
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 2 (2012) 020303

ÄÄÄuuuþþþfffÛÛÛ///DDD������êêêâââóóó´́́���ÀÀÀJJJDDD���ÆÆÆ*

�� ±��† ë| �**

( 3Ä�ÆÔn�Æ�&Eó§Æ�, 3Ä 416000 )

( 2011 c 1 � 16 FÂ�; 2011 c 4 � 11 FÂ�?Uv )

JÑ
êâó´�¥ÄuþfÛ/D��þfÀJD�Æ. =3þf�ä�ü�Õ:?1Ï&�, ux�Ï
L\\9Ïþf'A , r�X��þf'A©¤ m v. 3ëYDx m �þfv�, �Â��âux�¤Jø�²
;&E, �ägC´ÄÂ��(ÃØ�þfv. e�Â�Â�
�(�þfv, K^þf&��£(@v; e�Â�
vkÂ�þfv½Â��Ø�þfv, KØ�£Ä@v. ux�3�½��mS, �âÂ��(@v�äI�u
�þfv. du�u¿�½Ñ��þfv, T�Æ~�
Ï&L§�DÂ�ò, Jp
Ï&�Ç. 3��Ï&L§
¥, =^²;&�Dxÿþ&E, lü$
²;&��Kú.

'�c: þfÏ&, Û/D�, êâó´�, þfÀJD�Æ

PACS: 03.67.Hk, 42.50.Ex, 89.70.–a

1 Ú ó

3L��A�cS, O�Å�ä�uÐ�<�
�� 41Jø
�B. ��XÏ&Eâ���u
Ð9O�Å�ä¥êâ6þI¦�:ìO�, yk
�O�Å�ä®éJ÷v<���¦, <�I��
¯$!�p���ä5DÑ&E. �Xþf&E�
Æ�uÐ, AO´ 1993 c Bennett �<JÑþfÛ
/D��nØ�Y [1] ±5, �«þfÛ/D��Y
�U�JÑ, Ù¥kÄu Bell ÄéÜÿþ�þfÛ
/D��Y [2,3]; ëYCþ�þfÛ/D��Y [4];

|^É���Úü�þf'A¤�¤�þf£´
¢yþfÛ/D���Y [5]; Äun QED(nþf
>ÄåÆ) �þfÛ/D��Y [6−8]; |^���
Å���þf&��VÇþfÛ/D��Y [9]; |
^lf²¢yþfÛ/D���Y [10] |^�Û
�ÿþ5¢yþf��Û/Dx�Y [11]; |^ W

�½ GHZ ��þf&�¢yþf��Û/Dx
�Y [12−14]; ±9õ�^r�m�þfÛ/D�
�Y [15−17]; Äu����É�þfÛ/D��
Y [18] �. 3¢�ïÄ�¡, g 1997 c Bouwneester

�<3¢�þ¢y
þfÛ/D� [19] ��, �I
ïÄö©O^ØÓ�¢��Y¤õ¢y
þfÛ
/D� [20−24]. �C, ±����JÑ|^nâf
Å��¢y-ý�þfÛ/D��ä�þf�ä
�. [25] ¿O�
Ù�ýÝ [26], ?Ø
:�:þf
Û/D��ä�pé�´düÑ [27], ¦þf�ä
S�Õ:�m�Ï&¤��U, ±·Ay�<a¤
I��p�!¯$�Ï&.

3þf�ä¥�ü�Õ:�m?1Ï&�, X
Û�±ë�!±9Ñy���AXÛ?n�¯K
�ïÄ�'��. |^þfåÆ¥�Å�'é5,

±Hd�JÑ
Äuêâó´���'�Æ [28,29]

k�/Jpêâó´���óéþ, Uõêâó´
��Æ�5U. �ù
�ÆDx�E,´²;&E,

¿ØUA^uþfÛ/D��ä¥. Ïd, )ö�
âþfÛ/D�nØÚþf����'�£, JÑ
ÄuþfÛ/D��ä�þfÊ��Æ [30], T�
Æ�,UA^uþf�ä¥, �þfÊ��Æ�¦
zDx��þfv, Ò����Â��£(@v�
�âUuxe��þfv, ù�&��|^ÇØp.

Ïd)öÄuêâó´��A:, JÑÄuþfÛ

* �H�g,�ÆÄ7 (1OÒ: 11JJ3003)!�H��EOy�8 (1OÒ:2010FJ3081) Ú3Ä�Æ�?�8 (1OÒ:09JDY005) ]Ï��K.

† E-mail: zhouxq jd@163.com

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

020303-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 2 (2012) 020303

/D��êâó´�ÀJD�Æ. 2 þf��E��Û/Dx

Äkb�ux� Alice ?�ux�þf'A6�

|Ψ〉11 = a1 |0〉1 + b1 |1〉1 ; |Ψ〉21 = a2 |0〉1 + b2 |1〉1 ; |Ψ〉31 = a3 |0〉1 + b3 |1〉1 · · · |Ψ〉n1 = an |0〉1 + bn |1〉1 ;

|Ψ〉n+1
1 = an+1 |0〉1 + bn+1 |1〉1 · · · |Ψ〉2n

1 = a2n |0〉1 + b2n |1〉1 ... |Ψ〉n×m
1 = an×m |0〉1 + bn×m |1〉1 . (1)

Ù¥, a2
n + b2

n=1,m,n þ���ê.

�â Bužek-Hillery � 1→2 �Ê·��Å�
n [31,32] � �, b � Ñ \ � � |Ψ〉n1 = an |0〉1 +

bn |1〉1, �âe�N�C�:

|0〉a |R〉b |Q〉x→
√

2
3 |0〉a|0〉b|1〉x−

√
1
3 |Ψ

+〉ab|0〉x ,

|1〉a|R〉b|Q〉x→−
√

2
3 |1〉a|1〉b |0〉x+

√
1
3 |Ψ

+〉ab|1〉x ,
(2)

Ñ\� |Ψ〉n1 ²LÊ·þf��Å�, C¤XeG�:

|Ψ〉n1 |R〉b |Q〉x →
√

2
3
|Ψ〉n1 |Ψ〉n1

∣∣Ψ⊥〉n

1

−
√

1
6

(
|Ψ〉n1

∣∣Ψ⊥〉n

1
+

∣∣Ψ⊥〉n

1
|Ψ〉n1

)
× |Ψ〉n1 , (3)

Ù ¥, |Ψ+〉ab = 1√
2

(|01〉ab + |10〉ab) ,
∣∣Ψ⊥〉n

1
=

a∗n |1〉1 − b∗
n |0〉1. d (3) ª��, ü�ÑÑ���

ÝÝ
�

ρa = ρb =
5
6
|Ψ〉n1 〈Ψ | + 1

6

∣∣Ψ⊥〉n

1

〈⊥Ψ
∣∣ . (4)

Ï d 1→2 � � Z é ¡ � � � � ý Ý
� Fa=Fb=n

1 〈Ψ | ρa |Ψ〉n1 = 5
6 , =�¤
3s�òu

x� Alice ?�þf'A6 |Ψ〉n1 þ± 5/6 �VÇE
�¤ü°, ¿ýk�� 2[(n×m+8m+n×m/5)+m]

� EPR Å�é:

|Ψ−〉123 =
1√
2

(
|01〉123 − |10〉123

)
;

|Ψ−〉223 =
1√
2

(
|01〉223 − |10〉223

)
;

|Ψ−〉323 =
1√
2

(
|01〉323 − |10〉323

)
;

· · ·

|Ψ−〉N23 =
1√
2

(
|01〉N23 − |10〉N23

)
. (5)

Ù¥, N = 2(n × m + 8m + n × m/5),

|Ψ−〉1
56

=
1√
2

(|01〉56 − |10〉56) ;

|Ψ−〉2
56

=
1√
2

(|01〉56 − |10〉56) ;

|Ψ−〉3
56

=
1√
2

(|01〉56 − |10〉56) ;

· · ·

|Ψ−〉2m

56
=

1√
2

(
|01〉2m

56
− |10〉2m

56

)
. (6)

¿4¤kâf 2,6 ?uux� Alice ?, ¤kâ
f 3,5 ?u�Â� Bob ?. ¿3 Bob ?�� 2m �
(@þf�:

|Ψ〉14 =
1√
3
|0〉14 +

√
2
3
|1〉14 ;

|Ψ〉24 =
1√
3
|0〉24 +

√
2
3
|1〉24 ;

|Ψ〉34 =
1√
3
|0〉34 +

√
2
3
|1〉34 ;

· · ·

|Ψ〉2m
4 =

1√
3
|0〉2m

4 +

√
2
3
|1〉2m

4 . (7)

Kâf 1,2,3 ¤|¤�XÚ�þf��

|Ψ〉n123 = |Ψ〉n1 ⊗
∣∣Ψ−〉n

23

= (an |0〉n1 + bn |1〉n1 )

⊗ 1√
2

(|01〉n23 − |10〉n23) . (8)

3��Ð¤kI���þf��,Alice �gé n �
XÚS3ux�± 5/6 �VÇE�Ñ�ü��þf
� |Ψ〉n1 ÚÅ��¥�âf 2 ?1éÜ Bell Äÿþ,

KþªC�

1
2
[
∣∣Ψ−〉n

12
(−an |0〉n3 − bn |1〉n3 ) +

∣∣Ψ+
〉n

12
(−an |0〉n3 + bn |1〉n3 )

+
∣∣Φ−〉n

12
(bn |0〉n3 + an |1〉n3 ) +

∣∣Φ+
〉n

12
(−bn |0〉n3 + an |1〉n3 )]

=
1
2
[
∣∣Ψ−〉n

12
(−I) (an |0〉n3 + bn |1〉n3 ) +

∣∣Ψ+
〉n

12
(−σz) (an |0〉n3 + bn |1〉n3 )

+
∣∣Φ−〉n

12
σx (an |0〉n3 + bn |1〉n3 ) +

∣∣Φ+
〉n

12
(−iσy) (an |0〉n3 + bn |1〉n3 ) . (9)
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K Alice �ÿþ(J� (5) ª¥�o� Bell Ä¥
��� (XL 1 1��¤«), b� Alice ÿþ(J
� |Ψ−〉n12, K��XÚ��C�∣∣Ψ−〉n

12

〈
Ψ−∣∣ Ψ〉n123 =−1

2

∣∣Ψ−〉n

12

⊗ (an |0〉n3 + bn |1〉n3 ) .(10)

Alice ÏL²;&�rÿþ(JDx� Bob,Bob �
â Alice �ÿþ(Jéâf 3 ��A�N�C�B
�¦âf 3 ?3ux����þf� |Ψ〉n1 þ, =Û
/D�¤õ. e Alice ÿþ(J�,	n� Bell Ä,

Kâf 3 ¤?�þf�9�A�N�C�dL 1

�Ñ.

L 1 Ï&¥���ÿþ(J9N�C�

Alice �ÿþ(J âf 3 �þf� Bob ?�N�C�∣∣Ψ−〉n

12
−an |0〉n3 − bn |1〉n3 −I∣∣Ψ+

〉n

12
−an |0〉n3 + bn |1〉n3 −σz∣∣Φ−〉n

12
bn |0〉n3 + an |1〉n3 σx∣∣Φ+

〉n

12
−bn |0〉n3 + an |1〉n3 iσy

3 þfv3Ôn��DÑ

3ux� Alice ?, Ôn�zglêâó´�
¥�Ñ��þfv (n �þf'A |Ψ〉11 , |Ψ〉21 , · ·
·, |Ψ〉n1 ), ¿3zvc\þ 8  ©vI� |01111110〉.
du¤�D�þf'Aþ�U\� an |0〉n+bn |1〉n

o´± a2
n �VÇ?3 |0〉 �þ, ± b2

n �VÇ?
3 |1〉 �þ. Ïd3�v¥k�U�3Ú©vI�
�Ó�i!. �
Ú©vI� |01111110〉 «©, z
Dx 5 �þf'A, gÄ3Ù�\þ��9Ïþf
'A |0〉. þfvS�'A±99Ïþf'A�D
Ñþ´^Û/D���Y?1Dx.

3 � Â � Bob ?, 3 & ÿ � 8   © v I
� |01111110〉 ��K©vI�, m©�Â��þ
fvS�þf'A. z�Â� 5 �þf'A�, g
Ä�KÙ�Â��9Ïþf'A |0〉. ��Â��
Â������þfv�, òÙþD�êâó´�.

4 þfÀJD�Æ

��Â�Â������þfv�, r§�3
�Â��¥¿�£��(@v�ux�; eþfv
ÏÉ�	.�¸�K�u)UC, K¿ïdþf
v, Ø�£Ä@v. UY�Âux�DxL5�Ù
¦þfv, ¿EþãÚ½���Â�¤. äN^
þf&��£(@v�L§Xe.

4.1 (((@@@vvv������£££

� Bob Â�1 i ��(ÃØ�þfv� (Ù
¥ 0 6 i 6 m − 1,i ���ê,m ���I��
���), égCÃ¥�âf 4,5 ?1éÜ Bell Ä
ÿþ, k

|Ψ〉i
456

= |Ψ〉i4 ⊗
∣∣Ψ−〉i

56

=

(
1√
3
|0〉i4 +

√
2
3
|1〉i4

)
⊗ 1√

2

(
|01〉i56 − |10〉i56

)
=

1
2

[∣∣Ψ+
〉i

45

(
− 1√

3
|0〉i

6
+

√
2
3
|1〉i

6

)
+

∣∣Ψ−〉i

45

(
− 1√

3
|0〉i

6
−

√
2
3
|1〉i

6

)

+
∣∣Φ+

〉i

45

(
−

√
2
3
|0〉i

6
+

1√
3
|1〉i

6

)
+

∣∣Φ−〉i

45

(√
2
3
|0〉i

6
+

1√
3
|1〉i

6

)]
. (11)

dþª��, XJ�Â� Bob uÑ
(@v,

Kux� Alice Ã¥�âf 6 7½� − 1√
3
|0〉i6 +√

2
3
|1〉i6, − 1√

3
|0〉i6−

√
2
3
|1〉i6,−

√
2
3
|0〉i6 +

1√
3
|1〉i6,√

2
3
|0〉i6+

1√
3
|1〉i6 o�þf�¥���. 3�½�

��mS, ux� Alice ÿþgCÃ¥�1 i �â
f 6, �âf 6 ¤?�þf��þão�þf�
¥?¿���, L²1 i �þfv®�(�Â. ù
� Alice �âgC�ÿþ(J, ��gCux� m

�þfv¥=��½ö=A�vk��Â��(
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�Â. �I�â��°�þf�#DxÑ��þ
fv, Ø´�ëYD�Æ���ïgÑ�å�
¤k�Yþfv, ù�Ò²wJp
&��|^Ç.

^þf&��£Ä@v, duþf&EDÑ�]�
5, ��ü$
DÑ�ò, Jp
DÑ�Ç.

4.2 þþþfffÀÀÀJJJDDD���ÆÆÆ

�â±þDx�Y, êâó´��ÀJD�
Æ��{LãXe:

b� i L«þfvSÒ, V (A) L«uxG�C
þ, M(A) L«uxSÒ, m L«uxI����,

ti �1 i �þfv�O�ì, Ù¥ ti1 �DÑ1 i �
þfv¤^�m, ti2 ��£1 i �(@v¤^�m.

3ux!: A:

1) k��Å��, ¿r N �þf'A6þ
± 5/6 �VÇE�¤ü°.

2) l Ì Å ¥ � Ñ 1 i � þ f v, i l 0 m
© (0 6 i 6 m − 1).

3)V (A)←i. òuxG�CþÐ©z.

4)M(A)←V (A). òuxG�Cþ�ê��\
uxSÒ, ¿òdþfvx�ux��.

5) éz�þfv����O�ì, ¿òO�ì
�"= ti=0.

6) òux��¥SÒ� M(A) �þfv^Û
/D���Yux��Â� Bob. ¿é^dþfv
�O�ì.

7) � ti= ti1+ ti2 �, �ä´ÄÂ�(@v. e
Â�(@v, L²þfv®²��(�Â; ev
kÂ�(@v, KPe�Â�(@v�þfvS
Ò M(A). ò�5E��þfv¥SÒ� M(A) �
þfvu.

8)V (A)←[V (A)+1]. �#uxG�Cþ, C�
e��þfv�SÒ, ¿=� 4).

3�Â!: B:

1) ��.

2) Â���þfv�, éÙ?1u�, w´
Ä Ñ �. e k �, ¿ ï d þ f v, J � þ f v S
Ò M(A) ¿=� 1); ÄK, �1�Y�{.

3) òÂ���(�þfvx���Â��¥,

¿Uþfv�?Ò?1��, 3Ñ¤"þfv��
;�m.

4) �#�Âe��þfv. Ó��1þfÿ

þ, ux�Aþfv�(@v, =� 1).

5) òP¹e5��Ø�þfv�SÒD��
�ÂG�Cþ, #�ÂD�þfv¿�1 1)

� 3).

6) ò�Â��D�þfvUSÒ�?�Ñ
�;��m. e®²�(�Â�þfv,(Ïux�
�35½��mSÂ�(@v) q�#�É, K
¿ïdDþfv¿#ux(@v.

7) ò�Â��¥��� m �þfvx�ÌÅ.

�²;�O�Å�äÏ&¥�ÀJD�Æ
¤ØÓ�´, ÄuþfÛ/D��êâó´��À
JD�Æ¤D�´þf&E, �â�U\�n,

�±3��þf'A¥?è'²;'A��´L
�&E, Jp
&E�;�þ. ,	, �âþfÛ/
D��]�5, þfv�ux9(@v��£�m
Ñ´]��¤�, ù�Ò á
DÑ�m, Jp

Ï&�Ç. 3��Ï&L§¥, �^²;&�Dx
ÿþ&E, þfv�DxÚ(@v��£Ñ´^þ
f&��¤, ü$
²;&��Kú.

5 ( Ø

3²;O�Å�äêâó´��ÀJD�
Æ�Ä:þ, �âþfÛ/D��Ä�nØ±9þ
f����'�£, ïÄÄuþfÛ/D��êâ
ó´�ÀJD�Æ. =3þf�ä�êâó´�
¥�ü�Õ:?1Ï&�, ux�X��þf'A
6, ¿kéù
'A6?1�°, 2ÏL\\ 8  
©vI�þf'A99Ïþf'A |0〉 é'A6?
1©v. �Â�Â�þfv�, Äk�ädþfv
´Ä�(. e�Â��âÂ�
�(�þfv, K
^þf&��£(@v; e�Â�vkÂ�þfv
½Â��Ø�þfv, KØ�£Ä@v. ux�3
�½��mS, �âÂ��(@v�äI�u m

�þfv¥�=��½ö=A�.

�©z [29] ¥=^þf&��£(@v��
Y�'�, �©^þf&�Dx'²;êâv?è
�õ&E�þfv, ù�Ø�Jp
DxL§¥&
Eþ, ���L§�^²;&�Dxÿþ&E, ü
$
²;&��Kú. �©z [28,30] �'�, �©
�þfÀJD�Æ3þfv�Dx´ëY�, Ø
I��þfÊ��Æ��zDx��þfvÒI
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�Êe���£(@v; �þfÀJD�Æ�I
DÑ�½"��þfv, Ø´�ëYD�Æ
��DgÑ�å�¤k�Yþfv. Ïd, d�
YÒJp
þf�ä¥êâó´��Dx�Ç.

�âþfÛ/D��]�5, ¢yþf�ä¥
êâó´��ü�Õ:�m�êâÏ&�ÀJ

D�Æ, 3nØþ�¢�1, �3¢�¢yþéE
,. �kéõ¯Kk�)û, 'X, XÛé�X��
þf'A?1k��ö�!XÛ���X�|Z
6Uå�r�Å�&��. ¦+kéõ¯K8c�
ÿ�)û, �&þf�äÏ&¬�X�E�uÐ
ÅÚ¢y, ±A^uy¢)¹¥.
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Abstract

In this paper we study the quantum selective repeat protocol of data link layer based on quantum teleportation. When two

sites are communicating in the physical layer, the sender divides a series of qubits into m frames by adding auxiliary qubits. After

continuously transmitting m quantum frames, the receiver judges whether he receives the correct quantum frame according to the

classical information provided by the sender. If the receiver receives the correct quantum frames, he returns confirmed frames using

the quantum channel. If the correct quantum frames are not received, the receiver does not return denial frames. The sender judges

quantum frames which he must resend according to the received confirm frames in setting time. Because the sender resends only the

quantum frames which are lost or mistaken, this protocol reduces the transmission delay and improves communication efficiency. In

the entire course of communications, the classical channel is used only to transmit the survey information, thus its burden is reduced.
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