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About the Speaker

� ;|Ÿ&Ÿ ?ºÄTX«º  «  .ŵ C« ÆX³´ ºÉ ­Z (T «MÄ³z|

� >XNX«º F­³¦´ŷ
� .$2>ŻǏǑŷ 2(+8ƈ;³­ÆX³
� .$2>ŻǏǒŷ &XX°?XX¦ƈ;³­ÆX³ƈEǎŸǒ
� .58ŻǏǒŷ ?XXTƈ;³­ÆX³

� (È°X³ X«NXŷ
� ?ºÄTX«º >X´XJ³N|X³ ƞ #ÉºX&J«NX ?XXT
� .«ºX³« ƞ &XX°?XX¦  .
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McCarthy’s idea of proof checking

;³­­Z´ º­ MX N|XN¦XT MÉ N­ª°ÄºX³ ªJÉ MX
M³ XZX³ J«T XJ´ X³ º­ Ç³ ºX º|J« º|X  «Z­³ªJӁ
°³­­Z´ JNNX°ºJMӁX º­ ªJº|XªJ♫N J«´Ŷ A| ´
 ´ MXNJÄ´X º|X N­ª°ÄºX³ NJ« MX J´¦XT º­ T­
ªÄN| ª­³X Ç­³¦ º­ N|XN¦ XJN| ´ºX° º|J« J
|ÄªJ«  ´ Ç ӁӁ «z º­ T­Ŵ J«T º| ´ °X³ª º´ Ӂ­«zX³
J«T ZXÇX³ ´ºX°´Ŷ ƎŶŶŶƏ A|X N­ªM «J♫­« ­Z
°³­­ZƆN|XN¦ «z ºXN|« ²ÄX´ Ç º| °³­­ZƆ`«T «z
|XÄ³ ´♫N´ Ç ӁӁ °X³ª º ªJº|XªJ♫N J«´ º­ º³É
­Äº  TXJ´ Z­³ °³­­Z´ º|Jº J³X ´♫ӁӁ ²Ä ºX ÆJzÄX
J«T ªJÉ ´°XXT Ä° ªJº|XªJ♫NJӁ ³X´XJ³N|Ŷ

Ɛ5N$J³º|Éŵ ǎǔӄǓƑ



Hales’ Flyspeck project

.« ǏǍǍǐŵ JxX³ Z­Ä³ ÉXJ³´ ­Z X]­³ºŵ J ǎǏƈ°X³´­« °J«XӃ
J´´ z«XT MÉ º|X  ««JӁ´ ­Z 5Jº|XªJ♫N´ ´ ӃӃ |JT
T­ÄMº´ JM­Äº º|X N­³³XNº«X´´ ­Z ,JӃX´Ż ǐǍǍƈ°JzX
°³­­Z ­Z º|X 1X°ӃX³ $­«¤XNºÄ³XŸ A|­ªJ´ ,JӃX´ º|X«
Ä«TX³º­­¦ º|X Z­³ªJӃ ÊJ ­« ­Z | ´ °³­­Z Ä´ «z
.´JMXӃӃX J«T ,82 2 z|º °³­­Z J´´ ´ºJ«º´ŷ

.« º³Äº|Ŵ ªÉª­♫ÆJ♫­«´ Z­³ º|X °³­¤XNº J³X ZJ³
ª­³X N­ª°ӁXÈ º|J« J ´ ª°ӁX |­°X ­Z ³Xª­Æ «z
³X´ TÄJӁ T­ÄMº Z³­ª º|Xª «T´ ­Z ZXÇ ³XZX³XX´Ŷ
.«TXXTŴ . ´XX Z­³ªJӁªXº|­T´ J´ ZÄ«TJªX«ºJӁ
º­ º|X Ӂ­«zƆºX³ª z³­Çº| ­Z ªJº|XªJ♫N´Ŷ

Ɛ,JӃX´ŵ ǏǍǍӄƑ



Popular modern proof assistants

5 ÊJ³ .´JMXӃӃX $­² 2XJ«



Example of formal proof in Isabelle
F ¦ °XT J

https://en.wikipedia.org/wiki/Isabelle_(proof_assistant)


Example of theorem library in Lean
AX³X«NX AJ­Ż´ MӃ­z

https://terrytao.wordpress.com/2023/11/18/formalizing-the-proof-of-pfr-in-lean4-using-blueprint-a-short-tour/
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Math word problems: MATH dataset

� (ÈºX«´ ÆX ´­Ä³NX ªJºX³ JӃŵ XJ´É
º­ °J³´X J«T  «ºX³°³Xº

� 6­³ªJӃ ÊXT J«´ÇX³´ X«JMӃX
Ä« ²ÄXŵ JÄº­ªJ NJӃӃÉ ÆX³ `JMӃX
´­ӃÄ ­«´

� >X²Ä ³X´ «­ Z­³ªJӃ ӃJ«zÄJzX ­³
ÆX³ `NJ ­« ´­xÇJ³X

Ɛ,X«T³ÉN¦´ Xº JӃŸŵ ǏǍǏǎƑ



Chain-of-thought prompting
ƐFX  Xº JӃŸŵ ǏǍǏǏƑ



Self-consistency for answer voting
ƐFJ«z Xº JӃŸŵ ǏǍǏǏƑ



False positive issue in verifier model

.« °³JN♫NXŴ ´­ªX ´­ӁÄ♫­«´ Ç ӁӁ ³XJN| º|X N­³³XNº `«JӁ J«Ɔ
´ÇX³ Ä´ «z vJÇXT ³XJ´­« «zŴ ӁXJT «z º­ ZJӁ´X °­´ ♫ÆX´Ŷ
ƎŶŶŶƏ #XÉ­«T º| ´ °­ «ºŴ °X³Z­³ªJ«NX ´ºJ³º º­ TXN³XJ´XŶ A| ´
´ÄzzX´º´ º|Jº º|X MX«X`º´ ­Z ´XJ³N| J³X XÆX«ºÄJӁӁÉ ­ÄºƆ
ÇX z|XT MÉ º|X ³ ´¦ ­Z `«T «z JTÆX³´J³ JӁ ´­ӁÄ♫­«´ º|Jº
Z­­Ӂ º|X ÆX³ `X³Ŷ

Ɛ$­MMX Xº JӃŸŵ ǏǍǏǎƑ



Model verify before answer voting
Ɛ$­MMX Xº JӃŸŵ ǏǍǏǎƑ



Enhancement with process-supervised training

� C´X «ÄªX³­Ä´ |ÄªJ«
J««­ºJ ­«´ º­ ° «°­ «º
´°XN `N ³XJ´­« «z X³³­³´Ÿ

� 8°X« . N³XJºXT J N­´ºӃÉ
TJºJ´Xº Ç º| ӅǍǍŵǍǍǍ
´ºX°ƈӃXÆXӃ |ÄªJ« ZXXTMJN¦
J««­ºJ ­«´Ÿ

Ɛ2 z|ºªJ« Xº JӃŸŵ ǏǍǏǐƑ



Limitation of developing AI in natural language
mathematics

8ÄºN­ªX ´Ä°X³Æ ´ ­« NJ« MX °³­Æ TXT Ç º|­Äº |ÄªJ«´Ŵ
´ «NX JӁӁ °³­MӁXª´  « º|X 5 A, TJºJ´Xº |JÆX JÄº­ªJ♫Ɔ
NJӁӁÉ N|XN¦JMӁX J«´ÇX³´Ŷ .« N­«º³J´ºŴ º|X³X  ´ «­ ´ ª°ӁX
ÇJÉ º­ JÄº­ªJºX °³­NX´´ ´Ä°X³Æ ´ ­«Ŷ

,­ÇXÆX³ŵ Z­³ªJӃ ´É´ºXª´ Ǝ ŸXŸŵ °³­­Z J´´ ´ºJ«º´Ə XÈNXӃ  «
°³­Æ T «z JÄº­ªJºXT °³­NX´´ ´Ä°X³Æ ´ ­«Ÿ

Ɛ2 z|ºªJ« Xº JӃŸŵ ǏǍǏǐƑ



Beyond computation problems

5­³X  ª°­³ºJ«ºӃÉŵ  « J Z­³ªJӃ ´É´ºXªŵ º|X N­³³XNº«X´´ ­Z J
º|X­³Xª °³­­Z NJ« MX ÆX³ `XTŵ «­º ¤Ä´º N­«`³ª «z Ç|Xº|X³ º|X
J«´ÇX³ º­ J N­ª°ÄºJ ­«JӃ °³­MӃXª  ´ N­³³XNºŸ

A|X­³Xª °³­­Z  ´ º|X ªJ « N­«ºX«º ­Z ªJº|XªJ NJӃ ¦«­ÇӃXTzXŵ
Ç| ӃX °³­MӃXª ´­ӃÆ «z  ´ ­xX« ¤Ä´º XÈX³N ´X´ J«T XÈJª°ӃX´Ÿ
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miniF2F: high-school level benchmark
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Co-training

Curriculum Learning

Hypertree Proof
Search

ReProver
COPRA

DeepSeek-Prover-V1

InternLM2-Math-Plus

TheoremLlama

Lean-STaR
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ABEL
Alchemy
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HunyuanProver

STP
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DSP+

Kimina-Prover
Goedel-Prover-V2 Delta-Prover

Seed-Prover

ƐI|X«z Xº JӃŸŵ ǏǍǏǎƑ



Math: Google DeepMind’s AlphaProof

 Ӄ°|J;³­­Z JN| XÆX´ ´ ӃÆX³
ªXTJӃ ӃXÆXӃ °X³Z­³ªJ«NX ­«
.58 ǏǍǏǑ °³­MӃXª´  « 2XJ«Ǒ

&XX°5 «TŻ´ MӃ­z



AlphaProof’s training pipeline
&XX°5 «TŻ´ MӃ­z



Seed-Prover at IMO 2025

� ;J³ N °J«º  « º|X .«ºX³«J ­«JӃ 5Jº| 8ӃÉª° JT ǏǍǏǒ

� ?­ӃÆXT ǑƄӄ °³­MӃXª´ TÄ³ «z N­«ºX´º´Ŷ °J³ JӃ N³XT º ­« ;ǎ

� * «JӃ ´N­³Xŷ ǐǍ °­ «º´ŵ X²Ä ÆJӃX«º º­ J ´ ӃÆX³ ªXTJӃ

� , z|Ӄ z|º´ŷ
� ;Ǐ Ǝ+X­ªXº³ÉƏŷ ´­ӃÆXT  « Ǐ ´XN­«T´ Æ J zX­ªXº³É ´ÄM´É´ºXª
� ;ǐƉ;Ǒ Ǝ6ÄªMX³ A|X­³ÉƏŷ ǐ TJÉ´ ­Z TXX° ³XJ´­« «z XJN|
� ;ǎŷ °­´ºƈN­«ºX´º °³­­Z N­ª°ӃXºXT  « ǑǍǍǍ Ӄ «X´ ­ÆX³ Ǒ TJÉ´



Performance Across Benchmarks

?XXTƈ;³­ÆX³ ´Xº´ «XÇ ?8A JN³­´´ ªÄӃ °ӃX Z­³ªJӃ ªJº| MX«N|ªJ³¦´ŷ
#X«N|ªJ³¦ ?XXTƈ;³­ÆX³ ;³XÆ ­Ä´ ?8A 

.58 ƎǏǍǏǒƏ ǑƄӄ Ǝ,XJÆÉŵ ǒƄӄ °­´ºƈN­«ºX´ºƏ ǒƄӄ
;J´º .58 Ǝ*­³ªJӃ ÊXTƏ Ǔǔӆ Ǝ,XJÆÉƏ Ɖ
5 « *Ǐ*ƈÆJӃ T ǎǍǍӆ Ǝ5XT ÄªƄ,XJÆÉƏ ǔǍŸӄӆ
5 « *Ǐ*ƈºX´º ǔǔӆ Ǝ5XT ÄªƏ ǔǏŸǏӆ
;Äº«Jª#X«N| ǐǐǎƄӄǒǓ Ǝ5XT ÄªƏ ӄǑƄӄǒǓ
$­ªM #X«N| ǐǍӆ Ǝ5XT ÄªƏ ǎǍӆ
5 « $AGƈÆǏ ӅǎŸӅӆ Ǝ2 z|ºƏ ǑǑŸǐӆ

) +X«X³JӃ ÊX´ MXÉ­«T N­ª°X ­« ªJº| º­ M³­JTX³ T­ªJ «´
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Outline
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Task 1: premise selection

� $|JӃӃX«zXŷ  TX« ZÉ «z ³XӃXÆJ«º ZJNº´ Z³­ª |ÄzX Ӄ M³J³ X´
� 5Jº|XªJ NJӃ Ӄ M³J³ X´ N­«ºJ « º|­Ä´J«T´ ­Z º|X­³Xª´
� * «T «z º|X ³ z|º ­«X´  ´ N³  NJӃ Z­³ XiN X«º °³­­Z´

� (ÈJª°ӃX´ŷ
� &XX°5Jº|ŷ XJ³ӃÉ «XÄ³JӃ °³Xª ´X ´XӃXN ­«
� >X;³­ÆX³ŷ ª­TX³« J°°³­JN| Ç º| 2XJ«

� >X²Ä ³X´ M­º| Ä«TX³´ºJ«T «z º|X­³Xª ´É«ºJÈ J«T
´XªJ« N´



Task 2: proof-step generation

� $|JӃӃX«zXŷ TXN T «z º|X  ªªXT JºX «XÈº ª­ÆX  « J °³­­Z
� ? ª ӃJ³ º­ «XÈºƈº­¦X« °³XT N ­«  « ӃJ«zÄJzX ª­TXӃ´
� #Äº ³X²Ä ³X´ TXX° Ä«TX³´ºJ«T «z ­Z ªJº|XªJ NJӃ ³XJ´­« «z J«T
°³­z³Jªª «z ´É«ºJÈ

� (ÈJª°ӃX´ŷ +;AƈZ J«T ,É°X³º³XX ;³­­Z ?XJ³N|

� >X²Ä ³X´ MJӃJ«N «z Ӄ­NJӃ TXN ´ ­«´ Ç º| zӃ­MJӃ °³­­Z
´º³JºXzÉ



Task 3: whole-proof generation

� $|JӃӃX«zXŷ N³XJ «z J« X« ³X °³­­Z Z³­ª ´N³JºN|
� 5­³X JªM  ­Ä´ º|J« ´ºX°ƈMÉƈ´ºX° J°°³­JN|X´
� >X²Ä ³X´ X«Tƈº­ƈX«T ³XJ´­« «z

� (ÈJª°ӃX´ŷ
� &XX°?XX¦ƈ;³­ÆX³ŷ ZÄӃӃ °³­­Z´  « ­«X zX«X³J ­«
� $­ªM «X´ zӃ­MJӃ °ӃJ«« «z Ç º| TXºJ ӃXT XÈXNÄ ­«

� 5­´º N|JӃӃX«z «z ºJ´¦ MÄº ª­´º ´ ª ӃJ³ º­ |ÄªJ«
ªJº|XªJ N J«´



Tasks 4 & 5: autoformalization & conjecturing

�  Äº­Z­³ªJӃ ÊJ ­«ŷ
� A³J«´ӃJ «z  «Z­³ªJӃ ªJº|  «º­ °³XN ´X Z­³ªJӃ ´ºJºXªX«º´
� (ÈJª°ӃX´ŷ &XX°?XX¦ƈ;³­ÆX³ J«T 2XJ« F­³¦M­­¦
� $³  NJӃ Z­³ XÈ°J«T «z JÆJ ӃJMӃX º³J « «z TJºJ

� $­«¤XNºÄ³ «zŷ
� +X«X³J «z Ä´XZÄӃ  «ºX³ªXT JºX ӃXªªJ´
� $³XJ «z X« ³XӃÉ «XÇ º|X­³Xª´
� (ÈJª°ӃX´ŷ 2(+8ƈ;³­ÆX³ŵ ?A;ƈ;³­ÆX³

� 5­´º N³XJ ÆX J´°XNº´ ­Z ªJº|XªJ NJӃ º| «¦ «z
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Monte-Carlo tree search (DeepSeek-Prover)

        linarith      · -- Case 2: 2x - 10 = 0        right        linarith    · -- We check that -3/2 and 5 are indeed roots.
      rintro (rfl | rfl) <;> norm_num  -- Now we compute the sum of the roots.
  rw [this]  norm_num

    rw [h₀]
    constructor
    · intro h
      -- We solve the equation (2x + 3)[2x - 10] = 0.
      have : (2 * x + 3) * (x - 4 + x - 6) = 0 :=
        by linear_combination h
      -- This gives us two cases to solve.
      cases' eq_zero_or_eq_zero_of_mul_eq_zero this
        with h1 h2
      · -- Case 1: 2x + 3 = 0
        left

Trace State & Complete

/-- Compute the sum of all the roots of $(2x+3)(x-4)+(2x+3)(x-6)=0$.
Show that it is 7/2.-/
theorem amc12a_2002_p1 (f : ℂ → ℂ) (h₀ : ∀ x, f x = (2 * x + 3) * (x - 4) + 
(2 * x + 3) * (x - 6)) (h₁ : Fintype (f⁻¹' {0})) : 
  ∑ y in (f⁻¹' {0}).toFinset, y = 7 / 2 := by
  -- We show that the roots of the polynomial are -3/2 and 5.
  have : (f⁻¹' {0}).toFinset = {-(3 / 2 : ℂ), (5 : ℂ)} := by
    ext x
    simp only [Set.mem_toFinset, Set.mem_singleton_iff, Set.mem_preimage,
      Set.mem_setOf, Finset.mem_insert, Finset.mem_singleton] Expansion

Error from Lean 4:failed to synthesizeLinearOrder ℂ

DISCARDED

(a)

(b)

(c)

(d)

(e)

/- tactic state:
case a
f : ℂ → ℂ
h₀ : ∀ (x : ℂ), f x = (2 * x + 3) * 
    (x - 4) + (2 * x + 3) * (x - 6)
h₁ : Fintype ↑(f ⁻¹' {0})
x : ℂ
⊢ f x = 0 ↔ x = -(3 / 2) ∨ x = 5
-/

ƎJƏ ;³­ª°º °³X°J³J ­«

ƎMƏ ;³­­Z N­ª°ӃX ­«

ƎNƏ EX³ `NJ ­«

ƎTƏ A³XX Ä°TJºX

ƎTƏ >X°XJº

ƐG « Xº JӃŸŵ ǏǍǏǑMƑ
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