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Bidirectional-chain Controlled Quantum Teleportation of Multiple
Quantum Based on a Ten-qubit Cluster State
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Abstract: To realize chained quantum communication between multiple actors, a bidirectional-chain
controlled quantum teleportation ( BCCQT) protocol that provided multi-qubit initial states between four
parties was proposed using the ten-qubit cluster state as the quantum channel ( QC). Quantum
communication was carried out between communication participants Alice, Bob, Charlie and
communication controller David, and the security of quantum communication process was guaranteed by
the authority of the controller and the entanglement characteristics of QC. After a series of complex
processes and methods such as complex single transformation of multi-qubit states, sequential
communication, reverse communication, single remodeling and complex remodeling, the initial state of
multi-qubit was reconstructed, and the chain quantum communication was finally achieved. Results show
that the protocol is feasible. Meanwhile, based on this, a conjecture about the relationship between n + 1
square quantum teleportation and QC was proposed.
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Fig. 1 General flow of quantum teleportation
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Table 2 Unitary operation

Alice 5 UO  Bob #J UO1 ~ Bob #J UO2 Charlie AJ UO | Alice A UO  Bob HJ UO1  Bob AJ UO2 Charlie A9 UO
1, I; I I ) O O O3
T I [ I 0,0, O 0,606 O3
) I O I 1, O I O3
0,0, I 060y I 0,0,0, O 060,605 O3
1 T.s I O, ) 0,505 O 0,503
T O.s [ O 0,0, 0,505 0605 T30 3
T, O.s O O I 0,505 I 0,503
0,0, O.s 060 % O 0,0,0, 0,505 060,605 0,503
1, s I O ) I O 1
T, O T O 0,20, 5 O 0 I
T, O 04 O I, I; I I
0,0, O 0606 [ 0,0,0, I 060605 I
I, O I 0303 T, 050,505 ("3 030,303
On 05 T 0303 0,0, 050,505 0606 030,504
) 0505 T 0303 I 050,505 I 030,305
0,0, 050, 0460, T30, 0,0, 0, 050,505 0606 0% 050,503
Z [X) i H |
Alice lp) , ‘
lp) 1w,
lo), ®
]
Bob | 7 >4 .
lp), b S T
4
lo), — 1z,
2, | - B
Charlie |—l¢) ; ®
lo), — 1,
2 .
David
o o

2 T

Fig.2  Quantum circuit

Bob 5545 Alice 1) | W) &7 HLEFEET, Bl & #00, H
PR, 53 LA 2 i SR AT I8

@ 4 Alice f&4i45 Bob 19 | X) & T HAFECKF
Bob L4245 Alice 1 | W)t LRFELET , BV & > w0,

R EL X FR BT B, BT LA Bob T WA & — w A
B R, Ot HL D R T R 5 AR LA,
D,D,-+-D, .Q,Q,---Q,_, N BIrE T AT « - 1
K CNOT AR E S | X) | Alice DL T Ho4s 2 ¥
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HlH T ¥, D, D, D, - D, B bR T L AT
w —1 CNOT #:4E | i1 T Bob &% (8 /1, Alice
AT w - 1 WA B | W),

@ 24 Alice f£%i45 Bob 19 | X) T HAREUN T
Bob £ %5 Alice 1) | W) & AT Bl v <w),
S X AR AL, BT LA Alice T B RN w - x 4
BT LR, OF HLLAR 7 R 2 il Lo,
A A AL Q0,0 Q, R B AR T IR EAT w - 1
K CNOT #:E R E Y | W) ,Bob DA F LR S M
il B LU A4, A B AR 8 7 AR T -1 1K
CNOT #:4F, 11 T Alice &% (4 &t /0>, Bob H 77 2
BT & — 1 IREREREI | X).

2) Bob 5 Charlie i BQT i 2.

24 Bob f£#ii 45 Charlie 1 | V) & T LR B %%
F Charlie f£%i 45 Bob | Z) & T Ho R Bk, B
y 7z, FAARHL 43 R LUE 2 g SR BEF L.

@ Y4 Bob 154 Charlie (1 | Y) T FLARBUR
T Charlie f£%i%5 Bob 19 | Z) & 1 HAREUR, BI y >
z, AR L6 R XS FR A IE BL, T DA Charlie 75 2245 N
y —z NHE B R, OF B DL 7 R 8 sl
THAF, C,C--C.0,0,--Q, o BARE 1 et AT
y =1 YRCNOT #AERE ¥ | V), Bob L T HLAF 6
FPEHR T R, €, C, - Co H bR T Ho R AT 2 -
1 ¥X CNOT #:4F , 1 T Charlie /&% (%50 Bob H
BT 2 - L IREERER | 7).

@) Y4 Bob 1£#i 45 Charlie B | V) 1 T HeAR SN
T Charlie 15445 Bob 1 | Z) 17 HeHR 50t Bl y <
z, PR Ry L3 JE X B 9 1% 0, T LA Bob 75 LR N
z -y ANEBIE T HUEE, IF HLDUEF R 6 il i
TLHE,B,B; B, .Q,Q,--Q._ h Hbpid T LR AT
z -1 CNOT #EKRE M | Z) |, Charlie DL T HU4R
8 Ml ¥ tAF, B, B, -+ B, H AR T HAR AT
y —1 YRCNOT #4F , T Bob 14 1985 /L, Charlie
HFEEIAT y - 1 AR ER | V).

WAt EAR AR RR, EAE 4 T TE QC H ek
TETRIVAES IF ST 28 T S WR S
I AR B BT R RS N 2
+ BCCQT PHSIEATFTHY.

2.6 HMWHREMEDR

ARICH) BCCQT 1,253 Alice .Bob Fll Charlie
BT R MR A, S David B P
B R AT, R, Pl & £ A LT 2 AR AR
5 RS L.

51 BB PR 2 i 3 David fR1F Alice

Bob Charlie 2 [0] #1718 1%, 37 H. David 7¢I & %
L1+, | =) P FiEET sQM, [Alif, 2 5 & el i J5
F{ 100y, |01), [10), [ 11) | FiE4F BSM, i =2
PEAE. SR David A RS 5EERE, I HRA
PEAFIN | 02 {5 1 RR AR TC AR , R I, 2 ol o
David #5052 4055 1 AR g 8 15 A
A L.

552 AR 38 {5 o B P David RIFS S
# Alice .Bob , Charlie 2 [8] £ 171 {5 , ##1 #& David
FEDN R LD R R A IR AR B A R OF HL
Wit EEG MRS R AN A S 55,258
SERCIN R S5 A A B AR i B SE i, 2 5
A DARYRSE AT U0 Sk B 7 LRI IR,
JIEIE§ 3 David TEPEARA A B 251, A4S
5 I0 FRYE A O ) 2 R 58 i £ i 7R
JEH AR U0 H & TR A, Rk, ¥ H &
David B GE 05 264055 2 AR a2 2 7520 A H:
W4 5

AR AR R T R R
HEVEFSN A QC A giiketE. Z & T LR RILR
2 0 YR AR T HL R A R S Y T A g
P, B {7 Alice .Bob . Charlie #1 David B9 3F & 15
KL K A 5 TE A UO 25 LRI 52 Y. QC el
GFFHELRUE A S Z B 5 07l A5 L= T — A5
W IR ES G, eI 2 R A 52 28
B M7 Y 3, O FLAn SR 2 i fE T R — A RS e
BG4 22 4 30 A5 BE A IUR] 52 i, PRI, 58
FHMAE TR QC X T & F % il 5 .

3 BT e

T RIBAES MU RN Z 8T RIS
FeigZ I HAl (5 R b &R 4%, nl DUAR S i
HFIIAR w=q/(q, +q. +q, +b) FITEETKRIE
BRI N ERCR w. o, g, 378 QC E T 1
R g R R B T AR B E 5 g, Rl Bh
T LRSS H ;b TR MG IEEFER LA AR
ML 8] w (XTI EE 3 BT R | A& 5 i 3R XU %
i (0 E LUARREL AR TE ORI QC.

MBHOHE v =w =y =z B R — X FR
B TRIBESIN, 2, MRAE R A E
B EXIFRIIE O, P R DAL i ) 2 2 i 7 LR
WA, BT LIS 25 o Al B i 7 HeRE. AR SCHY
FSCHR[ 18 ] H AR LL, AR TE 11 BIEHLT,
w=15.38% R E T L e FHAERKES R QC
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Table 3 Protocol comparison

P AR 5 b w %
SCHR[18] 11 5 10 13.33
SCik[16] 202 5 6 30. 76
CH[21] 11 10 8 11. 11
#k[22] 33 11 9 30. 00
k(7] 33 13 15 17. 65
A3 xow 10 12 %x 100

PG s 5 SCHR[ 21 ] TP A DR BUHE LE, 2 R 2 7 101
PTG OL T, I A2 DL —A i LR R A R
QC, )R 2 HL{5 T8 FF T4 #E HE AR B 5 (H il T Allice
il Bob J Bob il Charlie 22 [0]38 {5 (X BRI , A% SCHp
WNFERCRA T 3CHk [ 21 ] R B PR AY 11, 11%
SCHR[ 16 ] TP PR AE 2002 IR BT, RIRT — 4
Fo T AT SAE R QC H 20 MLf5 T8 T #E HL 2K
HEE6 A, u=30.76% , BIRA SCHEMAEDL T u =
2 x4/(2 x4 +22) =26.66% , WK T HAE 1
SRR LR B  FEX R LT, Ay
8 A B 2 %, U F HORR R E R U, R LR
ANEE  SCHRL 22 T T A ILAE 303 MIIEOL T R T
— AT IR RS AE R QC, LB L T, AL
P =35.29% ,RCR B R SCHRL 7 | Y DSl R
JEAE 303 IEOLF R —A T =& T AR RS
£k QC HARZE BQT, (AL N AERCRAL T A UM,
(AT N ST e 2 S B N ) WO = 1 [
PR OL T, BCCQT i 2 5 & s £ | il {5 5]
DLy A5 TCRRAE A | I HL Bl 5 X7 15 5 10 & LRk
B, SR N AERCR B W e, ORI T 1.
Wit RGE LA £ BT BCCQT DM, &)
WA MARE Hep, D27 AR ESER
QC, XML Fi B AN 2 5 F H M2 & 1 LLAFY)
URASZEA 5 RGN, XL B 2 R 25 33K A4 18 15 4 A XL
) 2 — 3 s Nt o5 AT DA [ A AT A AL R
RS SECR 0, BT RS 5 PGS SBUE 0 -
2, HRA S BIE R R 1, v )6 T RE R A
TR 4(n -2) , RS SR 4 T L
Ris RGBT LA oA =
M SE R T DL TR, I HBCE R AT R
1 3% 2, &R AR &, RN T fE i e i & 4
P, il e — B FE 1) T LUARRECH 2, ML

4 2

TR (QC HYLLHFED) o 4n -2.
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1) VA7 R FEASAE S QC 1) BCCQT P
WAEHIE R AAT R4 20 , Z e & T LU 4 A
ZL ML LRI THFE AR B Bl AT RO
FEXF ST, BIMAL I N AR RICR Rl 2 2 5.

2) PSR RR FRL A % Rk A7 % L, & B QC
T LR S 2 538 S B0 Z WA AL,
It HAm{FHE T AITCPRAE A, IS4 5 T 4n -2 B F
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