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Abstract

Secure multi-party computation is a hotspot in the field of cryptography, and the problem of pri-
vate set intersection is a significant research direction. Since many practical problems can be ab-
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stracted as set relation computation in mathematics, the computation of private set intersection
has important practical significance. There are many works to study secure integer set computa-
tion, but there are little researches in the complex field. This paper focuses on the computation of
private set intersection in the complex number. Because of the difference between complex num-
bers and integers, we need to find a method to compute complex numbers. For this reason, we use
the polynomial theory to construct the related polynomial according to the set elements, and in-
troduce resultant in algebraic calculations to transform the two-party private set intersection car-
dinality problem into a problem of calculating the lowest order of the parameter argument, finally,
use random hashing and the properties of Sylvester resultant to calculate it quickly, further re-
ducing the computational overhead.
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1. 5|15

%42 77115 (Secure Multi-Party Computation, SMC) i 1) 4& 7E ANtk 28 25 77 FA A B dE i $2 T, 1IERASE
BT ST AR H R e . A2 T7 V5 R R e gk A 7E 1982 ARSI I[1]. J53K, Goldreich Xt
ZIA AT TRFFE[2] [3], UEBH— M 2 A 2 T I SR AT AR, Rt T R R (FRER, it
i X 2o BA — Mtk B EAR 2 1500 T BT 28GR A R ok S AR SE bR, 1 2 AR 3 B 5 ) (1 A [
WA R IR TT 5

B AL PR3 5 A 2 B (Private Set Intersection, PSI)TH& & %2422 J5 tH AR — AN EEH ST W . B
M BIEEGNZ TS5 EFERETFHXEESZHIRR, WEGZE. ZEH[4]-[10]
FFFEE . FFHEA[L1] [12] [13]1%5 5 .

BEAG 2 B R, NATTRAS N B8 22 4 ot bk B A, B FA DR S & A8 SR TH Rt Bl 2 52 31 B 22 1) GV
BN AESE Z B b, e FERDEN AR, APP MELEN H P FHLERS R MR AGEE T
fR X e N R 22 2 /0 N R G I A APP, 1% F5 ZETHEUE RSB R N5 APP Al 25 28 it 2 L A5
RIS TR A, APP ANAT LUK A P FALE RSk B R NS BT Bk, MR EETsk
— PR AE AR P B R NG BT, R LR T

T BERARY A T BT A BRI 2 ()90, — S R T H ORI R, X R
FAT A N R LK

BT AFIMEAR RN PSI. 2002 4, Clifton 25 A 7E SCRR[14] A 5 AT A8 e i 2 592
Pohlig-Hellman [151%5 P37 48 & To R BTN E PRI, 4 0] LA 4 & Jo R ULIC 7] 75 . 2004 4, Freedman
S5 NAESCHR[6] [16]F) FHEE 20K A & e A R M tH 2 T, R G R M R R T & e &R
e N2 WA AR R, 7EUL R B, A Paillier [17]5% EI Gamal [18] 72 0 8 2 Wi 2 50
#, MWISRIREE IS EALHERZ B, 2005 4, Kissner 25 A7ESCHR[19]H MR 4 & 70 A4 2 10
o FHTTRRSME T ERBESLE. IFEANESB TS, HHTHERANRARZ, SE0HEE
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5. 2012 4F, Xia 2 \AESCHR[20] A 3L T LWE N B0kl R SES X R, FFIT%51%,
FH 75 e 2 B SR T AR GRS R M. 2020 4F, SERYESE NAESCHR[21], EBh =AM AR A Xt
B, CHAEHIR ER TR 5EG KRNSO BEGEE N E AR A, JEE—P 45 Paillier [1710
BT TEEBHEIRE T H . 2020 4, A ANTESCHR[22] 2 TR RN, $d 7 —
P )G A A 1 JCUUHAC ZE B R 5 R SR & AS AT M

B ORI T BRI PSI. 2012 4, Huang &6 ATESCHR[23] R4 H T =Rl Tk IRV AL FRL PSI 1Y
ARSI, 43 0)iE T AN A A USEAT 3 & g SU8OR/MITHEL . 2014 4F Pinkas %5 A% Huang %5 A2 Hi 1
5 S FHBEAL OT BIMSUFIRG A 3T AR AL [8] [24]

BERERE T AL BAEROT) LA PSI. 2013 4£ Dong %5 A FE SCHR[9]H 3 FH A7 e oL 18 2% (Bloom
Filter, BF). ¥ &1 OT BRI AT DU B AL & Je 3 IA B S K /N PSI M. 2020 4, Lv 55 ATESC
BR[25] P AR R SE B A SR 3B W B, AT AZ 40 0 2 S0 WA SO, FIHT Bloom 13 88 4E 0 ) 2 5 3 Al 1%
B, FIEWIE R IE T B R0 KR, PR A, I SRR A AR .

i ERT LB, ARZ A E R PSI A, R IR S RS AHE, (H2 K23
R E G TOR N — 4R HATC T 24850 PSI @A Fu i/, i HE AR, R T2 4
IR R E RS0 2. Bl PREGA Sk JUA AR L SR I &, A R e A&
ik LA S B NN TT A SEAZ ARG, BEB,  ORES A B 75 B & P (5 2 DA RIE (1)) LR 5 B2 B 4
AT AR M BE SR A s XD, P EABEANIE, B COE) T A\ R LI B AN R R A
B s e, TR B SE I R a H A E R B S RS )T A RS S s R RS A
PR S BT R Y B S R ok FIn, [F—Fii b, Alice 1 Bob & H A mifE,
AbATTAR BN X7 A TS A7 LEAH R R

R 2 e (R EAG T2 S5, SO SCHR - — PR 8 4E5dE (0 PSI B, ek — 483
PAEH, R X LT B 2.2 At A s 2 0, 4 A0 2 08 1 2 0 AR 1),
TR AT DR AR 52 AR 3, 1 i) A N 08 I 7 45 T, DAMCR SR ffZ i)

2. BRI
2.1, |[C)RRHAR
ELRRERNE FRATE

Alice IHES S, ={ay, 05, 0, } » Bob HHES S, ={B,,B,,-+. B} - Alice Fl Bob XU J5 7 2 A] LAY}
TS S, 5 S, BIEGCAEMS, MS,NS,|, HERAEETH KA PR — 7 A AT LTS 2
AGE RA SRS T R A R G T RE R

2.2. WA

“[/}il_

f(X)=a,x"+ax" " +---+a,_X+a,
sl K B n kI, a0, WAERHIREA n MR, O EH I RS T 31
HH):
o,y
Fil s, SRACIKLEAR ) p REERAN:
S, =Zn:a.p, p=012-,n
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R
BMk<05ik>nit, a =0, WAEHAR[26]H4:
A S + 8,5, +-+8,5, =—ka,, k=12,

L ESCE L AREA R A kR 2 RS R K AR .

2.3. &R

2.3.1. F/REEHTER
e PN 2T

id

Mo &/ men B rse, oA E TR £ (x) 5 g(x) % T x 78 A 4 1 4 2R 00 5 [26]

f(X)=aXx"+a X" +-+a

m

g(X)=beX" +b X"+ +b,

Sylvester (f,g,x) . ERIfTHIid N res(f,g,x), Bl

EH L res(f,g,x)=a3[],9(x) -
SEH2: Wfay =0, W f(x)5 g(x)AAMRMA S BERMIEres(f,9,x)=0

res(f,g,x) W b5E o

al,az,...,a

res( f,g,x) = det(Sylvester (f,g,x)) = det(M,)
MANZ T (x) 5 g(x) KT x Bl Hrdr,  det(Mg) ZoR it 5 M, 111751 X

2.32. F/RYEHTFFES IR
20 f(x) 5 g(x) -
BEH T (x) 1 m AR5

A

I3 ARSI, Halres(f,0+AX) AT (X) Hg() ALK, BEXT AN %

B B, ()0 m AR kAR g(x) =0 IR B A

RECHN Ko

2.4. REFEREFRAW

Ares(f,g+2,%x) KT A MK

Du fESCHR[27] 42 H T — Pz AR REFAR M o X PMAE X7 R B DA T AR oR i, $ 4t T

g Ay Fe (R 5 R A BT 58 OB RETH SR ORIES 200 22 4, nDR I

Alice AR A HHE mx p K/ANKIHFE A, Bob #IAFAAEHE pxn K/ANKIHFE B, 472 RN
WU, Alice AT#32IV, , Bob AT 2 EIV, , i /£ V, +V, = A-B , 3 H 5 BRAIELE T 5 10 2 A 22 Alice.
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Bob W7 R A5 B R i B 45 % 7
JE ML 1417
e Alice A A EIE mx p K/NWEFE A, Bob A A EIE pxn K/NHHRE B,
fth: Alice 3843V, , Bob 3k#3V, , #H/EV,+V, =A-B.
1) Alice. Bob A AR —ANBEHL TS px p K/NREERE M.
2) fEFEETT I b, s MO IE 3 E R THERE M 5 THERE M g o
Alice THHL A =AMy » A =AMy,
IRIEH A Ri%%: Bob.
3) TEAKFIHr I L, K RERE Mt AP 43 B TR RE My 55 T FHERE Mgon -
Bob it5 B =My, B, B, =My, By Vg=A-B.
SRIE ¥V, B, Ki%4y Alice.
Alice 1t5iV, =A,-B,, HHA-B=V,+V,, HIA5E] A-BHISR, &5 Alice ¥ 455 K445 Bob.

25. ZEZHITHNREMENX

251 ¥iPks5H

WL S HERNE, RES S5PUT A2 5 THE IR b2 RS EAT M, A B R
A SR, EEATRESEE SR RS E SR, IS A AN RE R

bR b, A2 TR CE T 5 WSt 2 5 AL SRR M F A, {H Goldreich 7£[3]
ORI LR AR AN R RN E T T — PP iR 2% . %4128 0T LUKHE s S 5 35 41 N RS T H LR
f P 7 BV TE SRR S 5 H &M TR RE f Il 2 o 2 KRS 5% LR use gy
ZH5PIRPAT, TSR, HORZHE, RFRER RS 5 E B T 2 AP .
RIS 5 R .

25.2. FFTHRBTHREMEX

W f(xy) RMEZTERE, 72 P Bk Alice 14 x, Bob #7 y, Al 75 2E7E
AR 755 Xy R T AR SR £ (xy)=(f(xy), f,(xy)) . HHEHRZ) T ik Alice fil Bob
SRR f A £ (X y) 5 f,(xy) o Alice ZEAT THEC A AR BT e B L AR view, (x,y) » %
i/ output, (x,y) : Bob 732 IHLIEIC Jy view, (X, y) » % tiid 4y output, (X, y) « Goldreich ZE[3] 45 T
PSS 5EB N 2 T E T EA T X PR e S R

€ LN TR Z IR E f, A0 SRAFAEE R 2 T U [ U 5005 S, 15 S, 7S

c

(S1(x £ (xy)), fo (x,y)) = (view, (x,y), output, (x, y))

(fl(x, ¥):S; (% 5 (x, y)));
ERRFR R, b, — FR AR 4
e U T B S 5L E S B RS T TS AR 0 . R TT LR AR T
TR R AL T R (5

(output, (X, y),view, (x, y))

3. el
3.1. [EIRREE

AR A FBE LW
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Receiver IG5 E S, ={a,a,, ., }» Sender HHELE S, ={B. B, B,}» FHl, EETRIANE
. TWEAEAMEES, 5S, WA T, HHEH|S,NS,| Mgk,
AT PAEAT 40 R e Ak
Receiver IEHEE S, ={a.,, - e, | » WEEW LGB 2.2 W4 A XTHE N —A m RE TR
f(X)=(Xx-a)(X—a,)(X—a,)=aXx" +ax" " +---+a,
ZE TR NA o 0y, 0« IR, g =1
¥, Sender A% E S, ={b.b,,---,b,} WA LUdEI 2.2 WA R F A —A n IkZ T
g(X)=(x=8)(x=L,)-(x=B,) =bX" +b X" +---+b,
bk ok sk 2 UK R AT LLEIE N S, 5 S, AR G AC S R T AREAG A 2 T f (x) 5 g (X)
FAAEJUAS A SR i) L, TP AN 22 5T AR e AT A Bl 76 R G 0l 45 SR A T SR
e, M 222 TEH 3, @ f(x) 5 g(x) KRR, ik RGNS K res(f,0+4,x) .
Fob, WRAEEH 1A LSRR f 5 g+ KT IRYE R A N B4

res(f,0+2,x)= [ T(0(c)+ 2) =a [T (boa? +ba +-+b, +)
i=1 i=1

H=%, MTa =1, SAHEHAZERHFHBEHE S [T (9(a)+2) E—5, W)+,

i=Leem. HF
H<g(ai)+l)=l—[<b0ain +blain71+...+bn+l)
i=1 i-1
% i AR R
1 o o8 & - o
A:l a, o o - a)
1 a o o - a
(b, +4
bn—l
B= bn—Z
L by |

22 A e e AR o ST S AB:

by +bolt +-+b, + 2]
bay +boy ™t +-+b, + 4

AB=|byaf +bal ™t +--+b + 1

| by +bom ™+ +b, + 4

Tk AB Rt A 2T, AR T [1(9(a)+2), BIREART A MBI k £2 .
BERF Tk, B9[S, NS, | -
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3.2. BFthiY

NI R R b N car i T SSE v S T ISR NN

Pl 2. RATHEAE G TR TN

fi\: Receiver [REHINES S, ={a. @, ., }» Sender REMNES S, ={B., By, B} » FHHEE
BILEYINEH.

fi: Receiver fll Sender #RH1iE|S, NS, | -

1) Receiver #4id& 5 FE A W1 R

2 3 n

1l o of o -+ «f

2 3 n

Ao 1l a o a - o
2

1 a, a o a,

FERERENLAE A AR RE R, THEEH RA.
2) Sender 3@ id 2.2 W AA XIE L I g (X)+ A4 W

g(x)+A=(x=B)(X=B;)-(x=P)+ 2
=bx"+bx, ,+--+b, +4
MG g (x)+ A B REb (i=1,---,n) Wik & B UIF:
(b, + 1]

3) MM 2.3 W e RERE RIS RAB 45

Receiver #5%] RAB J5 &3¢ R™, RIAI13E] AB. 4 AB 45 R AR, HHE KT A MRk
k HIAH -

4) Receiver ¥ 45 545 1F Sender.

St FEUMY 2 W, Receiver M4 S, i HHRE A, Sender HR4% S, M Z I g (x), R4 g(x) M
FREHMRIE R R B, Y T ARIERERE A 5 B AR B AR, M3 tHBEHLAR S AR R TS A,
FAL A 22 R A I SOR 3 — iR m 2 . S 8h, R BUTAR T, Receiver 75 223K HX Sender 454 S,
(%, B on fME, EMERZAE BIF A RE IR &SRB R 22k, DY Receiver Joikilid iz(5 B
THEH S, PR TE . X — 5, Du 7E[28] T IEWIE: MFEB 2T, WRAE R EE R
SEPERATIR T, MR fE EIF AR A Rk, WAy R AT 1252 2 4.

4. REMSHR

SEHL A1 PN 2 (RS T ARG SRS

EAH: I A T S L R REEE S, 5 S, UFBAAEFE. S M LA R AR

B WEWAN(S,[S.NS,]) S FENLEI —AEA n ALRINES S, = (B8, B} 1413
f,(S..Sy) = ,(S..Sy)» IS, Sy oRMftl. HHPML, SEMRYE S, #ik tHHERE A

Hb: fE S, MG E B .
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B M ATERERAYML, MRAE RAMIEH RA « RA,, MRHEB MG B« By, flifHZEA,
AR R 45 R RAB' .
FEAP L -
view, (S,.S, ) ={S.,RA RA,RA,, B, RAB}
$,(S f1(S4.S,)) = {S.. RA.RA ,RA, B, RAB'}
m?%%ﬂﬁn4%Mﬁ%%%%,ﬁszfMBEB'Fmaﬁﬁﬁiﬁﬁﬂzﬁ%,ﬁuﬁ

view, (S, S) ST ACIEN))
MH AR
f,(S4.:S) =[S, NSy
f,(S..Sy) =S, NSy

( S)=1.(5..5;)
[
[: N1, =[S NSy
A
output, (S,,S,) = 1, ( )=[S.NS,|
it A

c

{8.(Se: £1(S4:8y)). £2(S20 S0}
Iafir ﬂumiﬁﬂj SZ ’ iﬁj/@:

f,(525,),5 (Sus (84, S,)) = output, (S, S, ), view, (S,.S, ) .

{view, (S,,S, ),output, (S, S, )}

5. W55
5.1. METHh

AT AN 2 5 SCHR[14] [21] [29]H A S E AL EI 2 HTxT L.

TR 8 TET B BB PR G I A m 5 n, BRI R I AM,
TIEHIFHEAM, , S BUEEIFHE M, , LR IGEHIFHE M, .

1E EIRZAETR, SCBR[14]%E T AT A2 4 in %% Pohlig-Hellman 595347 1 2m+ 2n BRI 5, SCHR[29)
BT AHME, RAT T m REEEHE, BT n RSB MY [30]; SCER[21]2E T Paillier In# 7 £,
HFEBL+2n+ 2 RBCFHEH(L ART m 08 ASCHMY 2 FIFEA AT AME, Widkr 7 m KR
B, AHE R T EERE M, B 2.3 11 2 AR RN

BEERE: EZEZTTERBY, ¥HZ5FHEDIGEIT 8 E RRRECRREEES

HOBAEIFAS b, SCRR[141EAT T 4 WGBTS, SCHR[29]BEAT T 5n VGBS, SCHR[21)3HT T 3 VGdfs, &
SO 2 AT 7 3 YOS . BETE b, ASCHCEE —E M.

XS B0 &AL B A He it n 2 1.

DOI: 10.12677/cs5a.2021.116170 1656 MR 5 R


https://doi.org/10.12677/csa.2021.116170

JEHA S5

FEZC 1Lop, BEANPRCRTH RO AR B . IS5 S I SOT 8 AT o X EERT A Y, SCHR[14]
A BCRIFREER, 43312 (2m+2n)M R (BL+2n+2)M |, T SCHR[29] 5 A SCHIMY 2 IR A
mM, o[BS, SCRR[14] [21]15F 3 A MO B, SCHR[291E A n DR SRS, il 2 U 77—
R A FERE TR ML . 5 SCHR[291A EL, i T 22 A A SR AR B S R S P AN R T SR DU AN R AR 3R, IR [
FEIFA R (X — ST 5.2 Y9I A oR), X 2 tHEE B 5OCHR[14] [204HE, REARAT
B MR, HRMA T KERFEHE, SEOHERERR.

Table 1. Comparison

F 1O
B -S| SN T SRR AR
[14] (2m+2n)M, 4 w
[29] mM, +nM, 5n %
[21] (3L+2n+2)M, 3 B
il 2 mM, + M, 3 2

2 b, SCHER[14148 H 2 Pohlig-Hellman fin% 75 52[15], 177 5845 T B HIONT 4 [ JE; SCiR[29]
5 FH A2 SRS, IZ R T VE SR A . SCBR[21 148 FH A2 Paillier RSN T 5, %07 R T KK
DRI it VR ¥ 1 A, WS 2 36 P ) e A R TR AR L, XU TR it R v, A5 B 1 v (] B i
75 FRAH T 22 o 77 R 5 N 2 R % T R IR T 55 A, % LR ARAIE X5 B A 15 B
eyt

NG F, SCHR[14] [29]H MAE G TR R, FEACRE 48 . RS SCIR21]3R T — ol
TR B R GRS AR — BRI AT UL, R T AR AR R, T i A A
THEIFAY

Fhh, ARSCHMEEET Bloom I JERS 177 E 251 R, A ST TR HERI Y, 1T Bloom it
IER MG H G/ MER BN &5, AR EREG IR AN, M SCHEk[29]Z K
EETE—ANE AL, A SCHMCRAT B )2 1 3 Y

5.2. SKSHHK

5.2.1. 5£I§

ARG X MY 2 BEAT SRR o

SIS PRGN T - R4 R 559 Windows10 b, k38 28 4 Intel(R) Core(TM) i7-9700 CPU @ 3.00 GHz,
RAM 4 40.0 GB, 64 f#fE &%, fiH] Python XM 2 #E4T 4R S .

BT S B HE R 55, ARG A numpy e AR 5G eR ESOR X AR RE EAT A0 3 . {H R T numpy HRERE AL
PR RNA IR, 9 7B A, FR RIS BN, B LSRR ROE TS — TR S
€ 8, TEMIER F, 24 Receiver — 7B HMIR/N . LUTF LB N E T 10 RSk Fr 41
RN s . Has Rl 1.

I 1RSI R TT LUK, %07 T S (R BE S Receiver SEA R M, XKL T
LRI
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v 0 . == W
10K 50K 100K 500K 1M 2M 3M 4M 5M 6M 7M 8M 9M 10M

Cardinality of Receiver

m Computation of Receiver m Computation of Sender

Figure 1. The computation time of protocol 2
1. 19 2 BT R E)

5.2.2. fitk

AT R FH BEATLIE A5 10 77 SO B 2 SEGREAT AL, BRI EFA o BART7 g2 HET SR80 AT,
Receiver. Sender Y77 ffi FING A5 B4 h kX & A IE G TCRITIRA, KA TR LIS A+,
WA AR N Bo S BI0 EL S BT TG R S5, U7 Bk NG A A P 0 0 R BT Y 2 BEATASSE T3
T WA A R AS SEROR AN, BRI 45 3 IE R 45 51

T WA R A AT e, BRI G R N EURA RN, R T AR, TEA
WA AR INA AN TR O, RN IR R A AR

TEXT M 2 EATHRAL S, HORKs Sender —J7 ARG 34y 8, FHEUR MG A il I AN B AT 250 . 45
Rk 2.

7000
6000
5000
4000
3000
2000
1000

Computation time(ms)

0 ® g @

10K 50K 100K 500K M 2M 3M 4M 5M 6M ™ 8M 9M 10M

Cardinality of Receiver

—e—B=1 —e—-B=2 —e—B=4 B=6 —e—B=8 —e—B=10

Figure 2. The comparison of different B
2. FEIMGHBEE TR

B =114 5 H AT ZeAH LL oT LUt TR I A5 A SE RE 6 AT R A E 5 IR (I T4, e 2 e
BEAR A2 309% 72 45 AR T

I, fERE A B =4 . Alice 824 7LER #0100 T4 T, t% Sender 25 TCRANIRN,
HahE R 3,
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600
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10
0
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Cardinality of Sender

o o

Computation of time(ms)
o

Figure 3. The comparison of different cardinality of Sender
& 3. [ Sender #HELES

MIE 3 T LLE H,  Sender B4 703 R/ NG IEINIST, BT 75 (T BN (8] 3G A N, X3
B} Sender 46 34 (1) S5 ST B is i H B B T (1) i L/

MELESEEGRTCAE Y, A SO T ST TR B 2 X0 A /N i 3 hn, T, KR
FERAG . ok, M HBENLIG A5 AT DUA R THSE4, 7 Sender #2435y 8. Receiver 2G5 N—T 75+
WA AN 8 B, XU TN 4 #2457, Befa, Sender Uiy (11T 50 (] 28 /N T+ Receiver Ui (1711
S TE], 10 Sender RFRE A FHEHER WA, Receiver [CRETA I REHE E RS 5%, XEK
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(cstc2019jcyj-msxmX0638); [H R AR EF - 4 (11771421); HHEBIARE “PE2 08”5 BER TR G
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