000000t0 0oo0CD Doooot (0 DOBOO0;000 0Ioo0 Do I0hoooo DooioooCodo

O
0000000000 000000 2 " Pgo(0c D)o o+

=1

000000 00000 0010 0000 000 (000000 000000 DO0 000 008 000000 D00 100000000
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Average proof length scales the regret

If 000" "g, then

X
005(0o) 00p(Do) 2"n Pp, (U 0) =2"5 000(Do):
1=1
Remark

The relevant length is not only shortest proof length. It is the learned prover's average truncated
path length through verifier states.

The same local value error is less damaging if the prover usually solves early.
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Margin condition: further improvements

Let (0) be the gap between the best and second-best candidate action values at remaining horizon [.
If near ties are rare,
O0( . 0) 00; 0=0 0+

then the theorem improves to

X
00p(@o)  OOp(To) 20 PZ,(0c  D@'0 se1) ™
=1

Only states near a decision boundary are fragile. If the correct continuation has a clear value gap, small
score errors do not change the greedy action.
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Case Il: Hierarchical Teacher-Student setting*

4S-Akiyama-Uezato, 2026 (preprint: 2602.10512)
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