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EL—EXE (Basefold 7£ List Decoding T Soundness IEBBMESE) AP, #RIET [H24] 183X soundness iERARI R, AFEX
BEXRERTBEARNCXHRIIERET, E£ER [H24, Lemma 1] BIIERR, HIEBRT Basefold #MY7E commit B E&AY soundness
error,

Lemma 1 [H24, Lemma 1] (Soundness commit phase). Take a proximity parameter § = 1 — (1 + ﬁ) /P, withm > 3.
Suppose that a (possibly computationally unbounded) algorithm P* succeeds the commitment phase with r > 0 rounds
with probability larger than

ec=¢g+er+...+e,, (1)

where g = E(Ci, M, 9) is the soundness error from Theorem 3, and

1
€; 1= e(Ci,l,Bi,0)+—, (2)
|F|
with £(C;, 1, B;, 0) being the soundness error from Theorem 4, where B; = DL _ 2¢. Then (90, ---,9nm) belongs to R.

2
5|3BrhiRRIRY [H24, Theorem 3] FE27E list decoding 43T subcode B correlated agreement 32, T [H24, Theorem 4] 52
[H24, Theorem 3] 9 weighted k&7,

£RE R BTN NESEEEE P*OSEESE, WEERSNZTR (90,. . ., 9v) BENLORBSEESFEE 0, RNtHEE
BEED = (w1, . .., wn) HIESEENE vo, .. ., v B—50, B

Ipo, - .., pur € F[X]<? s.t.
R =< (905---5,9m) : d((g0,--->9Mm)s (P05 --->PM)) <O 3. (3)

/\/\,ZCVLOP;g (Wiyeneywn) = Vg

Lemma 1 BARIFLR AR P* £ commit MERAINIRERBIT T e, BBARMNIGEERE P IRAEYE, HEMNXR R hEMIL
E’\]O

ARE, TEERBHAIESEEX P* 7 commit ERRYIE 0 < r < n BEERINAIE X, XFZE [H24] IEXHPLHAT o -good HIHR
B MINMNESIRME, P BEAIN, BIRE verifier 23] P* RIXEEM fo, Ao, f1, A1, f2, Moy, Ay, fr . REHITRE, —
21T sumcheck BT, B—1R%E Do PRENIER ©, FRIMNIFEZERN, BEXBNSHa=1—-60¢€ (0,1), B

2-m

a= <1 + L) /P (4)
F F; &ml Reed-Solomon ###3 C; = RSy [F, D;] B MMSHRZEE, HF D; h2Rmat w54 D £/ i )%, B
D; = n'(D),i=0,...,n, Et5 C; C C; BNNAZHAFEEENH
F ={p(X) € Fi: P(wit1,...,wn) = 0}. (5)
1. sumcheck B EH, BHREEE pr(X) € F,, EXNNNSTZSWMAN P, HRE
L1y, @) Aty A)) - Pty -y 0) = @1 (M) (6)
iR ¢i(X) 5 Ay(X) ZBXER, TTUEE P, RE#E

L((w1ye-eywr)y A1y e ooy Ar)) Pr(wrsty e oy wn) = gro1(Ar) (1)
= L((wl, ey UJ,.), ()\1, ey )\r)) . Ar—l()\r)

2. ITB1EW. FEHE

‘{w € Dy : (fo,-- -, fr) satisfy all folding checks along x

Ao (2)) = py (77 (2)) H > o | Do (2)
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REYE Dy B folding check B9 o BULEBIATF o, 233 7" BRES, RIR/G verifier 72BN,
YR 1M 2 WADEMR, BN (fo, Ao, f1, A1, fo, Mgy ooy Arca, fr) 33T (Xos - -+, Ar) SR o -good #4,

Lemma 1 iEBA

Lemma 1 BIEBARARIZEHZIAME, STIEERE r = 0 NEICR I, XEAZIT [H24, Therorem 3], #E/RIE Lemma 1 7£
0 <7 < nBIRKIZ, IERA Lemma 1 7£ v + 1 BE5IStHARIZ, TEX P EEFRAR THINER [H24, Theorem 4], HiIERABERKRS £
RBXENBNBEEEM, FIMESEr + 158, ALK A, ITEZESEE f1 BENEKGATF, EBXNNNRIETEESRLER
B, FHEE sumcheck R, SHSENNE f, | HE—LERM, XEMEERHT subcode B correlated agreement EE T,
NAEEBNGIS, HMEAERSZAIN fro05 fr1 HENER, MULBEEY f, HENM%R. WRNAEMNERIE, 8EEEIES r
BHESIENEY, MMEBHES r BNSEICKI, thIERTES » + 1 #51EAIL,

AR BIERY r = 0 BI3IBEMIIN. SHMNEHERE P* & commit MERINMBERAT e(Co, M, 6) , 1EIIRSRINGEILE
(915---,9M) €E R . RIBEHUAR o -good HIEX, TABRIAAT (Co, M, 0) B9HBR P* 12189 fo 33 Ao Hi%2E « -good
8, WAXMTFERINBZANZSIAR g}, = gr — vi , BB subcode Cj C Co BT 0 (hFEIRIA—ENAIHE A AT o )RR
%

M
Pr |\ : dpg € Fy s.t. agree (Z e A’g,;;g(X)) > a] > ¢(Co, M, 6) (7)
k=0

‘RE%EEE’]?E%FT'C g}c = gr — v AR gr WENZE, BELERNNDITHENEEFE 06 FISEEA, XEERIIBER [H24,
Theorem 3], BEIFESZIN

po(X), -, Pu(X) € Fy (8)
URGEEES D)y C D, HE
1. |Dgl/|D| =
2. pi(X)|p, = g1(X)Ip,
MAERRT ZWH py (X), ..., pPi(X) , BARFSZIH
po(X) +vo, ..., Py (X) +vm € Fo (9)
i 2
(p%(X) +v1) oy = (95(X) + k)|, = ge(X)|p, 0<k<M (10)
Ph(X) + vo MRS TAMSIR P € FIX1,..., X R Pr(@) = v, Bt (g1,...,9m) €R .,

MAERIRSIEE 0 < r < n BSZRILAY, EIERTE r + 1 BISIEMRARANIL, RIFSIRNSKM, EHEr + 1%, P* £ commit ER
FRINBIBRERABT (g0 + €1+ ... + &) + Erp1 o Bt = (Ao, fo, Aoy - ooy Ary Fr, Ay) BRIIEER T, ELTE

Pr[T] >eo+... +&r (11)
MERHET, P* RINEMERT €, , B

3.frJrl s.t. ()‘Oa fg,Ao, cey Apy fraAra f’l‘+1)

Pr |\,
FArL is a-good for (Ag, ..., Ari1)

> Ert1 (12)

M o - good IEXATABER, MFHE a-good B\, 1, FE—NHE sumcheck §FRMNZR p, 1 € Fri1, F15
a‘greeyr((l - 7‘+1) frO + )\r+1 fr lapr+1) > a (3)
XEBH v, B—MFEENE, Hdensity RBEXH, Yye D, 1 B

Hz € = *Y(y) : (fo,..., f.) satisfies all folding checks along z}|
w0 ()]

ZERBETR (3) RRMIALEME o -good EXHM (2) . 1RIE agree BHMEX, X (3) EMTF

6r(y) =




Vr({y €D,y ((1 — r+1) frO + A1 fr 1)( ) pr+1(y)}) > a (14)
|D7‘+1|

FBE D, 1 PHREREXAN y BR—TES, 188 S, BA v, RENXIMEEHITITE.
vp(Sry1) = Z 5, (y)

y€S7-+1

Z {z € 7= (y) : (fo,..., fr) satisfies all folding checks along z}|

yeBrin =D (y)|
B Z H{z € 7= *(y) : (fo,..., f-) satisfies all folding checks along z}| )
- YESi1 2r+ ( 5)
— Z ‘Sy,0|
yesr+1 2r+1
. EyGSTH |Sy,0|
ST
Sl
v, (S,
agreew((l - 1‘+1) fT0+AT+1 fr17p7‘+1) M
‘Dr+1‘
S
— ZyeSrJrl | y’O (16)
271+ | Dy
o ZyEST+1 |Sy,()
Do
ERPDF D s, [Su0 WEE r+ LRIFBER, B (fo,..., f) FEEEHRERN. (3) X5
> ISyl = a-|Dy| (17)
YES1
X5 o -good EXHR (2) EX2—H. ETRIRBELEXEPNSBN soundness IEBAREE, BT pr1(X) SRS TEME

ZIm P11 # & sumcheck é’JEE, E L 2
L((Wl, ceey wr+1)a ()‘17 ceey >‘T+1))'P7'+1(w7'+27 s awn) = qr()\r+1)

18
:L((w17"'aw1‘+1)7()‘1,"'7)\1‘+1)) 'Ar()\r+1) ( )
bi:dun
L((wla v ,wr)7 (>‘1a HR 7)‘7")) . L(wTJrla >‘T+1)'PT+1(WT+2a s 7wn) (19)
= L((UJ1, ce ,w,«), ()\1, ey A,«)) . L(wr+1, )‘r+1) . AT(AT+1)
STF Arr W3R, B 1/|F| BRES L(wr1, A1) =0, BHERXBIL, BT 1/|F| R, kAFEe
1
€ T TR e(Cit1,1, Bri1,0) (20)
BB, EESTR ), = pri1 — Ar(Mt) € Floy s MR flo = fro— A(0), fiy = frn — A(1) R
agree,, ((1 — Api1) - f'rO + i1 f’r 1) Pri) = @ (21)
LFE#HRNOFHERIINE R
dpl., € Flqs.t.
Pr | A : Pri1 = Tri1 > e(Cis1,1, Bri1, ) (22)

agree,,r((l —Arg1) - fr() + Arg1 - 7{,17p;‘+1) > o

XFHE T [H24, Theorem 4] HiXEM correlated agreement EIEMEM, FEULLFTAEREFEESIR
p;“,O(X)’p:‘,l(X) € ‘FT{+1 ) u&%é AT‘+1 g D’!‘+1 ﬁ%l‘i



1. VT'(AT—‘,-I) > 1-6
2. Pro(X) 4 = Fro(X) 4 Pra (X4, = (X4,
TUERZHET BTt pl, o (X), Py (X) , BHFES T

Pro(X) = pro(X) + 4:(0),  pra(X) = pr1(X) +Ar(1) € Fra (23)

fro(X) = f1o(X) + 4:(0),  fra(X) = f71(X) + Ar(1) (24)
1R#E correlated agreement 4594518 2, RIATSE!
Pro(X)| 4, = fro(X)]a,.,  Pri(X)]a,,, = fri(X)
SFF pro(X), pr1(X) BRRHZTEM SR P, o UK P,1, 1RIEF, WEX, AUEE
P o(wry2,. .. wn) = Ar(0)

Ar+1 (25)

26
Pr,l(wr+2a~--7wn) :Ar(l) ( )
BES Ar PHISET T EMEEE A, = 7 1(4,11) C D, , EXEA—EHE £ M
pr(X) = pro(X?) + X -p,1(X?) € Fr (27)
288, XTS5 p.(X) BNNNSTEAMSTR P, EHE
Pr(wri1,Wri2y ..o wpn) = (1 —wpi1) - Pro(wriay ooy wn) + writ - Pri(wrig, ..o wy)
=(1—wps1) - Ar(0) + wry1 - Ar(1) (28)
— L(wr+17 0) : AT‘(O) + L(wT+17 ]-) . AT(]-)
LRI XS EITESE r 389 sumcheck 2 EHY:
L(wiy . ywry A1y vey Ap) - Pro(Wpg1, Wriay ooy wh)
= L(wl, ey Why )\1, e 7)\7') . L(er, 0) . AT(O)
+L(w1y. -y Wry A1ye ey Ar) - L(wpy1,1) - Ar(1) (29)
= ¢(0) +¢-(1)
= QT'—I()\’I‘)
MAEBE TS r 18 sumcheck 2H RN, B TREBZERINBXAZDHE. BBz cn 1(4,), B
|{z € 7 "(A,) : all folding checks hold for fo, ..., f.}|
| Do
1
- . §(vy) - |+
D y;A:M () - ]
27‘+1 (30)
= : (y)
b2
1
= : i(y)
‘Dr+1| yeZA;H
= Vr(Ar+1)

BIEET correlated agreement EEBB2152 v, (A,11) > a, EIE Dy i x 8E5%E folding check BILEFIBT o . AT
55 r $89 sumcheck ARURITEBXRR, B2 (fo,Aos- .-, fry Ar) WTF (Ao, ..., Ar)  av-good f, HFF=4IXAER trace AISE
BRI

Pr[T] >eo+... +&r (31)

EUCEDHB5 1 BBARM, RFAMRIR, 725 r B51EMIL, BAWTUEELER, (90,...,9m) E R, EWFIERATES r+ 18
SIEEthEAIA . MMFIESFEMIL, O
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