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Abstract: In this paper, we consider a novel multiple rogue wave solutions of a (3 +1)-dimensional Kudryashov-Sinelshchikov
equation by using a symbolic computation approach.Some higher order rogue wave solutions of a (3 +1)-dimensional Kudryashov-
Sinelshchikov equation are presented. Some properties of the multi-rogue waves and their collision structures are given through

numerical examples. Finally, some expected applications and extension have been mentioned.
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1 Introduction

Rogue waves observed in the water tanks [1,2],deep
ocean [3,4], and optical fibers [5,6].To construct rogue
wave solutions, many several methods have been
proposed, including the inverse scattering method [7], the
Hirota bilinear method [8], Darboux transformation
method [9] and Backlund transformation method [10] and
so on. Recently [11,12,13], the first order rogue wave and
rational solutions to some (3+1) and (2+1)-dimensional
systems are constructed by the symbolic computation
approach.

In this paper, we mainly focus on a
(3 + 1)-dimensional Kudryashov-Sinelshchikov
equation.The description of the proposed method in [14]
is given in section 2, the bilinear form and multi rogue
waves for (3+1)-dimensional Kudryashov-Sinelshchikov
equation derived in section 3, the first-order, second-order
and  third-order = rogue  wave  solutions  for
(3+1)-dimensional Kudryashov-Sinelshchikov equation
derived in section 4-6. Finally, conclusions are given in
Section 7.

2 Analytical method

Suppose the nonlinear partial differential equations
(NLEES), take the form

H(uauhuxauyaumuxtauxwuxz---) 207 (1)

where H is a polynomial in unknown function u(x,y,z,t)
and its derivatives.

The main steps for the used method are consists of the
following steps

Step 1. According the transformation to the Painleve
analysis

u(x,y,z,t) = u(f), )

is made by a dependent variable function f.

Step 2. The NLEEs(1) using (2) converted into
Hirota’s bilinear form

F(D¢,D;) =0, 3

where { =x+y—et, e is a real parameter and e is a wave
speed D-operator [15] is defined by

D];D;nD?Dif(xvvavt) 'g(xvyazat) =
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d d
(E - W)l[f(x,y,z,t)g(x',y',z',t')] |x’:x,y’:y,z’:z,t’:l (4)

. Step 3. Suppose

F=Gu1(C,z0,B) =Fup1(8,2) +2azP, (€,2)
+2B(8) 0 (C,0)+ (P +B*) Fr ($,2),  (5)
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where Fy = 1,F_1 = Py = Qo = 0, «,8,ap1,b,,; and
cmi,(m,l = 0,2,4,....n(n+ 1)) are real numbers and
o, B are used to control the rogue-wave center.

Step 4. The systems obtained Solved by inserting (5)
into (2) and equating all the coefficients of { and z to zero
we can obtain a system of polynomials and using the
symbolic software Maple to solve the system.

Step 5. Substituting the values of a,, 1, b,, ; and ¢, ; into
(1) to get the multi rogue wave solutions in terms of { and
zZ.

3 The bilinear form for (3 + 1)-dimensional
Kudryashov-Sinelshchikov equation

In this section, we consider the (3 + 1)-dimensional
Kudryashov-Sinelshchikov equation [16]

(“z +fl ““x+f2“xxx)x+f3“yy+f4“zz :07 @)

where u(x,y,z,#) is a differentiable function and
f1,f2, f3, f4 are arbitrary constants.

To derive the rogue-waves solutions for (7), we find the
Hirota bilinear form by setting { = x+y — ef, to obtain the
ordinary differential equation (ODE) for (7) as follows

fugeee + (fiut f3—eJuge + fi ué + fauz; =0.  (8)
Assume that the variable transformation has the following

form .
u=uy+ f—fz(lnF)CC. )
1

Then the Hirota bilinear form for (7) can be obtained by
inserting (9) into (8) as

(2D} + (fiwo + 3 — €)Df + fuDZ)F.F =0.  (10)

The multi rogue wave solutions for the for a (3 +
1)-dimensional Kudryashov-Sinelshchikov equation (7)
can be obtained as follows

4 First-order rogue waves n = 0

In this case, we select
F =G =ax0{* +ag 22 +aop. (11)

Let arp = 1 without loss of generality. Substituting (11)
into (10) and setting the coefficients of all powers of { and
z to zero, we can obtain the coefficients ag and ag> as
follows

o= 3f2 aozz—_u0f1+e_f3
T o —ufite—fi Ja

Inserting (12) in (11), then the first-order rogue waves for
Eq. (7) takes the form

ao (12)

12
u:uo—i-—fz(lnF)CC. (13)
h
where
F:_(*M0f1+€*f3)(2*05)2+
Ja
2 35
— - 14
(C—BF s (14)
The first-order rogue wave solutions (13) when

o = 3 = 0 are shown in Fig.1, has three center (0,0) and

(F3 ,/W,O) in three-dimensional, contour plot

and the corresponding density plot, we notice that in this
case,we have one peaks, the first-order rogue wave has
the minimum amplitude uo + w at (0,0) and

maximal amplitude u — w at
(3 \/ 77uoflfie,f3 ,0) when f> >0, fiup + f3 < e. But the
first-order rogue wave solutions (14) at o = —2,4 = —2

the center of rogue wave will be (—2,—2) and
2Upf1+3 V=i fotefr—fofi—2e=2f P
(=4 Eul)lefeffs o 3,—.2) as shov.vn in Fig.2,
moreover, the minimal and maximal amplitudes also
. —8upfi+8e—8 13 _ upfite—f3
change. into ug + e —
respectively.
Fig.1 The first-order rogue wave solution (13)
propagation in three-dimensional plot (a), contour plot (b)
and density plot (c) witha = =0

and
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(a)

(b)

-4 -2 0 2 4
Fig. 1: The first-order rogue wave solutibn (13) propagation in
three-dimensional plot (a), contour plot (b) and density plot (c)

witha=p=0

-4 & 0 2 4
Fig. 2: The first-order rogue wave solutibn (13) propagation in
three-dimensional plot (a), contour plot (b) and density plot (c)

with o = B = 2
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5 Second-order rogue waves n=1

In this section, we will find the second-order rogue wave
of Eq. (7) by setting n = 1 in Eq. (5) as follows

F=G, (C,Z;(X,B) = FQ(C,Z) +2azP (C,Z)Jr
ZB CQI (Caz) + (a2 +ﬁ2) FO(CaZ) =

a6088 + (Pasp+asg) $*+283B ero+
(Z402’4 +20zbro+ 2202,2 + a2,0) Cz +2p
(co22? +co0) & +aoe® +agaz* +2a by,
+ap222 +2azbog+aop (0 +B2+1).

(15)

Substituting (14) into (10) and setting all coefficients
of all powers for { and z to zero, we can get a set of
parameters dy, i, by, 1,Cm1, (m,1 = 0,2,4,6) as follows

1

where by and ¢ is an arbitrary constant. The second-
order rogue wave for Eq. (7) takes the form

Mzuo—l—%(]nGz(CaZ;Ol,ﬁ))cc. (17)

In Fig 3.,4 show the second-order rogue waves for (13)
for different values of «, 3, the second-order peak breaks
apart and for sufficiently big parameters, where the set of
three first order rogue waves forms and these centers is
formed a triangle, this is called a rogue wave triplet.

6 Third-order rogue waves n = 2

The third-order rogue wave of Eq. (7) is obtained by taking
n =2 in Eq.(5) as follows

a; =
O 02+ BT+ ) (—uofi +e— f3)?
(—9B*(—uofi +e— f3)’c0> + F=Gs(e.soh)
2 2 2021 ’ 22’20 =F(8,2) +2azh (§,2) +2B 802 (8,2)
@ ug bro"f17fa —2bao o uo fale — f3) i + (o> +B%) F1(¢,2)
+a2e2by o2 fs — 2 0eby 2 fs fu+ = a1206" +a1008" + a1022°¢"°
: ' +ag 088+ ag 77§84 ag 47* (P
o*by o f1fs — 16875 f>3) 6 276 476
2,0 J3J4 2 )s +8°%+acz° 0% +apa*§
f° +a6,62°8° +as08* + as222¢*
app = —475 ) vy Y S
: fa(—uofi +e—f3) +as 470+ as62°C" +asgz2°C
(—Uofi+c—f3) o +a208% +a2222 8% + az 474 % + ap 6298
ap4 =17 12 ) +a2,8Z8C2+a2,10210C2+2ﬁ (C6,0C6+C4,2ZZC4+C4,0C4
5 +e2474 % + 0222282 + 2,082
dog = 7M, +¢0,62° + co.az* + c027% +co0) (§) + (a® + B?)
’ £ x (a2,06% + ap22* +ao0) +aoo+2 az(be s
£2 b4 228t +ba o8t +br a2t (P
azo = —125 2 +b2272 8% + by 08* 4 bo 62°
(—uofi +e—f3) L bg azt 4 b~z + b o) - 2 4 6
) 042" +bo 22" +bo o) + a9 27" +apaz* +ao 62
ara =3 (Cuofite—f3)” +ao 828 + ag, 102" + ag, 1222
| R (18)
Inserting (18) into (10), then setting all coefficients of all
powers of { and z to zero, we can get a set of parameters
A1, bm 1y Cmi, (M1 = 0,2,4,6)where by and cs4p are
)5 i arbitrary constants.Then the third-order rogue wave
ag0=20——— -, i .
; “uofite—fs solution for Eq. (7) takes the form
_ ,—Mfite—f3 12/
as2=—3 7 ; u:uo—i—T(]nG3(C,z;Oz,ﬁ))CC. (19)
b — fabaof>
00= "3 uofi +3e—3 In Fig. 5,6. show the third-order rogue waves for (13) for
bro (—uofi +e— f3) big values of a, 8, the third-order rogue waves consists of
boa = 20170/ 3 , five first-order rogue waves are located in the corners of a
3f4 pentagon and other one sites in the center
oo — €20/2 Fig.6. The third-order rogue wave solution (20)
0.0 —upfi+e—f3’ propagation in three-dimensional plot (a), contour plot (b)
(—uofi+e— f3)ca0 and Qensity plot (c) with o= B =108 It is ;hown. that
cop=3 7 ) multiple rogue waves solutions for a (3+1)-dimensional
4 Kudryashov-Sinelshchikov equation can be used in
ary = fgoé (16) different application such as matter-field interaction and
’ 4 Schrodinger equation [16]-[21].
@© 2021 NSP

Natural Sciences Publishing Cor.



Appl. Math. Inf. Sci. 15, No. 5, 613-619 (2021) / www.naturalspublishing.com/Journals.asp N SS ¥ 617

_.
_s]
_|0—:
-154
—10 -10
_5 -5
4] [H]
5 5
=z 1o g
(a) (a)

=20

(b) (b)
-4 -2 0 2 4 -10 0 10 20
Fig. 3: The second-order rogue wave soltition (17) propagation Fig. 4: Fig.4. The second-order rogué wave solution (17)
in three-dimensional plot (a), contour plot (b) and density plot (c) propagation in three-dimensional plot (a), contour plot (b) and
witha=p=0 gepsity plot (c) with
o = =2000
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Fig. 5: ‘The third-order rogue wave solutidn (20) propagation in Fig. 6: The third-order rogue wave s olutigon (20) propagation
three-dimensional plot (a), contour plot (b) and density plot (c) in three-dimensional plot (a), contour plot (b) and density plot (c)
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7 Conclusion

In this paper, we have discussed a novel multiple rogue
wave solutions of a A3 +1)-dimensional
Kudryashov-Sinelshchikov equation contain two free
parameters & and 3, which are used to control the center
of the rogue waves.This exact solutions include higher
order rogue wave solutions of a (3 +1)-dimensional
Kudryashov-Sinelshchikov equation.
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