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Abstract. In this paper, we propose a new spatiotemporal dynamics of Arnold coupled logistic map
lattice (ACLML). Here, the coupling method between lattices is not a neighborhood coupling but the
non-neighborhood of Arnold cat maps. In the proposed system, the criteria such as Kolmogorov—
Sinai entropy density and universality, bifurcation diagram, mutual information, space amplitude
and space-time diagrams are investigated in this paper. The new features of the proposed system
include the lower mutual information between lattices, larger range of parameters for chaotic
behaviors, the higher percentage of lattices in chaotic behaviors for most of parameters and less
periodic window in bifurcation diagram. These features are more suitable for cryptography. For
numerical simulations, we have employed the coupled map lattices system (CML) for comparison.
The results indicate that the proposed system has those superior features to the coupled map lattice
system (CML). It should be highlighted that the proposed ACLML is a suitable chaotic system for
cryptography.
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1 Introduction

Nonlinear characteristics in natural systems are responsible for a great variety of possi-
bilities. Spatiotemporal chaos is one of these possibilities [1-16]. Since the coupled map
lattices (CML) as a spatiotemporal chaotic system was initially proposed in [9], many
researches concentrated on coupled map lattices and obtained mature theory. Khellat et al.
[10] investigated a globally nonlocal couple map lattice of spatiotemporal chaos system.
Meherzi et al. [11] proposed one-way coupled-map lattices (OCML) of spatiotemporal
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chaos system. Most of the previous spatiotemporal chaos systems are space regular cou-
pling between lattices. Sinha [15] proposed the random coupling of spatiotemporal system
which initiated the study of the non-neighborhood coupling in coupled map lattices.
Rajesh et al. [14] developed the synchronization in coupled cells with activator-inhibitor
pathways. Mondal et al. [12] presented the enhancement spatiotemporal regularity by
rapidly switched random links. Jabeen et al. [7] developed the nonuniversal dependence
of spatiotemporal regularity on randomness in coupling connections. Poria et al. [13]
presented the enhancement of spatiotemporal regularity in an optimal window of random
coupling. Chen et al. [3] developed a randomly coupled chaotic map of spatiotemporal
chaos system. These studies [3,7,12—-15] mentioned above, deal with dynamically chang-
ing random links for coupling. And these random links achieve the non-neighborhood
coupling by employing probability. Therefore, this kind of randomness is irregular in
time. Besides the method of the random links for non-neighborhood coupling, we propose
nonlinear chaotic map coupling method to achieve the non-neighborhood coupling. This
form of coupling connections are static or deterministic unlike the random links in [15],
however the coupling connections are unpredictable because of chaos. Moreover, there are
still many unknown complicated natural dynamics of nonlinear chaotic map coupling. For
example, space-mediated population dynamics [17] contains species interactions between
geometrical areas which is a sort of the spatial nonlinear coupling. Therefore, the study
of such systems has important significance.

Since spatial nonlinear coupling is common in natural environment as well as neigh-
borhood coupling in previous systems, the motivation of our work in this paper is to dis-
cover the new features of spatial nonlinear coupling based spatiotemporal chaotic systems.
Compared with the CML system, we employs Arnold cat map here to be the instance of
the nonlinear map for lattices coupling in our proposed chaotic system (ACLML).

The significance of work is not only the study of such new spatiotemporal chaotic
dynamics, but its new features which are suitable for cryptography. Since Matthews
[18] suggested that a one-dimensional chaotic map could be used as one time pad for
encrypting messages, the researchers have proposed various encryption algorithms based
on the low dimensional chaotic systems [19, 20], hyper-chaotic systems [21, 22] and
spatiotemporal chaotic systems [23-27]. Because the advantages of high efficiency and
simplicity of low dimensional chaotic systems, some typical low dimensional chaotic
maps, such as logistic map, Arnold map and baker map, have been used in encryptions.
However, there are well-known weaknesses for the logistic map, such as small key space
and weak security. To overcome the drawback, Fridrich [21] proposed an encryption
scheme based on a two-dimensional chaotic map. Compared with simple chaotic maps
and two-dimensional chaotic maps, spatiotemporal chaos possesses two additional merits
for cryptographic purposes. First, observe that due to the finite computing precision, orbits
of temporal discrete chaotic systems will eventually become periodic. However, the period
of spatiotemporal chaos is found much longer than that of temporal chaotic maps [28] so
that the periodicity problem is practically avoided [29]. Second, a spatiotemporal chaotic
system is high-dimensional, having a number of positive Lyapunov exponents that guar-
antee the complex dynamical behavior or high randomness. It is therefore more difficult
to predict the time series generated by this kind of chaotic systems. However, the CML
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system which is widely used in encryptions [23-26] is not perfect, i.e., periodic windows
in its bifurcation diagram is still large and the value of its mutual information is still high
in many pairs of lattices of the CML system. The high value of the mutual information
in many pairs of lattices may provide opportunities for the adversary’s breaking schemes,
because the adversary can recover or substitute the random sequences of the lattice in
an encryption scheme by that of another lattice. The periodic windows in its bifurcation
diagram can reduce the range of the randomness of time series. Besides, the six patterns
of the CML system behaviors [8] and its small range of parameters in fully developed
turbulence pattern also restraint the current encryptions schemes [23-26] in secret keys
design and security of encryptions schemes. To overcome these drawbacks, we propose
ACLML system and obtain its new features such as the lower mutual information between
lattices, larger range of parameters for chaotic behaviors, the higher percentage of lattices
in chaotic behaviors for most of parameters, less periodic window in bifurcation diagrams.
These features avoid the drawbacks of the CML system. Therefore, the proposed ACLML
system in spatial nonlinear coupling contains superior highlight features for cryptography.
For the study of the new features in the ACLML system, we take the CML system for
the comparison. To qualify spatiotemporal chaos, Kaneko [30, 31] proposed the space-
amplitude diagrams, space-time diagrams and Lyapunov exponent for measurements of
CML system. Shibata et al. [32] developed the Kolmogorov—Sinai entropy and mean
Lyapunov exponent for measurements of CML system. Willeboordse et al. [33] proposed
bifurcations for spatial chaos. Therefore, we qualify the complexity of both the ACLML
system and the CML system by using the Kolmogorov—Sinai entropy density and uni-
versality, bifurcation diagrams, the space-amplitude diagrams and space-time diagrams.
Additionly, we employ mutual information between lattices to qualify the performance
of both systems in cryptography. The numerical simulations show that the features in the
ACLML system are superior to the CML system in properties for cryptography.

2 Arnold coupled logistic map lattice
The logistic map was originally proposed by May [34]. It is a first-order difference equa-

tion represented by f(x) = pxz(l — x). Arnold coupled logistic map lattice (ACLML)
that we proposed considers L logistic maps coupled by Arnold cat map as follows:

a1 (i) = (1= )f [en(@)] + S{F[2a ()] + Flaa(®)]}, (M

where ¢, 7, k are the lattices (1 < ¢, j, k < L), € is the coupling parameter (0 < ¢ < 1), n
is the time index (n = 1,2,3,...) and f(z) = pz(l — z), u € (0,4]. The relations of i,
7, k are defined by the Arnold cat map [35] described in the following equation:

m =4 m (mod L) = B ot 1] m (mod L),

where p and q are the parameters of cat map.
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The CML with neighbor coupling can be defined as [9]
Zo1 (i) = (1= &) f[en(0)] + S {Flen(i+ 1] + f[eali = 1]}, @

where ¢ is the coupling parameter, the mapping function f(z) = pz(l — ), and
w € (0,4].

The difference in equations between ACLML and CML is the variables j and k in
Eq. (1) which are instead of ¢ — 1 and ¢ 4+ 1 in Eq. (2), respectively.

The parameters p and ¢ make ACLML into diverse dynamics systems. When p and ¢
are assigned with fixed values, most of these dynamical systems even hold chaotic features
in continuously varying value of 4 in logistic map.

3 Lyapunov exponents and Kolmogorov-Sinai entropy

Lyapunov exponents evaluate the divergence of nearby orbits and provide a qualitative
view of the dynamical system. Any system holding chaotic behavior is presented at least
one positive Lyapunov exponents. In ACLML, the spatiotemporal chaotic system can be
expressed by

Tnt1(i) = g (20 (i), 20 (5), 7n ().

The determination of Lyapunov exponents needs to consider the variation of the initial
values in lattices. The Jacobian matrix J,, in [32] is calculated in each iteration. Then we

define
Ry =[] 7.
k=1

where n is iterations. Lyapunov exponents are evaluated from the eigenvalue o (i) of R,
as follows [36]:
1 )
Ai) = Tim 2217O]
n—oo n
where A(7) is Lyapunov exponent.

The spatiotemporal chaotic system of the ACLML can be considered as L dimensions
dynamics, the Kolmogorov—Sinai entropy of the L dimensions dynamics is the sum of
positive Lyapunov exponents. Without loss of generality, the Kolmogorov—Sinai entropy
density is employed here to eliminate the effect of number of lattices, which is presented

as follows: .
L )
where ZiLzl A (4) is the sum of positive Lyapunov exponents of L lattices.

Hence, when Kolmogorov—Sinai entropy density & is zero, there is no positive Lya-
punov exponent which indicates the spatiotemporal chaotic dynamics is in regular behav-
ior. On the other hand, the positive value of Kolmogorov—Sinai entropy density presents
the system in chaos.
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The Kolmogorov—Sinai entropy density indicates whether the spatiotemporal chaotic
system is in chaos. However, Kolmogorov—Sinai entropy density can not present chaotic
majority of L lattices since Kolmogorov—Sinai entropy density is positive. Here, we
employed Kolmogorov—Sinai entropy universality hu as follows:

where L’ is the number of positive Lyapunov exponents in spatiotemporal chaotic system
of ACLML. The Kolmogorov—Sinai entropy universality is the percentage of lattices in
chaos which evaluates the space complexity in L dimensions of dynamics.

4 New features of ACLML system in dynamical behaviors

For comparison purposes, we focus on the system of the ACLML system by assuming
a grid of L = 100 as the CML system [8] assigned the same value L. = 100. The values
of parameters p and g should make the Arnold cat map [35] in chaos. Without loss of
generality, we assign parameters p = 12 and ¢ = 7 to explain the features of the proposed
system in this section. All simulations are conducted assuming that parameter ¢ € [0, 1]
and parameter p € [3.0, 4.0]. Those choices of parameters ¢, p, g represent different kinds
of couplings. The Kolmogorov—Sinai entropy density and universality are calculated from
converged Lyapunov exponents. Bifurcation diagrams, space-amplitude diagrams and
space-time diagrams are analyzed in this section comparing with the CML system. Mutual
information between lattices is also calculated here which indicates non-synchronization
in time series between lattices. The initial values of lattices are also concerned above. The
idea is to investigate new features that can be adopted in cryptography.

4.1 Kolmogorov-Sinai entropy density and universality in the ACLML system

The analysis of Kolmogorov—Sinai entropy density for different parameter values allows
us to identify distinct behavior, as shown in Fig. 1. Flat regions of the system presents
chaotic behaviors when 1 > 3.63 and € € (0.5,1]. Note that the minimum value h =
0.1066 of Kolmogorov—Sinai entropy density in that flat regions near ¢ = (0.8 presents a
valley where the system characterizes weak chaotic behaviors. When ¢ € (0.2,0.5) and
@ > 3.63, a valley at © = 3.77 and € = 0.3 in the flat regions exists with the minimum
Kolmogorov—Sinai entropy density value ~ = 0.156. When ¢ € (0,0.2) and p > 3.63,
the minimum entropy value in the flat regions is h = 0.029. Additionally, the entropy
value is zero when the parameter at either ¢ = 0.5 and p = 3.74 ore = 0.2 and u = 3.74
which characterizes regular behaviors of the system.

The analysis of Kolmogorov—Sinai entropy universality for different parameter values
presents the space chaotic behaviors of the ACLML system, as shown in Fig. 2. Five flat
regions of the ACLML system containing 100% lattices in chaotic behaviors are divided
by four valleys where . = 3.84, u = 3.74, y = 3.63, and € = 0.2.

The comparisons between the ACLML and the CML systems in Kolmogorov-Sinai
entropy indicate that the ACLML system contains more intensive and extensive chaotic
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behaviors. Flat regions of the CML system shown in Fig. 3 when p > 3.63 presents
chaotic behaviors are divided by valleys where p = 3.74 and ¢ = 0.5, u = 3.74 and
€ = 0.3. Although the CML system has smaller area of valleys than ACLML, the value of
0.2772 in mean Kolmogorov—Sinai entropy density in flat regions of the ACLML system
is greater than the value of 0.2718 in that of the CML system. Therefore, considered the
effect of various parameters p and e, the phase space in the ACLML system diverges
greater than that of the CML system. The Kolmogorov—Sinai entropy universality of
the CML system for different parameter values is shown in Fig. 4, which indicates the
percentage of lattices in chaos. One hundred percent lattices of the ACLML system in
chaotic behaviors takes 57.00% of total parameter pairs of € and y, while that of the CML
system takes 39.17% of total parameter pairs of ¢ and p. Fig. 5 shows that how much
percentage of different parameter pairs of 1 and € makes the number of lattices of the
ACLML or the CML system in chaos. When the number of lattices in chaos exceeds
51% of total lattices, the ACLML system has more parameter pairs of ;1 and ¢ than the
CML system has. Therefore, the ACLML system has more candidate parameters of
and ¢ to achieve space chaos than the CML system has, which is the new feature that the

Fig. 1. Kolmogorov—Sinai entropy density Fig. 2. Kolmogorov—Sinai entropy univer-
for different parameters in ACLML. sality for different parameters in ACLML.

Fig. 3. Kolmogorov—Sinai entropy density Fig. 4. Kolmogorov—Sinai entropy univer-
for different parameters in CML. sity for different parameters in CML.
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Percentage of parameter pairs

0 10 20 30 40 50 60 70 80 90 100
Percentage of lattices in chaos

Fig. 5. Percentage of lattices in chaos for different parameter pairs in ACLML (dashed line)
and CML (solid line).

parameters of 1 and € can be regarded as the secret keys in cryptography. However, the
Fig. 5 also presents that the percentage of total parameter pairs in the ACLML system
which is confined to less than 50.00% of total lattices in chaos is less than 80.00% which
is lower than that in the CML system. We employ the reactions-diffusions in chemical
system for explanation of this phenomenon. The reactions strengthen chaotic behavior and
diffusions deduce the effectiveness of reactions. Because of neighborhood coupling in the
CML system, diffusions in the CML system can only affect the neighbors in which case
the defect and local chaos can easily occur. On the contrary, non-neighborhood coupling
in the ACLML system strengthens the diffusions equivalently in which case the energy of
this local chaos distributes into other lattices in regular behaviors; therefore, defect and
local chaos can not occur in the ACLML system easily.

When the percentage of lattices in chaos exceeds 50.00%, the diffusions in the ACLML
system strengthen the chaotic behaviors harder than that in the CML system. Although
the amount of energy forces the local chaos in the CML system, the same amount energy
in the ACLML system makes majority of lattices approach to their critical points of
chaos. Subtle diffusions generate the corresponding interferences which cause majority
of lattices in chaotic behaviors.

4.2 Bifurcation in the ACLML system

In both the ACLML system and the CML system, the bifurcation diagrams with p €
[3.5,3.72] in Fig. 6(a) and Fig. 6(b) show the same forking of the possible periods of
orbits from 4 to 8. however, such forking of orbits from 8 to 16 in Fig. 6(b) does not
exist in Fig. 6(a). The explanation of the difference is that non-neighborhood coupling
increases instability of the possible periods of orbits. The non-neighborhood coupling
decreases the times of period doubling bifurcations, and the ACLML system becomes
chaotic after a point.

There are no periodic windows in the bifurcation diagram with p > 3.70 for the
ACLML system. When chosen some value of parameter €, the Kolmogorov—Sinai en-
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Fig. 6. Bifurcation diagrams: (a) the ACLML system when p € [3.5,3.72]; (b) the CML
system when p € [3.5,3.72]; (c) the ACLML system when p € [3.5,4.0]; (d) the CML
system when p € [3.5,4.0].

tropy density is positive in continuously varying parameter ;. And a positive value of
Kolmogorov—Sinai entropy density in continuously varying parameter p is the necessary
condition for no periodic windows in the bifurcation diagram. Although positive flat
regions occur in the Kolmogorov—Sinai entropy density diagram with a continuously
varying parameter p in the CML system, there are some periodic windows in the bi-
furcation diagram for the CML system. The entropy density is positive in continuously
varying parameter p in either the CML or the ACLML system when chosen € = 0.3,
which is shown in Fig. 1 and Fig. 2. This phenomenon indicates that non-neighborhood
coupling makes the time series distribution wider than neighborhood coupling does. The
bifurcation diagrams in the ACLML and the CML systems are shown in Fig. 6(c) and
Fig. 6(d), respectively.

The bifurcation diagram without periodic windows in the ACLML system is the new
feature for cryptography. The CML system is regarded as a suitable spatiotemporal chaos
system for cryptography partially because its less periodic windows than low dimension
chaotic map. Thus, the ACLML system is more suitable for cryptography for the same
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reason. The parameter p as secret keys has a larger key space than Logistic map or the
CML system. Fig. 5 also implies this new feature hold in most of lattices of the ACLML
system.

4.3 Mutual information between lattices

The mutual information value between most of lattices in the ACLML system is zero,
which indicates that time series of most lattices in the ACLML system are independent.
This feature is suitable for cryptography because the chaotic series in a lattice can not be
recovered by other lattices. The mutual information is presented as follows:

I(x(i);x(4)) = H(x(i)) — H(x(i) | x(5)),
where x(i) = (21(2), 22(i), 23(2), . ., 2n(9)), x(§) = (21(5), 22(5), 23(4), - - -, 2n(4))

and ¢, j are the different lattices (1 < 7,7 < L). We calculate the mutual information
in any pairs of lattices in both the ACLML system and the CML system for comparison.
Without loss of generality for experiments, we choose p = 10, ¢ = 10, = 0.8 and pt =
3.8 for the ACLML system while we choose € = 0.8 and 1 = 3.8 for the CML system.
Fig. 7 shows that the values of mutual information between lattices in the ACLML system
are nearly zero because nonlinear chaotic map coupling makes mutual independence of
time series of lattices. The only five (4, j) pairs of lattices are (55, 5), (65, 15), (75, 25),
(85,35), (95,45), and the corresponding mutual information values are 0.853, 0.841,
0.846, 0.858, 0.862. The number of five pairs depends on the size of L lattices. There are
10 lattices of the difference between each pair. When the high values of the pair of (95, 45)
plus 10 lattices, the result of (55,5) is obtained after modulo L (L = 100) operation.
However, Fig. 8 shows that most values of mutual information between lattices in the
CML system are larger than that in the ACLML system. The larger mutual information
in the CML system indicates mutual dependence of time series in adjacent lattices for
neighborhood coupling. Fig. 9 shows that 99.90% of pairs between lattices with the value
of zero in mutual information in the ACLML system, the number of which is greater than
that in the CML system of 57.24%. The mutual independence in of time series of lattices
in the ACLML sytem can enhance the security of chaos applications in cryptography.

o

.8

o

.6

°
=

o

2

20

Fig. 7. Mutual information between lattices Fig. 8. Mutual information between lattices
in ACLML. in CML.
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Percentage of lattice pairs

Fig. 9. Percentage of pairs between lattices for mutual information distributions in ACLML
(solid line) and CML (dashed line).

4.4 ACLML system behaviors

Because of chaotic map coupling, the ACLML system has fewer patterns than the CML
system has. Non-neighborhood coupling strengthens the diffusions between lattices harder
than neighborhood coupling does. When majority of lattices in regular behaviors, the
chaotic defect of a lattice is difficult to occur because the energy of this candidate lattice
in chaotic defect exhaust easily by non-neighborhood coupling. On the contrary, when
majority of lattices in the critical points of chaotic behaviors, a subtle defect in a lattice
is able to cause the fully chaotic behaviors in all lattices by non-neighborhood coupling.
Kaneko [8] discovered the CML system with six patterns. However, the ACLML system
characterizes three patterns assumed that the parameter ¢ is between 0 and 1, y is between
3.3 and 4.0. The three patterns are listed as follows:

1. Frozen random pattern. For situations when 3.3 < p < 3.6 and all values of ¢,
the ACLML system behavior is regular in which period-2, period-4 and period-8 re-
sponses occur. Fig. 10 shows the ACLML system in period-doubling behaviors. When
u € [3.6,3.7) and all values of e, the ACLML system presents 21 regions of chaos, which
is showed in Fig. 11. The random initial value only affects the position of the plot of
pattern, which is showed in Fig. 12. This pattern is similar to the CML system in its
frozen random pattern except for systems entering 21 regions of chaos. Fig. 13 shows 21
regions of chaos in the CML system. Although Arnold cat map increases the diffusions
of spatiotemporal dynamics, the simple regular response in each lattice can not generate
complex system behavior.

2. Pattern competition intermittency. For situations when p € [3.7, 3.8) and all values
of e, p = 3.8 and € < 0.5, the system behavior is instable. When increase the value of
€, the select pattern of the ACLML system presents diverse random patterns in a large
scale space. Between patterns, the intermittency chaos occurs. Fig. 14(a) shows space
amplitude plot of pattern competition intermittency of the ACLML system. When the
parameter ¢ is increased, the patterns in intermittency of the ACLML system may have
a larger scale of space showed in Fig. 14(b).
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3. Fully developed turbulence. For situations when ¢ = 3.8 and ¢ > 0.5, u €
(3.8,4.0] and all values of ¢, it is difficult to observe any stable behaviors showed in
Fig. 15. The reactions dominate the system behavior. The diffusions can not hold the
system stable because most of lattices are in chaos and turbulence.

The patterns of defect chaotic diffusion and defect turbulence in the CML system,
which are showed in corresponding Fig. 16(a) and Fig. 16(b), are not appeared in the
ACLML system because Arnold cat map increases the diffusions of spatiotemporal dy-
namics. The diffusions dilute the defect which is the local chaotic behavior between
neighbor lattices. This dilution by Arnold cat map in non-neighborhood makes the en-
ergy in the defect of a lattice exhaust rapidly into other faraway lattices where major-
ity of lattices are in regular behaviors. The comparisons of space-time diagrams be-
tween the ACLML system and the CML system, which are showed in corresponding
Fig. 17 and Fig. 18, indicate that defect chaotic diffusion pattern and defect turbulence
are not emerged in ACLML system. In the defect chaotic diffusion pattern showed in
Fig. 17(a), a defect is free-walking in space-time and vanished when tow defects meet.

0 20 40 60 80 100 0 20 40 60 80 100

(a) (b)

0.9

0.8

Zn ('Z/) 0.7

0.6

0.5

0.4

0 20 40 60 80 100

©

Fig. 10. Regular behaviors of the ACLML system: (a) period-2, (1 = 3.4 and € = 0.5);
(b) period-4, (1 =3.51 and € = 0.5); (c) period-8, (1 =3.55 and € = 0.5).
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2a(i) 2a(i)

0 20 40 60 80 100
i
Fig. 11. 2I chaotic regions of the ACLML Fig. 12. The random initial value influence
system (u= 3.6 and € = 0.3). of the ACLML system (u= 3.6 and €= 0.3).

0.2 0.
0 20 40 60 80 100 0 20 40 60 80 100

(a) (b)

Fig. 14. Space amplitude plot of pattern competition intermittency of the ACLML system:
(@pu=3"T7ande =0.1;(b) u = 3.7and e = 0.5.
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Fig. 15. Fully developed turbulence of the ACLML system (1« = 3.87 and € = 0.2).
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Fig. 16. Defect chaotic diffusion and turbulence of the CML system: (a) p = 3.87 and
e=0.1;(b) u =3.925and e = 0.1.

0 500 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000 3500 4000
iterations iterations
(@) (b)

Fig. 17. Space-time diagrams when p = 3.87 and € = 0.1: (a) defect chaotic diffusion
pattern in the CML,; (b) fully developed turbulence of the ACLML system.
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500- - 1000 1500 2000 -2500 3000 3500- 4‘000 .;O
iterations iterations

(@ (b)

Fig. 18. Space-time diagrams when i = 3.925 and € = 0.1: (a) defect turbulence in the
CML; (b) fully developed turbulence of the ACLML.

In defect turbulence pattern showed in Fig. 18(a), the number of defects increases when
two defects meet. The ACLML system emerges fully developed turbulence pattern showed
in Fig. 17(b) and Fig. 18(b) when the CML system emerges defect chaotic diffusion
pattern or defect turbulence with the same parameters.

5 Conclusions

This paper deals with the spatiotemporal dynamics of Arnold coupled logistic map lattice.
The Kolmogorov—Sinai entropy and space-amplitude diagrams and space-time diagrams
are employed to quantify the complexity of system behaviors in the CML system and the
ACLML system. The percentage of parameters in the ACLML system of chaos is higher
than that in the CML system. This paper also presents that the mutual information of the
ACLML system is smaller than that of the CML system. Bifurcations and spatiotemporal
dynamics in both the CML system and the ACLML system are also developed in this
paper. We obtain the new features such as the lower mutual information between lattices,
larger range of parameters for chaotic behaviors, the higher percentage of lattices in
chaotic behaviors for most of parameters and less periodic window in bifurcation diagram
of the proposed ACLML system. These features are the new properties of the spatiotem-
poral chaos in form of nonlinear chaotic map coupling method. These features are also
suitable for cryptography.
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