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Soliton molecules of the (2 + 1)-dimensional variable-coefficient Caudrey-Dodd-Gibbon-Kotera-Sawada equation are derived by
N-soliton solutions and a new velocity resonance condition. Moreover, soliton molecules can become asymmetric solitons
when the distance between two solitons of the molecule is small enough. Finally, we obtained some novel types of hybrid
solutions which are components of soliton molecules, lump waves, and breather waves by applying velocity resonance, module
resonance of wave number, and long wave limit method. Some figures are presented to demonstrate clearly dynamics features

of these solutions.

1. Introduction

Solitons as localized nonlinear waves exhibit many interest-
ing properties [1]. In particular, solitons can form stable
bound states known as soliton molecules, which have been
observed experimentally in some fields [2-8]. For the first
time, soliton molecules were experimentally observed in
dispersion-managed optical fibers [2]. In 2017, the authors
in [5] resolved the evolution of femtosecond soliton mole-
cules in the cavity of a few-cycle mode-locked laser by means
of an emerging timestretch technique. In 2018, Liu et al. have
experimentally observed the real-time dynamics of the entire
buildup process of stable soliton molecules for the first time
[6]. These soliton compounds may find important applica-
tions in fiber optic communication systems to enhance their
data-carrying capacity [9]. The existence of two-soliton bound
states in Bose-Einstein condensates with contact atomic
interactions and some dynamic phenomena involving soliton
molecules was reported in [10, 11].

As we all know, exact solutions for some local or nonlocal
nonlinear evolution equations (NLEEs) have been applied in
the nonlinear science fields. Solitons and rational solutions of

many NLEEs have been investigated by researches [12-16].
Among these rational solutions, lump solutions, breather
wave solutions, and rogue wave solutions are hot point all
the time. Recently, the hybrid solutions of lump solutions
with other types of solutions draw a lot of attention, which
include lump-soliton [17-19], lump-kink solution [20], reso-
nance stripe solitons [21-23], and some hybrid solutions
[24-26]. Very recently, Lou [27] introduced a new possible
mechanism, the velocity resonant, to form soliton molecules
and asymmetric solitons of three (1 + 1)-dimensional fluid
models: fifth-order KdV, SK equation, and KK equation. To
the best of our knowledge, soliton molecules interacting with
lump waves and breather waves has not been studied yet. In
this paper, we will extend the velocity resonant method to
soliton molecules of (2 + 1)-dimensional systems and further
explore some novel type hybrid solutions among soliton mol-
ecules, lump waves, and breather waves.

In many physical situations, with the inhomogeneities of
media and boundaries taken into account, the variable coef-
ficient nonlinear evolution equations might be more realistic
than the constant coeflicient ones [28-33]. In the past
decades, the study of the nonlinear evolution of variable-
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coefficient has attracted the attention of mathematicians
and physicists. In modeling, a variety of complex nonlin-
ear phenomena of physical and engineering fields and many
physical and mechanical situations are governed by variable-
coefficient equations. Therefore, seeking for soliton mole-
cules and hybrid solitons of variable-coeflicient equations
are also of great significance.

In this paper, we will focus on a generalized (2 + 1)-
dimensional variable-coefficient Caudrey-Dodd-Gibbon-
Kotera-Sawada (CDGKS) equation such as the one given
below:
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where u is a function of {x, y, t} and a; = a,(t),i=1, ---, 9, are
analytic functions with respect to t. If the parameters are spe-
cially chosen, a series of equations can be obtained, which can
be integrable [34, 35] or used to describe physical phenom-
ena as the interaction between a water and a floating ice cover
the gravity-capillary waves [36].

Referring to [37], the bilinear form of Eq. (1) as follows:

(Dth +a,D¢ +5¢,a,D3D,, - 5c§a1D§)f =0, (2)

under the following transformation:

U= 2c, exp (- Jagdt) (nf).. 3)

where D is the Hirota’s bilinear differential operator, ¢, and
¢, are arbitrary constants, f = f(x, y, t) is a real function of
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variables {x,y,t}, and g;(i=1,---,9) satisfies the following

conditions:
15a
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0
45a
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0
(4)
as = 5c,ay,
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with {a,, a,} being the arbitrary functions of ¢t and {c, #0,
¢, } the arbitrary constants.

It is well known that the bilinear equation (2) includes
several other forms: the usual (2 + 1)-dimensional fifth-order
KdV equation for selections {a;, ¢; } xqy) = {(1/36), 1}, the
(2+1)-dimensional B-type Kadomtsev-Petviashvili equa-
tion (BKP) model by taking {a;, ¢, } (yxpy = {1,-1}, and the
(2 +1)-dimensional Sawada-Kotera equation (KP) model by
taking {a,, ¢; }xpy = {-1,1}.

Based on the Hirota’s bilinear theory, the N-soliton solu-
tions for Eq. (1) can be constructed as

u=2c, exp (— Jagdt)

(5)
: {ln lZ exp( D, pitiAi+ ZW%)] } :
u=0,1 1<i<j x

with
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where kipjand ¢,(j=1,2,- N) being arbitrary constants,
0.1 indicates a summatlon over all possible combinations
ofy #;=0,1(j=1,2,--,N).

The remainder of this paper is organized as follows.
First, we aim to introduce a new velocity resonant condition
in Section 2, then soliton molecules are obtained based on N-
soliton formula with applying the velocity resonant condi-

2k;)) + 2K (kf ki + kj.) (k; + kj)] +& (kipj -

>
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tion, and further we explore their fascinating dynamical
behaviors. In Section 3, partial parameters are handled with
the velocity resonant condition, module resonance of wave
number and long wave limit method, and some novel types
of interaction solutions including soliton molecules, lump
waves, and breather waves are derived. Finally, the conclu-
sions are summarized in Section 4.
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2. Soliton Molecules and Asymmetric Solitons

To find nonsingular analytical resonant excitation from
Eq. (5), we apply a novel type of resonant conditions
(k; # ikj, pi# ipj), the velocity resonance,

i _Pi_ “—’i/(t). 7)

Combining Eq. (6), we can get the following expressions:
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It can be known under the resonance conditions (Eq. (8)
or Eq. (9)) that two solitons for N =2 in Eq. (5) are bounded
to generate a soliton molecule. From Egs. (5)-(7), we can
deduce that when a, is an arbitrary constant and a, = 0, the
amplitudes and the velocities of solitons molecules all remain
unchanged during the evolutions. While 4, is a function of
t and a, # 0, the amplitudes and the velocities of them vary
with time. So, we will explore some dynamics of soliton mol-
ecules from the above two cases.

Figure 1 displays the molecule structure with the param-
eter selections

or

=L
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From Figure 1, one can find that two solitons in the
molecule are different because k, # k, though their velocities
are same.

If we change values ¢, and ¢,, the distance between two
solitons of the molecule will change, respectively. When the
distance of two solitons is close enough to have an interaction
with each other, the soliton molecule will become an asym-
metric soliton. Figure 2 is the plots of the asymmetric soliton
solutions with the parameters (10) except for ¢, = —2. From
Figure 2, one can see that the soliton molecule keeps its asym-
metric shape and velocity during the evolution with times.
Because asymmetric solitons are just special case of soliton
molecules, so we will not investigate these asymmetric soli-
tons in the following paper.

Figure 3 shows the propagation of one-soliton molecule
via the parameter selections (10) except for {a, = cos (¢),
ay =0.01¢, ¢, = 16}. From Figures 3(b)-3(e), one can see that
(i) the amplitudes of two solitons in the soliton molecules are
changed with the function exp (- [ agdt) = exp (-0.005¢*);
(ii) the velocities of two solitons are periodically changed
with the function a, = cos (t) at the same time.

Two-soliton molecules can be generated from four soli-
tons, ky, p;,w, and k,, p,, w, satisfy Eq. (8) and k;, p;, w;
and k,, p,, w, satisfy Eq. (8) or Eq. (9) at the same time.
Figure 4 displays the elastic interaction property for the solu-
tion (5) with N =4 and with parameter selections
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As can be seen from Figure 4, the height of wave peaks
and the velocities of wave peaks do not change except for
the phase after the collision of one-soliton molecule and
another soliton molecule. It is necessary to point out that if
taking a, as a function of ¢ and a4 # 0, the heights and veloc-
ities of two-soliton molecules will change with time .
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FiGure 1: (Color online) soliton molecule structure for Eq. (1) with the parameter selections (10) at ¢ = 0. (a) Three-dimensional plot. (b)

Density plot.
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F1GURE 2: (Color online) asymmetric soliton for Eq. (1) with the parameter selections (9)) except for ¢, = —2. (a) Three-dimensional plot at
t =0. (b) Two-dimensional plot when y =0 at x =15, 0, 15. (c) Two-dimensional plot when x =0 at y = -20, 0, 20.
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Figure 3: (Color online) one-soliton molecule for Eq. (1) with the parameter selections (10) except for a, = cos (t), a, = 0.01t, and ¢, = 16. (a)
Three-dimensional plot at t = 0. (b) Two-dimensional plot when y = 0 at t = 10, 0, 10. (c) Two-dimensional plot when x = 0 at ¢ = —10, 0, 10.
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3. Some Novel Hybrid Solutions Consisting of
Soliton Molecules, Breathers, and Lumps

In this section, some novel hybrid solutions will be investi-
gated which are soliton molecules interacting with breathers
and lump waves. To our knowledge, soliton molecules inter-
acting with breathers and lump waves has not been studied
yet. We study the interactions between soliton molecules
and other waves via velocity resonance, module resonance,
and long-wave limit method.

The long-wave limit method is a powerful technique to
get lump solution; based on the N-soliton solution (5), we
can obtain interaction solutions consisting of a soliton
molecule and a lump wave. For N =4, we are taking a
long wave limit on ki, k,, p,, p,(¢ = 0), k3, ky, p;, p, which
satisfies the velocity resonance condition; the parameters
are as follows:

ki =(1+1i)e,
ky=(1-1i)e,
P =25
Py =2¢,
¢, =i,
¢, =i,
o,
191
k4=_Tg’ (12)
=1
V191
Py= 75—
$;=0,
¢4 =20,
a,(t) =sin (1),
ay () = 0.01,
=1
=1

Figure 5 displays the interaction between a soliton
molecule and a lump wave. The collisions are also elastic.
It is necessary to point out that when ag, =0, the height of
the lump wave and soliton molecules do not change before
and after the collisions, but when a, = 0.01, the height of the
lump wave and soliton molecules all decrease with the func-
tion exp (- [aydt) = exp (-0.01t). At the same time, the
velocities of the soliton molecules are synchronously periodi-
cally changed with the function a; =sin (¢).

Novel hybrid solutions of a soliton molecule and breather
wave can be generated by four solitons. Furthermore, k;, p;
and w;(i=1,2) should satisfy the velocity resonance condi-
tion (8) or (9), and the other two solitons satisfy the module

resonance condition #; =7;. For instance, taking the follow-
ing parameters:

4
k==,
' 5
7V7V2
k=Y V2
10
2 2
ky=2-24
3757 5"
2 2
k,==+ -1,
+=575!
6
b= 5’
p_zlﬁﬂ
2 20 (13)
L
h=er
1
hme
¢ =¢3=¢,=0,
¢, =25,
a, (t) =sin (1),
as(t) =0.01,
=1
¢ =-1

As shown in Figure 6, four-soliton solution (Eq. (5)) with
parameter selections (Eq. (13)) exhibits the interaction
between a soliton molecule and a breather wave under partial
velocity resonance and the partial module resonance condi-
tion. The interactions of soliton molecules and breather solu-
tions are also elastic. When a, = const.,a, = 0, the amplitudes
and velocities of the soliton molecules and the breather waves
remain the same before and after the collisions. If a, is a func-
tion of t and a, # 0, their amplitudes and velocities can be
changed during evolution. Under the parameters in Figure 6,
their amplitudes decrease with time due to a, = 0.01 and their
velocities are periodically changed due to a, = sin (¢).

More generally, we can obtain the general hybrid solutions
consisting of m-soliton molecules, n-breather waves, and g-
lump waves under the following parameter constraints:
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FiGure 4: (Color online) two-soliton molecules for the solution (5) of Eq. (1) with the parameter selections (11) at t=0. (a) Three-
dimensional plot. (b) Density plot.
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F1Gure 5: (Color online) interaction of a soliton molecule and a lump wave for the (2 + 1)-dimensional variable-coeflicient CDGKS equation
with parameter (12).
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FiGUure 6: (Color online) interaction of a soliton molecule and a breather wave for the (2 + 1)-dimensional variable-coefficient CDGKS
equation with parameter (13).



Advances in Mathematical Physics

(a) [t=0]

(b) [t=~1]

(o) [t=-2]

FiGure 7: (Color online) elastic interaction property between a soliton molecule, a lump wave, and a breather wave for Eq. (1) described by Eq.

(5) with parameters selections Eq. (15).

Then, we can get interactions between soliton molecules,
lumps, and breathers by taking ¢ — 0. To clearly describe the
interaction between them, let us take a simple example of
N = 6. Next, we set {ky, k,, p;, p, } which satisfies the velocity
resonant condition, {k;, k, p;,p,}, which satisfies module
resonance condition, then taking a long wave limit on {ks,
ke, ps» pg }(€ — 0), taking parameters as follows:
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Figure 7 displays the interaction between a soliton mole-
cule, a lump wave, and a breather wave descried by Eq. (5)
with the parameter selections in Eq. (15). The interactions
between these waves are also elastic.

4. Conclusion

In this paper, soliton molecules and asymmetric solitons of
(2 + 1)-dimensional variable-coefficient Caudrey-Dodd-Gib-
bon-Kotera-Sawada equation are theoretically obtained by
velocity resonance. By introducing a new velocity resonance
condition, we obtained the soliton molecules from the gen-
eral N-soliton expression; see Figures 1, 3, and 4. When tak-
ing suitable values of ¢, the soliton molecules can change to
asymmetric soliton; see Figure 2. It is necessary to point out
that when a, = const. and a, =0, the height of soliton mole-
cules do not change before and after the collisions; but when
a, is a function of t and a4 # 0, the height of soliton molecules
are changed with the function exp (- [ aydt). At the same
time, the velocities of the soliton molecules are synchro-
nously changed with the function g, (¢). Taking a long wave
limit on part of parameters and employing resonance condi-
tion on others, the new hybrid solutions consisting soliton
molecules and lump wave can be obtained; see Figure 5. By
employing velocity resonance condition and module reso-
nance condition on wave numbers, we can get a new hybrid
solution consisting soliton molecules and breather waves;
see Figure 6. By using velocity resonance, module resonance



and long-wave limit method to different parts of wave num-
bers, general hybrid solutions consisting of soliton mole-
cules, lump waves, and breather waves are obtained; see
Figure 7. These interaction phenomena may have not been
studied. At last, we give the general restrictions to derive
these novel interaction solutions containing m-soliton mole-
cules, n-breather waves, and g-lump waves, and their interac-
tions are elastic. The method to construct soliton molecules
and some novel types of hybrid solutions would be suitable
to investigate in other models in mathematical physics and
engineering. Meanwhile, we hope that our results will provide
some valuable information in the study of nonlinear science.

Data Availability

No data were used to support this study.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

This work is supported by National Natural Science Founda-
tion of China under Grant Nos. 11775121, 11805106, and
11435005, and K.C. Wong Magna Fund in Ningbo Univer-
sity. The authors would like to express their sincere thanks
to Professor S.Y. Lou for his guidance and encouragement.

References

[1] M. Remoissenet, Waves Called Solitons. Concepts and Experi-
ments, Springer, Berlin, 2003.

[2] M. Stratmann, T. Pagel, and F. Mitschke, “Experimental obser-
vation of temporal soliton molecules,” Physical Review Letters,
vol. 95, no. 14, article 143902, 2005.

[3] A. Hause, H. Hartwig, B. Seifert, H. Stolz, M. Béhm, and
F. Mitschke, “Phase structure of soliton molecules,” Physical
Review A, vol. 75, no. 6, article 063836, 2007.

[4] K. Krupa, K. Nithyanandan, U. Andral, P. Tchofo-Dinda, and
P. Grelu, “Real-time observation of internal motion within
ultrafast dissipative optical soliton molecules,” Physical Review
Letters, vol. 118, no. 24, article 243901, 2017.

[5] G. Herink, F. Kurtz, B. Jalali, D. R. Solli, and C. Ropers, “Real-
time spectral interferometry probes the internal dynamics of
femtosecond soliton molecules,” Science, vol. 356, no. 6333,
pp. 50-54, 2017.

[6] X. Liu, X. Yao, and Y. Cui, “Real-time observation of the
buildup of soliton molecules,” Physical Review Letters,
vol. 121, no. 2, article 023905, 2018.

[7] L.Li, H. Huang, L. Su et al., “Various soliton molecules in fiber
systems,” Applied Optics, vol. 58, no. 10, pp. 2745-2753, 2019.

[8] L. Gui, P. Wang, Y. Ding et al., “Soliton molecules and multi-
soliton states in ultrafast fibre lasers: intrinsic complexes in
dissipative systems,” Applied Sciences, vol. 8, no. 2, p. 201,
2018.

[9] E. Mitschke, A. Hause, and C. Mahnke, “Soliton molecules for
advanced optical telecommunications,” The European Physical
Journal Special Topics, vol. 225, no. 13-14, pp. 2453-2464,
2016.

Advances in Mathematical Physics

[10] U. Al Khawaja and H. T. C. Stoof, “Formation of matter-wave
soliton molecules,” New Journal of Physics, vol. 13, no. 8, arti-
cle 085003, 2011.

[11] S. M. al-Marzoug, S. M. al-Amoudi, U. al Khawaja, H. Bahlouli,
and B. B. Baizakov, “Scattering of a matter-wave single soliton
and a two-soliton molecule by an attractive potential,” Physical
Review E, vol. 83, no. 2, article 026603, 2011.

[12] X.B. Wang, S. F. Tian, C. Y. Qin, and T. T. Zhang, “Dynamics
of the breathers, rogue waves and solitary waves in the (2+1)-
dimensional Ito equation,” Applied Mathematics Letters,
vol. 68, pp. 40-47, 2017.

[13] J. Wang, N. Xiong, and B. Li, “Peakon Solutions of Alice-Bob
-Family Equation and Novikov Equation,” Advances in Math-
ematical Physics, vol. 2019, Article ID 1519305, 8 pages, 2019.

[14] M. Chen, B. Li, and Y. X. Yu, “Darboux transformations,
higher-order rational solitons and rogue wave solutions for a
(2 + 1)-dimensional nonlinear Schrodinger equation,” Commu-
nications in Theoretical Physics, vol. 71, no. 1, pp. 27-36, 2019.

[15] D.W. Zuo, H. X. Jia, and D. M. Shan, “Dynamics of the optical
solitons for a (2+1)-dimensional nonlinear Schrodinger equa-
tion,” Superlattices and Microstructures, vol. 101, pp. 522-528,
2017.

[16] D. W. Zuo and G. F. Zhang, “Exact solutions of the nonlocal
Hirota equations,” Applied Mathematics Letters, vol. 93,
pp. 66-71, 2019.

[17] W.X. Ma, “Interaction solutions to Hirota-Satsuma-Ito equa-
tion in (2+1)-dimensions,” Frontiers of Mathematics in China,
vol. 14, no. 3, pp- 619-629, 2019.

[18] W.X. Ma, “Lump and interaction solutions of linear PDEs in
(3+1)-dimensions,” East Asian Journal on Applied Mathemat-
ics, vol. 9, no. 1, pp. 185-194, 2019.

[19] W. X. Ma, “Lump and interaction solutions to linear (4+1)-
dimensional PDEs,” Acta Mathematica Scientia, vol. 39,
no. 2, pp. 498-508, 2019.

[20] J. Wang, H. L. An, and B. Li, “Non-traveling lump solutions
and mixed lump-kink solutions to (2+1)-dimensional
variable-coefficient ~ Caudrey-Dodd-Gibbon-Kotera-Sawada
equation,” Modern Physics Letters B, vol. 33, no. 22, article
1950262, 2019.

[21] X. Li, Y. Wang, M. Chen, and B. Li, “Lump solutions and res-
onance stripe solitons to the (2+1)-dimensional Sawada-
Kotera equation,” Advances in Mathematical Physics,
vol. 2017, Article ID 1743789, 6 pages, 2017.

[22] X. Zhang and Y. Chen, “Rogue wave and a pair of resonance
stripe solitons to a reduced (3+1)-dimensional Jimbo-Miwa
equation,” Communications in Nonlinear Science and Numer-
ical Simulation, vol. 52, pp. 24-31, 2017.

[23] X.Zhang, Y. Chen, and X. Tang, “Rogue wave and a pair of res-
onance stripe solitons to KP equation,” Computers and Mathe-
matics with Applications, vol. 76, no. 8, pp. 1938-1949, 2018.

[24] H. Q. Sun and A. H. Chen, “Lump and lump-kink solutions of
the (3+1)-dimensional Jimbo-Miwa and two extended Jimbo-
Miwa equations,” Applied Mathematics Letters, vol. 68, pp. 55—
61, 2017.

[25] H. Wang, “Lump and interaction solutions to the (2+1)-
dimensional burgers equation,” Applied Mathematics Letters,
vol. 85, pp. 27-34, 2018.

[26] W. T. Li, Z. Zhang, X. Y. Yang, and B. Li, “High-order
breathers, lumps and hybrid solutions to the (2 + 1)-dimen-
sional fifth-order KdV equation,” International Journal of
Modern Physics B, vol. 33, no. 22, article 1950255, 2019.



Advances in Mathematical Physics

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

S. Y. Lou, “Soliton molecules and asymmetric solitons in fluid
systems via velocity resonance,” 2019, https://arxiv.org/abs/
1909.03399v1.

H. H. Dai and Y. Huo, “Solitary waves in an inhomogeneous
rod composed of a general hyperelastic material,” Wave
Motion, vol. 35, no. 1, pp. 55-69, 2002.

H. Demiray, “The effect of a bump on wave propagation in a
fluid-filled elastic tube,” International Journal of Engineering
Science, vol. 42, no. 2, pp. 203-215, 2004.

T. K. Gaik, “Forced Korteweg-de Vries equation in an elastic
tube filled with an inviscid fluid,” International Journal of
Engineering Science, vol. 44, no. 10, pp. 621-632, 2006.

T. Xiao-Yan, G. Yuan, H. Fei, and L. Sen-Yue, “Variable coeffi-
cient nonlinear systems derived from an atmospheric dynamical
system,” Chinese Physics B, vol. 18, no. 11, pp. 4622-4635, 2009.

X.Yu, Y. T. Gao, Z. Y. Sun, and Y. Liu, “Solitonic propagation
and interaction for a generalized variable-coefficient forced
Korteweg-de Vries equation in fluids,” Physical Review E,
vol. 83, no. 5, article 056601, 2011.

Y. Jiang, B. Tian, W. J. Liu, K. Sun, and M. Li, “Soliton solu-
tions and integrability for the generalized variable-coefficient
extended Korteweg-de Vries equation in fluids,” Applied
Mathematics Letters, vol. 26, no. 4, pp. 402-407, 2013.

K. Sawada and T. Kotera, “A method for finding N-soliton
solutions of the K.d. V. Equation and K.d.V.-like equation,”
Progress of Theoretical Physics, vol. 51, no. 5, pp. 1355-1367,
1974.

D. J. Kaup, “A method for solvithe separable initial-value
problem of the full three-dimensional three-wave interaction,”
Studies in Applied Mathematics, vol. 62, no. 1, pp. 75-83, 1980.

X. Xia and H. T. Shen, “Nonlinear interaction of ice cover with
shallow water waves in channels,” Journal of Fluid Mechanics,
vol. 467, pp. 259-268, 2002.

W. G. Cheng, B. Li, and Y. Chen, “Bell polynomials approach
applied to (2 + 1)-dimensional variable- coefficient Caudrey-
Dodd-Gibbon-Kotera-Sawada Equation,” Abstract and Applied
Analysis, vol. 2014, Article ID 523136, 10 pages, 2014.


https://arxiv.org/abs/1909.03399v1
https://arxiv.org/abs/1909.03399v1

Advances in Advances in . Journal of The Scientific Journal of
Operations Research Decision Sciences  Applied Mathematics World Journal Probability and Statistics

|nternational
Journal of
Mathematics and
Mathematical
Sciences

Journal of

Optimization

Hindawi

Submit your manuscripts at
www.hindawi.com

International Journal of
Engineering
Mathematics

International Journal of

Analysis

Journal of : Advances in ] Mathematical Problems International Journal of Discrete Dynamics in
Complex Analysis Numerical Analysis in Engineering Differential Equations Nature and Society

International Journa!

of
Stochastic Analysis Mathematics Function Spaces Applied Analysis Mathematical Physics

Journal of Journal of Abstract and ; Advances in



https://www.hindawi.com/journals/jmath/
https://www.hindawi.com/journals/mpe/
https://www.hindawi.com/journals/jam/
https://www.hindawi.com/journals/jps/
https://www.hindawi.com/journals/amp/
https://www.hindawi.com/journals/jca/
https://www.hindawi.com/journals/jopti/
https://www.hindawi.com/journals/ijem/
https://www.hindawi.com/journals/aor/
https://www.hindawi.com/journals/jfs/
https://www.hindawi.com/journals/aaa/
https://www.hindawi.com/journals/ijmms/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/ana/
https://www.hindawi.com/journals/ddns/
https://www.hindawi.com/journals/ijde/
https://www.hindawi.com/journals/ads/
https://www.hindawi.com/journals/ijanal/
https://www.hindawi.com/journals/ijsa/
https://www.hindawi.com/
https://www.hindawi.com/

