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Abstract

Quantum Bernoulli noises are a family of annihilation and creation operators acting

on Bernoulli functionals, which satisfy a canonical anti-commutation relation in equal

time. In this paper, based on the quantum Bernoulli noises method, we consider one-

dimensional space-time inhomogeneous open quantum walk. The Kraus operators

system is introduced and investigated by means of space-time inhomogeneous coin

operator pairs. We give the quantum channel representation of the model by using

the Kraus operator system and discuss its properties.
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1. Úó

Cc5, m�þfi� [1]3��+�¥ÑkX��A^. §�´²;Markovó�°(þf

aqÔ, �mu^u�½ÑÑþfO��{ÚÑÑþf��� [2].3m�þfi�¥, !:�m�

=£X{´d��¸�ÑÑ5�p�^°Ä�. m�þfi�Ø�6u!:�m�þfZ�, ¿�

§�3¥%4�½n [3].duÛÜ�¸�K�, m�þfi��ÄåÆ´�j�. ¯¢þ, m�þf

i��Ú�Ú/£ã
;.�þf1�, �´§q�w«
����²;�ìC1� [4, 5].du²

;Markovó��{3m�þfi�þ�A^Úí2, ¦�3T+���
Nõ¤J [6, 7].
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þf BernoulliD( (QBNs)´ Bernoulli�¼�mÚ�^uÙþ��«!O)�fx, ÷v�

«���;K���'X, 3£ã�¸ém�þfXÚ�K��¡u��^ [8]. 2018 c, © [9]ò

QBNsA^um�þfi��ïÄ¥, |^ QBNs�E
���ê�þäkÃ¡õSÜgdÝ�l

Ñ�mm�þfi�, q¡��� QBNsm�i�, ¿lVÇ©Ù��ÝÑu, ïÄm�þfi��

�'5�. © [9]�ïÄL² QBNsm�i��üz�§É QBNsK�, �Ùüz�§�6u�m

�Cz. Ó�uy QBNsm�i�äk�²;�Åi��Ó�4�VÇ©Ù. 3©z [10]¥Ú\


�éäk���àg5� coin�fé, ?�����ê�þÄu QBNs����àg(=�m�

mþ�àg)�m�þfi�, Ùüz�§Ø=��m�Czk', Ó���i�ö¤?��m �

k'. þãïÄL²ÛÜÄ���Ð©��, Äu QBNs�����àgm�þfi��²;�Å

i�k�Ó�4�VÇ©Ù.

þfåÆ��)��/UC
<a�¬, 320 VíÄ�¬uÐ�ØU!-1!��N�p�

E, ÑuþfåÆ. �CA�c, þfnØ3Jp$��Ý�¡â»yk�4�, ¿�)
��#

,���Æ�, =þf&EÆ. þf&EÆ´þfåÆ�&E�Æ�(Ü��Ô. 3©z [11]¥��


ÏLþfD(&�DÑ&E�Nõ�(J. $^þf=�ÚDÑ&EäkNõ`�5, AO

/, ��&E�þf�éuU��»�þf&E�D(´é¯a�. þf&��¡�þf$�, £

ã�´�8¥�=z. l�f*:w, §´���5z����N�, ´MarkovN�(�5!��!

�5zN�) 3���VÇØ¥�aqÔ, 3þfXÚ��Æ¥å
����^; lÚOEâÆ*

:w, §�Ñ
��¸�p�^m�þfXÚlÑ�müz�����£ã, =êÆ*Ü½n�Ô

nÆéA, d��ØÓ��þ5�x [12] .

Cc5, dum�þfi�É��AO'5¦����àgm�þfi�k´L�A^, êÆ

�¡ïÄ���àgm�þfi�5°(rºÙ5�´þfnØïÄ¥���K. Ïd, 3Äu

QBNsµeeïÄ���àgm�þfi��.Ú§�þf&�L«�Ù§�'¯KäkwÍ�n

Ø¿Â.

�©�3©z [10]�Ä:þUYïÄ�����àg�m�þfi�, ¿�ÑTi��þf&

�L«.

2. ý��£

2.1. þf BernoulliD(

�!¥, {�/£�þf BernoulliD(��
Ä�Vg±9(Ø. �[SN�ë�©z [8].

�N ´�K�ê8, Ω = {−1, 1}N L«¤kN�ω : N 7→ {−1, 1} �¤�8Ü, (ζn)n≥0 L«½

Â3Ω þ�;KÝKS�, éz�n ≥ 0, k

ζn(ω) = ω(n), ω ∈ Ω.
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½ÂF = σ(ζn;n ≥ 0) ´Ω þdS�(ζn)n≥0 )¤�σ−�; �(pn)n≥0 ´�½��êS�, Ù

¥0 < pn < 1, n ≥ 0. @o3�ÿ�m(Ω,F) þ�3���VÇÿÝP, ¦�

P ◦ (ζn1
, ζn2

, · · · ζnk)−1{(ε1, ε2, · · · εk)} =
k∏
j=1

p
1+εj

2
nj (1− pnj )

1−εj
2 ,

Ù¥k ≥ 1, εj ∈ {−1, 1}, nj ∈ N (1 ≤ j ≤ k) ÷v: �i 6= j �, ni 6= nj . Ïd·�����VÇÿÝ

�m(Ω,F ,P),¡�Bernoulli�m,�T�mþ�E��ÅCþ¡�Bernoulli�¼. �Z = (Zn)n≥0

´�ÅCþS�(ζn)n≥0 )¤� Bernoulli�¼, =

Zn =
ζn + qn − pn

2
√
pnqn

, n ≥ 0,

Ù¥qn = 1− pn. w,, Z = (Zn)n≥0 ´VÇÿÝ�m(Ω,F ,P) þ���Õá��ÅCþ.

�H ´E�²��È Bernoulli�¼�m, =

H = L2(Ω,F ,P).

^〈·, ·〉 Ú‖ · ‖ L«H ¥�SÈÚ�ê, ¿�½〈·, ·〉 'u1��Cþ�Ý�5, 'u1��Cþ�5.

dZ �·bL«5���Z = {Zτ | τ ∈ Γ} ´H ��|;KIO��Ä (ONB) , Ù¥Z∅ = 1, �

Zτ =
∏
j∈τ

Zj , τ ∈ Γ, τ 6= ∅.

w,H ´��Ã¡��E�© Hilbert�m. ´�, éuz�n ≥ 0, Zn = Z{n} �H �;K ONB�

��Ä�þ.

Ún 1 [8]é?¿�k ≥ 0, �mH þ�3��k.�f∂k : H → H, ¦�‖ ∂k ‖= 1 �

∂kZτ = 1τ (k)Zτ\k, ∂∗kZτ = [1− 1τ (k)]Zτ∪k, τ ∈ Γ,

Ù¥∂∗k �∂k ��Ý�f, τ \ k = τ \ {k}, τ ∪ k = τ ∪ {k}, �1τ (k) ´N �f8τ �«5¼ê.

�f∂k ÚÙ�Ý�f∂
∗
k ©O¡��^3 Bernoulli�¼�mþ��«�fÚO)�f.

½Â 1 [8] Bernoulli�¼�mÚ�^uÙþ��«!O)�fx{∂k, ∂∗k}k≥0 ¡�þfBernoulli

D(.

e�ÚnL²þf BernoulliD(÷v��;K���'X (CAR).

Ún 2 [8]�k, l ∈ N, Ke��ª¤á

∂k∂l = ∂l∂k, ∂∗k∂
∗
l = ∂∗l ∂

∗
k , ∂∗k∂l = ∂l∂

∗
k , k 6= l
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�

∂k∂k = ∂∗k∂
∗
k = 0, ∂k∂

∗
k + ∂∗k∂k = IH.

Ù¥IH ´�mH þ�ü �f.

2.2. ���àgm�þfi�

�!¥·�£�ÄuþfBernoulliD(������àgm�þfi�(±e{¡�QBNs-�

��àgm�þfi�) ��
Ä�Vg. �[SN�ë�©z [10].

éuH þ�k.�fA 9¤k�ξ ∈ H, XJ〈ξ,Aξ〉 ≥ 0, @o¡A ´��, P�A ≥ 0.

�S(H) ´�mH þ��N,a�f�¤� Banach�m, S+(H) ¥���¡�H þ��,a�

f. eT ∈ S+(H) �TrT = 1, K¡Ù�H þ��Ý�f.

½Â 2 [10] eN�ρ : Z → S+(H) ÷v
∑

x∈Z Tr ρ(x) = 1, K¡ρ ��mH þ���Ý

Ø(nucleus). �mH þ��NÝØ�¤�8ÜP�G (H).

éuN�Φ : Z → H �
∑∞

x=−∞ ‖ Φ0(x) ‖2= 1, ÏL±eg,��ª½ÂG (H) ¥���Ý

Øρ :

ρ(x) = |Φ(x)〉 〈Φ(x)| , x ∈ Z, (1)

Ù¥|Φ(x)〉 〈Φ(x)| L«�H þ��þΦ(x) k'� Dirac�f.

�ÄÜþÈ�ml2(Z)⊗H, ùpl2(Z) ´Z þ²��ÚE�¼ê�m. e¡½Âl2(Z) þ�;K

IO��Ä{φx | x ∈ Z}, Ù¥

φx(z) =


1, z = x, z ∈ Z;

0, z 6= x, z ∈ Z.

(2)

Ún 3 [10]�ρ ∈ G (H), Kéux ∈ Z, |φx〉 〈φx| ⊗ ρ(x) �l2(Z)⊗H þ��,a�f, Ó�, �

f?ê
∞∑

x=−∞

|φx〉 〈φx| ⊗ ρ(x) (3)

3,�f�ê¿ÂeÂñ, �ÙÚ´l2(Z)⊗H þ��Ý�f.

e¡½ÂJø
Äuþf BernoulliD(������àgm�þfi��äN½Â.

½Â 3 [10] QBNs-���àgm�þfi�´�½Â3�ê�Z þ�÷v±e^��lÑ�m

m�þfi�.

(1) Ti����m�l2(Z)⊗H, §��´l2(Z)⊗H þ��Ý�f;
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(2) Ti�� coin�fL«Xe:

Ln(x) =
1

2
e−iξ(x)(∂∗n + ∂n − IH), Rn(x) =

1

2
eiξ(x)(∂∗n + ∂n + IH), n ≥ 0,

Ù¥ξ : Z→ R+ ´��½Â3Z þ��K¢�¼ê, IH ´�mH þ�ü �f, Ln(x) ÚRn(x) ´

�g��f, �é ∀ k, l ≥ 0 kXe5�:

Rn
∗(x)Rn(x ) + Ln

∗(x)Ln(x ) = IH; (4)

(3) �3n ≥ 0 ��i���´ρ̃(n), �kXeL«:

ρ̃(n) =
∞∑

x=−∞

|φx〉 〈φx| ⊗ ρ(n)(x), (5)

ùpρ(n) ∈ G (H), ·�¡Ù��ρ̃(n) �ÝØ;

(4) Tþfi��S��ÝØ��müz�§�

ρ(n+1)(x) = Rn(x− 1)ρ(n)(x− 1)R∗n(x− 1) + Ln(x+ 1)ρ(n)(x+ 1)L∗n(x+ 1), x ∈ Z, n ≥ 0. (6)

Ù¥ρ(n) ∈ G (H) L«3n ≥ 0 ��, i���ρ̃(n) �ÝØ. 3n ≥ 0 ��, �ê�Z þ�¼

êx→ Tr[ρ(n)(x)] (½ QBNs-���àgm�þfi��VÇ©Ù.

5 1 3þfi�¥, £ãSÜgdÝ��m~�¡� coin�m, coin�mþäN�^u(½i

�����f�¡� coin�f. 3Ï~���ü�þfi��.¥, coin�fäNLy����
.

5 2 dul2(Z) ⊗ H ´ QBNs-���àgm�þfi����m, l2(Z) ⊗ H ∼= l2(Z,H). ¤

±l2(Z) £ãTi�� �, H £ãi��SÜgdÝ. qduH ´Ã¡��, ¤± QBNs-���à

gm�þfi�äkÃ¡õ�SÜgdÝ.

þãL²Tm�þfi��üz�§�6u�m�Cz, Ó���6ui�ö¤?��m �,

�Ti�����àg�m�þfi�.

Ún 4 [10]é?¿�n ≥ 0, x ∈ Z, KRn(x) + Ln(x) ´�mH þ�j�f, �÷vXe'X:

R∗n(x)Ln(x) = Rn(x)L∗n(x) = 0, x ∈ Z.

3. Ì�(J

�!¥, ·�3²��Ú¼ê�ml2(Z)⊗H ¥�E�� QBNs-���àgm�þfi��þ
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f&�L«.

±S(l2(Z)⊗H)L«ÜþÈ�ml2(Z)⊗H þ��N,a�f�¤� Banach�m, S+(l2(Z)⊗

H) = {ρ̃ ∈ S(l2(Z) ⊗ H) | ρ̃ ≥ 0} ¥���¡�l2(Z) ⊗ H þ��,a�f. eρ̃ ∈ S(l2(Z) ⊗ H)

�Tr ρ̃ = 1, K¡ρ̃ ��ml2(Z)⊗H þ��Ý�f.

½Â 4 �A,B ��mH þ�ü�k.�f. XJ§��Ú�fA + B �H þ�j�f, ¿�

÷v'X

A∗B = AB∗ = 0,

K¡{A,B} ´H þ��� coin�fé.

dÚn4 ��, ½Â3 (2) ¥�Rn(x ),Ln(x ) ÷vþã½Â, Kk{Rn(x ),Ln(x )}n≥0,x∈Z ��

mH þ��� coin�féS�.

�
?�Ú?Ø QBNs-���àgm�þfi��þf&�L«, ·�Äk�ÄÜþÈ�

ml2(Z) ⊗H þ� coin�fRn(x ),Ln(x ) �'�k.�fX, ù3�¡y²þf&�L«�¡åX

'��^.

½Â 5 �{Rn(x ),Ln(x )}n≥0,x∈Z ��mH þ��� coin�féS�, Ù¥

Rn(x) =
1

2
eiξ(x)(∂∗n + ∂n + IH), Ln(x) =

1

2
e−iξ(x)(∂∗n + ∂n − IH),

e{K (Rn(x),Ln(x))
x,y | (x, y) ∈ Z× Z} ÷v

K (Rn(x),Ln(x))
x,y =


|φx〉 〈φx−1| ⊗ Rn(x ), (x, y) ∈ Z× Z, y = x− 1;

|φx〉 〈φx+1| ⊗ Ln(x ), (x, y) ∈ Z× Z, y = x+ 1;

0, (x, y) ∈ Z× Z, y 6= x+ 1, y 6= x− 1,

(7)

Ù¥IH L«�mH þ�ü �f, 0 L«l2(Z) ⊗ H þ�"�f. K¡þã¤�E��f

X{K (Rn(x),Ln(x))
x,y | (x, y) ∈ Z× Z} � coin�féS�{Rn(x ),Ln(x )}n≥0,x∈Z 3l2(Z)⊗H þ)¤�

Kraus�fX, Ù��¡�l2(Z)⊗H )¤� Kraus�f.

´�, coin�féS�{Rn(x ),Ln(x )}n≥0,x∈Z 3l2(Z)⊗H þ)¤� Kraus�fXkXeL�:

K
(Rn(x),Ln(x))
x,x−1 = |φx〉 〈φx−1| ⊗ Rn(x ),

K
(Rn(x),Ln(x))
x,x+1 = |φx〉 〈φx+1| ⊗ Ln(x ),

K (Rn(x),Ln(x))
x,y = 0 ( | x− y |6= 1 ),

Ù¥x ∈ Z. e��·K�Ñ
 Kraus�fX���5�.
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·K 1 �{Rn(x ),Ln(x )}n≥0,x∈Z ��mH þ��� coin�féS�, K{Rn(x ),Ln(x )}n≥0,x∈Z
3l2(Z)⊗H þ)¤� Kraus�fX{K (Rn(x),Ln(x))

x,y | (x, y) ∈ Z× Z} ÷ve�'X

∑
x,y∈Z

K (Rn(x),Ln(x))∗
x,y K (Rn(x),Ln(x))

x,y = I, (8)

Ù¥K
(Rn(x),Ln(x))∗
x,y �K

(Rn(x),Ln(x))
x,y ��Ý�f, �I L«l2(Z)⊗H þ�ü �f.

y². éz�x ∈ Z, �y ∈ Z �| x− y |6= 1 �, w,kK
(Rn(x),Ln(x))∗
x,y K

(Rn(x),Ln(x))
x,y = 0;

Ùg§ÏLO�k

K
(Rn(x),Ln(x))∗
x,x−1 K

(Rn(x),Ln(x))
x,x−1

= (|φx〉 〈φx−1| ⊗ Rn(x ))∗(|φx〉 〈φx−1| ⊗ Rn(x ))

= [|φx−1〉 〈φx| ⊗
1

2
e−iξ(x)(∂∗n + ∂n + IH)][|φx〉 〈φx−1| ⊗

1

2
eiξ(x)(∂∗n + ∂n + IH)]

= |φx−1〉 〈φx−1| ⊗ [
1

2
(∂∗n + ∂n + IH)],

Ón��K
(Rn(x),Ln(x))∗
x,x+1 K

(Rn(x),Ln(x))
x,x+1 = |φx+1〉 〈φx+1| ⊗ [− 1

2
(∂∗n + ∂n − IH)]. Kk

∑
x,y∈Z

K (Rn(x),Ln(x))∗
x,y K (Rn(x),Ln(x))

x,y

=
∑
x∈Z

∑
y∈Z

K (Rn(x),Ln(x))∗
x,y K (Rn(x),Ln(x))

x,y

=
∑
x∈Z

[K
(Rn(x),Ln(x))∗
x,x−1 K

(Rn(x),Ln(x))
x,x−1 + K

(Rn(x),Ln(x))∗
x,x+1 K

(Rn(x),Ln(x))
x,x+1 ]

=
∑
x∈Z

[|φx−1〉 〈φx−1| ⊗ (
1

2
(∂∗n + ∂n + IH)) + |φx+1〉 〈φx+1| ⊗ (−1

2
(∂∗n + ∂n − IH))]

=
∑
x∈Z

|φx−1〉 〈φx−1| ⊗ (
1

2
(∂∗n + ∂n + IH)) +

∑
x∈Z

|φx+1〉 〈φx+1| ⊗ (−1

2
(∂∗n + ∂n − IH))

=
∑
x∈Z

|φx〉 〈φx| ⊗ (
1

2
(∂∗n + ∂n + IH)) +

∑
x∈Z

|φx〉 〈φx| ⊗ (−1

2
(∂∗n + ∂n − IH))

=
∑
x∈Z

|φx〉 〈φx| ⊗ [
1

2
(∂∗n + ∂n + IH)− 1

2
(∂∗n + ∂n − IH)]

=
∑
x∈Z

|φx〉 〈φx| ⊗ IH

= I,

Ù¥IH L«�mH þ�ü �f. �
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3þã·K^�e, éz�,a�f% ∈ S(l2(Z)⊗H), �f?ê

∑
x,y∈Z

K (Rn(x),Ln(x))∗
x,y %K (Rn(x),Ln(x))

x,y

U,a�f�mS(l2(Z)⊗H) ��êÂñ�ÙÚ�fEáuS(l2(Z)⊗H). dd§�Ú\e�½Â

½Â 6 �{Rn(x ),Ln(x )}n≥0,x∈Z ��mH þ��� coin �féS�, ½Â,a�f�

mS(l2(Z)⊗H) þ�N�M(Rn(x),Ln(x)) Xe

M(Rn(x),Ln(x))(%) =
∑
x,y∈Z

K (Rn(x),Ln(x))
x,y %K (Rn(x),Ln(x))∗

x,y , % ∈ S(l2(Z)⊗H), (9)

Ù¥K
(Rn(x),Ln(x))
x,y �{Rn(x ),Ln(x )}n≥0,x∈Z )¤� kraus�f, K

(Rn(x),Ln(x))∗
x,y �Ù�Ý�f. K¡

N�M(Rn(x),Ln(x)) � coin�féS�{Rn(x ),Ln(x )}n≥0,x∈Z 3S(l2(Z)⊗H) þ)¤�þf&�.

e�·K`²þf&�M(Rn(x),Ln(x)) äk�,5.

·K 2 éu coin�féS�{Rn(x ),Ln(x )}n≥0,x∈Z 3S(l2(Z)⊗H) þ)¤�þf&�

M(Rn(x),Ln(x)), eª¤á.

Tr[M(Rn(x),Ln(x))(%)] = Tr %, % ∈ S(l2(Z)⊗H). (10)

AO/, e%̃ �l2(Z)⊗H þ��Ý�f, KM(Rn(x),Ln(x))(%̃) �´l2(Z)⊗H þ��Ý�f.

y². �n ≥ 0. éz�x ∈ Z, % ∈ S(l2(Z)⊗H), �â,a�f�$�5�Ú·K1, k

Tr[M(Rn(x),Ln(x))(%)] = Tr[
∑
x,y∈Z

K (Rn(x),Ln(x))
x,y %K (Rn(x),Ln(x))∗

x,y ]

=
∑
x,y∈Z

Tr[K (Rn(x),Ln(x))
x,y %K (Rn(x),Ln(x))∗

x,y ]

=
∑
x,y∈Z

Tr[%K (Rn(x),Ln(x))∗
x,y K (Rn(x),Ln(x))

x,y ]

= Tr[%
∑
x,y∈Z

K (Rn(x),Ln(x))∗
x,y K (Rn(x),Ln(x))

x,y ]

= Tr[%I]

= Tr %.

(Ü% ´�Ý�f, ��M(Rn(x),Ln(x))(%) �´�Ý�f. �y. �

½n 1 �{Rn(x ),Ln(x )}n≥0,x∈Z ��mH þ��� coin �féS�, Kd�fé°Ä�
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QBNs-���àgm�þfi���S�ρ̃(n), n ≥ 0 , ÷ve�üz'X

ρ̃(n+1) =M(Rn(x),Ln(x))(ρ̃
(n)), n ≥ 0, (11)

Ù¥M(Rn(x),Ln(x)) � coin�féS�{Rn(x ),Ln(x )}n≥0,x∈Z 3S(l2(Z)⊗H) þ)¤�þf&�.

y². �n ≥ 0. éz�x ∈ Z, k

K
(Rn(x),Ln(x))
x,x−1 ρ̃(n)K

(Rn(x),Ln(x))∗
x,x−1

= (|φx〉 〈φx−1| ⊗ Rn(x ))ρ̃(n)(|φx〉 〈φx−1| ⊗ Rn(x ))∗

= (|φx〉 〈φx−1| ⊗ Rn(x ))(
∑
z∈Z

|φz〉 〈φz| ⊗ ρ(n)(z))(|φx−1〉 〈φx| ⊗ R∗n(x ))

= |φx〉 〈φx−1|
∑
z∈Z

|φz〉 〈φz| |φx−1〉 〈φx| ⊗ Rn(x )ρ(n)(z))R∗n(x )

= |φx〉 〈φx−1| |φx−1〉 〈φx| ⊗ Rn(x )ρ(n)(x− 1)R∗n(x )

= |φx〉 〈φx−1| |φx−1〉 〈φx| ⊗
1

2
eiξ(x)(∂∗n + ∂n + IH)ρ(n)(x− 1)

1

2
e−iξ(x)(∂∗n + ∂n + IH)

= |φx〉 〈φx−1| |φx−1〉 〈φx| ⊗
1

2
(∂∗n + ∂n + IH)ρ(n)(x− 1)

1

2
(∂∗n + ∂n + IH)

= |φx〉 〈φx−1| |φx−1〉 〈φx| ⊗
1

2
eiξ(x−1)(∂∗n + ∂n + IH)ρ(n)(x− 1)

1

2
e−iξ(x−1)(∂∗n + ∂n + IH)

= |φx〉 〈φx| ⊗ Rn(x− 1)ρ(n)(x− 1)R∗n(x− 1),

Ón��K
(Rn(x),Ln(x))
x,x+1 ρ̃(n)K

(Rn(x),Ln(x))∗
x,x+1 = |φx〉 〈φx| ⊗ Ln(x+ 1)ρ(n)(x+ 1)L∗n(x+ 1), lk

∑
y∈Z

K (Rn(x),Ln(x))
x,y ρ̃(n)K (Rn(x),Ln(x))∗

x,y

= K
(Rn(x),Ln(x))
x,x−1 ρ̃(n)K

(Rn(x),Ln(x))∗
x,x−1 + K

(Rn(x),Ln(x))
x,x+1 ρ̃(n)K

(Rn(x),Ln(x))∗
x,x+1

= |φx〉 〈φx−1| ⊗ Rn(x− 1)ρ(n)(x− 1)R∗n(x− 1) + |φx〉 〈φx| ⊗ Ln(x+ 1)ρ(n)(x+ 1)L∗n(x+ 1)

= |φx〉 〈φx−1| ⊗ [Rn(x− 1)ρ(n)(x− 1)R∗n(x− 1) + Ln(x+ 1)ρ(n)(x+ 1)L∗n(x+ 1)]

= |φx〉 〈φx−1| ⊗ ρ(n+1)(x).

u´, dþf&�M(Rn(x),Ln(x))�½ÂB�

M(Rn(x),Ln(x))ρ̃
(n) =

∑
x∈Z

∑
y∈Z

K (Rn(x),Ln(x))
x,y ρ̃(n)K (Rn(x),Ln(x))∗

x,y

=
∑
x∈Z

|φx〉 〈φx−1| ⊗ ρ(n+1)(x).

=ρ̃(n+1)
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�y. �

l©a��Ý5w, þã coin�féS�°Ä� QBNs-���àgm�þfi��þf&�

L«áu���àg��Æ. e¡�·K�Ñd coin�féS�{Rn ,Ln}n≥0 °Ä� QBNs-�m�

àg�m�þfi��üz�§9þf&�L«.

�Rn = 1
2
(∂∗n + ∂n + I),Ln = 1

2
(∂∗n + ∂n − I), ´y{Rn ,Ln}n≥0 ��mH þ��� coin�fé

S�. KT�féS�°Ä� QBNs-�m�àgm�þfi���S��ÝØ÷ve�üz�§

ρ(n+1)(x) = Rnρ
(n)(x− 1)Rn + Lnρ

(n)(x+ 1)Ln, x ∈ Z, n ≥ 0,

Ù¥ρ(n) ∈ G (H) L«3n ≥ 0 ��, i���ρ̃(n) �ÝØ.

íØ 1 �{Rn ,Ln}n≥0 ��mH þ��� coin�féS�, KT�fé°Ä� QBNs-�m�

àgm�þfi���S��ρ̃(n), n ≥ 0 ,÷ve�üz'X

ρ̃(n+1) =M(Rn ,Ln)(ρ̃
(n)), n ≥ 0. (12)

Ù¥M(Rn ,Ln) � coin�féS�{Rn ,Ln} 3S(l2(Z)⊗H) þ)¤�þf&�.

ë�©z

[1] Attal, S., Petruccione, F., Sabot, C., et al. (2012) Open Quantum Random Walks. Journal of

Statistical Physics, 147, 832-852. https://doi.org/10.1007/s10955-012-0491-0

[2] Ko, C.K., Konno, N., Segawa, E., et al. (2019) Central Limit Theorems for Open Quantum

Random Walks on the Crystal Lattices. Journal of Statistical Physics, 176, 710-735.

https://doi.org/10.1007/s10955-019-02318-z

[3] Sinayskiy, I. and Petruccione, F. (2019) Open Quantum Walks: A Mini Review of the Field

and Recent Developments. The European Physical Journal Special Topics, 227, 1869-1883.

https://doi.org/10.1140/epjst/e2018-800119-5

[4] Konno, N. and Yoo, H.J. (2013) Limit Theorems for Open Quantum Random Walks. Journal

of Statistical Physics, 150, 299-319. https://doi.org/10.1007/s10955-012-0668-6

[5] Xiong, S. and Yang, W.S. (2013) Open Quantum Random Walks with Decoherence on Coins

with n Degrees of Freedom. Journal of Statistical Physics, 152, 473-492.

https://doi.org/10.1007/s10955-013-0772-2

DOI: 10.12677/pm.2024.141026 251 nØêÆ

https://doi.org/10.1007/s10955-012-0491-0
https://doi.org/10.1007/s10955-019-02318-z
https://doi.org/10.1140/epjst/e2018-800119-5
https://doi.org/10.1007/s10955-012-0668-6
https://doi.org/10.1007/s10955-013-0772-2
https://doi.org/10.12677/pm.2024.141026


uww§Üw_

[6] Dhahri, A., Ko, C.K. and Yoo, H.J. (2019) Quantum Markov Chains Associated with Open

Quantum Random Walks. Journal of Statistical Physics, 176, 1272-1295.

https://doi.org/10.1007/s10955-019-02342-z

[7] Dhahri, A. and Mukhamedov, F. (2019) Open Quantum Random Walks and Quantum Markov

Chains. Functional Analysis and Its Applications, 53, 137-142.

https://doi.org/10.1134/S0016266319020084

[8] Wang, C.S., Chai, H.F. and Lu, Y.C. (2010) Discrete-Time Quantum Bernoulli Noises. Math-

ematical Physics, 51, Article 053528. https://doi.org/10.1063/1.3431028

[9] Wang, C.S., Wang C., Ren, S.L., et al. (2018) Open Quantum Random Walk in Terms of

Quantum Bernoulli Noise. Quantum Information Processing, 17, Article No. 46.

https://doi.org/10.1007/s11128-018-1820-2

[10] uww, �â¬, ��. ÄuþfBernoulliD(������àgm�þfi�[J]. 3��ÆÆ

�nÆ�, 2024, 62(1): 20-0028.

[11] Nielsen, M.A. and Chuang, I.L. (2000) Quantum Computation and Quantum Information.

Cambridge University Press, Cambridge.

[12] Ohya, M. and Petz, D. (1993) Quantum Entropy and Its Use. Sprinder-Verlag, Berlin.

https://doi.org/10.1007/978-3-642-57997-4

DOI: 10.12677/pm.2024.141026 252 nØêÆ

https://doi.org/10.1007/s10955-019-02342-z
https://doi.org/10.1134/S0016266319020084
https://doi.org/10.1063/1.3431028
https://doi.org/10.1007/s11128-018-1820-2
https://doi.org/10.1007/978-3-642-57997-4
https://doi.org/10.12677/pm.2024.141026

	1 引言
	2 预备知识
	2.1 量子 Bernoulli 噪声
	2.2 时空非齐次开放量子游荡

	3 主要结果

