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�f(x) : 0, 1 → 0, 1.3þfO�ÅþL«ù�¼ê��{´,�ÄÐ��| x, y >�Vþf'A�þ
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FIG. 3. Ó�O�f(0)Úf(1)�þf�´
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2
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2
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√
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�(−1)f(x)× | x > (| 0 > − | 1 >)/
√

2.¤±:

| φ2 >=

±[ |0>+|1>√
2

][ |0>−|1>√
2

] f(0) = f(1)

±[ |0>−|1>√
2

][ |0>−|1>√
2

] f(0) 6= f(1)
(1)

Hadamard��^3¿��ü�þf'A¥�c��þ.��:

| φ3 >=

± | 0 > [ |0>−|1>√
2

] f(0) = f(1)

± | 1 > [ |0>−|1>√
2

] f(0) 6= f(1)
(2)

½ö:| φ3 >= ± | f(0)⊕ f(1) > [ |0>−|1>√
2

].ù�(J¿©Ðy
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Deutsch-Jozsa�{´^5)ûDeutsch¯K�þf�{,�´LyÑþf�{`�5�~f�

�.Deutsch¯K�±£ã�ù��iZ.Alicel0�2n − 1�ê¥?¿À���x,r§M�Bob.Bob�â

ù�ê,ÏL���{�Ñf(x),¿r§M�Alice.Bob��{ù�U´±eüö��:Ù�´f(x)éu¤k
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FIG. 4. Deutsch-Jozsa�{�þf�´

�xÑ´~ê;Ù�´f(x)TÐ¦���x�1,¦,���x�0,¡�²ï�.Alice�¯U3AgÏ&��

äBob¦^�´Û«�{?

²;�/e,Alice�g�Uu�Bob��x,Ïd���¹e,Alice���Î¯Bob2n/2 − 1g,âU

�äÑBob´Ä¦^�´²ï�{.�´XJAliceÚBob���´þf'A,¿�Bob¦^�´þf�

´Uf5?1f(x)ö�,�gÏ&Ò�±��8�.

aquDeutsch�{,�´Alice¦^�´n+1þf'A.cn�þf'A��M�ì�;¨�Ñ\,


����üþf'AM�ì^5�;Bob��Y.Bob^¿15þf�´���Y�¿�\M�ì

�,Alice|^HadamardC��ÎM�ì�G�.

äNL§XFIG.4.¤«.�ÐÑ\��þf�| φ0 >=| 0 >⊗n| 1 >,²L
¿��HadamardC�

�,C�| φ1 >=
∑
x∈{0,1}n

|x>√
2n

[ |0>−|1>√
2

].²LUf��^�,�Ñ| φ2 >=
∑
x∈{0,1}n

(−1)f(x)|x>√
2n

[ |0>−|1>√
2

].

Alice��lù�G���Bob��{´�o,2g|^
HadamardC�.küX/�	HadamardC

��êÆ5�,kXe�(Ø.éuüþf'A,kH | x >=
∑
z(−1)xz | z > /

√
2.@oõþf'A��

¹�´aq�:

H⊗n | x1, · · ·, xn >=
∑

z1,···,zn

(−1)x1z1+···+xnzn | z1, · · ·, zn > /
√

2n (3)

½ö�¤H⊗n | x >=
∑
z(−1)xz | z > /

√
2n.��ù�(J�,�±��Alice¦^HadamardC�

����G��:

| φ3 >=
∑
z

∑
x

(−1)x·z+f(x) | z >√
2n

[
| 0 > − | 1 >√

2
] (4)

Aliceé¨���G�?1�w,uy| 0 >⊗n�ÌÝ�
∑
x(−1)f(x)/2n.f�~ê,| 0 >⊗n�Xê²�

�1,¤±Ù¦¤kÌÝ�0.¤±ÿþ��¤kþf'A þ�0.XJÿþ��þf'A �3Ø�0�
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FIG. 5. �gGroverS��«¿ã

�¹,K¼ê´²ï�.

þf|¢�{ÚDeutsch�{k¤ØÓ,�
��ÊH/£ãù�¯K
Ú\
�¡�oracle�ç�

Å�.3;�?Øoracle�SÜÅ��cJe,�I��éu÷v,
^��x,oracle¬�Ñ�A�ÑÑ

�.3þf|¢�{¥,oracle��^�±{z�:| x >→ o(−1)f(x) | x >.oracleÏLUC)�� IP


|¢¯K�).

�{lO�Å�Ð�| 0 >⊗n,^HadamardCz¦�O�Å?uþ!U\�:

| φ >=
1

N1/2

N−1∑
x=0

| x > (5)

þf|¢�{�E¦^Xe�¡�GroverS��Ú½.(1)A^oracle O;(2)A^HadamardC

�H⊗n;(3)�1¦| 0 >�	�z�O�Ä�¼�-1�� £Ä�^��£;(4)2gA^HadamardCz.

N´y²,GroverS��±�¤(2 | φ >< φ | −I)O,¿�´dm©�þ| φ >Ú|¢¯K)|¤�þ
!U\�Ü¤����m¥���^=.æ^

∑′
xL«¤kxþ|¢¯K)�Ú,

∑′′
xL«¤kxþ�|¢

¯K�Ú.½Â| α >= 1√
N−M

∑′′
x | x >,| β >= 1√

M

∑′
x | x >.

| φ >=

√
N −M
N

| α > +

√
M

N
| β > (6)

XFIG.5.¤«,3| α >Ú| β >Ü¤�²¡þ,$�Oé�þ| α >?1
�g��,O(a | α > +b |
β >) = a | α > −b | β >;,�2 | φ >< φ | −I�1
é| φ >��g��.ùü����È��u�g

^=.-cos θ2 =
√

(N −M)/N ,�±�Ñ=�¢Sþ´θ.N´uy,zgA^G,r| φ >�| β >���^
=θ��Ý.

�
¦�| φ >�C| β >,7L^=arccos
√
M/N�lÝ,���S�R = b arccos

√
M/N

θ cg.b

�M ≤ N/2, �±�ÑR �þ.�R ≤ dπ4
√

N
M e.�Ò´�{E,Ý�O(

√
N/M),
²;�{�¦�E
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�Å�]
8c�@�´¢yÃ^�S�þf��©u�7L¬,�Ò´`þfÅ�3þf��©u¥

�/ ´Ø�½"�.

=BXd,þf�èý�Úå<�5¿´31994c,@�cMITêÆX�ÇPeter ShorJÑ
Í¶�

þf�ê©)�{[7],òT¯K��mE,Ýl�ê?ü�
õ�ª?,ò��I�þZc�¤�?Ö

{z��I�A©¨Ò�±t½.
T?Ö�J)5TÐ´Nõ²;�èN��Ä�.�´T�{��

1I�þfO�Å,�Ò´`XJ<aUEÑþfO�Å,@oDÚ��èN�ò¬É�4��%�.,

��¡,þf�èØÉþfO�Å�%�,¦�Ä�´þfÔnnØ��(5,u´þf�èS�Ï&�

ªÚå
�Æ[�2�'5,§�@�´e��S�Ï&���Éì.

���J�´,þfO�Å�,�Kþ�±»)²;�èN�,�´��31994cé�<é¦��

5±W*�Ý,ÙÌ��Ï´þfO�Å�'u²;O�ÅkX��mq�·�"::|D54�.é

õ<@�þfO�Å��Ø�UEÑ5.�´þfÅ�è��)[8, 9]UC
þfO�Å�yG.y3

w5,þfO�Å�¢yvk�Kþ�(J,¿�·�U
�ß/w�§L��AcuÐÚ{Ð��

5[10].

2!þf���uÙ

þf��©u�Ækéõ,�k��A:,�l{¤��Ý5`BB84�ÆÚE91�Æ�ä�L5,¦

�SN{',N´¢y,BB84�Æ´8c¢�þ¦^�õ��Æ,
E91�Æû)Ñ5���Ã'þf�

�©u�Æò¬�5�õ�Ñy3¢�¿p$���2��A^.

2.1 BB84�Æ
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e¡´�Æ�äNÚ½[5]:

1)Alicel8Ü{| 0 >, | 1 >, | + >, | − >}¥�ÅÀ�¿�����| α >ux�Bob.

2)Bob�ÅÀJ{| 0 >, | 1 >}Ä½ö{| + >, | − >}Äé| α >ÿþ§ÿþ(Jr=0L«ÿ�{| 0 >}½{|
+ >},ÿþ(J�L«ÿ�{| 1 >} ½{| − >}.
3)­EÚ½1)Ú2)eZg§z�g¡���¯�.

4)AliceÚBobé¤k�¯�úm'�¤À�ÿþÄ,Ù¥Alice¤À�ÿþÄ��´¹k| α >���

Ä,¿ïÿþÄØ���¯�,éuÿþÄ���¯�,�ÅÀJ�Ü©Ñ5úm'�,XJkuyBob�

ÿþ(J�Aliceux��Ø��,@o`²uÿ��fö,�Æª�,ÄK,�Æ�)���Ò´{e¯�

�ÿþ(J.

AliceÚBobÜ�²L²;Å�Ú����,)¤�ª��.

l]
��Ý5`,BB84�ÆÌ�¦^
����üþf'A,ÙS�5dþfØ����nÚ°

Ü�ÿØO�n�y,
ù´²;­.¤"��.

2.2 E91�Æ

e¡´�Æ�äNÚ½[6]:

1)Alice����Å�ü�| φ >= |0>A|1>B−|1>A|0>B

2 ,uxâfB�Bob.

2)AliceÚBob©OÕá/éÃ¥�âf?1ÿþ,ÿþÄ3{| 0 >, | 1 >}ÄÚ{| + >, | − >}Ä�m�Å
ÀJ.

3)­EÚ½1)Ú2)eZg§z�g¡���¯�.

4)AliceÚBob�ÅÀJ�Ü©¯�,úÙÿþÄÚÿþ(J¿�\CHSHØ�ª?1�y,XJØ�

�CHSHØ�ª,@o`²uÿ��fö,�Æª�,ÄK,é{e�¯�úm'�¤À�ÿþÄ,�Æ�)

���Ò´ÿþÄ���¯��ÿþ(J.

AliceÚBobÜ�²L²;Å�Ú���,)¤�ª��.

E91�ÆK¦^
EPRÅ�é,ÙS�5d��CHSHØ�ª5�y,����CHSHØ�ª,Ò`²

V���
�½�Å�,|^ù
Å�Ò�±�)��.5¿�©�E91�Æ¦^
n�ÿþÄ
Ø´

ùp�ü�,�´¦���þÑvk���«O,�´��ÇØÓ
®,ùp¦^ü�ÿþÄ´�
�B

�BB84�Æ'�.

2.3ÄuÅ��BB84�Æ

e¡´�Æ�äNÚ½:

1)Alice����Å��| phi >= |0>A|1>B+|1>A|0>B

2 ,uxâfB�Bob.

2)AliceÚBob©OÕá/éÃ¥�âf?1ÿþ,ÿþÄ3{| 0 >, | 1 >}ÄÚ{| + >, | − >}Ä�m�Å
ÀJ.

3)­EÚ½1)Ú2)eZg,z�g¡���¯�.

4)AliceÚBobé¤k�¯�úm'�¤À�ÿþÄ.é¤kÿþÄØ���¯�Ú�ÅÀJ�Ü©ÿþ

Ä���¯�,úm'�ÿþ(J,XJ÷v:



11

P (00 | 00) = P (11 | 00) = P (00 | 11) = P (11 | 11) =
1

2
(7)

P (00 | 01) = P (01 | 01) = P (10 | 01) = P (11 | 01) = P (00 | 10) = P (01 | 10) = P (10 | 10) = P (11 | 10) =
1

4
(8)

@o`²uÿ��fö,�Æª�,ÄK,�Æ�)���Ò´{e¯��ÿþ(J.ùp,P (ab |
cd)¥�aÚb©OL«AliceÚBob�ÿþ(Ja(b)=0L«ÿ�{| 0 >}½�{| + >}, a(b)=1L«ÿ

�{| 1 >}½�{| − >},c Úd ©OL«Alice ÚBob�ÿþÄc(d)=0L«¦^�´Ä{| 0 >, | 1 >},L«
¦^�´Ä{| + >, | − >}.

AliceÚBobÜ�²L²;Å�Ú����,)¤�ª��.

òT�Æ�E91�Æ'��±uy,¦��31oÚuÿ�f��{ØÓ,cö¦^�´ÿþÄÚÿ

þ(J�^�VÇ©Ù,�öK´BellØ�ª.

3!¢�©Û�Ð"

��þf&E+���¤Ù��
,þf�è®²3¢�¿$�´3ó§þ��
�X��¤

J.þfÏ&�ål®²l@Ï¢�¿p�Af��y3�Azúp,ù�Ãu¢�����#ÚnØ

�{�U?(Xp¢��¦^)$��Ñy
û^þf�èÅ.

�Ò8c5`,¦^��ÆA�Ñ´BB84�Æ,Ì��Ï�U3u§^��]
�kdü1f¢y

�üþf'A,
þ¡ù��Ù¦�YÑ´±�J���EPRÅ��5¢y�.

,	BellØ�ª��y�ã¡�Xü�¦É:&ÿ5¦ÉÚÛ�5¦É.

&ÿ5¦É��´3&ÿþf'A&Ò��ÿ,duD(��3Ï~¬¿��
&Ò,���)�

ÿþ(J��u´��¯�ÿþ(J���f8,
ù�f8éBellØ�ª����ÄØ�½U
�L

�8��¹.'4ù�¦É��{kü^å»,1�´Jp1f&ÿì�&ÿ�Ç,8c���1f&ÿ

ì���47%�&ÿ�Ç,�´ål'4&ÿ5¦É�^�85%�k�½ål:1�´¦^�f��þf

'A�1N,Ï��f'A�&ÿÇ��C100%.

Û�5¦É��´3AliceÚBob&ÿþf&E��mm�XJ�u&E±1�lAliceux

�Bob��m,@o=B��BellØ�ª,�ØUüØkÿþ���òÿþ&Eux��ÿþ���,l


�E��BellØ�ª�ÿþ(J.'4ù�¦É��{Ò´\¯&ÿì��A�Ý,��5`1f&ÿì

U��4¯��Ý,�´�f'A&ÿì��ÝÒ�ú
.

o�5`Ó�'4ü�¦É�å»kü�:�´ïu¿¦^p��1f&ÿì,¿^1f��&E

1N;�´^1ÆnÍÜ1f'AÚ�f'A,(Ü1f&ÿìÚ�f&ÿì�g�`:,Ó�)ûùü

�¦É.
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V. o(

�©V)5/Ð«
y�þfO�+����ÚA:,¿é8cþf&E+���­��A^,þ

f\�?1
{�`².��5¿�´,<a8céuþfO�Å��$�,XÚ/8BþfO�ÅÚ²

;O�Å�m��O,½´éÑ�±¢SA^�þf�{,8cÑ�Ø�.ù
¯Kò´�5þfO�+

��uÐ��.

VI. ë�©z

[1] ±�%,�$¹,Ü[),H1ð 2005 þfO��ïÄ?ÐÔnÆ?ÐVol. 25,No. 4.2005.12

[2] Nielsen� 2003 þfO�Úþf&E£�®µ�u�ÆÑ��¤

[3] Jurgen AudretschÅ��­.))þf&E�þfO�Å��å

[4] #³',ô
 2008 þfO�Å�²;O�Å�'�>MA^Eâ�""lco1Ô�nÏ

[5] Bennett, C. H. and G. Brassard 1984 Quantum cryptography: Public key distribution and coin tossing,

Proceedings IEEE International Conference on Computers, Systems and Signal Processing p175.

[6] Ekert, A. K. 1991 Quantum cryptography based on Bell’s theorem, Phys. Rev. Lett. 67, 661.

[7] Shor, P. W. 1994 Algorithms for quantum computation: discrete logarithms and factoring, Proceedings of

the 35th Annual Symposium on the Foundations of Computer Science p124.

[8] W.Shor, Peter 1995 Scheme for reducing decoherence in quantum computer memory, Phys. Rev, A. 52,

p2493.

[9] A Steane 1996 Multiple-particle interference and quantum error correction, Proc. R. Soc. Lond. A. 452,

1954 p2551-2577.

[10] qist.lanl.gov/qcomp map.shtml/


