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Single-Shuffle Full-Open (SSFO) Protocol
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f(x) = f(x") = Suit(x) = Suit(x")
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Single-Shuffle Full-Open (SSFO) Protocol
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PRER

[Boe89] 2 A 7IAND RC x 1
[SM18] 2 A JIXOR RC x 1
[SN25] 3 A 7IXOR RCx 1 8
PShx (n—1) 2n
[KTMM?22] n A JIXOR
PSc X 2 O(nlogn)
[TMM21] 3 A ZImajority RCx 1 &PShx 1 6
[HST14,5M18] 3 A Fequality RC X 1 6
CS: complete shuffle RC: random cut
PSc: pile-scramble shuffle  PSh: pile-shifting shuffle
R i iR ] 2B XERDEFEL—[ED A TN EHET

EE®D f IZxLTSSFO (XTFEHET HH



[Boe89]
[SM18]
[SN25]

[KTMM22]

[TMM21]
[HST14, SM18]

2N

AR DAFR

2 A 7JAND
2 A JIXOR
3 A JIXOR

n A JIXOR

3 A FImajority
3 A Bequality

Any function

f:{0,1}" - {0,1}

RC X 1
RC X1
RC X 1 8
PShx (n—1) 2n
PSc X 2 O(nlogn)
RCX1&PShx1 6
RCx1 6
PSh X 1 &CS x 1 20(n32M/%)

PSh X O(n2™) & PSc x 1 0(n?2™)
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[SM18]
[SN25]

[KTMM22]

[TMM21]
[HST14, SM18]

2N

AR DAFR

2 A 7JAND
2 A JIXOR
3 A JIXOR

n A JIXOR

3 A FImajority
3 A Fequality

Any function

f:{0,1}" - {0,1}

RC X 1
RC X1
RC X1 8
PShx (n—1) 2n
PSc X 2 O(nlogn)
RCX1&PShx1 6
RC X1 6
PSh X 1 &CS x 1 20(n32M/%)

PSh X O(n2™) & PSc x 1 0(n?2™)




Private Simultaneous Messages (PSM) [FkN94]

B r<R
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m Il my(0) (11 m,(0) | I m,(0) |i
t—S | 1(0) I 2(0) ] n(0) i
il my(1) Ill‘ m, (1) i | mn(1) |
/ / / smzoEs
) ° PSM AV SSFO ~DZE
dh dh
X2 Xn EED fIZRLT PSM BFEET S
| | [FKN94, IK97, BKN18]
mq(x1) my(x2) My (Xn)
y,
Y




SSFO Protocol Based on PSM
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SSFO Protocol Based on PSM

my (X35 TR)

mq(x1;71) mq (X1;7R) My (X2;71)
P

mq(x1;71) my (x1;72) mq(X1;7R)

My (X2;71) My (X2;7172) My (X2;TR)




SSFO Protocol Based on PSM

mq(x1;71) my(xq;7R) my(x5;11)
P

I'l ------------ \I I' -------------- \I I' -------------
: mq(xq;77) ! ! my(xq;72) H : my(xq;7R)
1 Lo ! I
1 1 1
| ma(xg;m) |1 1| ma(agsma) |i | ma(x2;7R)
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my (X35 TR)
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SSFO Protocol Based on PSM

my(x5;11)

my (X35 TR)

“/’("‘Jj)l/ myq (xl, 7’1) ml(xl; TR)
'l ------------ \I — \I
(| M) |} i ma(xg;r2) |
: i !
| ma(xg;m) | | ma(x2512) |
[s130, .. B EO— S i
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SSFO Protocol Based on PSM

il P mq(X1;11)
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)
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SSFO Protocol Based on PSM

my (X35 TR)

F—2>

< my (xlr rs)
(M2 (X2;75) /

|

2y mq (X41;71) my (X1;7g) my(X2;71)
R - .
g mq(x41;71) \i g my(x4;77) \E g my (X1;7g) E
i my(x2;71) E i my(x2;772) 5 i my(x2; TR) 5

[s(i{l, ...,R}J:@—’I‘%ﬁ*ﬂx ‘ Pile-shifting shuffle
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)
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—

\

my (X1;Ts—1)
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SSFO Protocol Based on PSM

i W mq(X1;77) e | My (Xq;7R) my(X2;717) e | Ma(xg;TR)
P
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i mq(xq;71) E i my(xq;72) E i myq (x1; Tg) E

I Lo ! I

E my(x2;71) E i my(x2;772) ,: E my(X2; TR, forf[B'éNlS]Z

e ——— Y N s | ——— « R = 20m32M%)
[sli{l,...,R}J:O)—FF%EL*;ﬂ ‘Pile-shifting shuffle  * ¢ = |m;(x;1)| = 0(n32™2?)

ﬁg’ 0 —> #cards = O(cR) = 20?22
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<\m2(x2;7”s)/> My (X35 Ts41) My (X35 Ts—1)

=T~ ‘ Complete shuffle

PSMTAORESN S Avt—I ER—

> f(x) DAL FELND — RS LTEHh—RE| }




Single-Shuffle Static-Open Protocol
H—FHEO—BOHEA—TT B8 S8 LAYMETHS,

[SN21, TMM23,

OSNWI24] PSc X O(Cr +n) Adaptive O(Cr +n)
0 327’1/2

S ueer PShx1&CSx1 Full 20(n )

REAR PSh X 0(n2™) & PSc x 1 Full 0(n?2M)
RC x 1 Static =~ po(n32"/?)

C o f EHET HRNEBY AR
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Single-Shuffle Static-Open Protocol

P1 Pr-1
] N \ f— \
0 1 c .
mq(X1;77) ! mq(xq;72) |! i mq (X1; 7R) H my (g3 7)
. i : i (& PSM D Ayt—2
my(x2;11) |1 4| Ma(x2572) |1 | mp(x2;7R) | Mo (X2;7)
____________ 7’ N o e e e e N o e e e e ¥
Ps Ps+1 Ps-1
pmmmmEmEm—ES \ pmmmmEmmEES (N pmmmmmm—m———ES \
! P | i =
I by ! I !
i (]| b [2]--[ 2] A A
: o I : )
\~ ___________ l’ | /’ \§ ___________ /’

FHEDNAILDHDA—ToENDB
—> Static-open
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Uniform Selection

ZINALILIZENT
W& ¢ EEHRLENET D
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P1 Pr-1

[/ M ' [/ M ,
2] 2] |2 2
) ! J !
Ps+1 Ps-1

(/M M ' (/M M '
HH20... ? : 1 2]...| 2 :
W _J. ! —J_ L )

« BMA—F £+ 1R
« UxvyIJ)LRCX1
* Static open

s «4{0,1,..,R — 1}
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Our Method for Uniform Selection
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Our Method for Uniform Selection
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Our Method for Uniform Selection

(;[0] ?[1] r-1?;[2] r;[3] r\. (\0 /\. r\&
pzl[O] le[l] p2|[2] le[3] ; ; ; ;
Psl[o] P3|[1] P3|[2] p3|[3] ; ; ; ;
pol[l] pol[Z] po|[3] ; ; I. ; Po
\—/ —

\

- YOOD (KLY p, DFEBEBH—FFIFERRE > PSMDESEFEITHHE



Our Method for Uniform Selection

N\ N\ V-
p1[0] | p1[1] r-’1;[2] r-1:[3] (\. (\. ¥ r\&
| | | | l I I |
pzl[O] p2[1] p2|[2] D2 |[3] | | | &
| | | | |
p3[0] | ps[1] | ps3l2] | p3[3] 4 4 | b
| | | | A 1 L1 I
Poll] | pol2] | pol3] ¥ @ Single-shuffle static-open protocol
— \—/ _/ N #cards = O(cR) + 4R = 20(n*2"2)

- e RCX1

VOOR LY p, DFEEH—FZELFTEREE > PSMDIESZTEITH EE



[Boe89]
[SM18]
[SN25]

[KTMM22]

[TMM21]
[HST14, SM18]

2N

AR DAFR

2 A 7JAND
2 A JIXOR
3 A JIXOR

n A JIXOR

3 A FImajority
3 A Fequality

Any function

f:{0,1}" - {0,1}

RC X 1
RC X1
RC X1 8
PShx (n—1) 2n
PSc X 2 O(nlogn)
RCX1&PShx1 6
RC X1 6
PSh X 1 &CS x 1 20(n32M/%)

PSh X O(n2™) & PSc x 1 0(n?2™)




Reduction to SSFO for AND

SSFO for n-input AND A3 4L[E SSFO for general f 1B TE 5,

fG ) = ) 10 = a) A A TGt = ay)
acf~(1)



Reduction to SSFO for AND

SSFO for n-input AND A3 4L[E SSFO for general f 1B TE 5,

fln ) = ) 100 = ) A AT, = @)
acf~1(1)
LFacef1Q)ITRLT

JBEIBIE
1R 1R




Reduction to SSFO for AND

SSFO for n-input AND A3 4L[E SSFO for general f 1B TE 5,

fln ) = ) 100 = ) A AT, = @)
acf~1(1)
LFacef1Q)ITRLT

o) o2

1R)R) @)
-
I(x; = a;) ? ? I(x; = ay) ? ?




Reduction to SSFO for AND

SSFO for n-input AND D33 411 SSFO for general f 1R T=5,

fln ) = ) 100 = ) A AT, = @)
acf~1(1)
Lacf1(D)IZHLT

F—Tv
21222 ——————) 1, = ) A I, = ay)
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Laef1(1)IZRLT
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Reduction to SSFO for AND

SSFO for n-input AND A3 4L[E SSFO for general f 1B TE 5,

fxgs s Xp) =

I(xy =ay)) A ANl(x, = a,)
acf~1(1)
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Reduction to SSFO for AND

SSFO for n-input AND D33 411 SSFO for general f 1R T=5,

fln ) = ) 100 = ) A AT, = @)

acf~1(1)

/ Lacf1(D)IZHLT \

o212 o]|?|2

1R 1 [R)[? &

- »@\Q
I(x; = aq) ?|? I(x; = ay) ?|? ,Q(@\
xO
it ‘ _____ o
y W
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Reduction to SSFO for AND

SSFO for n-input AND D33 411 SSFO for general f 1R T=5,

fxgs s Xp) =

aef~1(1)

I(xy =ay)) A ANl(x, = a,)

|

?ll?2] o]?
P ? 1|32 NG
\°
- /N,Q)

2] 1, = a) [2|[2 N f(x)=0=1[0,0,...,0]

2 1 =w)]; & &‘x) =1=[10,..,0]

o
oY __! _____ QQ\\\Q% x” ?

(( Y s [M(x; = a)) Al(x, = ay) :
H2U2H221 v- 1 PRIt 2
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Reduction to SSFO for AND

SSFO for n-input AND D33 411 SSFO for general f 1R T=5,

fln ) = ) 100 = ) A AT, = @)

acf~1(1)
Zaef(D)IZXLT Overhfead'
/ oo \ h—k®E 02" &
o|?|[@] olf?]|? oy 0(2™) BEIERK & PSc X 1
120?21 1(21? Q\\"’S
- Ao
I(x; = 2] Ix, = 2|2 \ f(x) =0=10,0,..,0]
(X1 a1) H % (Xz az) H . &o’i(\e f(x) -1 [1’0’ __.,O]
e J7)lx‘ \\\QCD(" //j')

I [I(x; = a;) AN(x, = ay) :
(AR m———




SSFO Tailored to AND

PSM for n-input AND [FKN94]
— p>n:EH
- BB ueZy, (n,..,1) €Zy suchthat 3;7; = 0 mod p
— Ayt—2:m; =u(l —x;) + r; modp for x; € {0,1}

Yimi=un—-;x) #0 ©x; =1 (Vi)
o FIFEDPSM-to-SSFOZEHIZ KUY SSFO for AND /A LI TES

— H—RHEE n00) = 20G110gm)
. EROBEEFATBEN—RRBERIRTES (0(n?)H)



SSFO Tailored to AND

HEIL aeZ, > (a)a)v)(s]s)
Fyt—o 0 a p-1
m;=uy;+r; f=f=Ly;, =1—x;




. Avt—U 0

SSFO Tailored to AND

+ Stk aez,- &&]E&]E
a p-

1
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| PRRR : FPREE




+ #FSik a€ez, -

. Avt—U

SSFO Tailored to AND
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0

a)[v)(a)[«
a p—

1

m;=uy;+r f=F=Ly;, =1—x;

0 (o)afa)s)s
1 (a)o)a)a)s

0
1

-

Y1 &]E AR

Y2

o) a)a)a)s
4)[v)a)a)s

o)) a)a
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SSFO Tailored to AND

u < 7.

p

+ B8t aez, - [a)a)v)s)s
¢ Ayt— 0 a p-1
m; =uy;+r; =fz=Ly; =1—-x;
) DIEE o FeeeE
1 (@e)aala) 1 (s)o)a)s)s
-
y1 (a]v)a)a)a] - [v)[a]s)a)ls
Pile-shifting
aa)a)v)s) (v)a)a)s)s
Uy, uy
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SSFO Tailored to AND

« =1t a€ Ly, > |& &][: &]E
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Pile-shifting
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SSFO Tailored to AND
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1
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0

V1

e
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= O
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Pile-shifting
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PSM for AND D Ayt —
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SSFO Tailored to AND

BBt aez, > (a)a)v)s)s
a

Fyt—o 0 p-1
m; =uy; +1; =1L y; =1 — x;
) JEEd o FEEEE
L gffafala) 1 (ale)alafe PSM for AND D Ayt—
SSFO for AND
y1 (a]v)a)a)a] - [v)[a]s)a)ls H—R#Ek: pn = 0(n?)
4 )L:PSh X n
Pile-shifting
aa)a)v)s) (v)a)a)s)s

uyq uy,
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HEIL aeZ, > (a)a)v)(s]s)
a

SSFO Tailored to AND

Fyt—o 0 p-1
m;=uy;+r f=F=Ly;, =1—x;

0 Ved@as o @@eE
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V1

JPEPE »EEE

Pile-shifting
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SSFO for AND
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