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Abstract
The study of nonlinear phenomena associated with physical phenomena is a hot topic in the
present era. The fundamental aim of this paper is to find the iterative solution for generalized
quintic complex Ginzburg–Landau (GCGL) equation using fractional natural decomposition
method (FNDM) within the frame of fractional calculus. We consider the projected equations
by incorporating the Caputo fractional operator and investigate two examples for different
initial values to present the efficiency and applicability of the FNDM. We presented the nature
of the obtained results defined in three distinct cases and illustrated with the help of surfaces
and contour plots for the particular value with respect to fractional order. Moreover, to present
the accuracy and capture the nature of the obtained results, we present plots with different
fractional order, and these plots show the essence of incorporating the fractional concept into
the system exemplifying nonlinear complex phenomena. The present investigation confirms the
efficiency and applicability of the considered method and fractional operators while analyzing
phenomena in science and technology.

Keywords : Fractional Natural Decomposition Method; Caputo Derivative; Ginzburg–Landau
Equation.

1. INTRODUCTION

Integral and differential calculus is the pair of piv-
otal tools employed to describe nature by varia-
tion and comparison. Differential equations (DEs)
play a vital role in today’s industrial needs. These
are essential and stimulating because of most of
the processes are associated to rates of change and
which are meritoriously illustrated by them. Specif-
ically, DEs deliver the notions for studying phe-
nomena and developing ideas in economics, engi-
neering, finance, medicine, and other associated
areas of sciences. The analysis and investigation of
these classes of equations are rooted in the study
of rules which administrate most of the physical
phenomena. Further, the analysis of nonlinear sys-
tems with integral and differential operators plays
an important role while studying the phenomena
related day-to-day life. While exemplifying real-
world problems associated with complexity, when
we examined its properties deeper and expanded it
to study for the supplementary processes, each con-
cept has its own limitations. In this regard, many
researchers pointed out limitations of integer order
calculus while studying the systems related to non-
Markovian mechanisms, hereditary properties and
others. In this connection, fractional calculus (FC)
is also playing these types of tools, which is a gener-
alization of classical calculus. It was rooted as soon
as a classical concept as the meaning of extension.
But it recently attracted scholars due to some stim-
ulating and interesting consequences demonstrated

by many authors to study and capture the behav-
iors of nonlinear real-world problems.1–7

The fundamental notions and associated rules of
FC are extensively hired by many scholars to exem-
plify their viewpoints about the numerous classes of
nonlinear phenomena. Specifically, the soliton solu-
tions for optic problems, the mechanisms and pro-
cesses exist in nanotechnology to study the behav-
ior of human diseases with mathematical models to
examine the behavior of systems related to chaotic
behavior and many other activities and phenom-
ena.8–28 By incorporating this concept to any sys-
tem, we get more degrees of freedom to examine the
corresponding phenomena. However, day by day,
new operators with respect to fractional calculus
have been proposed by many researchers to over-
come formerly acknowledged limitations and draw-
backs.

The study of the Schrödinger equation has
attracted great attention of researchers due to
its wide applicability in diverse physical phenom-
ena. It plays a vital role in quantum mechanics,
particularly, state function or wave function of a
quantum-mechanical system and governs the opti-
cal soliton propagation. In this study, the GCGL
equation is reduced to the Schrödinger equation if
the dissipative terms are neglected in this equa-
tion. In the model, quintic terms designate sig-
nificant and essential physical properties, which
is absent in other systems. The GCGL equation
helps to model the non-equilibrium phenomena in
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physics. Specifically, it exemplifies erbium-doped
fiber amplifiers and ultra-short pulse transmission
with spectral filtering in optical transmission lines.
The GCGL equation is a continuous approximation
to the dynamics of the field in a passively mode-
locked laser. It ascends in numerous phenomena,
including statistical mechanics, condensed matter
physics, mathematical biology, chemical physics,
fluid dynamics, and more importantly in nonlinear
optics.29–32

The GCGL equation aids us to analyze diverse
practical and real-world models and it demonstrates
rich dynamics and exemplar for the conversion to
the chaos of spatio-temporal. Moreover, it helps
to study hydro-dynamical stability models, non-
linear optics, reaction–diffusion systems, Rayleigh–
Benard convection, Taylor–Coutte flow, Poiseuille
flow, chemical turbulence and others.29–44 In this
paper, we consider the following GCGL equation
with complex function u(x, t):

ut(x, t) = (1 + iβ)uxx + γu − (1 + iδ)|u|2nu

− (1 + iρ)|u|4nu, n ≥ 1, (1)

where β, γ, δ and ρ are real numbers. Here, γ
denotes instability parameter and β represents a
dispersive parameter.

On the other hand, the study of nonlinear anal-
ysis associated to daily life needs of living beings
attracted all researchers due to its significance in
modernization. As much as modeling with math-
ematical tools, finding the solution for the corre-
sponding system is also vital. In this regard, there
are numerous procedures available in the litera-
ture. Moreover, each algorithm essentially has its
own needs and each one has its particular limita-
tions. However, scholars are nurturing new meth-
ods by overcoming the limitations like huge com-
putation, less accuracy, complex procedure, time
taken for calculation and others. There are diverse
schemes accessible in the literature with high accu-
racy among them. Adomian decomposition method
(ADM) is one of the methods with great reliability
and high accuracy.45 Further, researchers are always
experimenting and trying to propose new meth-
ods by modifying, nurturing, mixing or improving
existing methods. In this connection, Rawashdeh
and Maitama proposed a method with a mixture of
ADM and natural transform (NT) in Ref. 46. Since
the last two years, it has been comprehensively

employed by many authors to study the diverse
family of problems, for instance, authors in Ref. 47
wrote an equation to study the falling film phe-
nomena and presented some numerical behaviors
in comparison with another scheme, the numeri-
cal study has been illustrated by authors to show
the accuracy of the projected scheme by authors in
Ref. 48 for special cases of Korteweg–de Vries equa-
tions. The system of equation exemplifying 2019-
nCoV is analyzed by researchers in Ref. 49, for the
biological model, authors in Ref. 50 found the solu-
tion using FNDM within the frame of fractional
calculus, the efficiency of the hired method is con-
firmed by solving the ordinary equation of fractional
order by the author in Ref. 51, and many others
hired this algorithm and ensured the accuracy and
reliability.52–56

The fractional case of Eq. (1) is hired in the
present framework by changing the time derivative
with fractional derivative as follows:

Dα
t u(x, t) = (1 + iβ)uxx + γu − (1 + iδ)|u|2nu

− (1 + iρ)|u|4nu, 0 < α ≤ 1, (2)

where α is fractional order and which is defined with
Caputo operator.

Recently, many researchers analyzed and derived
some interesting results for the Ginzburg–Landau
equation using distinct algorithms. For instance, the
approximated solution is evaluated by authors in
Ref. 33 using decomposition and homotopy pertur-
bation schemes, the pulse-like solutions with sta-
bility are illustrated by researchers in Ref. 34, the
global existence is examined by authors in Ref. 35
for the GL equation and they also discussed disper-
sion limit for the corresponding equation, for the
one-dimensional case of the considered equation,
the exact solution is derived in Ref. 36 and some
interesting results have been derived, the series solu-
tion is derived by author in Ref. 37 using homotopy
analysis scheme. Authors in Ref. 38 derived the
bifurcation and stability, some stimulating results
related to patterns of sources and sinks of the com-
plex model are presented in Ref. 39, the physical
behavior and effect of boundary in the hired model
are analyzed by authors in Ref. 40, the hired model
is analyzed and the solution found by using homo-
topy analysis algorithm and presented along with
numerical stimulation in Ref. 40, and many other
researchers investigated stimulating results for the
projected system.42–44
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In this paper, we find the solution for fractional
order differential equation cited in Eq. (2) with the
help of FNDM. Further, the behavior of the out-
comes is captured with respect to fractional order.
Particularly, the complex behavior has been cap-
tured. The rest of the work is arranged as follows:
in the following section, we present the basic notions
of FC and FNDM, which are recalled to derive the
required results. The fundamental solution proce-
dure of the projected algorithm is illustrated in
Sec. 3 with the Caputo fractional operator. With
the help of the basic procedure of FNDM, we find
the solution for FGCGL equation in Sec. 4 with
two different examples. Further, with respect to the
obtained solution, we present the numerical results
and discussion in Sec. 5 and finally, we conclude
the archived results with respect to the considered
method, fractional operator and model.

2. PRELIMINARIES

In this segment, we present some basic and essen-
tials notions of FC.

Definition 1. The integral of a function f(t) ∈
Cδ(δ ≥ −1) with respect to fractional Riemann–
Liouville is presented1–6 as

Jαf(t) =
1

Γ(μ)

∫ t

0
(t − ϑ)μ−1f(ϑ)dϑ. (3)

Definition 2. The Caputo fractional derivative of
f ∈ Cn−1 is presented2–7 as

Dα
t f(t)

=

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

dnf(t)
dtn

, α = n ∈ N,

1
Γ(n − α)

∫ t

0
(t − ϑ)n−α−1

f (n)(ϑ)dϑ, n − 1 < α < n,

n ∈ N.

(4)

Definition 3. For the one-parameter, the Mittag-
Leffler type function is presented57 as

Eα(z) =
∞∑

k=0

zk

Γ(αk + 1)
, α > 0, z ∈ C. (5)

Definition 4. For the function f(t), the natural
transform (NT) is denoted by N[f(t)] for t ∈ R and

presented with the NT variables s and ω by50

N[f(t)] = R(s, ω)

=
∫ ∞

−∞
e−stf(ωt)dt; s, ω ∈ (−∞,∞).

Now, using Heaviside function H(t), we define the
NT as

N[f(t)H(t)] = N
+[f(t)]

= R+(s, ω)

=
∫ ∞

0
e−stf(ωt)dt;

s, ω ∈ (0,∞) and t ∈ R. (6)

Further, for ω = 1, Eq. (6) is reduced to the
Laplace transform, for s = 1. Eq. (6) denotes the
Sumudu transform.

Theorem 1 (Ref. 58). In Riemann–Liouville
sense, the NT Rα(s, ω) of the fractional derivative
of f(t) is presented as

N
+[Dαf(t)] = Rα(s, ω) =

sα

ωα
R(s, ω)

−
n−1∑
k=0

sk

ωα−k
[Dα−k−1f(t)]t=0, (7)

where R(s, ω) is NT of f(t), α is the order and n is
any positive integer. Further n − 1 ≤ α < n.

Theorem 2 (Ref. 59). In Caputo sense, the
NT of the fractional derivative of f(t) symbolizes
Rα(s, ω) and is defined as

N
+[cDαf(t)] = Rc

α(s, ω) =
sα

ωα
R(s, ω)

−
n−1∑
k=0

sα−(k+1)

ωα−k
[Dkf(t)]t=0. (8)

3. BASIC ROLE OF THE
CONSIDERED METHOD

In order to demonstrate the fundamental theory
and solution procedure of FNDM, we consider

Dα
t v(x, t) + Rv(x, t) + Fv(x, t) = h(x, t). (9)

With the initial condition

v(x, 0) = g(x), (10)

where Dαv(x, t) signifies the fractional Caputo
derivative of v(x, t), R and F, respectively, are the
linear and nonlinear differential operator, h(x, t) is
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the source term. On employing NT and by the aid
of Theorem 2, Eq. (9) gives

V (x, s, ω) =
vα

sα

n−1∑
k=0

sα−(k+1)

ωα−k
[Dkv(x, t)]t=0

+
ωα

sα
N

+[h(x, t)]

− ωα

sα
N

+[Rv(x, t) + Fv(x, t)].

(11)

Apply the inverse NT on Eq. (11) to get

v(x, t) = H(x, t) − N
−1

×
[
ωα

sα
N

+[Rv(x, t) + Fv(x, t)]
]
.

(12)

From non-homogeneous terms and the given initial
condition, H(x, t) exists. The infinite series solution
is presented as

v(x, t) =
∞∑

n=0

vn(x, t),

Fv(x, t) =
∞∑

n=0

An,

(13)

where the An indicates the nonlinear terms of
Fv(x, t). By using Eqs. (12) and (13), we have

∞∑
n=0

vn(x, t) = H(x, t) − N
−1

[
ωα

sα
N

+

×
[
R

∞∑
n=0

vn(x, t)

]
+

∞∑
n=0

An

]
.

(14)

On relating both sides of Eq. (14), we obtain

v0(x, t) = H(x, t),

v1(x, t) = −N
−1

[
ωα

sα
N

+[Rv0(x, t)] + A0

]
,

v2(x, t) = −N
−1

[
ωα

sα
N

+[Rv1(x, t)] + A1

]
.

...

For n ≥ 1, we can similarly achieve the recursive
relation in general form and present it as

vn+1(x, t) = −N
−1

[
ωα

sα
N

+[Rvn(x, t)] + An

]
.

(15)

Finally, the approximate solutions are pre-
sented as

v(x, t) =
∞∑

n=0

vn(x, t).

4. SOLUTION FOR GCGL
EQUATION

Here, we hired the fractional GCGL equation to
present the solution for the corresponding equation.
We consider two examples to illustrate the reliabil-
ity of the projected scheme.

Example 4.1. Consider the following time-
fractional GCGL equation:

Dα
t u(x, t) − (1 + i)uxx − 3u + (1 + 2i)|u|2u

+ (1 − 4i)|u|4u = 0, 0 < α ≤ 1, (16)

subjected to the initial condition

u(x, 0) = eix. (17)

By applying NT on Eq. (16), one can get

N
+[Dα

t u(x, t)] = N
+

[
(1 + i)

∂2u

∂x2
+ 3u

− (1 + 2i)|u|2u − (1 − 4i)|u|4u
]
.

(18)

The nonlinear operator is defined as

sα

wα
N

+[u(x, t)] −
n−1∑
k=0

wk−α

sk+1−α
[Dku]t=0

= N
+

[
(1 + i)

∂2u

∂x2
+ 3u

− (1 + 2i)|u|2u − (1 − 4i)|u|4u
]
. (19)

By Eqs. (18) and (19), we get

N
+[u(x, t)] = eix +

wα

sα
N

+

[
(1 + i)

∂2u

∂x2
+ 3u

− (1 + 2i)|u|2u − (1 − 4i)|u|4u
]
.

(20)
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By plugging inverse NT to Eq. (20), we have

u(x, t) = eix + N
−1

[
wα

sα
N

+

[
(1 + i)

∂2u

∂x2
+ 3u

− (1 + 2i)|u|2u − (1 − 4i)|u|4u
]]

.

(21)

Let u(x, t) =
∑∞

n=0 un(x, t) be the infinite series
solution of u(x, t). Note that |u|2u =

∑∞
n=0 An and

|u|4u =
∑∞

n=0 Bn are the Adomian polynomials and
signify the nonlinear terms. With the assistance of
these, Eq. (21) becomes

∞∑
n=0

un(r, t) = eix + N
−1

[
wα

sα
N

+

[
(1 + i)

∂2

∂x2

×
∞∑

n=0

un + 3
∞∑

n=0

un − (1 + 2i)
∞∑

n=0

An

− (1 − 4i)
∞∑

n=0

Bn

]]
. (22)

On solving the following equations with the help
of u0(x, t) and the above system, we can evaluate
the series terms

u(x, t) =
∞∑

n=0

un(x, t) = u0(x, t) + u1(x, t)

+ u2(x, t) + · · ·
The analytical solution for the above equation is

u(x, t) = ei(x+t).

Example 4.2. Consider the following time-
fractional GCGL equation

Dα
t u(x, t) − (1 + 3i)uxx − 3u + (1 + i)|u|4u

+ (1 − 6i)|u|8u = 0, 0 < α ≤ 1, (23)

subjected to the initial condition

u(x, 0) = e−ix. (24)

By applying NT on Eq. (23), we obtain

N
+[Dα

t u(x, t)]

= N
+

[
(1 + 3i)

∂2u

∂x2
+ 3u − (1 + i)|u|4u

− (1 − 6i)|u|8u
]
. (25)

The nonlinear operator is defined as

sα

wα
N

+[u(x, t)] −
n−1∑
k=0

wk−α

sk+1−α
[Dku]t=0

= N
+

[
(1 + 3i)

∂2u

∂x2
+ 3u

− (1 + i)|u|4u − (1 − 6i)|u|8u
]
. (26)

By Eqs. (25) and (26), we get

N
+[u(x, t)] = e−ix +

wα

sα
N

+

×
[
(1 + 3i)

∂2u

∂x2
+ 3u − (1 + i)|u|4u

− (1 − 6i)|u|8u
]
. (27)

By plugging inverse NT to Eq. (27), we have

u(x, t) = e−ix + N
−1

[
wα

sα
N

+

[
(1 + 3i)

∂2u

∂x2

+ 3u − (1 + i)|u|4u − (1 − 6i)|u|8u
]]

.

(28)

Let u(x, t) =
∑∞

n=0 un(x, t) be the infinite series
solution of u(x, t). Note that |u|4u =

∑∞
n=0 An and

|u|8u =
∑∞

n=0 Bn are the Adomian polynomials and
signifying the nonlinear terms. With the assistance
of these, Eq. (28) becomes

∞∑
n=0

un(r, t)

= eix + N
−1

[
wα

sα
N

+

[
(1 + 3i)

∂2

∂x2

∞∑
n=0

un

+ 3
∞∑

n=0

un − (1 + i)
∞∑

n=0

An − (1 − 6i)

×
∞∑

n=0

Bn

]]
. (29)

On solving the following equations with the help
of u0(x, t) and above system, we can find the series
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(a)

(b)

(c)

Fig. 1 Nature of obtained solution in surface and contour plots at (a) α = 1, (b) α = 0.75 and (c) α = 0.50 for Example 4.1.
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(a) (b)

(c) (d)

Fig. 2 Behavior of real part of the FNDM results for Example 4.1 with different α at (a) t = 0.075, (b) t = 0.10, (c) t = 0.125
and (d) t = 0.20.

terms

u(x, t) =
∞∑

n=0

un(x, t) = u0(x, t) + u1(x, t)

+ u2(x, t) + · · ·
The analytical solution for the above equation is

u(x, t) = ei(2t−x).

5. NUMERICAL RESULTS AND
DISCUSSION

Owing to difficulty in modeling of the real-
world problems related to sciences and engineering,
achieving the solution for the associated equations
or systems is also challenging and important. In this
work, we analyzed the complex model which exem-
plifies the non-equilibrium phenomena in physics,
called the GCGL equation, with arbitrary order
using the reliable and accurate scheme, namely,
FNDM. To confirm the exactness, we consider two

examples with fractional order in Caputo sense.
Here, we analyze and illustrate the behavior of the
results achieved by the projected solution proce-
dure. For different order, its nature has been pre-
sented in Figs. 1 and 2 with respect to Example
4.1. In Fig. 1, we presented the nature of real part
in 3D plots and the behavior of the imaginary part
in contour plots at α = 0.50, 0.75 and 1 for Exam-
ple 4.1 and from these we can observe that when
we generalize derivative with arbitrary order we get
stimulating changes in the behavior. These types of
study can open the doors for new understanding
of the corresponding models. In Fig. 2, we illus-
trated the nature with different time at distinct
order to exemplify the essence fractional order and
time. Similarly, for Example 4.2, we have presented
it in Figs. 3 and 4. Moreover, these plots exemplify
the essence of generalizing classical concept with
the fractional operator to obtain more correspond-
ing consequences and degree of freedom in a sys-
tematic and methodical way.
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(a)

(b)

(c)

Fig. 3 Nature of obtained solution in surface and contour plots at (a) α = 1, (b) α = 0.75 and (c) α = 0.50 for Example 4.2.
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(a) (b)

(c) (d)

Fig. 4 Behavior of real part of the FNDM results for Example 4.2 with different α at (a) t = 0.075, (b) t = 0.10, (c) t = 0.125
and (d) t = 0.20.

6. CONCLUSION

The analysis and investigation of nonlinear physi-
cal models with new tools always aid us to mod-
erate and for further development in science and
technology. With the help of FNDM, we analyzed
the GCGL equation with fractional order in the
present framework. The reliability and employabil-
ity of projected method are ensured by illustrat-
ing two examples. For the achieved results, the
behaviors are presented in 3D and contour plots
for distinct fractional order. These plots help to
derive stimulating behaviors of the corresponding
models. Moreover, FNDM is not required perturba-
tion, conversion and consideration of any additional
parameters or polynomials while finding the solu-
tion for nonlinear problems. The analysis of these
categories of phenomena can offer novel notions
to examine more real-world phenomena and it can
release notions for hiring an accurate technique to
examine nonlinear models associated with science
and technology. This study elucidates the projected
model, which remarkably depends on time instant

and its history, and which can be persuasively exem-
plified using fractional concept. The present frame-
work can help the young scholars to analyze the
behavior of the various models using the considered
method and fractional operator, and also gives very
useful and interesting consequences.

ACKNOWLEDGMENTS

This paper has been partially supported by
National Natural Science Foundation of China (No.
71601072) and Key Scientific Research Project of
Higher Education Institutions in Henan Province
of China (No. 20B110006).

REFERENCES

1. J. Liouville, Memoire surquelques questions de
geometrieet de mecanique, etsurun nouveau genre
de calcul pour resoudreces questions, J. Ecole. Poly-
tech. 13 (1832) 1–69.

2. G. F. B. Riemann, Versuch einer allgemeinen
Auffassung der Integration und Differentiation,

2140023-10

Fr
ac

ta
ls

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 7
9.

12
3.

21
5.

72
 o

n 
04

/1
9/

21
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



2nd Reading

March 24, 2021 12:49 0218-348X
2140023

A Powerful Iterative Approach for Quintic Complex Ginzburg–Landau Equation

in Gesammelte Mathematische Werke (Vieweg+
Teubner Verlag, Leipzig, 1896).

3. M. Caputo, Elasticita e Dissipazione (Bologna,
Zanichelli, 1969).

4. K. S. Miller and B. Ross, An Introduction to Frac-
tional Calculus and Fractional Differential Equa-
tions (Wiley, New York, 1993).

5. I. Podlubny, Fractional Differential Equations (Aca-
demic Press, New York, 1999).

6. A. A. Kilbas, H. M. Srivastava and J. J. Trujillo,
Theory and Applications of Fractional Differential
Equations (Elsevier, Amsterdam, 2006).

7. D. Baleanu, Z. B. Guvenc and J. A. T.
Machado, New Trends in Nanotechnology and Frac-
tional Calculus Applications (Springer, Dordrecht,
2010).

8. D. Baleanu, G. C. Wu and S. D. Zeng, Chaos
analysis and asymptotic stability of generalized
Caputo fractional differential equations, Chaos Soli-
tons Fractals 102 (2017) 99–105.

9. P. Veeresha, D. G. Prakasha and H. M. Baskonus,
New numerical surfaces to the mathematical model
of cancer chemotherapy effect in Caputo fractional
derivatives, Chaos 29(013119) (2019), doi:10.1063/
1.5074099.

10. H. M. Baskonus, T. A. Sulaiman and H. Bulut,
On the new wave behavior to the Klein–Gordon–
Zakharov equations in plasma physics, Indian J.
Phys. 93(3) (2019) 393–399.

11. P. Veeresha, D. G. Prakasha and Z. Hammouch, An
efficient approach for the model of thrombin recep-
tor activation mechanism with Mittag-Leffler func-
tion, nonlinear analysis: Problems, Appl. Comput.
Methods (2020) 44–60, https://doi.org/10.1007/978-
3-030-62299-2 4.

12. D. G. Prakasha, N. S. Malagi and P Veere-
sha, New approach for fractional Schrödinger–
Boussinesq equations with Mittag-Leffler kernel,
Math. Methods Appl. Sci. (2020), doi:10.1002/mma.
6635.

13. E. Ihan and I. O. Kiymaz, A generalization of trun-
cated M-fractional derivative and applications to
fractional differential equations, Appl. Math. Non-
linear Sci. 5(1) (2020) 171–188.

14. H. Durur, E. Ilhan and H. Bulut, Novel complex
wave solutions of the (2+1)-dimensional hyperbolic
nonlinear Schrödinger equation, Fractal Fract. 4(3)
(2020), doi:10.3390/fractalfract4030041.

15. W. Gao, P. Veeresha, H. M. Baskonus, D. G.
Prakasha and P. Kumar, A new study of unreported
cases of 2019-nCOV epidemic outbreaks, Chaos Soli-
tons Fractals 138 (2020), doi:10.1016/j.chaos.2020.
109929.

16. D. G. Prakasha and P. Veeresha, Analysis of lakes
pollution model with Mittag-Leffler kernel, J. Ocean
Eng. Sci. (2020), doi:10.1016/j.joes.2020.01.004.

17. W. Gao, H. M. Baskonus and L. Shi, New
investigation of bats-hosts-reservoir-people coron-
avirus model and application to 2019-nCoV sys-
tem, Adv. Differential Equations 391 (2020),
doi:10.1186/s13662-020-02831-6.

18. C. Cattani, Haar wavelet-based technique for sharp
jumps classification, Math. Comput. Model. 39(2–3)
(2004) 255–278.

19. W. Gao, G. Yel, H. M. Baskonus and C. Cat-
tani, Complex solitons in the conformable (2+1)-
dimensional Ablowitz–Kaup–Newell–Segur equa-
tion, AIMS Math. 5(1) (2020) 507–521.

20. J. Singh, D. Kumar, Z. Hammouch and A.
Atangana, A fractional epidemiological model for
computer viruses pertaining to a new fractional
derivative, Appl. Math. Comput. 316 (2018) 504–
515.

21. D. Baleanu, B. Ghanbari, J. H. Asad, A. Jajarmi and
H. M. Pirouz, Planar system-masses in an equilat-
eral triangle: Numerical study within fractional cal-
culus, CMES — Comput. Model. Eng. Sci. 124(3)
(2020) 953–968.

22. P. Veeresha and D. G. Prakasha, Novel approach for
modified forms of Camassa–Holm and Degasperis–
Procesi equations using fractional operator, Com-
mun. Theor. Phys. 72(10) (2020), doi:10.1088/1572-
9494/aba24b.

23. A. Jajarmi and D. Baleanu, A new iterative method
for the numerical solution of high-order nonlinear
fractional boundary value problems, Front. Phys.
8(220) (2020), doi:10.3389/fphy.2020.00220.

24. P. Veeresha and D. G. Prakasha, A reliable analyti-
cal technique for fractional Caudrey–Dodd–Gibbon
equation with Mittag-Leffler kernel, Nonlinear Eng.
9(1) (2020) 319–328.

25. S. S. Sajjadi, D. Baleanu, A. Jajarmi and
H. M. Pirouz, A new adaptive synchroniza-
tion and hyperchaos control of a biological snap
oscillator, Chaos Solitons Fractals 138 (2020),
doi:10.1016/j.chaos.2020.109919.

26. D. Baleanu, A. Jajarmi, S. S. Sajjadi and J. H.
Asad, The fractional features of a harmonic oscilla-
tor with position-dependent mass, Commun. Theor.
Phys. 72(5) (2020) 055002.

27. P. Veeresha, D. G. Prakasha and D. Baleanu, An
efficient technique for fractional coupled system
arisen in magneto-thermoelasticity with rotation
using Mittag-Leffler kernel, J. Comput. Nonlinear
Dyn. 16(1) (2020), doi:10.1115/1.4048577.

28. A. Jajarmi and D. Baleanu, On the frac-
tional optimal control problems with a general
derivative operator, Asian J. Control (2019),
doi:10.1002/asjc.2282.

29. V. L. Ginzburg, On superconductivity and super-
fluidity (What I Have and Have Not Managed to
Do), as well as on the “Physical Minimum” at the

2140023-11

Fr
ac

ta
ls

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 7
9.

12
3.

21
5.

72
 o

n 
04

/1
9/

21
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



2nd Reading

March 24, 2021 12:49 0218-348X
2140023

S.-W. Yao et al.

Beginning of the 21st Century, Chem. Phys. Chem.
5(7) (2004) 930–945.

30. I. S. Aranson and L. Kramer, The world of the com-
plex Ginzburg–Landau equation, Rev. Mod. Phys.
74(1) (2002) 99–143.

31. W. V. Saarloos, The complex Ginzburg–Landau
equation for beginners (Instituut Lorentz, University
of Leiden, The Netherlands, 1994).

32. A. M. Wazwaz, Partial Differential Equations and
Solitary Waves Theory (Higher Education Press,
Springer-Verlag, 2009).

33. J. Biazar, M. Partovi and Z. Ayati, Approximating
solutions for Ginzburg–Landau equation by HPM
and ADM, Appl. Appl. Math. 5 (2010) 1672–1681.

34. N. N. Akhmediev and V. V. Afanasjev, Stability
of the pulselike solutions of the quintic complex
Ginzburg–Landau equation, J. Opt. Soc. Am. B
13(7) (1996) 1439–1449.

35. H. Gao and X. Wang, On the global existence
and small dispersion limit for a class of complex
Ginzburg–Landau equations, Math. Methods Appl.
Sci. 32 (2009) 1396–1414.

36. P. Marcq, H. Chate and R. Conte, Exact solutions
of the one-dimensional quintic complex Ginzburg–
Landau equation, Physica D 73 (1994) 305–
317.

37. P. G. Siddheshwar, A series solution for the
Ginzburg–Landau equation with a time-periodic
coefficient, Appl. Math. 3 (2010) 542–554.

38. J. Park, Bifurcation and stability of the gener-
alized complex Ginzburg–Landau equation, Pure
Appl. Anal. 7(5) (2008) 1237–1253.

39. J. A. Sherratt, M. J. Smith and J. D. M.
Rademacher, Patterns of sources and sinks in the
complex Ginzburg–Landau equation with zero lin-
ear dispersion, SIAM J. Appl. Dyn. Syst. 9(3) (2010)
883–918.

40. V. Eguiluz, E. Hernandez-Garcia and O. Piro,
Boundary effects in the complex Ginzburg–Landau
equation, Int. J. Bifur. Chaos 9(11) (1999) 2209–
2014.

41. S. Naghshband and M. A. F. Araghi, Solving gener-
alized quintic complex Ginzburg–Landau equation
by homotopy analysis method, Ain Shams Eng. J.
9 (2018) 607–613.

42. J. Ginibre and G. Velo, The Cauchy problem in
local spaces for the complex Ginzburg–Landau equa-
tion II. Contraction methods, Commun. Math. Phys.
187 (1997) 45–79.

43. J. B. Ortega, E. Sardella and J. A. Aguiar, Super-
conducting properties of a parallelepiped mesoscopic
superconductor: A comparative study between the
2D and 3D Ginzburg–Landau models, Phys. Lett. A
379(7) (2015), 732–737.

44. Y. Yang and H. Gao, Continuous dependence on
modeling for a complex Ginzburg–Landau equation

with complex coefficients, Math. Methods Appl. Sci.
27 (2004) 1567–1578.

45. G. Adomian, A new approach to nonlinear par-
tial differential equations, J. Math. Anal. Appl. 102
(1984) 420–434.

46. M. S. Rawashdeh, The fractional natural decom-
position method: Theories and applications, Math.
Methods Appl. Sci. 40 (2017) 2362–2376.

47. W. Gao, P. Veeresha, D. G. Prakasha and H.
M. Baskonus, New numerical simulation for frac-
tional Benney–Lin equation arising in falling film
problems using two novel techniques, Numer.
Methods Partial Differential Equations (2020),
doi:10.1002/num.22526.

48. P. Veeresha, D. G. Prakasha, D. Kumar, D. Baleanu
and J. Singh, An efficient computational technique
for fractional model of generalized Hirota–Satsuma
coupled Korteweg–de Vries and coupled modified
Korteweg–de Vries equations, J. Comput. Nonlinear
Dyn. 15(7) (2020), doi:10.1115/1.4046898.

49. W. Gao, P. Veeresha, D. G. Prakasha and
H. M. Baskonus, Novel dynamic structures of
2019-nCoV with nonlocal operator via power-
ful computational technique, Biology 9(5) (2020),
doi:10.3390/biology9050107.

50. P. Veeresha and D. G. Prakasha, An efficient tech-
nique for two-dimensional fractional order biological
population model, Int. J. Model. Simul. Sci. Com-
put. 11(1) (2019), doi:10.1142/S1793962320500051.

51. P. Veeresha, D. G. Prakasha and J. Singh, Solution
for fractional forced KdV equation using fractional
natural decomposition method, AIMS Math. 5(2)
(2020) 798–810.

52. D. G. Prakasha, P. Veeresha and M. S. Rawashdeh,
Numerical solution for (2+1)-dimensional time-
fractional coupled Burger equations using frac-
tional natural decomposition method, Math. Meth-
ods Appl. Sci. 42(10) (2020) 3409–3427.

53. M. S. Rawashdeh and S. Maitama, Finding exact
solutions of nonlinear PDEs using the natural
decomposition method, Math. Methods Appl. Sci. 40
(2017) 223–236.

54. M. S. Rawashdeh and H. Al-Jammal, New approx-
imate solutions to fractional nonlinear systems
of partial differential equations using the FNDM,
Adv. Differential Equations 235 (2016) 1–19,
doi:10.1186/s13662-016-0960-x.

55. D. G. Prakasha, P. Veeresha and H. M. Baskonus,
Two novel computational techniques for frac-
tional Gardner and Cahn–Hilliard equations, Com-
put. Math. Methods 1(2) (2019), doi:10.1002/
cmm4.1021.

56. P. Veeresha and D. G. Prakasha, Solution for frac-
tional Zakharov–Kuznetsov equations by using two
reliable techniques, Chin. J. Phys. 60 (2020) 313–
330.

2140023-12

Fr
ac

ta
ls

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 7
9.

12
3.

21
5.

72
 o

n 
04

/1
9/

21
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



2nd Reading

March 24, 2021 12:49 0218-348X
2140023

A Powerful Iterative Approach for Quintic Complex Ginzburg–Landau Equation

57. G. M. Mittag-Leffler, Sur la nouvelle function Eα(x),
C. R. Acad. Sci. Paris 137 (1903) 554–558.

58. Z. H. Khan and W. A. Khan, N-transform-
properties and applications, NUST J. Eng. Sci. 1(1)
(2008) 127–133.

59. D. Loonker and P. K. Banerji, Solution of fractional
ordinary differential equations by natural transform,
Int. J. Math. Eng. Sci. 12(2) (2013) 1–7.

2140023-13

Fr
ac

ta
ls

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 7
9.

12
3.

21
5.

72
 o

n 
04

/1
9/

21
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.


	INTRODUCTION
	PRELIMINARIES
	BASIC ROLE OF THE CONSIDERED METHOD
	SOLUTION FOR GCGL EQUATION
	NUMERICAL RESULTS AND DISCUSSION
	CONCLUSION


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 900
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


