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4% (Mahjong) FAJ~ k¥

o [REFE—&. I'ENIFE

o n MR 3n A, B—m¥HE—BIFHEPESHM 4 &

o EF (meld) 4 AZIF (triplet) {i,i,i} HlFEF (sequence)
(i,i+1,i+2)

o FUMEE (winning hand) EI—Ak (pair) {i,i} 5 n+ 1 MEFA
B, 3 3n+ 5 5khE

o MThaBY (wait) AFpEEIXIE—IKRE, £ 3n+4 3K, ARIFEN

o n =3 XREZHFRIG
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AEELT (Nine Gates)

o FRERIGFMMAENETITR 1112345678999, N 1 E 9 R{EE—
B EpEEFNpE, BI2EAT (full-sided wait)

o ERME—MEENT: BFEIES
o "X n MARYE, FELMREMIE 1°23--- (3n — 1)(3n)° (ALMEAT
o {BFAME—?
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n BT XEEE—REEITEE ST
o Hn=1H, HHH:

{1,2,2,2,3,3,3} {1,1,2,2,3,3,3} {1,1,2,2,2,3,3}
{1,1,1,2,2,2,3} {1,1,1,2,2,3,3} {1,1,1,2,3,3,3}

°o Hn>2R, ME—HMREE

{1,1,1,2,3,4,...,(3n — 1),3n,3n,3n}
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e Python verification of some small n

0 2026 £ 1 BFEERT. 7 AXFREMH
o Folklore, LLEH[{E
o KNIRIERRIEFE A 2026 4£ 6 HH Rethlas + GPT 5.5 £ ~30min [
£ BEITHE-RFSEREXMAERRELZE. EEEIE LA
MEEELEERFETR, ¥ELLHIA Rethlas 275 A FERER.
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EF45fE (Meldable)

o fBIXIFES, FIRIAAEFHHE (meldable)
o ERRHHERA 0, HEFHRAEBETIZNE, £ARNFTH

iy i
o BNMUNFHIRFR SN 3 By, WAIEFHREEER S8F0
3 BB
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Lo

o NEBIAHMWEL, KT (a,b) IBFKBIA T IH1E 5 K SR RIIRF
#

e Heo<a-+bMEkM, EMEHA ((¢; —a—0b) mod 3,a)

o RFIRIBMAEMRRESHZTF, RERBESRALEF BFHIRF

o FAARAPIRASEZR (0,0), YHBNYFEERETTETFH
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EEITHREFENSE 2 ~ 3n - 1 ELHIAT—K.

o RIZMEPE AHL & HIEHAH 0, EXMEROLFSRAHHKFRIF
kil
o SHMBROZM. AMEHNK, ZHEMER 3 KILIRIEEDTK M AT E
Fo 1
o E—MUMBSANEHKERLFEE 1, ArTRERIR B 3 BRRAY
4

o F/&, MEBIE
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BE o MEEWNEHREFE (1,1,1) PEX, BEEEEX—B
BE n -1 HEETEE n— 1 Hr&mr.

o PRSI EZRA (a,b) = (1—a—b,a) = (b1 —a—b) = (a,b)
o MRAIFHAFIKESHEE, FTETFHBIEFERE
o F—FINELFHIK
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RG24k

o B #ism/MYIEFRELEWRSG: H=E, ENAMAEHIES
=1

o MEPEM + BKEIRFISTELZNWABLEZEZF 6 1

o AXEX 6 MIBREER 1, ENHKELR, R&HEYH
n<T7

o FEk—mME—1E LA EHRRBIRER 2 <n <7 KRG
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o Archon [R#IERA R BIZ94k
o Al, HESXKNHEIT
@ ~2500 lines

o AIH#R: EHF API, BEDMTH, EMNIER
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AP igit

-- Alternative choices:

-- ‘Multiset' (inductive, but not aligned with math)

-- ‘Finsupp‘ (aligned with finset sum, but noncomputable)
def Hand (n : N) := Fin (3 * n) > N

structure Meldable.Placement (n : N) where
tripNum : Fin (3 * n) > N
seqNum : Fin (3 * n - 2) > N

def Meldable.toHand : Placement n -»+ Hand n where
toFun p :=
Y i, p.tripNum i « triplet i + Y j, p.segNum j e sequence j

def Meldable.IsWitness (p : Meldable.Placement n) (c : Hand n) : Prop :=
p.toHand = ¢

def Meldable (c : Hand n) : Prop :=
3 p : Meldable.Placement n, Meldable.IsWitness p c
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abbrev IsCounterexample (c : Hand n) : Prop :=
IsFullWait ¢ A ¢ # standardFullWait n

theorem full_wait_reduction {n : N} (hn : 2 < n) {c : Hand n}
(hc : IsCounterexample c) :

Im, 2<maAams<7 A 3d: Hand m, IsCounterexample d := by
sorry
theorem full_wait_unique (n : N) (hn : n = 2)

(c : Hand n) (hc : c.IsFullWait) : c
sorry

standardFullWait n := by
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Lo

abbrev ScanM := StateT ScanState

(WriterT (List StepPlacement) (Except ScanFailure))
def scanStep (x : N) : ScanM Unit := do

let s « get

unless s.1 + s.2 £ x do

throw .failEarly

let rem := x - (s.1 + s.2)

let p : StepPlacement := (rem / 3, rem % 3)

tell [p]

set (p.segNum, s.1)

def scanList (xs : List N) : ScanM Unit := do

xs.forM scanStep

unless (¢« get) = (8, 8) do throw .failFinally
def scanHand (¢ : Hand n) := scanList (List.ofFn fun i » count i c) (@, ©
theorem Meldable.iff_scan {n : N} (c : Hand n) :

Meldable ¢ ¢ (scanHand c).isOk := by sorry
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@ Monadic verification sucks

o FARERITH, TEIEMAERFHERIMER

e Hoare Monads? mvcgen?

o WA AT RIR Y E R
@ tagging grind
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Thank you for your attentio

[&: slides available online

! Acknowledgement: Thanks Shubin Xue for sharing this problem with me. His initial
work turns into valuable prompt for Al.
2All graphics in this slide is generated by ChatGPT Images 2.0
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