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Abstract:

A novel determinate joint remote preparation scheme of an arbitrary W-class quantum state

is proposed to improve the probability of successful preparation. The presented scheme is realized through

orthogonal projective measurement of the Hadamard transferred basis, which converts a global measurement

to several local measurements. Thus orthogonal projective measurement of the Hadamard transferred basis

enables quantum information to be transmitted from different sources simultaneously, which is a breakthrough

for quantum network node processing. Finally, analysis shows the feasibility and validity of the proposed

method, with a 100% probability of successful preparation.
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1 Introduction

Quantum information is the definition of quantum
mechanical system based information dissemination.
Two of its outstanding applications are quantum tele-
portation (QT, [1-5]) and remote state preparation
(RSP, [6-10]). The former application proposed a
novel single qubit state transfer protocol using one
EPR pair and two classical bits (cbits), and the latter
application is another embodiment of the former func-
tion under different conditions. In RSP, the sender
completely knows the prepared state while the re-
ceiver has no knowledge of it. Furthermore, RSP
makes a tradeoff between classical communication
cost and quantum entanglement cost [11-13]. The
success of QT and RSP laid a solid foundation for
quantum communication networks, and thus joint re-
mote state preparation (JRSP) was created as time
passed [14-16]. JRSP deals with a message passing
from several senders to several receivers who are lo-
cated in different places. Similar to RSP, the senders
in JRSP holds the full information while all receivers
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stay unknown. The implementation of JRSP marks
the growth of quantum networks [17].

In this paper, a novel scheme for tripartite joint
remote preparation of a W-class state is presented,
including its preparation process and its application.
The work is a further study of [16, 18, 19], which
imports more complex quantum system and measure-
ment usage. Information preparation in the proposed
scheme is embodied by projective measurement of the
Hadamard transferred basis. Hadamard transforma-
tion has been proved to be outstanding for its unitar-
ity and resolvability, which leads to the 100% proba-
bility of successful preparation rather than probabilis-
tic preparation [20]. At last, the presented scheme is
applied as an embryo of simultaneous quantum net-
work coding, which is greatly beneficial to quantum
network design.

2 Preparation principals

Assume there are two senders (Alice and Bob)
and only one receiver (Cliff), the proposed scheme
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involves Alice and Bob transmitting arbitrary W-
class state [21-23] information to Cliff. The as-
signed W-class state can be described as: Wg =
ao|001)+ a;]010) + a5|100) + a3|111). The coefficient
a; is assumed to be real with normalization condi-
tion a?+a?+a3+a?=1. This state is fully known to
Alice and Bob, and is fully unknown to Cliff. The dif-
ference between our scheme and the traditional ones
[13, 14] lies in that the proposed method previously
introduces shared information between Alice and Bob
(the senders), which is carried by auxiliary qubits (A,
B) with the state of (a¢]|00)+a;]|01)+az|10)+a3]11))ap.
In addition, the initial shared ground quantum state
resource is under the basis: [1)12345 = |00000)19345.

Suppose Alice has qubits (A, 1), Bob has qubits
(B, 2), and Cliff has qubits (3, 4, 5). These three per-
sons are located at three spatially separated places,
respectively. The following Fig. 1 shows the detailed
configuration.

Alice
(W) AB
Bob CIiff
(W) 12345
Fig. 1. The initial configuration.

To simplify the expression, F'(x) is defined as the
function of converting (x mod 4) to a binary expres-
sion. For example, |F(3)) =|11). So the whole system
can be described in the following way:

(ZGJF(’))) ®100)12®|000)345. (1)

In the consideration of introducing a; to qubits
(1, 2), Alice should use CNOT operation on her local
qubits (A, 1), with qubit (A) as control qubit and
qubit (1) as operation qubit. Homologically, Bob op-
erates qubits (B, 2), leading to the system of

(ZailF(iD F(

Then the senders should release the influence of
qubits (A, B), so we can employ the idea in QT, ap-
The selected
measurement basis transfer requires that transferred
measurement bases be in orthogonality and normal-
ization. Normalized quadravalence Hadamard uni-
tary transformation is selected for the measurement
basis transfer due to its simplicity:

m) ®]000)345. (2)

plying a measurement basis transfer.

|00) 00 000+ 001 + 610 + 11
|01) —H, do1 :% do0 — 001 + 010 — 011 ®)
|1O> 610 600+501 _610_511
|11) 011 d00 — 001 — 610+ 611

Note that the normalized Hadamard matrixes are
in a good nature of

H;{] = HN with H;{,XHN:IN, (4)
Hy H 11

Hoy = |7 7N with H,= . (5)
Hy —Hy 1 -1

The projective measurement basis chosen by Alice
and Bob is a set of {dg0,001,010,011 . The character-
istics of normalized Hadamard transformation enable
Alice and Bob to measure independently. In another
word, Alice and Bob could separately use {d¢,d,} to
measure qubit (A) and qubit (B). Because that

[1600)] [100) +[01) +10) +[11)
[G01) | _ 1]100) = |01)+[10) = [11) -
610)| 2 []00)+]01)—[10) —|11)
[6,,)] 1100) —[01) — [10) +11)
[[600)] [(10) 1)) x (|0) +]1))
[Gor) | _ 1 [(0)+]1))x (1) =]1)) -
o) | 2 [(10) = 1)) x (j0) + (1)) |
[[611)] [(0) — 1)) x (]0) —[1))
600)] [1d0)1d0)
Boa) | _ [180)lon)| -
1610) 161)]66)
o)) LIau)1e)
o)) 1 [l0)+]o)
= — 9
Lm_ V2 {[0)— 1) ©)

The above formula proves that the global mea-
surement can be divided into several local measure-
ments, and thus the idea of normalized Hadamard
transformation based measurement basis transfer is
an improvement of what has been done in [14, 15, 19].
After the measurements, Alice and Bob announce
their outcomes (one cbit each) via a classical chan-
nel, leading to system (abbreviation for S) of:

IF  |Result) =

‘600>AB
+a0]00) +a,]01
Soo = @0[00) +a.[01) ®1000) 345, (10)
+a/2|10> +a3|11>
IF |Result> = ‘601>AB

B (+a0|00> —a,|01)
01 —

®1000) 345, (11)
+a2|10> —a3|11>> 12
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IF  |Result) = |d10)aB

+ap|00) 4+a,|01
o= 0[00) +a:|01) ®[000)545,  (12)
—a2|10> —a3|11> 12

IF |Result> = ‘611>AB

00) —a,|01
5 (0 oy

®000)345.  (13)
_a2|10> —|—a3|11>> 12

We hope Cliff would receive a; using qubits (3, 4,
5) rather than (1, 2). So CNOT operation is applied
to qubits (1, 3) and (2, 4), with the former qubits
as control qubits and the latter qubits as operation

qubits, resulting in
)[00) ) >> ©l0)s
)[10) /)
. <+a0|00> 00) —a1|01>|01>> 210
+a5[10)[10) —as[11)[11)) 4
. <+a0|00>|00> +a1|01)|01>> (0%
)[10) )
)100) )01)
)[11)

—a,|10)]10) —as|11)[11
" on
1234

~ (+a0|00)|00) —a,]01)[01
—ay|10)|10) +as|11)|11

To exchange the state of qubits (1, 2) and qubits

(3, 4), Alice and Bob use CNOT operations again,

which inversely employ qubits (3, 4) as control qubits

_ [+a0]00)|00) +a4[01)[01
* 7\ aa]10)[10) +agl11) )11
|

and qubits (1, 2) as operation qubits. Then the sys- |

tem changes to be:

+ap|00) 4+a,|01
Soo=100)12® 0l00) +a1/01) ®|0)s
+a/2|10> +a3|11> 2
+ae|00) —a,|01
501:|00>12®( o/00) ~ai| >> ®10)s
+a,2|10> —(13|11> ) (15)
+a0]00) +a4]01 '
510:|00>12® O| > 1| > ®| >5
_a/2|10> —a3|11> 2
+a0|00) —a;|01
S1=100)12® 0/00) —a1/01) ®|0)s
—a2|10> —|—a3|11> 31

Currently qubits (1, 2) could be removed, and the
remaining qubits (3, 4, 5) of Cliff are in state:

Soo = (@0]000) + a1 |010) + a2|100) + a5]110) )54
Sor = (2]000) — {010} + 45[100) —asf110))sss ;o
S10 = (a0]000) 4+ @,]010) — a5]100) — a3|110))345
S11 = (ao|000) —a;]010) — a,|100) + a3]|110))s45

With former classical measurement results from
Alice and Bob, Cliff is now able to reconstruct the W-
class state using corresponding operation. The mea-
surement result of F'(¢) with i € {0,1,2,3} means that
the system is in the state of Sg(;), calling for transfer
operation Up(;) to resume. Because the current state
of Cliff fully contains information of a;, Ur(;) oper-
ations need only to transfer the present state to the
W-class state, which are

Uono = (]001)(000| 4+ [010)(010[+|100)(100|+[111)(110]) 4+ (|000)(001| 4 |011)(011| 4 |101)(101| 4 |110)(111])

Us: = (]001)(000] —]010)(010|+ |100)(100| — [111)(110]) 4 (]000)(001| +]011)(011]|+]101)(101]|+]110)(111]) (17)

Uso = (]001)(000] 4 [010)(010] — [100)(100| — [111)(110[) + (|000) (001| +]011)(011| 4 |101)(101| 4+ |110)(111])

U1 = (]001)(000| — [010)(010] —|100)(100| +[111)(110]) 4+ (|000)(001| 4 |011)(011| 4 |101)(101| 4 |110)(111])
These operations are similar in Refs. [14, 20]. | However, a difference is made when the initial state

While for each measurement result of qubits (A, B)
Cliff is sure to resume the W-class state of (a|001)+
a1]010) 4 a5]100) 4 a3]|111))s45, Cliff is able to pre-
pare the aimed state without the possibility of fail-
ure, whatever the measurement result of qubits (A,
B) is 100% success means that the proposed method
is reliable and steady.

3 Further discussion

It can be seen that the proposed scheme runs suc-
cessfully. Since applications of entanglement in quan-
tum information processing such as entanglement dis-
tribution [24-26] and controlled teleportation [27-30]
are meritorious, then a problem arised in that this
method seems useless for its real application value.

of (ap|00)4a;|01) +as|10) +a3|11))ap can be written
as (Ao]0)+A;|1))A®(Bo|0)+B4|1))s, two independent
inputs. This means the embodiment of simultaneous
quantum network coding [31, 32] to some degree. A
detailed description is presented in Fig. 2.

Network coding refers to network of nodes with
information processing ability, and its typical exam-
ple is a butterfly network [33, 34]. This theory points
out that Shannon’s maximal network capacity could
be achieved by network coding, other than a store-
forward routing plan. The nature of a quantum net-
work endows quantum network coding with higher
complexity, and our work could be viewed as quantum
network node processing [35]. Due to the nature of
the projective measurement of the Hadamard trans-
ferred basis which is analyzed before, the advanced
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A0)+4,11) Byl0)+B,[1)
Alice Bob
CIliff
a)J001)+a,1010)+a5100)+a;111)
Fig. 2.  Quantum network node processing.

node could process the information from Alice and
Bob simultaneously. Quantum network nodes with
this scheme are able to encode information from dif-
ferent sources without extra time consumption, which
is of importance in quantum network coding.

References

1 Spiller T P. Proceedings of the IEEE, 1996, 84(12): 1719—
1746

2 Hoi-Kwong L. Optics Communications, 1995, 119(5-6):
552-556

3 Ambainis A, Mosca M, Tapp A et al. Foundations of Com-
puter Science, 2000. Proceedings. 41st Annual Symposium
on, 2000, 547-553

4 QING M, TAO Y J, TIAN D P. Chinese Physics C (HEP
& NP), 2008, 32(09): 710-713

5 QING M, TIAN D P. Chinese Physics C (HEP & NP), 2009
33(04): 249-251

6 Bennett C H, Hayden P, Leung D W et al. Information
Theory, IEEE Transactions on, 2005, 51(1): 56-74

7 WU W, LIU W T, OU B Q et al. Optics Communications,
2008, 281(6): 1751-1754

8 LIANG H Q, LIU J M, FENG S S et al. Journal of Physics
B: Atomic, Molecular and Optical Physics, 2011, 44(11):
115506

9 Solis-Prosser M A, Neves L. Physical Review A, 2011,
84(1): 012330

10 WANG Z Y. Communications in Theoretical Physics, 2011,
55(2): 244

11 YE M Y, ZHANG Y S, GUO G C. Physical Review A,
2004, 69(2): 022310

12 CHEN X B, MA S Y, SU Y et al. Quantum Information
Processing, 2009. 1-15

13 Berry D W. Physical Review A, 2004, 70(6): 062306

14 Nguyen B A. Optics Communications, 2010, 283(20):
4113-4117

15 WANG D, ZHA X W, LAN Q. Optics Communications,
2011, 284(24): 5853-5855

16 XIAO X Q, LIU J M, ZENG G. Journal of Physics
B: Atomic, Molecular and Optical Physics, 2011, 44(7):
255304

17 LUO M X, CHEN X B, YANG Y X et al. Quantum Infor-
mation Processing, 2011. 1-17

18 Fung C-H F, Chau H F. Physical Review A, 2008, 78(6):
062308

19 HOU K, LI' Y B, LIU G H et al. Journal of Physics A:
Mathematical and Theoretical, 2011, 44(25): 255304

4 Conclusion

In summary, a novel determinate joint remote
preparation scheme of an arbitrary W-class quan-
tum state has been proposed. The presented method
is implemented by projective measurement of the
Hadamard transferred basis. Compared with other
works, the proposed scheme is advanced for the con-
version of a global measurement to several local
measurements, which means synchronous informa-
tion processing. Furthermore, the proposed scheme
prepares the quantum state successfully, without the
probability of failure. The characteristics of the pro-
posed scheme fit the requirements of updated quan-
tum network nodes, which are beneficial to simulta-
neous quantum network coding.

20 CHEN Q Q, XIA Y, SONG J. Optics Communications,
2011, 284(20): 5031-5035

21 Gorbachev V N, Rodichkina A A, Trubilko A I et al.
Physics and Control, 2003. Proceedings. 2003 International
Conference, 2003, 3: 851-854

22 XU W H, ZHAO X, LONG G L. Prog. Nat. Science, 2008,
18(1): 119-122

23 WANG Y H, SONG H S. Chinese Science Bulletin, 2009,
54(15): 2599-2605

24 Salemian S, Mohammadnejad S. Chinese Science Bulletin,
2011, 56(7): 618-625

25 LI J, SONG D J, GUO X J, JING BO. Chinese Physics C
(HEP & NP), 2012, 36(1): 31-36

26 QING M, LI Y B, BAI Z, LING S J, LIU W. Chinese
Physics C (HEP & NP), 2010, 34(11): 1693-1695

27 SHI R H, HUANG L S, YANG W, ZHONG H. SCIENCE
CHINA Physics, Mechanics & Astronomy, 2011, 54(12):
2208-2016

28 LONG L R, LI H W, ZHOU P, FAN C, YIN C L. SCI-
ENCE CHINA Physics, Mechanics & Astronomy, 2011,
54(3): 484-490

29 ZHENG Q, SUN P, ZHANG X P, REN Z Z. Chinese
Physics C (HEP & NP), 2010, 34(10): 1583-1586

30 ZHENG Q, ZHI Q J, ZHANG X P, REN Z Z. Chinese
Physics C (HEP & NP), 2011, 35(2): 135-138

31 Kobayashi H, Le Gall F, Nishimura H et al. General Scheme
for Perfect Quantum Network Coding with Free Classical
Communication Automata, Languages and Programming.
S. Albers, A. Marchetti-Spaccamela, Y. Matias, S. Nikolet-
seas, and W. Thomas. Berlin / Heidelberg: Springer, 2009.
622-633

32 MA SY, CHEN X B, LUO M X et al. Optics Communi-
cations, 2010, 283(3): 497-501

33 Appuswamy R, Franceschetti M, Karamchandani N et al.
Information Theory, 2009. ISIT 2009. IEEE International
Symposium on, 2009, 259-262

34 Leung D, Oppenheim J, Winter A. Information Theory,
IEEE Transactions on, 2010, 56(7): 3478-3490

35 Kobayashi H, Le Gall F, Nishimura H et al. Information
Theory Proceedings (ISIT), 2010 IEEE International Sym-
posium on, 2010. 2686-2690



