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Abstract In practical scenarios, proxies provide services to individuals with specific requirements. The development of
cloud storage enables proxies to access abundant data from the cloud, thereby enhancing service efficiency. In a social
network, neighbors of individuals with specific attributes often have similar attributes, presenting potential opportunities
for proxies to acquire data. With the continuous growth of social network graph scales, maintaining these data locally has
become increasingly challenging. The rapid development of cloud computing provides an effective solution to this issue by
uploading social network graph data to cloud servers can significantly save local resources. However, this approach also
introduces data security concerns. Structured Encryption offers a viable solution to this problem. STE enables the encryp-
tion of social network graphs and supports complex query operations on encrypted graphs by constructing associative en-
crypted indexes. Nevertheless, structured encryption still has certain limitations in terms of query efficiency and practical-
ity. The Private Set Union (PSU) protocol enables the computation of the union of two sets while ensuring that the inter-
section of the two sets remains confidential. To allow the proxy to retrieve necessary data from the cloud while ensuring
data security, we propose the Structured Encryption based Private Set Union Protocol (STE-PSU). This protocol achieves
private set union operations between the server and the proxy, reducing both computational and communication overhead
during the query process. The scheme introduces an Oblivious Key-Value Stores (OKVS) construction, i.e., a 3-Hash Gar-
bled Cuckoo Table (3H-GCT), which achieves efficient PSU operation while preserving privacy. Additionally, the social
network graph on the cloud server is stored securely through structured encryption. Theoretical analysis and experimental
results show that, although the proposed PSU protocol requires an initial search of the encrypted index before performing
the union operation, it is still more efficient than existing two-party PSU protocols. Security analysis verifies that the pro-
posed scheme satisfies Adaptive Chosen Query Attacks (CQA2) security.
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BT 3H-GCT #EH T % 2t [ a) FAFT g 2 AR,
SEILT PSU WLt (1) v SR A5 T8 . R T RAT]
T 3B 7151 3H-GCT # i

# 2 (Peeling). 3H-GCT Z5f45E T 25 AR, 14
FIME AR R G, B n &
Al a AT, R4S = AN TSHIE . %45/ H =
ANUE A PR By, by, by, B REASEE x B B
(Up ()5 Upy(x)> Uny(y) o 9 1 BE A0 (x, p) 2 K
g?,, na ':F', %‘E@%{ﬁ&y Zg[uhl(x)](@g[uh?(x)] @g[uh3(x)] )
RIDKR B x o0 P v X I ) = AT o5 AR S A5 310
FEAE yo FIESEARA MR Bt x XNl
(), (vy> Upy(y> Uny)) » HLIHRL 0y, (o TEILAE 2 5 2L
FHIE, 52 m7 LAk P o LA T 5 o0 O, A48 T
Rt oo My 5 BB0E TR wy, () 23 BC AR DA A2
¥ =Gl 18 Gl (1D Gluy, (] o IXRHIFATHT LA
M B B Brax 4t 0, K N, Sl 1 LA
BEARONT WA IE A, 2R PR LA, T ) 2)
PCAEL AR o, y) RS IE AR 5 RS BRI 25 PRI
JLAWTO SR 8, XK AT Bh TR Bt I v FLAth 1R

TATZA R F 2 k2, Wi 2 FroR . Bk AE
TE AR (s 1)y (g, 12)s (X3, 33), (X4, ¥4} AT
fith, BEE 22 0o WA AR R BRI T 155 250 an T TR, B g ik
FEREA 1 IOV AL S[6], K x XTI R IR, LGN
S[21EEN 1, FRKs xy XY I A, B i 0 20K T8l
A o XTI ) 4 PCAE Y B B R A
S, EE AR x,, TS, S[4]. S[5] 4
PC AR A AL XS (xy, vg) WRSRP IR, PR AR xy
X0 A5 S[3] 43 BCAE AT A BB (s, v5) BRSFIE A, BE
Je A U TR FRRRE, I RT AR N T 4 P A A A
EDGT ST 1E A o

REFE 2-core TR, IR LR REBRE T
FIAA T s, W2 IR A T 3805 1) o 4R T 7 4 2 A
Arfe LT A TR B R A0k 2 L, FR G
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Key x,

4?%§%§;i:\\

Hlﬂsm|ﬂn|m]|mwsm|ﬂﬂ|

H,, Hy, H, Key x,

Key x,
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Pelling: Push

x,: ST6] N ]
X, S[2] 7 I EAES
x5 S[3] Xy X3 X X,
x,: S[1], S[41, S[5] Koy XX (%] X,
Filling S: Pop

S[1] & S[4] @ S[5] =y, <Xa Xy X31X) Xy
SBI@ S @ S[41 =y, X [5[%0%
SRI@ S @ SI51=y, Ko Lol %
S[6] @ S[11 @ SB31=y 2o ol

2 HEmdiE
Figure 2 The process of Peeling

(B R G, , , 1 2-core 7. NIHHASCHR[3S)
FIALEE T . & y(n) A 2-core B R R T S 80,
e Ldn) h y(n) B EFEERR E d(n) EFH AN Af
M S=S,[|Sy, S, RRRAARMEE, S KRB
B d(n)+ AT R (0B 3 NIRRT,
REM KA B x Wb B S, i = AT, BRE L (x) /2
AL FRF R, AR BE x WU 2] S, Hr 2 T
Mo B x XN S, TP AT AE S S,
T TS B SR AR S, Rt R S
73 BC IE A R R AT B B AED N A7 i 1) L
3.6 ZE3|HE

KRS EM 2 AR5 s =, s
YA G0 F 5 AL AT M 4 P, Tk &5 R A T s 4
HECHEARIHER S I AARJE N R L, LIS
Z A AT AU o KRR —AN DA w, AR B
DR Y RUBHE TIUAR A, K L [ s DR 85 0 ot
—EH S g AT AR 2R R 51 MR
(1 2 R 23 50 T A RS e (AR SR T AR . FLARH
R WAL S, BAEE 3 s —A BARK R4,
K 3(a) AN BARIIAE AT 45 B, B 3(b) A EIHER 5,
B 3(c) 4R i 45 s 2 o 4R RBET w, AR A R

W, w,,0,

o= (f, W), g, W), B £, W) KEIBIHFERTIAT,
FAEH g, (w) 156 B (E 57 8045 2 (2 (), v,) - FEH

AR EAR I v, AF A T MAMRT R L, R
WER Lo

4 PSU hitigit

TEPITT PSU Whill, &%+ (Sender) 5 i
(Receiver) & HEFA A LS, WHE hEfCE 1320
G L. MAEFRAIE AR, AAH (Proxy)fEo8 PSU
LIS, = k%548 (Cloud Server)fE>h PSU 1
WKL, RS R AR, FE T AR
MEARLE, I HLRY T IT IR . A3 PSU X
BT 3H-GCT HkSEIL, R Isr 44 3H-GCT $i%
FIASC I PSU WMLt
4.1 3H-GCT &%

STE-PSU WMk T 3H-GCT HiEseHl, %5k
WNBEN RS, Wi S, TR AL 1.
Parameters VLML T — 5 51 G b R0 A 95 1)
ZH, L =AWERERE s b R by, DL L T
i FIRAL 57k . Encode 5k, 2 9 1THIMGLEK
P& a R S, 55 14T RIS Rk FE, i n

v —> |7z'(2)|71’(3)‘7f(4)‘7f(5)|

Jiy (@) —>

8, (@) @ (m(2), v,), (7(5), vs), {m(6), ve), (m(7), v;)

i [0 o)

fk, (@) —

W),V @,

8, (@,) D (1(2), v,). (2(3). vs)

o [l

3 w,( 4 5

(3N (D {~(
\W3) U\

n

) o
J

1

NETANES 11
Js V1/> \7\2)

Vi— | (1) | n(2)| m(5)| =(6)

\.\l
a

vs —> |n(1)| n(2)| n(4)| 2(7)

Jo @) — 15"" vy) @ {7(1), 5 , Vs
So (@) —> | g, (@,) @ (a(4), v.), (a(5), vs). (m(6), ve)
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Figure 3 Social network graph and its index table
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BRI, 55 12 474 FE 2-core T/, M 7
b 5 S MR 26 13 47 while f3OR# R4
MR, I DR I TR 4 TG A8 15 B 0] IS I
ffi. Decode BiLf N [m) it S FIGEE x, T 7 1 1 Ke
x E ) EE S RO A B AT e At 4 SR

¥k 1.3H-GCT 83k

1: Parameters:

2: Security parameter A, input length 7.
3: A finite group G.

4: Random functions 7, h,, i, :{0,1}" —[m'] and
L():{0,1}" — {0,119+,

5: Parameters m =1.3n and d =0.5logn, where d
upper bound the size of 2-core a (m,, n) -Cuckoo graph.

6: Output length a=m +d + 1.

7: Encode ({(x;, )y, ¥,)}):

8: Define /(x) e {0,1}'”’ to be all zeroes except 1s at
positions 7 (x), 5, (x), hy(x) . Let row(x) == [ (x) |, (x).

9: Initialize empty vectors S, € G" and § 2 €GYH
letS=3S, || S;.

10: Initialize stack P.

11: While there is a node j e [m’] such that the
set{x, ¢ P|jeh(x;), hy(x;), hy(x;)}is a singleton: Let
x; bethe

element of that singleton, and push x; onto P.

12: Solve the system of equations S, (/;(x;)) @

Sl (x;)) =y, forx; ¢ P, and assign the solutions to the

corresponding locations in S.
13: WHILE P not empty DO

14: (1) Pop x; from P.

15: (2) S, is undefined in at least one of the
positions /4, (x;), h,(x;), h;(x;). Set the undefined posi-
tion(s) so

that

SLh() @ Sp(h(x) =, -
16:  END WHILE

17: Set any empty position in S with a random val-
ue fromG .
18: Output S.

19: Decode(S, x):
20: Return S, (4, (x)) @ S (1, (x)).

4.2 PSU il
A PSU WhSCEAT A 55 IR 5% 2 1) [ B FA B &

SKRIFERAE, ARHR I FF AT 1 B mp, TR S5 25 il
Feym R i UL 7 A5 e AR — OGR4
M RIEBN RS, mRS R R
FIERJa 5 p R AF BN J 45 /U8R Lo 5% RunPSU 4
& = 5% (GenOKVS, Query, Decrypt) , Fir A 24
Tem, MMz, Wb g R%E R, FHRITVEMRURRE—
72 ATRIBUN
4.2.1 GenOKYVS (k;, mp)—> S

ARELAG A E S 5 m, 48 F] 3H-GCT 45 M AT 47
fift, VEANREIR AL 2 Pros o 5 2 47 for TEHX mp,
(R —I50 m, AT TR #4997 SR IRATEAT 5 2
B j o« xli], FERTBENLA s ST ks I35 s,
BN (J, s,) AEAiEAE D P55 7 4T 3H-GCT
L Parameters SR REATHIUAL; 25 8 ATIHH]
3H-GCT $.7%¥) Encode 5%, N D ¥ (E
Xt I S,

H: 2. GenOKVS (ky, mp) —> S
N B s A SRS my,
i —MNEEAR SIS AE S
: Initialize a random string s and a dictionary D.
FORi=1:nDO
J < #lil;

AW N =

s; <= P.Enc; (s);
5 Store s ; into D[/];

6: END FOR

7: Parameters(-);

8 § < Encode(j, s;) , where (j,s;) are all

key-value pairs in D;
9: Output S.

4.2.2 Query(r, S)> R

PR R S, AW e RIBENL s ik 2] =ik
vk, nREAIATEW . M. AR SEAE, 7
AR WL 3 Pros. 26 34T £, w) KR '
PIBR I g (w) EAT 57 545 2 R(w); 5 5 T4
FA R(w) H IR AR 3 B TR R L4350 L5 56 6 4T
for 1 4 K Ak 55 2% 1M FH 3H-GCT S 1) Decode 572,
BN S ML PR AIoER, It g R
il 1B by AT AR5, R S5 RANET s, WK
X IR R SO I B 25 REE R P, B R R IR
[EIECE RGP
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8 3. Query(r, S) >R

N SR AR SIGAE S
Wt AR

I Parseras(fi, (W), g, (W));

2 Initialize a set R;
3 R« (f(w)® g, (W);
4 Parse R(w) as (J,v);

5 L« L©»);

6: FOR jeL, DO

7: s; <« Decode(S, j);

8: Compute s} = @.Dec, (s;) ;
9: IF s} #s THEN

10: Store ¢, into R;

11: END IF

12:  END FOR

13:  Output R.

HEIERINE, L, Prseld g L 5200,
L 2R 5 I 1 e 2o 5 5 e S 14
DRI 2548 X5 L, F PR G 2R AT AR A R0 A PO i REAN
2 [ AR 5545 2 Fe AT A A5 L
4.2.3 Decrypt(ky, R) > m; Um,p

SR A ACEER 4 R4 R RE I 3

Cloud Server
|

69

1 F 8 9 by AT 1R85, B m, = @ Dec, (c,) , ¥
m; 5 mp IR A IR ER

53 RunPSU 1% (GenOKVS, Query, Decrypt) ,
WE 4 (@R, B ERIAT GenOK VS 5%, #
AW 3H-GCT FIBENLE s KIE B = ssa%, o5
AT Query FLIEFF RN A AL R IR N4 A, & )m
REEFAT Decrypt HIERI AT 142 A2 45 L,

5 STE-PSU i¥ZH& %

51 HiEHik

A3 STE-PSU J5 % & % & 10 ¥k
(GenKey, BuildIndex, Encrypt, Token, RunPSU) ,
H A 87 (GenKey, Buildindex, Encrypt) Hi 44 5 4
A H AT, Token S AT M ACER 1) B 14 &
R, 2 J5i24T RunPSU kBT ACHE 5 R 4%
PR &K R4 . STE-PSU Sk iR 4n
4 (b)F7Rs
5.1.1 GenKey(1*)—> K

I FH AN 2 2Z A MBENLEY] £, DhBE
BB P AR HES K = (k, ky, ks, k), VEANEE
WIEE 4o ko ky 233 0 N 251 2 0 DY BEAL B 45
SRVBEHLER £ g B4, Ky ky 23 04 N%% 3H-GCT
HH R BEATL A 0T 5 8 T

Cloud Server

Data owner

1. GenKey (Alg.4)
2. BuildIndex (Alg.5)

3. Encrypt (Alg.6)

T
|
|
|
|
|
|
! send [*\ L*\ ¢
K

send w

receive T 4. Token

|

|

|

koo x I
|

1. GenOK VS (Alg.2) [ I

send 3H-GCT. s | !

T | |

| L

L send R I_Pz, Query (Alg.3),

| |

D> 3. Decrypt : :‘
: | |
| ! '

(@)

< ——

5. RunPSU (Alg.7)

T T YWY

I
I
|
T
|
I
|
b

(b)

4 PSU #{i&i+#1 STE-PSU ¥
Figure 4 PSU protocol design and STE-PSU algorithm

Hix 4. GenKey(l’i) —->K
WA ZEBHA

i RS K

1: FORi=1:nDO

2: k. < P (1);

3: END FOR

4 Output K =(k,, ky, ky, k;)

5.1.2 BuildIndex(G, K, m)—> (I, L")
I R G I EHER 5 URAR JE 15 R,
TEANF IR WAL 5o 55 3 ATX s I m 24T
SEBARR] m*; 5T AT for AN BRI SES W
VREAS DS w, , AR w, BT bR IR AR B A7
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fit 2 1(w,) 5 FERHRG AT HAE BN KE max .,
I HBENLERE g JEAT B IFACAER] T (f, (w) s
595 14 47 for P E RN RURO AR a9 s 51 R I F 4
FABAKSE max .5 BEi CAL

# 5. Buildindex(G,K,m)— (I",L)
WA B Gy HARI m RO B v
Wit nERS LR L
. Initialize dictionaries / and L;
Parse G as (V, E);
FOR m;, em DO

J7();

bl A

mj “«—m,
END FOR
FOR w, e DO

FOR i = 1:jm| DO

IF w, em;, THEN

10: Store (z(i),v;) into I(w,);
11: END IF
12: END FOR
13: END FOR
14: FOR = 1:m| DO
15: Generate the set of the induced permutation
value of nodes adjacent to the node i and store the set into

L*(Vi);

N AR

16: Pad the length of L' (v;) to max.;
17: END FOR
18: Output I, L*.

5.1.3 Encrypt(k,, m*) Se

B 04T & 0 59 Buildindex 75 21 (1715 & 5o s
TRAE A m” o (AR TOUA FH 30 &, AT 0 A 3
SCREA e, VEANHREIR W 6,

$¥: 6. Encrypt(k,, m’)—c
W BT m” MEY &,
fith: WS

1: Initialize a set ¢ ;

2:  FORj=1:m"|DO

3: ¢; < @Enc; (m;);
4. Store ¢ : into c¢;
5: END FOR

6: Output c.

5.1.4 Token(K, w)—>r
SR I IAT A AR ) Bl AT 8 R0k B T
MR SR w, BRI A TS k. ky ERS
M7= (fi, W), g, (W) R[FIGACEE
5.1.5 RunPSU(mp,7) > m; Ump
SEATACE S RSS2 1 PSU B, B4tk
5L RunPSU o AR S5 H] GenOKVS 53, i
AR E D by, Fvi 05 S, AT Query 5
W, ARED R S AR FIBENLE s RIES] RS
i, RS AT R . . SRR, 3545
RIE R, B aRS w8 R RMIGARE, REHAT
Decrypt 5% B ] #5321 5 4 1 -4 45 3 o

HIE 7. RunPSU(mp,7) > m, Um,
N B m, F1S M

ftt: I m, Om,

1: S < GenOKVS(k;, mp).

2: R < Query(z, S).

3: m; < Decrypt(k,, R).

4: Output m;, Ump.

NTHZS A RIS BAVE O B A
A 3) s 04128 W9 28 e K, AR BE AT $idie
mg Kl my , H5F S A wy TSR BT A AR T AU
Nl PRI FH 21T 5% GenKey ., BuildIndex Fll
Encrypt Ji7, 4 0% 8 AL 2 2. ARELE AT
Token 5LV5, 1) HH 4047 & R IL CHE W w, , BdE4H
HHIBIEM 7= (f, (W), g (wy))e % FHKIZAT
ARBL IR 25 #% 10] 1) PSU #0136 1561817 GenOK VS 5
o ARBENT B CFAA T AR RS SR
FATRN 7 B4 2R B 7 (6) B 2(7), AR RCBEML A s,
T by AT O 2 s,, 5, , ABRBEIEXT( 7(6),
sOR( (7)), s,). AREEYH 3H-GCT [1J Encode 51
SHEEXT(2(6), s)F(7(T), s, )HATIEME. i
1T Query k. ARERA M o o BEMLA s B 3H-GCT
PRI B 2 M 55 2 AT A0, AR A ¢ ] LA i 2
KA Ky owy I AT AR R S L, N
(1), 7(4), 7(5), 7(6)), = M55 &AL 3H-GCT
5151 Decode BAEAMKIKNS 7(1). 7(4). = (5) F 7z(6)
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EATARRDSEATE 51000 Spays Suis) M Spgey » I
ey BEAT % % FUAT @ Decy (s,6) =5, BLIE L ()
JETAIRITCR, B oy Coays Cugs) BT RS 4
WA B, W2 IS5 AR 1 SCER A (o Copa
Cosy) o JTIEAT Decrypt 5k AR B9 k, i
SRR B BRI, NS T S s RS2
() () A, BRAR T SR A5 TR
52 ZREMSH

Ny ESL PN R 2 RIN S B RS R i (0 8
B 25 IE A AT A AT 25 Tk [ml 25 3R, (7R o fE
Hh 2GR T B S B A o AR 3.3 TR A H
o PR AR 22 R PAT TR X AR SO M 2 A PR i
1753 HT .

gERA N BT G, SR & 2% (1 S d
KM, Ry T ke E A FR A AR S ) o AR e i
R, B SCNH AN EY . 28— E kit
BRE RO T I 2 5 1 B R S5 Ay Rl SC e
MAKE T2 R i Tl , RS RE, &
TR PR B AR IR N — 2D A ) T AR, A
o A T2 OB i 00, 2 v 5 5 %2 5 B 1 2
P RIIE B B8 A JE M 2R 15 B A i)
WG JE e, BN ¥4 Mg s fER 5, fifn
T4 WK B R, BT T A R TS LR T A R
5577 AT AW 27 19 74 T 1 it B A ]
A VE b XA & 1

E X 4(FTEEEEME Chainability). — g5 R4k
BT ZE I8 TR IR T L BTN A B B A ) I
(L, L, )24, HillkEz sh%l £ F0 L, 52 DL R Rk

(1) 2= £/ % 5 ¥5 Bl 57 % (semi-private indepen-
dence): A1l g pREL £ 145 £(5, (m,v)=L(S, m) .

(2) NSz 1 (order independence): A7 4E i
i Z , AR AR EAR &t 6 S5 —4
W8 {q,...q K AT ZBEHLHE S p #OH
Z(L,(5, 1) L5(3, q,), p)=(L,(3, q,, )5 (5, q,,))o

EEF NS S PO N R

L(G,m, v, L', I")=(RW)|, |L,|, |RD  (2)
L,(G, w, L', I') = (SP(w), AP(w), SP(i), AP(i)) (3)
b, SP(w) #8781 2401 1A A R A5 5 ST A i
FATE,  AP(w) #8571 BB 26 A1 [ (1) 2 3C 100 4 U7 1],
SP() 7~ T R(w) FEE i /N1 AU A IAE 2 BT 19
T, APG) #on T B4 R A5 2 I A 4
REHIANE L, AR Ty Z 250 H G N 1E#

71

BWEE (L, L)) 241

EI 1A ) STE-PSU J7 30 2 CQA2 %%
U
. ECAE RS S, 4 e iR R A L N
L,, SHEHERGIT o WRXTHra 22 10 2 A
TAHETCIEX S Real # Ideal BIANIFA% . A5
FIE( L, L) el X AN B A W S e 4. ok
A NHT, S AR,

Gamey: IZUERXT N T EALSEG Real [HAT - $k
i W i K<—GenKey(1’1) O HE S
K =ik, ky, ks, ky} o SFHIHEAR (G, m, v), 133
kABRENRLIRD LB L e, MTFREF
HUE NP A, 6 A i Pk R ] A R
7 < Token(K, w) . )i TR [Fl—A™ bit i b

Game;: 5 Game, 1, F& T ZESCF 4 HH 50
(G, m, v) Z 5B ER AR S(L(G, m, v, I, L)),
I BT #F R AW, M E R
R(w) RoR N w I 54, v, TR N
w IR B A B, W 7 <-S(G(G, T, w),
v,) o Ja BT A bit A7 b

B B A7 A5 2 T A 8 T A 73 Gamey Fl
Game, it 1 R 22 S5 02 AN 0] 2 1), T84 22 105X
B[] (PR A R T 7 210 CQA2 24tk

W A EREPIES K, JF H BB s %
EMW (G, mv)y, Hv=0,.,v,) . T A Hith
(G, m, v) HEBWEI I, L', ¢). BT A [FIEBL5E
S IR E W IT HLIR PR ¢ o S 20 38 5 RCTF 1)
o R 2 LR A R

WET RN, WRERT A BT EELRE
Real 1, M2 fifilds S Mg LY Game, A [;
FHCT A IBATEFRAHSLL Tdeal FR, AR ARHUEE S 1)
2 5 Game; HIIF o

Game,: 5 Game; 1L, XZET-XF 4R o (AT
., Game, WA T EIN AV H . « MW N

T (L (G, I, L'y w), v,), vy = (Vicrn

DA ol 4 ALK A2 O TR S 19, BTLL Game, 5
Game; 511 .

Game;: 5  Game, fH L, X Jjl &£ T
LG, mv, ', L) 5 L,(G, I, L, w),v,) & H#%
FAL A (G, m, v, w) AR,

MELEA, Wik Games 124 T B S $hATHE
FESLI Ideal 4 g(4) « ‘BAR, Game, M1 Games (1% H 7)



72 Journal of Cyber Security 15 %4244, 2026 45 H, B 11 4%, 631

AR R, AT X3

W CL BT, AT RAEPAT IR PR T &
TR >4 A R OB AR T A A, R S
RS I R UG 0], AR R AR R R
PR Eey f 2 A Ay, B oA fE Bt EE o A
J7 e 3 (3), RIER G A N G B A Bt a2 L
LA o GIAk, RS ST A 0 H5 0 1R s AL
a2 A (R 51 G5 R LA S A i i R o i) 2 DR £
P BT A B w it AT A, o] LIRS
w IR SR | R(w) [, R(w) H 19 AR &0 s 9 K
/NIL, | VAR B 23R 125 AR EE (1) 45 5 R IRV,
W AT(2)e PIEASCHR H 5 S8R H i N 128 £
AWt AL L 2.

XTI BT 22 TN [A] R &0 A G5 X 43 Real
1 1deal B5ANSE56 . WA (4T -

| Pr[Real 4 (4) =1] - Pr{Ideal 4 (1) =1][<negl(1) (4)

b ik, AKSCH STE-PSU 772 St T 13

EHEWRBGE (L, L) %24,

6 [EREITAL

NN AT AT B A M SIS A . B
WA STE-PSU 5 R E I AT /b, 5K
54— 4 Intel(R)Core(TM)i9-13900HX 2.20 GHz £/l
16 GB RAM [f] Windows RZHLA% Lig4r, K
Python if5 & SEHL. 225 | TR K DA BE AL R £ FH SHA-256
WAFSSEIL, 3H-GCT Sk e 1d i LowMCH”
TIN5 J5 %o S HCHR 4R 307 HELRR I 2% 4
TOREEAA R SS Deezer M ESEALAT M ZE 4R . AL
i H Deezer " v &1V (Croatia) )5 4E, FRA1A4 K
HAREN T T4, VRGBSR 2 Fios.
6.1 IBiLHH

BATREA ST B 5 AL HARE YR PSU
BT BRI A LE &5 Rk 3 s, W LEifdEbn
FEIAE S ARSE S I AR B RN )7 %€« Horr i 1 A
TR 2 SRR G 1 2SH, Tell1% &
PR AR DL, n KRN G IR/

SCHR[4015 SCRR[31TARIE L AHE RS2 4% (1)
KBS, k(4015 T 2 AHE J&EH T —
ORI A RN R S22 B2, SCER[311UME A AHE XA
BERL IR AT N, BAREILERUK, (1 AHE 155K
53507 AR IR 8505 (7 SCHR [32] 1 512 50 3% B L A0 L

@ https://snap.stanford.edu.

SCHR[311FE M T 7607x 4%, EEEE A SCHk[31]KRL
AHE %), SCHER[32)%E T2 WS T RPMT PR3,
T PR ERAT n X, AT AR — 0 PRI
TUPEREAE A, RSS2SR B R . 3L
R[4 1R SCHR[33]10) 32 22 5154 J2 oblivious switching
network (OSN) i3, (EABATT PRS0 H SR A 52 2y
AR R B LR o SCHR[6)FNAS SC 1) STE-PSU Hpis T
JEIET R 3H-GCT Zify, HIHRALMME5E
HUSF TR S 2R, AHARTT S IMILAAE T, FATide PSU
PSR s T AE G R B A e

x2 HE&
Table 2 Datasets
e R pul PS Al
Croatia 54573 498202 84
C, 10000 20143 79
C, 20000 71993 82
Cs 30000 152371 83
Cy 40000 267885 84
Cs 50000 419231 84
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