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The i-thparty: P; (i = 1,2,3,4)
Security parameter: K
The i-th seed: seed; € {0,1}*

A finite ring: R s. . |R] is k-bits and its order is R.
A pseudorandom function: H: {0,1}¢ x {0,1}* - {0,1}%
The vector of shares: [X]" = ([x,], ..., [x,, D

All permutations of a set with m elements: §,,

A permutation of a set with m elements: T € §,,
Only P;, P, and P, know a permutation m: {rr};
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Py, Py and Py generate the random values 1y, and 1y 5.
.y = H{vid|[1]]j, seed,)

172 = Hwid H2{lj, seed,)

We set ¥y, (3 = Yy + Yry(iie + Yuy(na-
2-1. Py computes ¥y ¢y and ¥y, (2 as follows.
Vuy(i3: = Xay(ins

Y2 = X2t 1 v 2

2-2. P, computes Va2 and v, J(5)3 @8 follows.
Fry (e = Xnpnz Ttz

Fr(3s = Xny oz — T2

2-3. F; computes yy 5y ahd ¥y 55 s follows.
¥ (03 = Xmy(Giz T2

Ya (i ™ Xayling — Ta

P, sends Ty, = ¥, — ¥, to Py,

Pysends i, =7, ~ T to By

Posends Fil; = ¥, — Vs to Py,

Fi = Yoy 0o s Yy () i)

B, checks whether iy = Ty | + ¥, 7 or not.

if it holds, then F, outputs continue.

If it does not hold, then P, outputs gbort.
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(11) JP 7420147 B2 2024.1.23

Pz, P; and P, gererate the random values 13 ; and 1y 5.
Ty = H{viddilﬂj, seedy)

2 = H(vid}I2}lj, seeds)

We sel Yo, () = Vap (21 + Yap(nz + ¥y (i3

2-1. P, computes Y, (2 and Fryts 5 follows.

Yrainz = Xmgiz T T2

Vuai3s = Xugytna ~ Tz

2-Z Py computes ¥, 5,1 and ¥y 2 s follows.

Yay(in = Fmptiny 7 T

Yo tha ™ Xtz — Yz

2-3. B, computes Yo y: — Y,z 3 Y (12 — Y, ()2 @ Toltows.

Yyt — Yugtine = Wny(ia — Xeytina) — 200 — iz
Yagiine = Vagipnas ™ (xsrgij}:«: - Xfrz(f};a) 0+ 21,
Py sends i ; = V; to Py
Pysends Fiy 3 = ¥, to Py

........

A —

it holds, then By outputs continue,
it it does not hold, then P, outputs abort.
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Py (377, ¥3) = ((}fﬁgf_i};ﬁ’y}’fz{}._}ﬁ)* {3’1{2 {2 Yo, fm), 3}) }”fzz(i}i b’ﬂz{m;\}z)

Py (33, 57) = ((ynzcz),z;}’frzgji},l)f --~f{yﬁz{m),a‘!yzfz{m},})) = ([ym,m) Uty [y:fzztfm}]g}

Py O = ¥2. 2 — Va)
= ({Y:zggz},z T V(2 Y, (12 T 3’3:2(1)53)‘ rrh (}’ﬁzgm).i T ¥amyzn Ve, (myz — }’;zz(m},z})
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(23) JP 7420147 B2 2024.1.23

Py, Py and Py generate the random values 1 ; and 77 5.
1= H(tﬂidiiilﬂj, seed; )
152 = H{vidy{|2ll), seed,)
We sel¥r(p = Yma ¥ ¥ra(iz + Ymalp)s-
2-1. Py computes Yy ¢p) 5 and Yo 5 3 as follows,
Fralisa = Tmplida ~ Fia
Faglina = Xupiina — iz
2-2. Py computes Yy (4 and ¥p_p 2 as follows.
Yrlirt T Xmg(irr — T2
Yrgifte ™ Xmpippz t 1 F 2
23 Py computes Yo o — Yag(iz 900 Yooz — Yrgt,s 86 follows:
Yool = Yz = Wng(n = Xmy()2) = 400~ T2
Yoz = Yugtns = gz = Xy a) + 13 + 2732
Posends T ; = Vo to Py,
Py sends Tl ; = V3 to By,
B,sends i, = ¥, — Vato Py,
Fi = (¥my(2hds - Vgl i)
P, checks whether T, = Wiy — W3, or pot.

If it holds, then B outputs continue.
i it does not hold, then P, outputs abort.
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P, 3) = ((}’ﬁggzma .Vyrg(;},z)f “*f(}’na{_m}b .szg(m},z)) = ({3’%(1}}1; [}’nggm}]i)
Py: (71131, iz 3)
= (2, ¥3)
= ((}’xgm,za }’xagz}fz)s ~--a(}’;z3(m},z: yﬁ;{m},s)) = ([}f%(mﬂz: “"{yYZ'E{m}}E}
Py (F3,97) = ((}’n3f1},3a ZCIRY IR ey F%(m)@)) = (nyg{;;;}gs {ynagm)}gj
Py (3] — ¥, 52 — ¥3)
= ((y?zgii),i = Vrg(ne ¥tz 3":@,{&},3)’ Ry (}"quzn},l = Yaim)2z Y tmhe yfzg{m).?;«))
= () 2 [yraom] ;
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(15) JP 7420147 B2 2024.1.23

P, Py and F, generate the random values 1;; and 1.
T = H(ztfédlifiiij, seeds)
rs = H(vidy{|21}), seeds)

We sel ¥p o) = ¥a i H ¥mine t Yenae

2-1.Py computes ¥y, ()1 ad ¥y, (52 as follows.
Fugting = Xug(int — T

Vo live = Xmgtine + Ha + 2

2-2. Py computes ¥y (5.2 and yg (55 as Tollows.
Yuy(nye = Amy(pa + 7 + 1o

Fugis = Xy — Tz

2-3, Py computes Yy — Yy and Yau (2~ Ve, () as follows.
Prgting ™ Yeylinz = {Xm;m - Xx4<;'j},z) - &1 e
Vg~ Yugins = (Kugnz = Fmyns) + 11 + 202
P; sends i ; = 5 to P,

P, sends iz, = ¥; to Py,

B, sends T, = ¥, — ¥3 to Py,

ﬁ = (3“'754{1}3» ~"s}’f§4(?r:}.£)

P; checks whether Ty = iy ; — 3 2 oF not.

i it holds, then P; outputs continue.
1if it does not hold, then P; outputs abort.
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Py sends iy 4 = ¥; — V3 to Py

P, sends iy , = ¥, — V3 to Py

Py sends vy to Fy.

P, computes v’.

yi = Q’n‘igl},i: --’f}’xl{m},i)

a; = H(vid,|lj, seeds), v’ = zﬁlajmg, Vg = Z;fjﬁlajmg)j&@‘é.
P, checks whethervy=v’ or not.

if it holds, then Fy outputs continue.

if it does not hold, then F, outputs abort.
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3 Pysendsmiy, = y; to By,
Pysends iy 4 = ¥y to Py,
Pysends vy to Py
Py computes v’
Vi = {}";’r;{i),ii "w}’n'l{m},i)
My, — My 4 = (my, ..,;'nz.iﬁ) Ay = (my L oMy JELT2EE,

a; = H(vid|{j, seed;), v E} 1{15}?31 , Vg = Z?iifzjm&jk?’é‘ 10

4, P, checks whether v, = v or not.
if it holds, then P, outputs continue,
if it does not hold, then P, cutputs abort,
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3 Py sendsiii,y = ¥, toP,.
Py sends g 3 = V3 to Ps.
Fysends vy to Ps.

Pg computes v’
(ym{n fo :yzz'l(m}z)

mm gg = (my, ..., mm) m, = (;?;4 1 My JELTZESE,
= H(vidy|lj, seedy), v’ = E; 18 Vg = 2; 1 m4}&“'§“é
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4. P; checks whether vy, = v/ or not,
if it holds, then P, outputs continue.

If it does not hold, then F, outputs obort. 30
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3. Pysendshiy | =3, to Py
Py sends iy 5 = Vg to Py.
Py sends vy to Py,
Py computes v,
Vi = Uryga)ir o0 Yo (mi)
g1 — Mzq = (my, .., m;ﬁ) Ty = (Mg o, My )L EE,
@ = H{vid||j, seeds).v' = Lt aymj vy = UL aymy j&F 5.

40

4. Py checks whether vy = v/ or not.
If it holds, then P; outputs continue.
If it does not hold, then Py outputs abort.
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