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Abstract. Continuous energy pumping and exchange along the coupling channel can balance the energy release
between nonlinear oscillators for reaching complete synchronisation. When external stimulus is applied, energy
is injected and encoded for regulating the dynamics of nonlinear oscillators and circuits. In this paper, the
synchronisation between memristive Rössler oscillators is investigated by reactivating one memristive variable,
and external stimuli are changed to detect the occurrence of synchronisation without direct variable coupling.
In the presence of periodical stimulus, stochastic switch and feedback on the memristive variable can induce
synchronisation between two memristive oscillators and chain network composed of memristive oscillators. In
the presence of noise, stochastic feedback and disturbance on the memristive variable can keep synchronisation
stable between two oscillators, and complete synchronisation is realised. In addition, the synchronisation factor and
spatial patterns are calculated to confirm the occurrence of synchronisation between more chaotic oscillators when
memristive function is activated even when no coupling channels are switched on.
Keywords. Memristive function; noise; synchronisation factor; bifurcation; network; memristor.
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1. Introduction
In the last decades, synchronisation dynamics between
nonlinear dynamical systems has been investigated
extensively. When coupling channels are connected to
the nonlinear oscillators and output ends of the chaotic
circuits, energy is pumped to balance the output voltage or energy flow [1]. Indeed, the energy exchange
and propagation between coupled oscillators are much
dependent on the physical properties of the coupling
channels [2]. From the physical viewpoint, direct variable coupling results from the voltage coupling via
resistor, in which Joule heat is consumed to balance the
output voltage for reaching synchronisation. Memristor
is a new electronic component [3,4], and it is often used
to build memristive circuits [5–8] and the dynamics can
be controlled by adjusting the initial value for the memristive variable. In fact, memristor can also be effective
to couple nonlinear circuits and stabilise the synchronisation [9–12]. Thermistor in the circuit can change its
channel current and then the dynamics of the nonlinear
circuit can be adjusted in a time-varying temperature
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condition. Therefore, it is effective to build a sensitive
neuron for detecting the temperature changes [13] by
incorporating thermistors into the nonlinear circuits, and
thermistor can also be used to control synchronisation
between chaotic circuits [14]. Zhang et al [15] suggested
that Josephson junction can also be effective to realise
phase synchronisation between neural circuits. In fact,
both thermistor and memristor will consume the Joule
heat and the physical properties of coupling channels
can be changed within long transient period before the
Joule heat is released. However, capacitor and induction coil can pump and release field energy effectively
when they are used to couple nonlinear circuits. As
confirmed in refs [16–18], the capacitive coupling can
balance and propagate electronic field energy between
the output ends of the nonlinear circuits for reaching possible synchronisation, and it provides physical
evidences to know the mechanism for differential control. On the other hand, Yao et al [19] and Zhu et al
[20] confirmed that inductive coupling can be effective to pump and release energy between the output
ends for stabilising synchronisation, and it explains the
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mechanism for integral control. That is, coupling with
larger intensity enables synchronisation between nonlinear circuits when energy is pumped along the coupling channel effectively.
As is well known, noise stimulus can enhance synchronisation between nonlinear oscillators [21–25]. In
particular, it is interesting to discuss the dynamical
mechanism for synchronisation between chaotic oscillators without applying any variable coupling [26–28].
As reported in ref. [29], the capacitor and induction coil
can capture external field energy and then equivalent
channel current is induced to regulate the dynamics of
the nonlinear circuits. Therefore, external noise stimulus can inject energy into these physical components and
then the energy propagation in the circuit is regulated
to change the outputs. In ref. [30], memristive function
is introduced into the Rössler oscillator and then noise
is applied to induce synchronisation between two initial
value-dependent nonlinear oscillators. It is found that
synchronisation can be achieved by increasing the intensity of noise stimulus on the two nonlinear oscillators,
and its potential mechanism could be noise-induced resonance synchronisation [31] when the parameters and
initial values are fixed. From the physical viewpoint,
continuous energy supply is activated when the nonlinear circuits are driven by noise with enough intensity,
and energy exchange between capacitors and induction
coils in the circuits will trigger potential resonance by
applying appropriate noise intensity.
Inspired by the memory property in memristors, memristive function [30] and its family are introduced into the
nonlinear oscillator for enhancing its sensitivity to initial value for memristive variable (e.g. magnetic flux).
Therefore, memristor can be connected to the branch
circuit of a chaotic circuit, and the memristive variable
can be controlled by external disturbance for inducing
distinct mode transition in the memristive circuits (periodical or chaotic type). When stochastic disturbance and
external excitation are applied on the memristive oscillators, distinct transition from periodic to chaotic states
can be induced. In the case of synchronisation, the stability of synchronisation can be changed due to a slight
difference in the initial values for memristive variables.
That is, even when coupling intensity is beyond the
threshold, slight switch for the initial values can cause
distinct synchronisation transition [32] between these
initial value-dependent nonlinear oscillators.
In this paper, similar to these memristive oscillators, a memristor-based nonlinear function is added to
the Rössler oscillator to enhance the dynamics dependence on the initial value for the third variable (z). This
scheme is also effective when memristors are incorporated into some branch circuits of nonlinear circuits, and
the memristor-coupled circuit can be mapped into the
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equivalent memristive nonlinear oscillators by applying scale transformation on the variables and intrinsic
parameters. When the memristor is connected to different branch circuits, the memristive function will be
adhered to regulate different variables in the dynamical systems. As is well known, the magnetic flux across
the memristor can be disturbed by external magnetic
field, and therefore, external disturbance can be applied
to regulate the magnetic flux and thus the dynamics
of nonlinear circuits is controlled. Furthermore, intrinsic stochastic feedback and disturbance are activated to
control the memristive variable, and external forcing
is applied to detect the occurrence of synchronisation
between two nonlinear oscillators and network as well.
2. Model and scheme
For a magnetic flux controlled memristor, the current
across it can be obtained by
i=

dq(φ)
dq(φ) dφ
=
= M(φ)V = (α + 3βφ 2 )V,
dt
dφ dt
(1)

where the intrinsic parameters α, β are associated with
the material property of the memristor and V describes
the voltage between two ends of the memristor. The
time-varying current across the memristor is dependent
on the magnetic flux φ and intrinsic parameters (α, β)
of the memristor. By applying standard scale transformation [2] for the physical variables and parameters in
the nonlinear circuits coupled by memristor, the branch
current across the memristor can be mapped into a nonlinear function with memory. For simplicity, the first
variable V is mapped into the dimensionless variable x,
the magnetic flux φ is converted into dimensionless variable z, and the memristive function is described by kz 2 x.
That is, when memristor is incorporated into the nonlinear circuits and neural circuits, the nonlinear memristive
term 3βφ 2 V can generate time-varying current for the
memristor and the output voltage of the circuit can be
regulated completely when the initial value for φ is
changed. In experimental way, the magnetic flux φ for
the memristor can also be controlled by external magnetic field. As a result, any slight change for φ will
adjust the coefficient for the current across the memristor. That is, the branch current across the memristor
is dependent on the magnetic flux φ in nonlinear type.
From the dynamical viewpoint, the memristive term
kz 2 x involves time-varying nonlinear parameter kz 2 ,
and as a result, its dynamics is dependent on the initial value for variable z. Therefore, frequent switch and
disturbance on the variable z will trigger distinct mode
transition in the nonlinear oscillator with memory. By
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applying external stimulus W , which is associated with
external magnetic field, the memristive variable will be
controlled effectively. On the other hand, the memristive variable z can also be controlled by imposing linear
negative feedback. Srandom is generated from a controllable magnetic field, and dynamics in the memristive
oscillator with external disturbance is obtained by
⎧
dx
⎪
⎪
= −y − z − kz 2 x,
⎪
⎪
⎪
dt
⎨
dy
= x + ay,
⎪
dt
⎪
⎪
⎪
dz
⎪
⎩
= b + z (x − c) + k1 (Srandom − z) + W,
dt

(2)

where Srandom can be a time-varying series and k1 is
the feedback gain in the memristive oscillator. The
involvement of stochastic disturbance Srandom can be
selected with different series and the initial value for the
memristive variable z will be continuously disturbed.
Furthermore, the activation of external stimulus W will
enhance the switch and resetting of memristive variable
z and the dynamics is regulated effectively. The gain
k in the memory term can control the stability of this
initial value-dependent system, and the parameters are
selected at a = 0.2, b = 0.2, c = 5.7 for generating
chaos with appropriate initial values. It is interesting
to estimate the synchronisation approach between two
identical memristive oscillators by applying the same
external stimulus. In the absence of variable coupling,
the two forced oscillators without variable coupling are
described by
⎧
dx1
⎪
⎪
⎪
⎪
dt
⎪
⎪
⎪
dy1
⎪
⎪
⎪
⎪
⎪
dt
⎪
⎪
⎪
dz 1
⎪
⎨
dt
dx
2
⎪
⎪
⎪
⎪
⎪
dt
⎪
⎪
dy2
⎪
⎪
⎪
⎪
⎪
dt
⎪
⎪
⎪
dz 2
⎪
⎩
dt
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⎧
dxi
⎪
⎪
= −yi − z i − kz i2 xi + D0 (xi+1 + xi−1 − 2xi ),
⎪
⎪
⎪
dt
⎨
dyi
= xi + ayi ,
⎪
dt
⎪
⎪
⎪
dz
⎪
⎩ i = b + z i (xi − c) + k1 (Srandomi − z i ) + W,
dt
(4)
where the subscript i indicates the node position of the
network and Srandomi represents stochastic disturbance
for variable z i . When the coupling intensity for adjacent
nodes are decreased at D0 = 0, it indicates that all
nodes in the network are free from connection to other
ones. A statistical synchronisation factor [33] R is often
defined to estimate the synchronisation degree, and it is
calculated as follows:
N
1 
xi ;
F=
N
i=1

R=

1
N

F 2  − F2
,
N
2
2
i=1 x i  − x i 
(5)

where N is the node number of the network and xi is the
detectable variable for the ith oscillator in the network.
The symbol ∗ denotes average calculation of variable
over running time. It represents the occurrence of perfect
synchronisation at R ∼ 1, while non-perfect synchronisation occurs at R ∼ 0. When perfect synchronisation
is stabilised, the network becomes homogeneous. Otherwise, regular spatial distribution is controlled to form
certain spatial patterns. In generic way, the error function for any two oscillators can be estimated by

θ ex , e y , ez = e2x + e2y + ez2
=

(x1 −x2 )2 +(y1 − y2 )2 +(z 1 −z 2 )2 .
(6)

= −y1 − z 1 − kz 12 x1 ,
= x1 + ay1 ,
= b + z 1 (x1 − c) + k1 (Srandom1 − z 1 ) + W,
= −y2 − z 2 − kz 22 x2 ,

In a practical way, the gain and external stimulus for the
memristive oscillators can be tamed to detect possible
synchronisation and formation of spatial patterns, with
regular patterns occurring at lower value of synchronisation factors.

= x2 + ay2 ,

3. Numerical results and discussion

= b + z 2 (x2 − c) + k1 (Srandom2 − z 2 ) + W,

In this section, the fourth-order Runge–Kutta algorithm is applied to find numerical solutions of nonlinear
oscillators and network. The time step h = 0.01, the
stochastic disturbance Srandom can be generated from
the variable x or other nonlinear functions. For the two
memristive oscillators, Srandom1 = x1 , Srandom2 = x2 .
For simplicity, a slight difference in initial value is
applied for the variables z 1 and z 2 it sets as (0.0, 0.0, 0.1,
0.0, 0.0, 0.01) and the same periodical stimulus W = A

(3)
where the subscripts 1, 2 represent the first and the second oscillators, respectively. Then, a chain network is
built to discern the collective behaviours of network by
applying uniform external disturbance, and the dynamics of the memristive network is estimated by
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Figure 1. Bifurcation diagram calculated from the ISI vs.
amplitude in the external stimulus W = A sin(ωt + ϕ). Other
parameters are fixed at a = 0.2, b = 0.2, c = 5.7, k = 0.1,
k1 = 0.01, ω = 0.01, ϕ = 1, Srandom = x.

sin(ωt +ϕ) is imposed to excite the nonlinear oscillators.
The isolated oscillator is kept in chaotic state at a = 0.2,
b = 0.2, c = 5.7, k = 0.1, k1 = 0.01. In the case of network, 100 oscillators are considered. At first, the angular
frequency and initial phase are fixed at ω = 0.01 and
ϕ = 1, and the sampled time series for variable x are calculated to estimate the dependence of interspike interval
(ISI) on the amplitude A in the periodical stimulus. As
is well known, estimation of ISI provides an effective
bridge to identify the dependence of mode selection on
the bifurcation parameters and external stimulus. When
the value of bifurcation parameter is fixed, the ISI is estimated by estimating the time interval (ti+1 − ti ) for two
successive peak values in the sampled time series of the
membrane potentials. Then another value is selected for
the bifurcation parameter to reproduce the same procedures. Application of bifurcation analysis can be found
in ref. [34]. The bifurcation analysis for ISI under different amplitudes in external stimulus is shown in figure 1.
By increasing the amplitude, the memristive oscillator shows distinct transition from chaotic to periodical
state, and its dynamical mechanism is known as forced
resonance. As a result, the two oscillators become completely synchronised when they are tamed and forced
to show the same oscillation. For the better presentation
of the synchronisation stability between two memristive
oscillators driven by external stimuli, the error function
is plotted in figure 2 by further increasing the amplitudes
in the external forcing currents.
It is demonstrated that the two isolated oscillators
are forced to keep pace with each other completely by
increasing the amplitude of external excitation and complete synchronisation is reached. For further information
of the mode transition in the two forced oscillators, the
sampled time series are also shown in figure 3.
It is confirmed that continuous chaos is suppressed to
induce intermittent chaos with increasing amplitude in
the periodical stimulus and two isolated oscillators can
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reach complete synchronisation. Furthermore, initial
phase for the external stimulus is changed to investigate
the dynamical response. For example, the external stimulus is selected with cosine function as B cos(ωt + ϕ),
and the error function for two uncoupled oscillators is
shown in figure 4.
It is found that two chaotic oscillators can be driven
to reach complete synchronisation by further increasing
the amplitude in the periodical stimulus, under different initial phase value. Also, the evolution of the
variable x is estimated by setting different amplitudes
in the periodical exciting, and the results are shown in
figure 5.
The sampled time series for the variable presents distinct transition from continuous chaos to intermittent
chaos when the two uncoupled oscillators are excited
with stronger amplitude. In fact, periodical stimulus
can induce forced resonance and two isolated oscillators can be synchronised. It is important to discuss the
case when noise stimulus is applied and the stochastic disturbance may induce distinct mode transition. For
simplicity, Gaussian white noise W = ξ(t) is applied,
and the statistical property for Gaussian white noise is
defined by
ξ(t) = 0, ξ(t)ξ(t  ) = 2Dδ(t − t  ),

(7)

where D is the noise intensity of Gaussian white noise.
The firing state for the isolated oscillator is estimated
by calculating the ISI series when the noise intensity is
changed, and the results are plotted in figure 6.
The bifurcation analysis indicates that the isolated
oscillator can present stable chaos in the presence of
noise. For better illustration, the error function is estimated under different noise intensities, and the results
are shown in figure 7.
It is confirmed that enough noise intensity can
cause complete synchronisation between two uncoupled chaotic oscillators. Compared with the case under
periodical stimulus, larger threshold for the stimulus
amplitude is required so that enough energy can be
captured to balance the exchange in each isolated oscillator and stochastic forcing-induced resonance can be
induced. To discern and confirm the robustness of chaos
in the nonlinear oscillators driven by noise, the sampled
time series for variables are plotted in figure 8.
From figure 8, it is demonstrated that chaos is
enhanced and two isolated oscillators are driven to reach
complete synchronisation due to stochastic forcing resonance. It is interesting to investigate the collective
behaviours of these uncoupled oscillators by applying the same periodical stimulus W = A sin(ωt +
ϕ), and diversity in initial value is considered as
(0.0, 0.0, 0.01+0.01∗i), where i represents the node of
the network. Then the amplitude of external stimulus is
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Figure 2. Evolution of error function for two isolated oscillators driven by the same stimulus W = A sin(ωt + ϕ) for (a)
A = 0, (b) A = 5, (c) A = 10 and (d) A = 15. Other parameters are fixed at a = 0.2, b = 0.2, c = 5.7, k = 0.1, k1 = 0.01,
ω = 0.01, ϕ = 1, Srandom1 = x1 , Srandom2 = x2 .

Figure 3. Sampled time series for the variable x in the two isolated oscillators driven by different periodical stimuli W = A
sin(ωt + ϕ), for (a) A = 0, (b) A = 5, (c) A = 10 and (d) A = 15. Other parameters are fixed at a = 0.2, b = 0.2, c = 5.7,
k = 0.1, k1 = 0.01, ω = 0.01, ϕ = 1, Srandom1 = x1 , Srandom2 = x2 .

changed to detect the pattern formation and distribution
for synchronisation factors, and the results are presented
in figure 9.
By further increasing the amplitude of external forcing, the network becomes homogeneous and complete
synchronisation is stabilised. Also, the synchronisation
factor reaches saturation value. The initial phase for the
external forcing is changed by imposing cosine function

as B cos(ωt +ϕ), and the same results are confirmed. It is
concluded that periodical forcing can drive the network
of uncoupled oscillators to reach complete synchronisation when the forcing amplitude is beyond the threshold.
Finally, it is important to discuss the case when uniform
noise is applied on all uncoupled oscillators with slight
difference in the initial values, and the results are presented in figure 10.
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Figure 4. Evolution of error function for two isolated oscillators driven by the same stimulus W = B cos(ωt + ϕ), for (a)
B = 0, (b) B = 5, (c) B = 10 and (d) B = 15. Other parameters are fixed at a = 0.2, b = 0.2, c = 5.7, k = 0.1, k1 = 0.01,
ω = 0.01, ϕ = 1, Srandom1 = x1 , Srandom2 = x2 .

Figure 5. Sampled time series for the variable x in the two isolated oscillators driven by different periodical stimuli W = B
cos(ωt + ϕ) for (a) B = 0, (b) B = 5, (c) B = 10 and (d) B = 15. Other parameters are fixed at a = 0.2, b = 0.2, c = 5.7,
k = 0.1, k1 = 0.01, ω = 0.01, ϕ = 1, Srandom1 = x1 , Srandom2 = x2 .

Due to a slight diversity in initial values for the
memristive variable z, some isolated oscillators could
be periodical while the other become chaotic states.
However, uniform Gaussian white noise can still excite
them to keep pace with each other and complete
synchronisation is reached by further increasing the
noise intensity. As confirmed in figure 7, two isolated
chaotic oscillators can be stimulated to reach complete

synchronisation under noise by applying the same
initial values. When more oscillators are considered
with diversity in initial values, complete synchronisation can still be achieved under noise stimulus even when
the systems are not coupled directly. In fact, the diversity in initial values can be enhanced by the stochastic
disturbance k1 (x − z) because the memristive function kz 2 x regulates the dynamics with different scale
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amplitudes. However, continuous noise stimulus can
input energy into the neurons (nonlinear oscillators)
for inducing possible stochastic resonance until synchronisation is reached. This self-adaptive resonance
synchronisation can also be observed in other social
systems. For example, when the music is released, the
dancers can be excited to keep pace with each other
complete even when they are not connected hand in
hand. In the last decades, synchronisation stability and
pattern formation on neural networks have been investigated extensively when electrical and chemical synapses
coupling are tamed [35–38]. As proposed in [39], the

Figure 6. Diagram for bifurcation by plotting the ISI vs.
noise intensity D. The parameters are fixed at a = 0.2,
b = 0.2, c = 5.7, k = 0.1, k1 = 0.01.
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effect of synapse connection can generate equivalent
electromagnetic field coupling [40–44], which can be
replaced by connecting the capacitor and induction
coupling with appropriate gains, and neurons can be
synchronised for signal propagation and even the direct
synapse coupling is blocked completely. In fact, the
memristive function can be considered as induction current across the synapses, and external noise forcing
and periodical stimulus can result from electromagnetic radiation. Indeed, the magnetic flux is changed
to describe the effect of electromagnetic field in the
cell and the neural circuit as well. As confirmed in
ref. [45], two neurons can be driven by external electromagnetic radiation and even they are not coupled
via synapse connection. Furthermore, Nakamura and
Tateno [46] studied the occurrence of phase synchronisation and stochastic resonance following induction by a
weak common random pulse in uncoupled non-identical
Hodgkin–Huxley-type neuron models. In fact, noise and
time delay play important roles in regulating the synchronisation between nonlinear oscillators and networks
[47–49]. Considering the discussion and results in this
paper, readers can extend this study for more nonlinear oscillators by removing the direct links or coupling
channels in the presence of noise and distributed time
delay, self-organisation and pattern formation in networks will be interesting for further investigation.
In summary, the involvement of memristive function
can enhance the dependence of dynamics and mode

Figure 7. Evolution of error function for two isolated oscillators driven by the Gaussian white noise, for (a) D = 0, (b)
D = 100, (c) D = 200 and (d) D = 300. Other parameters are fixed at a = 0.2, b = 0.2, c = 5.7, k = 0.1, k1 = 0.01,
Sr andom1 = x1 , Srandom2 = x2 .
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Figure 8. Sampled time series for the variable x in the two isolated oscillators by applying noise, for (a) D = 0, (b) D = 100,
(c) D = 200 and (d) D = 300. Other parameters are fixed at a = 0.2, b = 0.2, c = 5.7, k = 0.1, k1 = 0.01, Srandom1 = x1 ,
Srandom2 = x2 .

Figure 9. Formation of spatial patterns and curve for the synchronisation factors calculated by changing the amplitude in the
periodical forcing W = A sin(ωt + ϕ), for (a) A = 0, (b) A = 5, (c) A = 10 and (d) A = 15. Other parameters are fixed
at a = 0.2, b = 0.2, c = 5.7, k = 0.1, k1 = 0.01, ω = 0.01, ϕ = 1, Srandomi = xi , i = 1, 2, 3, . . . , 100. The snapshots are
plotted in colour scale.

selection on the initial value for the memristive variable.
External periodical forcing can induce forcing resonance and the effect of initial diversity can be balanced
to reach complete synchronisation between two identical nonlinear oscillators. Also, in the case of noise
stimulus, the diversity in initial values can also be
suppressed to stabilise complete synchronisation
between more nonlinear oscillators without direct coupling. The potential mechanism could be that continuous
adjustment on the memristive variable and energy injection can regulate the dynamics of each oscillator for
reaching possible consensus. In addition, the activation

of initial dependence resulting from the contribution of
memristor can enable the occurrence of multistability
and coexistence of attractors [46,50,51]. As a result,
appropriate stochastic distribution of the initial values
of memristive variable can induce possible spatial resonance in the network.

4. Conclusion
Inspired by the physical properties of the memristor,
a special memristive function is introduced into the
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Figure 10. Formation of spatial patterns and curve for the synchronisation factors calculated by changing the noise intensity,
for (a) D = 0.0, (b) D = 100, (c) D = 200 and (d) D = 300. Other parameters are fixed at a = 0.2, b = 0.2, c = 5.7,
k = 0.1, k1 = 0.01, Srandomi = xi , i = 1, 2, 3, . . . , 100. The snapshots are plotted in colour scale.

nonlinear oscillator and the dynamic dependence on
initial value is confirmed. Continuous disturbance via
linear feedback is activated to trigger frequent switch
for the memristive variable z and thus frequent mode
transition is induced in oscillator with dynamics dependence on initial values. Furthermore, the same external
periodical forcing is applied to drive two chaotic oscillators and complete synchronisation is reached by further
increasing the amplitude in the same external periodical
forcing. In addition, Gaussian white noise is applied to
detect the occurrence of complete synchronisation under
stochastic forcing resonance. In the case of network synchronisation, 100 chaotic oscillators can reach complete
synchronisation by periodical forcing with appropriate
amplitude. Furthermore, noise can still induce complete synchronisation when diversity in initial values
for the memristive variable z is activated. The potential
mechanism could be that the effect of initial diversity
is suppressed by the memristive function and continuous feedback on the memristive variable. In the case
of square array, similar case can be discussed to detect
the formation of regular patterns by taming the noise
intensity when oscillators have selected different initial
values.

Acknowledgements
This project is supported by the National Natural Science Foundation of China under Grant Nos 11765011
and 12072139.

References
[1] Z Yao et al, Appl. Math. Comput. 374, 124998 (2020)
[2] C Wang et al, Euro. Phys. J. Special Topics 228(10),1907 (2019)
[3] A Chanthbouala et al, Nature Mater. 11(10), 860 (2012)
[4] C Yakopcic et al, IEEE Electron Dev. Lett. 32(10),1436
(2011)
[5] B Muthuswamy, Int. J. Bifurc. Chaos 20, 1335 (2010)
[6] Z I Mannan et al, Nonlinear Dyn. 99, 3169 (2020)
[7] X Ye et al, Nonlinear Dyn. 99, 1489 (2020)
[8] N Wang et al, Nonlinear Dyn. 97, 1477 (2019)
[9] B Bao et al, Nonlinear Dyn. 99, 2339 (2020)
[10] H Bao et al, Nonlinear Dyn. 100, 937 (2020)
[11] H M Deng and Q H Wang, Pramana – J. Phys. 93(3):
49 (2019)
[12] G Zhang et al, Appl. Math. Comput. 321, 290 (2018)
[13] Y Xu et al, Appl. Math. Comput. 385, 125427 (2020)
[14] X F Zhang et al, Mod. Phys. Lett. B 34, 2050267 (2020)
[15] Y Zhang et al, Sci. China Technol. Sci. 63, 2328 (2020)
[16] Z Liu et al, Appl. Math. Comput. 360, 94 (2019)
[17] Y Xu et al, Front. Inform. Technol. Electron. Eng. 20,
571 (2019)
[18] Z Liu et al, Nonlinear Dyn. 97, 2661 (2019)
[19] Z Yao et al, Nonlinear Dyn. 96, 205 (2019)
[20] S Zhu et al, Chin. J. Phys. 62, 9 (2019)
[21] P D Pinto et al, EPL 117, 50009 (2017)
[22] J A Eaton et al, Phys. Rev. E 94, 032207 (2016)
[23] A Mizrahi et al, Phys. Rev. B 94, 054419 (2016)
[24] Y Wan et al, Phys. Rev. E 81, 036201 (2010)
[25] S Hata et al, Phys. Rev. E 82, 036206 (2010)
[26] D H He et al, Phys. Rev. E 67, 027201 (2003)
[27] Y Wu et al, Chin. Phys. Lett. 24, 3066 (2007)
[28] Y Wu et al, Chaos Solitons Fractals 23, 1605 (2005)
[29] C Wang et al, Chaos Solitons Fractals 134, 109697
(2020)

49
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]

Page 10 of 10
J Ma et al, Appl. Math. Comput. 298, 65 (2017)
J Ma et al, Physica A 536, 122598 (2019)
F Q Wu et al, J. Zhejiang Univ. Sci. A 19, 889 (2018)
D Gonze et al, Biophys. J. 89,120 (2005)
B K Bera et al, Chaos 29, 053115 (2019)
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