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XOR }7~,�A�.�7�,�.�0�.�A�C����.ZA8TnF@F�3i��Ch
∀x, y = 0, 1, f(x, y) := (x, x⊕ y) = (x, XOR(x, y))

=C;3<,N�:C*,+.-0/,13274�50[
U := |0〉〈0| ⊗ I + |1〉〈1| ⊗ σ

^3��P9X�rq:7JAN.@A�3�
∀x, y = 0, 1, U |x, y〉 = |x, x⊕ y〉

l0�T���A�9J9zAzF^
σ :=

(

0 1

1 0

)

∀x, y = 0, 1, XOR(x, y) := x⊕ y :=

{

0 (x = y
Z.EC�

)

1 (x 6= y
Z.EC�

)
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U = |0〉〈0| ⊗ I + |1〉〈1| ⊗ σ

=

(

1

0

)

( 1 0 )⊗

(

1 0

0 1

)

+

(

0

1

)

( 0 1 )⊗

(

0 1

1 0

)

=

(

1 0

0 0

)

⊗

(

1 0

0 1

)

+

(

0 0

0 1

)

⊗

(

0 1

1 0

)
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2 × 2
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A1, A2

=
C2
_.Z�+�,�
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A := A1 ⊗ A2

Z
(i, j)

��-
aij

[
aij = 〈i1|A1|j1〉〈i2|A2|j2〉

^3��P9X�rq:7J9zAzF^
i := 2i1 + i2, i1, i2 = 0, 1

j := 2j1 + j2, j1, j2 = 0, 1

^�k3:0J
zAZ�.�/.=�0 nAE�U

U =











1 0 0 0

0 1 0 0

0 0 0 1

0 0 1 0










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U∗ = U

@,ZY^oU

UU∗ =











1 0 0 0

0 1 0 0

0 0 1 0

0 0 0 1











= I
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U |x, y〉 = |x, x⊕ y〉

EF@3:,z.EC= � NAJ
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U |x, y〉 = (|0〉〈0| ⊗ I + |1〉〈1| ⊗ σ)|x, y〉

= (|0〉〈0| ⊗ I)|x, y〉+ (|1〉〈1| ⊗ σ)|x, y〉

zAzF^�U
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A1, A2

E
B1, B2

=
C2
_.Z�
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(A1 ⊗ A2)(B1 ⊗ B2) = (A1B1) ⊗ (A2B2)

l0�T���A�9J
E y n�.
/.=�0 nAE�U

= (|0〉〈0|)|x〉 ⊗ I|y〉 + (|1〉〈1|)|x〉 ⊗ σ|y〉 (1)

zAzF^�U

(|0〉〈0|)|x〉 =

(

1 0

0 0

)

|x〉

^�k��YU
x = 0, 1

8.��U
(

1 0

0 0

)

|0〉 =

(

1 0

0 0

) (

1

0

)

=

(

1

0

)

= |0〉 (x = 0
Z.E7�

)

(

1 0

0 0

)

|1〉 =

(

1 0

0 0

) (

0

1

)

=

(

0

0

)

= 0 (x = 1
Z.EC�

)
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(|0〉〈0|)|x〉 =

(

1 0

0 0

)

|x〉 = (1− x)|x〉

��� 6
(|1〉〈0|)|x〉 = x|x〉

σ|x〉 = |1 − x〉

8,]Cx9U	�
(1)
[,U

= (1− x)|x〉 ⊗ |y〉+ x|x〉 ⊗ |1− y〉

= |x〉 ⊗ ((1− x)|y〉+ x|1− y〉)
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= |x〉 ⊗ |x ⊕ y〉

= |x, x⊕ y〉 (2)
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a1b1, a1b2, a2b1, a2b2

|a1, b1〉, |a1, b2〉, |a2, b1〉, |a2, b2〉
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U |0, 0〉 = |0, 0〉 = 1|0, 0〉+ 0|1, 0〉+ 0|0, 1〉+ 0|1, 1〉
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|0, 1〉
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U |0, 1〉 = |0, 1〉 = 0|0, 0〉+ 0|1, 0〉+ 1|0, 1〉+ 0|1, 1〉

^�k3:,ZY^�U�

�.Z����.8.��U�%
&
|1|2 + |0|2 = 1

^
1
l"

�Tp rq:7J

 � l
|1, 0〉

Z.EF�,U ��� [
U |1, 0〉 = |1, 1〉 = 0|0, 0〉+ 0|1, 0〉+ 0|0, 1〉+ 1|1, 1〉
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