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VRSB, DAL TTTVEAR 2 B35 SOk T4 4E 9 B
FRBL SFICNOTIT, W&k b e B - 25 SORL T4,
WL SR BUE, SINGEBIRIT0), [N 7E4H D)
L T{0) R 55 K24 05| ) 10 55 AR T E R 74 5
TFU, HET 0 BT AT, U8 A e, 55—
YT B R HEAT A R AR, {5258 L Daved§
18 4 K A G 5[ L) ) 55— AR b R L P
(a AXELF B HI, FATIE, W ELs R
OAy,. FER LRI, B A SR 2 9] )i
B— AR TR 208 TT I IE 2 J5 135 SR T
8 p G i et

VA 55 A TR, J5, A4 3 SORL T4 p O
Tl p Gt nanie L AL IS £ 05 85 S5, 356 B AR ) 25
N, I e R 4 T

Ui Alice, (i = 1,2, -
{52 > Dave.

3.5 MR

TERREEI B, S AT 55 5t A2 S B B0 0 52 Ik
R TR P i o RO . AR AT T T A
(e

(1) S50 3 s A O Davels ZAR 3t 235 4
HreR e, BTG, AR % Hle, = (a,,b, )it 5
freds e, Wik hd, = (a,.b,). Frha,.b/e {0,1}7,
TR I RIB AP 2 P i Alice, (0 = 1,2, -+ ,N). H
TRVEHARIEAT T3 #, TR T AR S, I
TEBEASERIN, P52 O R R S H =
NN FmEEHMHEE, g R,
i Alice, (i = 1,2, ---, N )#B 2 2 i 2 PR 0 fif 2% % 8,
I 0 e, S, S T O

(i) % Gate[g] = X HGate[g] = Z, e, = (a,b,)

—d, = (a;0,)=(a;b;);

(i) Wik Gate[g] = H, e = (a,b;,)— d; = (a/, b))

- (bi’ ai);
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(iii) WA Gate[g] =S, ¢, = (a,.b;) > d;= (a/, b))
=(a,a;®b,);

(iv) #nRGate[g] = CNOT, e = (a,b,c,d;)— dy.
= ( i',bi',ci',dl.') = (a,-, bl-@di,ai@ci,di);

(v) tnfGate[g] =T, €, = (@,b;)— dy = (a,.b;)
= (ai@n,ai@bi@airi@yi).

TERFRRIEOL T, BIEESERTT IV G, {5240
OB IR S5 38 KR I B 45 W, TN 1 QT RE
A ISRy MU % e, = (a,b,), HRAE2.375H
(71D 5E A R B, T DUIR A 5 S R
#Hd, =(a,Dr.a, Db, Dar,dy,).

(2) fp#:. @d ERMBEE, &)/
Alice, (i = 1,2, -+, N )2 2 tH IRk 55 2% Bob M Charlie
KoKMW RZWNZEMWE R 7%
p §Mtbov y OFévarie 11 1] i 25 5 4, LA J% ol T 45 %5 4 op
UDave R WIFEH EHd, = (a,.b,). ELLFEN, %/
Ui Alice, (i = 1,2, -+, N YA DUAR 488 W0 & ¢ 2k 40 e 7171 1)
R SRR IE, 7ER A AR K 94 KA IE A,
B R, R RN 2R, &)
Ui Alice, (i =1,2,---,N)F 1 Q O T P Al fiff % %
Bld, = (a;'b, 0 B SO T 5 p bor il p e AT
fip g, gt vy LAAS B RS PR 2 5 1 B SR 4E.

4 Sh

AHT X EZ M T TR DT R IERYE . A RS TEA
it o, IRV RO o), SRS
RWZIT REM TR TR, Zathaens iR
G BAE A SR

4.1 IEfRMESHR

EFRL AR ATSE AR B i A0 AR 55 B A R
SO EL BN, NS W S BRI s
HOPAAT, P i v LA B TE A 1 45

TEBR TEFTH T &b, TR P i N o, N
#le, = (a,b), BETLREENC,, FIZTFRLZH 2

VerDec(Eval quk(Enc(Split(a))))) = (), (12)

o, VerDec(Eva1quk(Enc(spnt(w))))ié/%Hﬂiiwz&
PATERE &) BHER . M. R E
JE 5 R, @Cq(wﬁ%/ﬁg?ré%%qﬁ%fﬁﬁﬁﬁ%Yiﬂl
P LRI R, R EEHP L B i AR SS AR TR
M E BN, ME. T, R B AR U
SEHWERAT, TN 3 1 25 SR S% R A A 1.

Akt 556, &P uidb ATl & A ' TSR
AR, FR, 2 S TS S A L R T BO2 fi P
GAETE ]y RR A 2 AW R G, & il
FHQOTPX 73 %1 J5 (P Fb 3 A 4 AT 0%, [RJI vl {5 %
AL 5 RS AL E AR R KA 4, Bk, PP
B, RS EIRIEE FLRB P EFIININFEE LA
ATV RS R P, PR, R ET
I TNClifford (], PEA 5F 2347 28 e KRR,
WA= AT R, IR 2 % e A4S
PR, WS FTTNT], BinT ORI 3R 5K A i 7S K
THERE R, IXFE ] DL A ORUE RIS PPN (R IE A 12, B
B n] DR IER PN 2 S5 0% 3 B E, &7 Uit
A5 FH AT 15 25 60 B BT HE I R SRR B RS TR )
B, R, Wi SRR E A L . B i AR 45 A e
WEEHBPAT BT 75 R, AL IE F IR E BT, X
L EGETHE R JE 4 Rt &% T HEAE I S Bt
Fgs 3R, EUEm 77 EWIERTE

42 ZRESH

FEHR2 P Tr R RN, w LSBT &
TLREE IR T AN, RE FH I8 A T4

HEHE AP kN, AT R R T 2RI 0 B Clifford
[T T4 %, ENG={X,Z,H,S,T,CNOT}. K%k
v, BREETEPHMAHKNE FLEBAN
C,=QRhRQE -®Q, FMTr&E T
|0) = o) ®|w,) ®|ws;) @ - &|w,) % J& 1% LA,
HIESE — N E A o) R HQ, EH AR To,)
ERITET, RN B R B ST [R5
A Ne =(ab), HFabec{01}”, ME%
Hd, = (a',b), Ha,b € {0,1}>. EBEANTFEF, L
TR AL
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Cx2'lw)
= @QRLRE - Q,)
(X Z"w) @ X 2Z"|w,)
®X“3Z”3]a)3> R - QX 4zl
~ QX 2" 0 ) @ TX 22" w,)
®Q3X“32b3|w3> ® - QQ,X Wz
=X4Z"Q|w) @X 2Z0T)w,)
QX GZ0Qu|w5) ® -+ R X 4ZhQ,|w,)
=X dZVC |w). (13)

EfREpr B, R B H HMQOTP R H T A
(I3, &R 4 DA SIS 4R, X5 Bk
BT TSR AN RME, £ B
CiN S i 2 o il s S T G T
PURMER AR 728, 8 B4, fihClifford
IRITTY, DAEUERA 1205 58 et SR T S i 1 2o
(&R, A SR

a)n>)

a)n>

4.3 REMDH

B3 iRy R REEIRZATEN, fei{fir X
T B SCBOHE AN EAH AT AT 45 BAS 2 ittt 55

WERR R 7T &R, nss s #248 F i — 1k
—BHFARPN QOTP FAKI T Wy B WL, A Ki T
SRR R, R R T
o) =|o) ®w,) R|w) @ Ro,), FXEET LI
) = |o,)) ®|o,) Rlo,) ® - ®|w,), QOTPHIM%
WP RXZY, s Ha b e {0, 13" RBEHLA K,
HH R — k. LR R AT
|o) (@]
= |a)1)<a)1| ®|a)2'>(a)2'| ®|w3,><w3,|

® - Rlw, Vo,
= X 2w Yo |(X 2" QX 22"|w,)

o (X 22 @ X 2w (| vz

® ®X“nzbn

_ 1
_22n

o) {(0,|(X “z"'

Y xZo)e|xzh’
abefo”

L. (14)

[\

1 2(14) AT, 2% gkt B SCEE 2| ) EATQO TP
mE G, HR0%CETH o) R T RAeRESN,
D] I il 25 2% R0 4050 55 Ui 5 oV 3RO T SCE T
A|w)MEHe, = (a, b)FHEMEE.

Bk, fERLE M B, B CEE—H A T2
P, WA AT A R, PR AN 2 52 BT
. TEBHA Y B, B oy R I I AR AR AT DL R R D
R A W R ARTE DI 3, [RIBS AT SR A R 0L G M
HOVH T b B A R . A RBE B M 2 e, JFH
BO2 WM BIAIE B T LA AR 93 07 Mo ai . RIS B, %
F i 8 QO TPEL AN B Lk AT I, 13 24T 58
BIREBNEL, WHPBAZUETEHEE. 1
TN EL, MRS #RER B R & b T e 2R AW
A, BT RS A G WA R T S IS
B, BT REIERR S . TR B, et
AT{E 2 O 2 B I YUIE 0 28 3015 T8 R 5 3 B Rk
S8R TR AR TR T RIS AR, #ie 2 E|
QOTP Y.

5 mESH

FEATT A R B T RN 77 &, AR
BTV E ESEU M E 70 &8 T RS0 07 H
S

PRSP AN E TR TN E T
¥ q[01, q[11,4[21, 9[31, q[4], g[ 101 g[16], I i P4
MNET R NSRS, BRI AR IETT]
PR EAS I P A Bh BT 0L, IERIRAS #E4)0). VR 5
T-X0] DUSARAS|0) L Ak R A1), DRItG wf LA FH Y R
HPXCREE AR A SCE. 5 7L % BYIH
PN |w) =[1010), FIZSVEAFTAEH K& T4 5%
N C,=(ZS/ZP),® CNOT,QXH),® T,, 1F/H T
BT R o) = (1) ®[0) ®|1) @|0)In# & # e, H
o OCNOT, R /R — & T v #hlfr, BT
(AN IS I AR i %l I v )
N e =1(0,0),(0,1), (1,1),(1,0)}, 4% 5 5 Hr #i
WP, wAr B S R R, = {0,1),(0,1),(1, 1),
ADr 1D rdy)), BAEEHERMEL2HR.
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Table 2 The key update process for the simulation experiment

BTk & S,/P, Z, CNOT,, H, X, T, d,
q[0] (0,0) (0,0) (0,0) 0,1 - - - 0,1
q(1] 0,1 - - 0,1 - - - 0,1
q2] 10 - - - 10 11 - 10
q[3] (1,0) - - - - - (1Sr1Brdy) (1Dr1@rdy)
I e e e | B
o Lo é :
a1 |1 ! L ! |
o ——] o I ? |
st o ————4—7~4— I |
oo ——4——~4— | ; l |
ql16] | 10> { I : : I : :

B2 (MR ) T2k

Figure 2 (Color online) The diagram of the quantum circuit.

PPN R PR P A TR, R AR
KUY ) I 5l Nl Bh & F A, BSEE-F & Thag
AR, AreSThbl&IER Ky gEA, HELLEE
HITMCNOTI]H % & K4 &, KK
|@,) = x]00) +y|11) (k> + p* = D FFERIE I, BIEK

250 5(0,,) = (100) + 1), AR B A R K 21 2

B|D ). WFCREIEOTHELI TR, R,
A G0 05 B2 56 ( RO IE . BN BT S 0 s
T R LB B PR, KA SR TS RE,
I AT TITRIE. e A&t 4y 5 A K i
LBEIT.

1 FLLRBE I AT RO I B3 o, b B A
T, YRARNELROBE. T3 LR TR
S VU 5L 1R VP A 45 SR 2t BLTE 565 T 70 1
BEPAHCRTIE  RrAlly, PR B R R E
AL, dER, o L SR
BATEE RN 53 I LLS0% I3 40 T-25[111)A0[110), 5%
. Ty Ny LR AL AT A SO0 ) BL25 % R

R AbF-25[1000), [0100), [1010)F1|0110), @it 15 AT 13
5 A (R0 55 DY 00 (9 A % 45 SR A)0).
Zx FRTiR, &3 FES VPN G DY & bR B SO AL
NLAS0%HIREZR 4 T-251110), LA 4h50% I HE 2 b T

0.14

0.12

0.1 H

0.08 H

M fRER

Bl 3 (MR ) E T AR Iia T4 R

Figure 3 (Color online) The result of the quantum circuit.
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Multi-party probabilistic quantum homomorphic encryption
scheme based on Brown state
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Quantum homomorphic encryption allows computations to be performed directly on encrypted data, ensuring the
security of private information. A novel multi-party probabilistic quantum homomorphic encryption scheme based on the
Brown state is proposed in this study, which permits multiple clients to simultaneously delegate arbitrary quantum
computations to two servers. Firstly, the trusted key center is introduced to collaborate with clients using the B92
protocol for key distribution and updating, as well as to perform operations that eliminate 7-gate evaluation errors.
Secondly, the proposed scheme employs pre-shared non-maximally entangled states as auxiliary resources to non-
interactively address errors occurring during the homomorphic evaluation of 7T-gate. Lastly, the scheme leverages the
properties of Brown state to extend the single-client single-server model to the multi-client multi-server model, making it
more suitable for quantum distributed networks and enhancing its practicality. Moreover, this study theoretically proves
the correctness, fully homomorphic nature, and information-theoretically security of the scheme. Simulations conducted
on the Origin Quantum Cloud platform further validate the scheme’s effectiveness. As the proposed scheme can realize
homomorphic computation of any quantum circuit, it is particularly well-suited for delegated computation in quantum
cloud networks.

quantum homomorphic encryption, non-maximally entangled state, Brown state, non-interactive, delegated
computation
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