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SPECIAL TOPIC — Quantum computation and quantum simulation

Quantum walk under coherence non-generating channels”

Zishi Chen(%:7-47) and Xueyuan Hu(#] 55 70)"

School of Information Science and Engineering, Shandong University, Qingdao 266237, China

(Received 13 October 2020; revised manuscript received 19 November 2020; accepted manuscript online 30 December 2020)

We investigate the probability distribution of the quantum walk under coherence non-generating channels. We define
a model called generalized classical walk with memory. Under certain conditions, generalized classical random walk with
memory can degrade into classical random walk and classical random walk with memory. Based on its various spreading
speed, the model may be a useful tool for building algorithms. Furthermore, the model may be useful for measuring the
quantumness of quantum walk. The probability distributions of quantum walks are generalized classical random walks
with memory under a class of coherence non-generating channels. Therefore, we can simulate classical random walk
and classical random walk with memory by coherence non-generating channels. Also, we find that for another class of
coherence non-generating channels, the probability distributions are influenced by the coherence in the initial state of the
coin. Nevertheless, the influence degrades as the number of steps increases. Our results could be helpful to explore the

relationship between coherence and quantum walk.

Keywords: coherence, quantum walk, probability distribution

PACS: 03.67.—a, 02.50.—r

1. Introduction

Classical random walk (CW) plays a key role in various
scientific fields, including mathematics, physics, chemistry,
biology, economics, computer science, etc. It is fair to say
CW becomes one of the most significant models in the the-

=111 1ts most popular ver-

ories of probability and statistics.!
sion is that a walker moves on a line in a discrete manner
and that the walker flips a coin to decide the direction of the
next step. In detail, if the result is the head, the walker will
move its position (initially at x = 0) to the position x = 1;
if the result is the tail, the walker will move its position to
the position x = —1. It is convenient to use p(x,n) to rep-
resent the probability of the position x of the walker after n

steps. Based on the theories of probability and statistics,[!?]

n n+x)/2 (n—x)/2
p(x,n) = ((n+x)/z)l’(++ / P(f )/

spond to the probability of the head and tail (p4 + p_ = 1).

, where p, and p_ corre-

Although CW is widely applied, there also exist a number
of restrictions for CW to solve some special problems. Hence
many variants are essential to develop to adapt to the problems,
such as biased diffusions and reinforced random walk.!13-17]
Classical random walk with memory (CWM) is one of these
variants. In CWM, the move of the walker is also on a line
in a discrete manner. After n = 1 step, the probability of the
walker’s position x = £1 is 1/2. Then the walker continues
in its forward direction with the probability pr and returns to
its last position with the probability 1 — pr instead of flipping
a coin as in CW.[16.18]

Quantum walk (QW) is widely applied in physics,

DOI: 10.1088/1674-1056/abd74d

quantum computation, quantum information theory, and so
on.l"3% QW that we discuss is the discrete-time QW. Us-
ing the quantum coin and the “flip operations” instead of flip-
ping the coin as in CW, the walker moves on a line in a
discrete manner through the moving operations. There are
also several proposed models of quantum walks with mem-
ory (QWM).[31-33] Therefore, it is necessary to compare CW,
CWM, QW, and QWM in this section. In this paper, we just
discuss one-dimensional walks. The one-dimensional order-
2 QWM is compared with CW and QWM through simulat-
ing in Ref. [31]. Indeed, in this case, CWM is equivalent to
CW because their probabilities are equivalent. Furthermore,
in Ref. [18], CW, CWM, and QW are compared based on their
variances, which can reflect these models’ spreading speeds.
QW is a useful tool for building algorithms because of its
faster spreading speed than CW’s. However, as discussed in
Ref. [18], CWM could have a faster spreading than that of
QW conditioned on a finite number of the steps. Therefore,
it would be interesting to find a model that includes CW and
CWM as special cases, such that by varying its parameters, it
can fit into different algorithms.

The quantumness of QW is related to coherence. %343
To explore the quantumness of QW, it is important to find out
what kind of models are not quantum. Intuitively, the quan-
tumness of QW originates from the superposition of the paths.
Such superposition comes from the initial coherence contained
in the initial state of the coin, as well as the coherence gen-
erated by the “flip operation” in each step. Therefore, it is

*Project supported by the National Natural Science Foundation of China (Grant No. 11774205) and the Young Scholars Program of Shandong University.

Corresponding author. E-mail: xyhu@sdu.edu.cn
© 2021 Chinese Physical Society and IOP Publishing Ltd

http://iopscience.iop.org/cpb http://cpb.iphy.ac.cn

030305-1


http://dx.doi.org/10.1088/1674-1056/abd74d
mailto:xyhu@sdu.edu.cn
http://iopscience.iop.org/cpb
http://cpb.iphy.ac.cn

Chin. Phys. B Vol. 30, No. 3 (2021) 030305

natural to regard the walks, which can be realized classically
as those with an initially incoherent coin and coherence non-
generating “flip operations”. Further, it is also interesting to
study how the initial coherence contained in the coin can affect
the quantumness of QW. To explore the relationship between
coherence and QW, we ask the following problem: what is the
behavior of QW when the involved operations are restricted to
the coherence non-generating channels.

In this paper, we discuss how quantum coherence of the
initial coin influences the probability distribution under coher-
ence non-generating channels. Firstly, we briefly review how
to describe CW in the language of the density matrix. Then we
use the language of the density matrix to describe CWM and
define a model called generalized classical random walk with
memory (GCWM). Similar to CW and CWM, GCWM can
also be depicted in the language of the density matrix. Finally,
we find the probability distributions of quantum walks under a
class of coherence generating channels are GCWM. Also, we
find that for another class of coherence non-generating chan-
nels, the probability distributions are influenced by the coher-
ence in the initial state of the coin. Nevertheless, the influence
degrades as the number of steps increases.

2. The description of classical random walk and
two of its variants in the language of the den-
sity matrix

In this section, how to use the language of the density ma-
trix to describe CW is briefly reviewed.®) CWM and GCWM
can be described in the same way. Let {|x),x € Z} be the
eigenstates of walker’s position operator and yields an or-
thonormal basis for the walker’s Hilbert space Hy,. As de-
scribed above, the walk is driven by a coin, which belongs to a
two-dimensional quantum system H, spanned by the orthonor-
mal basis |+). Make |+) and |—) represent the head and tail
of the coin, respectively. We can make a general assumption:
regardless of the way of the walker’s move, the total density
matrix of walker and coin after n steps is

p(n) = i o) (] @ (an [) (| +ban [=) (=), (D)

X=—n

where a,, and b,, depend on the position x and step n.

2.1. Classical random walk

According to the rule of CW, after n+ 1 steps, the density
matrix in CW is

pcw(n+1)
= ; |x+1><X+1‘®[Paxn+Pbxn]|+><+|
+ i_ |x_l><x_1|®[(1_p)axn+(l_p)bxn]|_> <_| (2)

Equations (1) and (2) reveal the relation between the den-
sity matrix after n steps and after n+ 1 steps in CW, which is
helpful for following discussions.

2.2. Classical random walk with memory

Similarly, CWM can be described in the language of den-
sity matrix. The initial position density matrix of the walker is
|0) (0|. After n = 1 step, the total density matrix is

pewa() = 2 {1 @ ) (+ 4+ 5 |1} (-1 |- (-]. §)

The total density matrix is Eq. (1) after n steps. So in
CWM, after n+ 1 steps, the density matrix is

pcwm(n+1)
= ; Px+1) (e4+-1| @ [pra + (1 = pe)ban] [+) (+]
+ Y ) 1[0 -piantpibal =) (-] )

Therefore, if we want to describe CWM, Eqgs. (4) and (5)
need be achieved. Meanwhile, another meaning is given for
CWM instead of the coin flip in CW: the probability that the
coin has no change is pf; 1 — pr means the probability that
the coin is overturned. In CWM, the probability distribution is
dependent on the coin’s ability to remain its state.

2.3. Generalized classical random walk with memory

We have to define GCWM for the following discussions.
Give the walker a coin before it starts moving. The coin is
head at the probability ¢, and the probability of tail is 1 —g.
When the walker starts moving and the coin is head, the prob-
ability that the coin remains head is pr; and the probability
that the coin becomes tail is 1 — pgy. While the coin is tail,
the probability that the tail remains tail is pr_ and the proba-
bility that the coin turns head is 1 — ps_. In the same way, in
GCWM, after n = 1 steps, the density matrix is

pcewm (1)
= [gper + (1 =q)(1 = pe)] [1) (1] @ [+) (+]
+[(1=q@)pr- +q(1 = pe)] |- (=1[@]|=) (~]. (5)

In GCWM, the relationship between the density matrix
between n steps and n+ 1 steps can be thereby derived. After
n steps, the density matrix is Eq. (1). So after n+ 1 steps, the
total density matrix is

pcewm(n+1)

n

= Z |x+ 1> <X+ 1|® [pf+axn + (1 7pf—)bxn] |+> <+|

X=—n

+ Zn: x—1) x=1| @ [(1=pts )@ +ps-bam] |=) (. (6)

X=—n

In fact, CW and CWM are included in GCWM. It is
more understandable in probability theory than the density
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matrix. Some events need be described: H represents the
event that the coin is head after n steps, T represents the event
that the coin is tail after n steps, F represents the event that
the walker moves in its forward direction after n+ 1 steps,
and R represents the event that the walker returns to its last
position after n+ 1 steps. So in GCWM, P(F|H) = p¢.,
P(R|H) =1 — p¢y, P(F|T) = ps— and P(R|T) =1 — p¢_. For
CW, P(FH) =P(R|T) =pand P(RH) =P(FIT)=1—p. In
CWM, P(FH) = P(F|T) = prand P(R[H) = P(R|T) = 1 — ps.
Meanwhile, for CWM, the probability at x = 1 and x = —1
equals 1/2 when the number of step is 1.

Proposition 1 pr, = p and pr- = 1 — p is the sufficient
and necessary condition for the proposition that GCWM de-
grades into CW.

Proof The sufficiency of the condition is easy to discuss.
Plug pry = p and ps— = 1 — p into Eq. (6) and find that Eq. (6)
is equivalent to Eq. (2) when pry = pand pr_ =1—p.

The necessity of the condition need further deduction.
Comparing Egs. (2) and (6), if GCWM can degrade into CW,
the relation should be satisfied as follows:

Pt4-xn + (1 _pff)bxn = paxn+pbxna (7)
(1 - pf+)axn + pi—by = (1 _p)axn + (1 _p)bxn-
Simplify Eq. (7), the equation becomes
(Pt+ = P)awm + (1 = pr— — p)ban = 0. (8)

Equation (8) always stands up for every a,, and by,. So
pr+ = p and ps_ = 1 — p. Hence, the proposition is proven.

Proposition 2 p;. = pr_ = pr and g = 1/2 is the suffi-
cient and necessary condition for the proposition that GCWM
degrades CW.

Proof The discussion is similar to Proposition 1. Plug
pe+ = pr— = pr and ¢ = 1/2 into Eq. (5) and find that Eq. (5)
is equivalent to Eq. (3). When p. = pr— = pg, Eq. (6) is in
fact Eq. (4), which illustrates that GCWM can degrade into
CWM. The sufficiency of the condition is proved.

The necessity of the condition is also similar to Propo-
sition 1. Thus the detailed process of proof can be simpli-
fied here. Comparing Egs. (4) and (6) gives an impression
that ps. = ps— = pr, which can be proved in the same way as
Proposition 1. Then get two binary equations when comparing
Eqs. (3) and (5) and plugging pgy = pr— = py

{ pra+(1=pr)(1—q)=1/2,
pe(1—=q)+(1=prlg=1/2.

By solving Eq. (9), Eq. (3) can also be satisfied for any ps

€))

when g = 1/2. So the necessity of the condition is proved.

Therefore, the relationship between CM, CWM, and
GCWM can be drawn. Figure 1 shows the comparison be-
tween CW, CWM, and GCWM.

GCWM

Fig. 1. The comparison between CW, CWM, and GCWM.

3. Quantum walk and the walk under channels

QW just replaces the classical coin with the quantum
coin.!"?! The quantum coin is operated to generate QW. Some
operators are chosen to change the state of the coin to su-
persede the coin flip. These operators are usually unitary
matrixes. After flipping the coin, the walker needs to move
through the moving operation. Each step of QW is given

W=SIxU), (10)

where S =Y |x+ 1) (x| @ |[4+) (+]+ |x = 1) (x| @ | =) (. U is
X

the unitary operator of the coin, and S is the moving operator.

Utilizing quantum channels can also generate QW, be-

cause the unitary operators are included in quantum channels.

So the formulation of the walk driven by quantum channels is
written as

W=81IxE), (11)

where S(-) =S-57, £(-) = fE,,-E;, iEnE,I =7. &(-) is the
channel to operate the coin, and S(+) is the moving quantum
channel of the walker.

It is necessary to discuss the effect of S(-) on the non-
diagonal elements of the coin. Suppose that after n steps, the
total density matrix is

n o /
povi = ¥ Wil (% 7). az)
xx'=—n n n

To get the density matrix of the coin, the partial trace

should be operated

n a™ b
prani) =t (oo (n) = ¥ (4 1) a3

X=—n
Then let the channel I® £(-) operate on the coin. The
total density matrix is
¢ n=% o (@ B 14
pow(n+1) = Z lx) (x| @ o g | (14)
xxX'=—n n n

The coin density matrix is

Ploin(n+1) = trg, (pow(n+1)) = Y (“” b”>. (15)

X g
X=—n 8(1 dn
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Finally, S(-) works. The final total density matrix is

pow(n+1)

n

= xyx/z,,[lx—i_lﬂ +1|®( 0/ 0)+|x+1><x—1®(0 ng’)

00 00
+x1><x’+1|®<m/ 0>+x1><x’1|®<0 CZ,”/)]

n—1 ~—1x'—1

x—1+1
= Z; |><x|®<~x+1x—l dﬁ+1,x’+1>
xxX'=1-n n
Zn: | ‘ ~nx' 0
+ n+1) (¥ +1 ®( >
x'=—n 00
a0
1 n
+X;n|n X+ |®( 0 o)
n—2 ~X,n 0
+ Y wt1) <n+1|®( )
x—Z—n 00
n—2 Zixn 1 0
1 n
+ T ol (0 0)

< / OZ"’X/
+ ) |n+1><x1®(0 0 >

x'=—n

Tn—1x
+ Z ) x—1|®<0b0 )

x'=—n

- 0bo"
+xZn|x+1><—n—1|®<O no )
n—2 Tx,1—n

0 by
1 _ n
+x;n|x+ ¢ n|®<0 0 )

+ Z |—n—1) (¢ +1|®<M(,)”g 8)

x'=—n

+ Z lx—1) <n+l|®(0 8)

X n

—2_
/! 0 O

+ Z |x— 1) {n|® <%,n1 )
=2—n n 0

X

u 0 O
—n—1 ' 1 ~
T N T E] vy

X'=—n

20 +dsin® ¢
A= (. acos '
(G) (elgbsinesind) + e‘éccosecosq&
When A? is chosen
AXG) = acos? ¢ +dsin® ¢+ (e 5h+ e'¢c)sin@sin g cos ¢
n e‘ié—i"bcosesin2¢)+ ei‘g_”’ccosecoszq)

To explore the influence of the coherence, non-diagonal
elements should be as large as possible when the channel
works. When Al is chosen, it may be a good choice that
& = 0 according to Eq. (22). When A? is chosen, it should

choose & = 0 to make the influence of non-diagonal elements

+
\M:

0 0
— |
T -t (g a0)

/! 0 O
— D {-n—-1 ~_
+ ¥ ke nmilo (g )
u 0 0
+ ) |x—1><—n®<o f’l_")' (16)
x=2-n n
The coin density matrix is
pcoin(n+1)
= try, (Pow(n+1))
n aiclx 0 n—1 0 ~)rclfl,x+1
= ~. |+ _ . (17
X_Zn< 0 dﬁx) x:;’1 <Eicl+1,x 1 0 (17

From Eq. (17), it is found that S(-) only influences non-

diagonal elements of the coin density matrix. The point is

meaningful for coherence non-generating channels.

4. The walk under coherence non-generating
channels

In Ref. [37], rank-2 qubit channels that do not generate
coherence are divided into two following categories:

A'() = ELC)E +E}()E,"

| (cos® 0
E1—< 0 eigcosq,), (18)

1 0 sin¢
E; _< i€gne 0 )° (19)

N() = E}()E]" + B3 ()E;"

M cos 6 cos ¢ 0
E}=(° . 2
! ( —sin@sin¢ e‘écos¢)> 20)
in 6 cos ¢ eiésind)
B=( 5 : 21
2 (e_lncosesind) 0 @h

In order to discuss conveniently, suppose 1 = & = 0. To
analyze the coin density matrix during the walk, it is essential
to explore how coherence non-generating channels influence
the matrix. A general matrix can be written as G = (¢ 5). Let
Al and A? respectively operate on the matrix. When Al is
chosen
“5bcosecos¢ + e‘gcsm9s1n¢>
(22)

asin® @ +dcos? ¢

e 1S tiMpcos @ cos? @ + el +Mccos B sin ¢ (23)
asin®> ¢ +dcos? ¢ — (e 1¢h+ eiéc)sinBsingcos¢ )’

obvious. Meanwhile, n = 0 is to keep new non-diagonal el-
ements large to the greatest extent. Observing Egs. (22) and
(23), diagonal elements do not participate in the operation of
non-diagonal elements under coherence non-generating chan-

nels. Meanwhile, the effect of the coin non-diagonal elements
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only needs considering when A? is chosen because in Eq. (22)
the coin non-diagonal elements do not participate in the opera-
tion of diagonal elements. Therefore, the discussion is divided
into two parts.

4.1. The walk under A'(-)

In order to study the dynamics of coherence during the
process, we calculate the coherence of the whole system and
the coin, as well as the entanglement between the coin and
walker. The results are shown in Fig. 2. Here the coherence
is measured in the /; norm of coherence, which is defined

asP® ¢, (p) = 2,7 J |pi.j|. The measure of entanglement is

chosen as negatwlty From Ref. [39], the negativity is defined
as N(p) = — ¥, -0A, where A are eigenvalues of p! and T’
means partial transpose. From Eq. (22), ¢ and 6 are symmet-
rical. So when measuring, we only change ¢, and 0 is fixed.

1.0
% —o¢ =15
205 T o=
G’ - _ ¢ ="T5°
oL——— . @ "7 --- T
10 15 20 25 30
Steps
~ 1.0 (b) 6=15°
= N - - =45
= ol 6= 15"
< VO iy
< P e N . ,
0 5 10 15 20 25 30
Steps
0.5 ©) o= 15°
= ol - - p=45°
£ i\ 6=T5°
= ,] \ 7
N NG . . .
0 5 10 15 20 25 30
Steps

Fig. 2. The curves of C;, (p(n)) are shown in (a) within 30 steps. (b) shows
the curves of Cj, (Peoin(1)). (c) shows the curves of N'(p(n)). The initial
coinis Co = 4 (1 1), and 6 is fixed at § = 75°.

In Fig. 2, we have the following observations:

1. The coherence of the composed system never in-
creases. This is because the operations involved are incoherent
operations.

2. When 0 = ¢, the coherence of the composed system
is preserved. This is because the anti-diagonal elements of the
state of the coin are not affected when 6 = ¢.

3. The coherence of the coin oscillates. This oscillation is
due to the interconversion of coherence and entanglement un-
der incoherent operations. Precisely, when the number of steps
is odd, the moving operator S transforms the coherence of
the coin to the entanglement between the coin and the walker.
When the number of steps is even, part of the entanglement is
transformed back to the coherence of the coin. See Figs. 2(b)
and 2(c) for a comparison.

After n steps, the probability at x is

plx,n) = (xltre(p(n)) |x) = a;" +dy". 24)

Equation (24) shows that diagonal elements of the total
density matrix decide the probability distribution of the walk.
Due to Eq. (22), the measured result of the operation is not
affected under A!(-) regardless of the quantum coherence of
the initial coin. So in the view of the probability distribution,
the coin with coherence is equivalent to the coin without co-
herence. The part of Eq. (16) that can be measured is

Pdiagonal (n + 1)

n

Y 1) e+ 1| @a |+) (+

x=—n
+ = 1) (=1 @dy =) (). (25)
From Eq. (22),
@ = a™ cos 0 +d* sin® ¢,
4% = asin® 0 +d cos® §. (26)

Reviewing Eq. (6), the probability distribution of the walk
under A'(-) is GCWM when cos” @ = pg; and cos> ¢ = pr_.
So when cos? 6 = p and cos® ¢ = 1 — p, the walk under A!(-)
can degrade into CW where cos’6 = p and cos’¢ = 1 —p
Figure 3 shows the probability distribution of the walk under
Al(-) when cos?6 = p and cos’¢ = 1 — p. In Fig. 3. these
distributions show features of CW such as symmetry and gaus-
sian like distribution. So utilizing A!(-) can generate the prob-
ability distribution of CW when cos? 6 = p and cos” ¢ = 1—p,
which illustrates the validity of our conclusion on the other
hand.

0.30

Probability
=)
[
=32

Particle position

Fig. 3. When the initial coin density matrix is Cp = %(: %), the prob-
ability distributions of the walk under A!(-) are shown after 30 steps
at cos> @ = p and cos> = 1 — p in order to simulate CW. The points
whose probabilities equal O are ignored for the sake of convenient cal-
culation and intuitive understanding. It is the same with the following
pictures.

To get the probability distribution of CWM, diagonal ele-
ments of the initial coin should equal 0.5 and cos® 6 = cos” ¢.
Figure 4 shows the probability distribution of the walk under
A'(-) when cos? ¢ = cos? @ = p;. When py approaches 0, the
probability distribution is closer to the center. While py ap-
proaches 1, the probability distribution tends to move further
from the center, which is a visual feature of CWM.
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0.6
- =0=45°
—p=0=15°
0.5¢ ¢=0="75°
> 0.4r
]
% 0.3
5 0.3}
o
~
& 02t
0.1t
| P S —

-30 —-20 —10 0 10 20 30

Particle position
Fig. 4. When the initial coin density matrix is Co = 1 (} 1), the proba-

bility distributions of the walk under A'(-) are shown after 30 steps at
cos? ¢ = cos” @ = py in order to simulate CWM.

4.2. The walk under A’(-)

When the initial coin does not have coherence, the walk
under A%(-) responds to the walk under A!(-) where ¢ = 6.
Similarly, we show Fig. 5. by measuring the coherence of the
walk and the coin.

In Fig. 5, we have the following observations:

1. These curves reveal the tendency of the coherence of
the walk only depends on 8 compared (a) and (c).

2. When n is large enough, the coherence of the coin de-
clines faster in (d) than (a).

3. There still exists the revival of the coherence of the
coin. Meanwhile, these curves reveal that the revival of the
coin is limited due to their downtrend. This oscillation be-
havior is similar to the walk under A!(-). However, different
from A!(-), the effect of the non-diagonal elements has to be
taken into consideration under A% (-). Therefore, under certain
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conditions, when 7 is not rather large, the influence can fluctu-
ate visibly, and when 7 is large enough, the influence may be
insignificant.

To illustrate this point, the concept of relative entropy
should be introduced. Suppose that there are P = {p;};
and O = {g;}i, the relative entropy is defined by D(P||Q) =
Y pi(log p; —logg;) to measure how different they are. For
A%(+), P is the probability distribution driven by the coin with
coherence, while Q is driven by the same coin only without
coherence. The reason why CW is not considered is that the
walk under A?(-) belongs to GCWM. So the walk under A2(-)
is able to generate CWM, which can make relative entropy in-
crease with steps when CW is chosen as Q. In Eq. (23), the
non-diagonal elements turn to diagonal elements with sin 6
and remain non-diagonal elements with cos @, which seems
that 6 = 45° may be a good choice. Figure 4 shows the change
of relative entropy.

In Fig. 6, when ¢ = 75° the curve reaches the maximum
value at n = 5 and Fig. 7 shows the probability distributions P
and Q respectively when n takes different values. The oscilla-
tion of these curves reveals that the influence of the coherence
of the coin is related to the parity of the number of steps, which
reflects the revival of coherence of the coin.

Comparing Figs. 7(a), 7(b), and 7(d), when ¢ = 75° the
influence of the coherence mainly embodies at the center of
the distribution and the influence vanish when odd n is large
enough. When r is even, the relative entropy of the case of
n = 20 is relatively large in Fig. 6, but P is nearly coincident
with Q, which reflects that the influence is not pronounced

when 7 is even.
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- - --0=45
=75

Steps

Fig. 5. The curves of C;, (p(n)) are shown in (a) and (c) within 30 steps. (b) and (d) show the curves of Cy, (pcoin(1)). @ is fixed at ¢ =45° in
(a) and (b) within 30 steps. 6 is fixed at & = 45° in (c) and (d). The initial coin is Cy = % (} }) In (c), the curves of Cy, (p(n)) coincide.
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Fig. 6. The curves of relative entropy between the walk driven by the coin

with coherence Co = 1 (1 1) and the walk driven by the same coin without

coherence C(’) = % ((1) ?) is shown.
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Fig. 7. P represents the probability distribution of the walk driven by the

coin with coherence; Q is the probability distribution of the walk driven

by the coin without coherence when the initial coins are Cp = %(} %)

Gy = %((') (1)), at 0 =45° and ¢ = 75°. The case of (a) shows the proba-
bility distributions when n =5, (b) shows the probability distributions when
n =15, (c) shows the probability distributions when n = 20, and (d) shows
the probability distributions when n = 25.

5. Conclusion

We discuss probability distributions under rank-2 qubit
coherence non-generating channels and find that only utilizing
quantum coherence of the initial coin seems impossible to get
a walk that can be influenced powerfully and continuously by
coherence under these channels. The probability distribution
depends on the diagonal elements of the coin under A'(-) re-
gardless of whether there exists coherence. Taking advantage
of this channel, a model, which can include CW and CWM,
is defined as GCWM. The walk, which we can get by Al ),

belongs to GCWM in the view of the probability distribution.
Furthermore, under Az(-), the influence of coherence tends to
vanish when the number of steps is large enough.
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