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In this paper, the localized properties of lump and interaction solutions to a new extended Jimbo-Miwa (EJM) equation are
studied. Based on the Hirota bilinear method and the test function method, the exact solutions of the EJM equation are
discussed; the lump soliton solution, lump-kink soliton solution, and periodic lump solution are obtained. Furthermore, the
dynamic properties of the obtained solutions are also discussed by graphical simulation. As far as we know, the obtained

results have not been reported.

1. Introduction

The research of exact solutions plays an important role in
nonlinear evolution equations (NLEEs). There are many
kinds of exact solutions, such as soliton, multisoliton, ratio-
nal, periodic, breather line, breather kinky, and lump and
rogue wave solutions. A lot of work has been done by
scholars [1-5]. Particularly, studying the lump solutions of
nonlinear evolution equations becomes a hot topic in the
mathematical physics field [6, 7]. It is well known that lump
solutions are also a kind of rational solutions and have some
good characters. The lump-like solutions, such as lump-kink
solutions, rogue wave solutions, and periodic lump solu-
tions, possess many physical phenomena, which have been
studied by many researchers [8-11]. Kaur and Wazwaz
analyzed a new form of (3+1) dimensional generalized
KP-Boussinesq equation for exploring lump solutions apply-
ing Hirota’s bilinear form [12]. Tang et al. studied the inter-
action of a lump with a stripe of (2 + 1)-dimensional Ito
equation and showed that the lump is drowned or swallowed
by a stripe soliton [13]. In [14], the higher-order rogue wave
solutions of a new integrable (2 + 1)-dimensional Boussinesq
equation were derived utilizing a generalized polynomial test
function. Using an extended homoclinic approach, new
exact solutions including kinky periodic solitary wave solu-
tions and line breathers periodic of the (3 + 1)-dimensional

generalized BKP equation were also obtained [15]. In math-
ematical physics, the interaction of rogue wave with other
solitons or periodic waves is a remarkable task in nonlinear
sciences. Recently, kinky-lump, kinky-rogue, periodic-lump
wave, periodic-rogue wave, and kinky-periodic rogue wave
for the NLEEs and their nonlinear dynamics become a sub-
ject of interest [16-18].

The well-known (3 + 1)-dimensional Jimbo-Miwa (JM)
equation

Uy T SUylhyy, + 30yt + 20y, = 3u,, =0 (1)

can be applied to demonstrate some interesting phenomena
in nonlinear physics whose exact solutions are discussed by
many authors [14, 19-22].

In [23], Wazwaz proposed the following two extended
(3 + 1)-dimensional Jimbo-Miwa equation (EJM):

+ 3ty + 3ty U + 20 = 3 (U, Uy, + 1) =0, (2)

”xxxy y

Usy Sty + 31U + 2 (U + 1y + 1) = 3, =0.

(3)

These two forms are the generalization of equation (1).
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Lump solutions and the dynamics of these two extended
Jimbo-Miwa equations via bilinear forms and the lump-kink
solution are also obtained [24]. The dynamics of the
obtained lump solutions, including the amplitude and the
locations of the lump, are also analyzed. Recently, many
researchers pay more attention to the Jimbo-Miwa equation.
In [25], Kaur and Wazwaz construct bilinear forms of equa-
tions (2) and (3) using truncated Painlev expansions along
with the Bell polynomial approach. In [26], kink soliton,
breather, and lump and line rogue wave solutions of
extended (3 + 1)-dimensional Jimbo-Miwa equation are
obtained by the Hirota bilinear method, whose mixed cases
are discussed. The authors of [26] also analyze their dynamic
behavior and vividly demonstrate their evolution process. In
[27], applying the Hirota bilinear method and KP hierarchy
reduction, the rational solution of the (3 + 1)-dimensional
generalized shallow water wave equation is presented in
the Grammian form. The lump soliton solutions are derived
from the corresponding rational solutions. In [28], an
extended (3 + 1)-dimensional Jimbo-Miwa equation with
time-dependent coeflicients is investigated. One, two, and
three soliton solutions are obtained via the Hirota method.
The periodic wave solutions are constructed via the Rie-
mann theta function. The authors of [28] show that the
interaction between the solitons is elastic, and the time-
dependent coefficients can affect the soliton velocities, while
the soliton amplitudes remain unchanged. Yin et al
substituted test functions into the bilinear equations to
obtain the lump solutions, lump-kink solutions, and interac-
tion solutions in [29].

Yan et al. [30] study the dynamics of lump solutions, lump-
kink solutions, and periodic lump solutions in a (3 + 1)-dimen-
sional generalized Jimbo-Miwa equation given by

oc(u + 33Uyt + 3Uy U ) +2u,, +,8(uxz +u, + uzz) =0.

xy“x y.
(4)

XXXy

In [31], Cheng et al. discuss a new extended Jimbo-Miwa
equation in the development process of nonlinear physical
phenomena,

uxxxy + X(u"u)’)x +p1uxy TPyl +p3uyt +P4uyy =0, (5)

where y is a nonzero constant and p,, 1 <i <4, are real con-
stants, and p,p, #0. When x =3, p, =-3,p, =2, p;, and p,
are zero, equation (5) is reduced to the Jimbo-Miwa equation
(1). Taking x = -3.p, = -3, p; =-1, p; = p, = 0, equation (5)
becomes the (3 + 1)-dimensional generalized BKP equation
introduced in [19].

Upy = Uy + 3 (Ut + 31, =0. (6)

In [31], the two-wave and complexiton solutions of (5) are
developed through symbolic computations with Maple. There
is relatively little research on the exact solution of this equation.
Our purpose is to seek new lump and lump-like solutions of (5).
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2. Bilinear Representation

By transformation

u=

(Inf), (7)

x|

equation (5) owns a Hirota bilinear formulation
(Di +p DD, +p,D.D, + psD,D,; + p4D§)f f=0, (8)

where f = f(x, y, z, t) is a real function and D,, D, D, and D,
are Hirota’s differential operators [32]. The above bilinear
equation is equivalent to the following form:

(plfxy+p2fxz+p3fyt+P4fyy+fxxxy)f_p1fyfx_p2f)cfz
_p3fyt_p4fj_3fxxyfx+3fx xy_fxxxfyzo'
)
3. Lump Soliton Solution

In order to seek the lump soliton solutions of equation (5),
we let f be

f=g*+h +as, (10)

where g and h are, respectively, expressed by
g=0y+a;x+a,y+ayz + a,t, (11)
h=0by+b;x+ b,y +byz + b,t, (12)
where a;, (i=0-:-5),b;, (j=0-:- 4) are real constants to be
determined. Substituting (10)-(12) into equation (9), by
means of the symbolic computation methods [24, 26-29],

one can obtain several groups of constraint conditions with
respect to a;, bj, p;, which are listed as follows:

Case 1.
a,= 0, as = _M’
145p
g = ajas(byp, +bsp,) = 3bib, (aj + b7)
! a,a5b,p;
b= 3a1byb, + asbibyp, +asb,bsp, +asbip, +3b7b,
4 - b

asb,ps
(13)

where a,a;b,p,p, #0; the other parameters are arbitrary
constants.
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Case 2.
ay(byp, + bspy) b = H1%P2 ™ byp,

byp; ’ byp;
(14)

a,=0,a;=0,b, =0,a,=—

where b, p, # 0; the other parameters are arbitrary constants.

Case 3.

b,b, g = _“%Pz; —bybyp, — by bsp,
a, 42P3

_aybipy +aybyp, +azhyp, (15)

= 0’ b =
o ! 2P3

where a,p, # 0; the other parameters are arbitrary constants.
Case 4.

a,=0,a;=0,b; =0,

_ a,(b,p, + bsp,)
b,p;

a, =

>

32
b4:“1“3P2 b2P4’ (16)
b,ps

where b, p, # 0; the other parameters are arbitrary constants.

Case 5.
g = bb, = — ay(bypy + byps + byps)
1~ U3z — >
a bp,
PR @3py+ b3p, +bybyps (17)
! 403 )
bozaO_ZJZ,b3=_(blp1+bzp4+b4p3)b2, (18)
a, 1P2

where a,b,p,p, #0; the other parameters are arbitrary
constants.

Substituting equations (14)-(17) along with equations
(11) and (12) into equation (10), one obtains the corre-
sponding lump soliton solution as follows:

Case 6.

_ 12(a g+ b,h)

_ emgtun) 19
x(g>+1 +as) (19)

3
where
_ (atasb,p, + alasbsp, — 3albib, — 3bib, )t
a,asb,p;
3b,b, (a® + b?
tax- 2L U7 2(a1 l)z + dy,
414s5p,
e (3a%b,b, + asb,b,p, + asb,byp, + asbyp, + 3b7b, )t
asb,p;
+bx+by+bz+b,.
(20)
Case 7.
12a,9)
X(g2 +h )
where
g:_“1(b2P1 +bsp,)t fax+ayz+ay,
byps
) (22)
G\ A
bops 2 3 o
Case 8.
12 -
u= by (ayh bzzg) X (23)
X4, (g2 +h )
where
g=- (a%p4—b1b2p1 —b1b3p2)t B by b,x tayy+asz + ag,
aP5 a
h=— (“251/31 + a2b2p4 +a3b1p2)t + b1x+ b2y+ b3Z+ bO'
aP3
(24)
Case 9.
e 12(a,g + bzlh) (25)
)((g2 +h )
where
2ps — bibsp,)t
g=- (a,a,p, +a3p, — bibsp,) fayxtay - b,bsz a,,
AP 42
he_ (a,b3p, + ayb,py + aybyp,)t +byx+ by +byzt aoibz'
2P3 4
(26)



(a) Tree-dimensional plot

Advances in Mathematical Physics

(b) Two-dimensional plot

A

(c) Contour plot

FiGure 1: Figures on (x, t) of solution (27) with ay=1, a;=1,a,=1,a;=1,a,=1,a5=1,by=1, b;=1,b,=1, b;=1,b,=1, y=1, p; =1,

p2=Lp3=1,py=1,y=0,2=0.

Case 10.
_ 12(b;h - b,g)
X(92 +h+ a5) ’
where
g=- (@3py + bypy + bybypy)t _bibyx tayy
@p3 a4,
B a,(byp, +bypy +byps)z ta
bp, "

h=bst+bx+byy—

bip,

(bip) +byp, +bypy)byz 4

agb,

a

(28)

Figures 1 and 2 display the lump solution (27) of equa-
tion (5). By choosing suitable parameters, we can obtain
two different shapes of lumps in x-t and x-y plane. Actually,
from Figures 1 and 2, we can find that the lump solution
(27) possesses localization character in both x, t- and x,
y-plane, respectively. When x* + y> — oo is satisfied, the
wave u will tend to zero along any direction.

4. Lump-Kink Soliton Solution

4.1. Type of Exp. In this section, we add an exponential func-
tion to the quadratic function solution (10), letting f be

f:g2+h2+e£+a5, (29)
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(a) Tree-dimensional plot (b) Two-dimensional plot

(c) Contour plot

F1GURE 2: Figures on (x, y) of solution (27) with ay=1,4a,=1,a,=1,a;=1,a,=1,a;=1,by=1,b,=1,b,=1,b;=1,b,=1, y=1, p; =1,
p,=1,p3=1,p,=1,t=0,2z=0.

where g and h are, respectively, expressed by Case 11.
302 + ddeyp b2 b,c
g=ay+a;x+a,y +ayz + a,t, (30) a,=0,a,=——2 17220 50 T2y, = 2271
A6P3 S )
b= by (3a3ct + 3b3¢t - aa3p;) (33)
h=by+b,x+by+byz+byt, (31) ’ ap, ’
b= (_317%‘5? +a5¢1p, +a56,p, + 4,050, P,) b,
E=cy+ o x+ey+cz+cyt, (32) 4 aZerp, ’
303 + aya;p,)c,
where a;, (i=0---5), bj, cj(j =0 --- 4) are real constants to be C3= ( a 2) , (34)

2
a
determined and a5 > 0. Substituting (47)-(32) into equation 2P

(9), by means of the symbolic computation methods, one
can obtain several groups of constraint conditions with =

23 23, 2 2
4361 = 30561 + a0 Py + 0Py + G561,
. . 5 .
respect to a;, bj, ¢;, pj» which are listed as follows. 2P

(35)




6
Case 12.
3bla,cp,c
4 == 204 32 1P2222’a2 =0,
9bycic; + azp;
2 2
__456p, (-3bscicap, = 3byciccsp, + aipy) (36)
4~ >

(965¢i63 + a3p3) caps

2 2
asbyc, p
17 9242, 2.2°
9bycic; + azp;
2 4 4 23. 2, 2 2, 2 3, 222
by (9B,c1cspy +3a3610,P5 + @366, P3 + G361C3p3 + A363P3P,)

by=——>
(9%5‘1‘55 +a3p3)2p5

>

(37)
o= €16 + 6Py +C163P + P4 a3
4 »Ug = .
6P; 9bicics +a3p3
(38)
Case 13.
+
a,=0,a, :o,a4:_w,b2:o,b3:0,
62P3
b +
b= (&P +6py) L0 =0,c,= - ©Ps (39)
6pP3 P3

Substituting equations (33)-(39) along with equations
(30), (31), and (32) into equation (47), one obtains the cor-
responding lump-kink soliton solution as follows:

12¢,/¢c,h + 6¢, é°
“= 2 1225 122 > (40)
x(g?+h +eé+ (b))
where
3023 + ate,p, )t
g=-Charamap)t e (41)
a6P3
2
he (=3b3¢] + ajc,p, + 36, p,4 + a,a5¢,p, ) byt
a5,
2
byc,x by- by (3a3c + 3bzzc% ~a,a3p,)z by
@ P,

(42)

fo_ t(azc} - 3b5c +ake,p, +aie,p, + 4,05¢,p,)
ap, (43)

z(-3b*32 + a,a.p,)c
+ X0, + Y0, + ( 212 23P2)2+C0.
AP

B 12(a1g+b1h+c1e5) "

x(g%+ W+ e+ as)
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where a,, b, ¢, satisfy equation (36) and

_a301p (30 Gp, — 3bpciecap, + a3p3 )t

2 4 2,2
(9bycics +a3p3) e ps
3bZasclp,cyx
- 5 Azt ag,
9b,cics + azp3

2 44 23, 2. 2 2, 2 3. 222
by (9bycicapy +3a561 2P + @3C162P P3 + B36163P5 + G363 P3P, )

h=-
(9b§c‘fc§ +a3p3) P
azbyc, pix
m +byc,y + bycsz + by,
E=- (Ge+ CICZPIC+PC1C3P2 +Pic)! +XC) + Y0y + G2+ s
2P3
12(a,g+bh
u:—z(;lz i (45)
x(g?+ 1 +é +as)
where
t b t
g= _a(ap +6py) tax+agh=— 1(&2py +63p,) +byx+ by,
C2P3 GPs
t
52_% + Y6, + G2+ ¢
P3
(46)

Choosing a proper suitable value, Figure 3 presents the
nonlinear dynamic propagation behaviors of the lump-kink
wave solution (44). We can show that the interaction phe-
nomena between a lump wave and a kink wave exist.
Figures 3(a)-3(c) display the lump wave locating different
places in the wave plane. When y is increased, then the lump
soliton propagates from left to right in the (x, y)-plane.
In fact, the lump will be swallowed by the kink wave at
some time.

4.2. Type of Cosh. In this section, we add an exponential
function to the quadratic function solution (10), letting f be

f=g*+h +cosh (£) +as, (47)

where g, h, and & are defined by (30), (31), and (32), a;, (i
=0--5),b;,¢;(j=0---4) are real constants to be deter-

mined. By the same procedure, one can obtain several
groups of constraint conditions with respect to a;, b, ¢;, p),

which are listed as follows.

Case 14.
b _ b,b, (a§P1 +a,a,.p5— b1b2P4)
a,=——>,a;= : ,
a4 , 1Py
b= — b, (“1P1 T a1a403 = b1h2P4) (48)
’ P24 ,
b, = ~atbyp, + a1a,b,p; ~ bibyp, ¢, =0,65=0
2 b b b
P391
¢ (-aic +aja,p, — b byp
¢, = 1( 191 1243 124)' (49)
a1P3
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1
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(@) t=-5 (b) t=-0

10 20 30 40

(c)t=5 (d) Two-dimensional plot with t =0

-30 4

(e) Contour plot

Fi1GURE 3: Figures on (x, y) of solution (44) with a,=1,a,=1,a,=1,a5=1,a,=1,a;=1,by=1,b;=1,b,=1,b;=1,b,=1, y=1, p; =1,
pa=1 p3=1,py=1,z=-5.
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Case 15.
a,= _@’ a, = - bybycs Ja,= —aicyp, — aicsp; + bibycyp, by = %’
4 a6, P34 )
(50)
b = biepy +bicspy +byeopy 0 c = 2P
== o =0,c,=—2P1 (51
QP P3

Substituting equations (48) and (50) along with equa-
tions (30), (31), and (32) into equation (47), one obtains
the respective lump-kink soliton solution as follows:

. 6(2a,g9 + 2b,h — ¢, sinh (£))

> 52
X(g2+h2+cosh (&) +as) (52)
where
g=a,t+ax— bibyy + b\b, (aip, + 013“4/’3 —bibyp,)z va,
M aip,
h= (-aibapy + a1a,b,p; - bsz/u)f
P34
+bx+byy— by (aip, + a1“4/-’23 ~bibyp,)z by,
P24
te; (—aje; + ~b,b
E= Cl( a6 5112614P3 1 2P4) rox+e,
aip;
y= 12(a,g + b h) 53)
x(g? + h* + cosh (&) + as) ’
where
_ (—aic,py — aicsp, + bybycyp, )t
P54,
bb b,b
tax- A2 NGt
4 a6
h= (_afczf% - a%C3P2 + b1b2C2p4)t
GP34,
+a;x— biby _ bibyisz +ay
a; a;c,
t
&= 6Py +6) + 63z + €. (54)

3

Figure 4 illustrates the interaction phenomena between
lump and kink. We obtain the wave consisting of two parts
including the lump wave and the kink wave. With the
increase of t, the lump first appears in the form of one kink,
then it begins to move towards the other kink and finally, the
lump disappears.
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5. Periodic Lump Solution

In order to get the periodic lump wave solutions of equation
(9), we take

f=cosh (a,x+a,y+a;z+aut) +cos (byx + b,y + byz + b,t)
+cosh (c;x+ ¢y + 32+ ¢yt).
(55)

Substituting (55) into (9), we collect all the coefficients of
hyperbolic functions and trigonometric functions. Comput-
ing these coefficients, one can obtain several groups of con-
straint conditions with respect to a;, bj, c;, pj, which are
listed as follows.

Case 16.

a,=0,a,=0,a;=0,a,=0,b,=0,b;=0,b,
2
by (bie, — 2py — €3p5)

= 761207C4:_ >

G2P3 P3

(56)

where c,p, # 0; the other parameters are arbitrary constants.

Case 17.

a ab b
a,=0,a,=-2P4 p 0, b= B2 p = 22Ps

a “
p3 , 2 p3 (57)
0 ci=0.c = ¢ (axe] + ayp, + a3p,)
=0,65=0,¢,=— p ,
2P3

where a,p, # 0; the other parameters are arbitrary constants.

Case 18.

%P
— — — — 2F4 — —
a,=0,a,=ay,a;=as,a,=———=,b,=b,,b,=0,b,

p
2 ’ (58)
_ _ bi(aybi —ayp, —a5p,)
=0,b, = ,
92P3
¢ (a2 +a,p, +a
=06y =0,05=0,¢, = 1( 201 T a0, 3P2)’ (59)

9P
where a,p, # 0; other parameters are arbitrary constants.

Substituting equations (56)-(58) along with equations
(30), (31), and (32) into equation (55), one obtains the cor-
responding periodic lump solution as follows:

_ —6k,b, sin (h)
e w0 (}1) Tk, cosh (£))’ (60)
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(c)t=5 (d) t=-5
20 -

V

-20 4

(e)t=0 (f)t=5

F1GURE 4: The figures on (x, z) of solution (52) with a,=1, a;=1, a,=1, a;=1, a,=1, as=1, b,=1, b, =1, b,=1, by=1, by=1, x=1,
pi=Lp=1p3=1 py=1, y=0.
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where

he by (bic, = cap, =~ Gp, )t ibx = Cp4t

&P Ps3

—6k;c, sinh (&)

+6)Y + 6z,

v x(k, cosh (g) + k, cos (h) + ks cosh (£))’
(61)
where
T +ayy+az,h= _bopt +byy + —a3b22,
P3 P3 9
¢ (ax6] + ayp, +a3p, )t
E=- + ¢,
a2P3
e —6(k,b, sin (h) + k;c, sinh (&)
~ x(k, cosh (g) +kj cos (h) + k; cosh (£))’
(62)
where
by (a,b} - ayp, - t
_ Dpat +ayy+azz,h= 1(a:61 = @2y ~ aap) +byx,
P3 a2P5
F=_ ¢ (axe] + ayp, +azp,)t e
92P3
(63)

6. Conclusion

In this paper, a new extended Jimbo-Miwa (EJM) equation is
studied, which is an extension of the Jimbo-Miwa equation
and (3 + 1)-dimensional generalized BKP equation. It can
be used to describe the propagation of three-dimensional
nonlinear waves with weak dispersion. The exact solutions
of the Jimbo-Miwa equation (1) and the extended Jimbo-
Miwa equations (2) and (3) have been studied by many
scholars; however, there are not many researches on the
new Jimbo-Miwa equation (5). In our paper, the bilinear
representation of (5) is shown. First, the exact solutions of
the equation are studied, including lump soliton solution,
lump-kink soliton solution, and periodic lump solution.
The bright-dark lump wave solutions are directly obtained
by taking the solution F in the bilinear equation as a qua-
dratic function. Second, the lump-kink between one lump
wave and one stripe wave are also presented by taking F as
a combination of quadratic function and exponential func-
tion. Furthermore, the periodic lump solutions are also
derived by taking F as a combination of the hyperbolic
cosine function and cosine function. The properties of the
solutions are also discussed by graphical simulation. The
solutions obtained in our paper are different from that in
[31]. As far as we know, our results have not been reported
in other studies. It is hoped that our results can enrich the
dynamic behaviors of the studied equation.

Advances in Mathematical Physics

Data Availability

Data is available on request from the author.

Conflicts of Interest

The authors declare no conflicts of interest.

Acknowledgments

This work was supported by the General Project of Yunnan
Province Applied Basic Research Program (202301AT070141)
and the Middle-Aged Academic Backbone of Honghe Univer-
sity (no. 2014GG0105).

References

[1] M. F.Hoque and F. S. Alshammari, “Higher-order rogue wave
solutions of the Kadomtsev Petviashvili—Benjanim Bona
Mahony (KP-BBM) model via the Hirota-bilinear approach,”
Physica Scripta, vol. 95, no. 11, article 115215, 2020.

[2] S.Uddin, S. Karim, F. S. Alshammari et al., “Bifurcation analysis
of travelling waves and multi-rogue wave solutions for a nonlin-
ear pseudo-parabolic model of visco-elastic Kelvin-Voigt fluid,”
Mathematical Problems in Engineering, vol. 2022, Article ID
8227124, 16 pages, 2022.

[3] Z.Rahman, M. Z. Ali, M. S. Ullah, and X.-Y. Wen, “Dynamical
structures of interaction wave solutions for the two extended
higher-order KdV equations,” Pramana, vol. 95, no. 3,
pp. 1-14, 2021.

[4] Z. Islam, A. Abdeljabbar, M. A. Sheikh, and M. A. Tabher,
“Optical solitons to the fractional order nonlinear complex
model for wave packet envelope,” Results in Physics, vol. 43,
article 106095, 2022.

[5] M. F. Hoque and H. O. Roshid, “Optical soliton solutions of
the Biswas-Arshed model by the **’? expansion approach,”
Physica Scripta, vol. 95, no. 7, article 075219, 2020.

[6] K. A. Gorshkov, D. E. Pelinovsky, and Y. A. Stepanyants,
“Normal and anomalous scattering, formation and decay of
bound states of two-dimensional solitons described by the
Kadomtsev-Petviashvili equation,” Journal of Experimental
and Theoretical Physics, vol. 104, pp. 2704-2720, 1993.

[7] S. V. Manakov, V. E. Zakharov, L. A. Bordag, A. R. Its, and
V. B. Matveev, “Two-dimensional solitons of the Kadomtsev-
Petviashvili equation and their interaction,” Physics Letters A,
vol. 63, no. 3, pp. 205-206, 1977.

[8] X. W. Yan, S. F. Tian, M. J. Dong, L. Zhou, and T. T. Zhang,
“Characteristics of solitary wave, homoclinic breather wave
and rogue wave solutions in a (2+1)-dimensional generalized
breaking soliton equation,” Mathématiques Appliquées, vol. 76,
no. 1, pp. 179-186, 2018.

[9] C.Y.Qin,S.F. Tian, X. B. Wang, T. T. Zhang, and J. Li, “Rogue
waves, bright-dark solitons and traveling wave solutions of the
(3+1)-dimensional generalized Kadomtsev-Petviashvili equa-
tion,” Computers & Mathematcs with Applications, vol. 75,
no. 12, pp. 4221-4231, 2018.

[10] X.E.Zhangand 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.



Advances in Mathematical Physics

(11]

(12]

(13]

(14]

[15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

L. Kaur and A. M. Wazwaz, “Bright-dark optical solitons for
Schrodinger-Hirota equation with variable coefficients,” Optik,
vol. 179, pp. 479-484, 2019.

L. Kaur and A. M. Wazwaz, “Dynamical analysis of lump solu-
tions for (3 + 1) dimensional generalized KP-Boussinesq equa-
tion and its dimensionally reduced equations,” Physica Scripta,
vol. 93, no. 7, article 075203, 2018.

Y. Tang, S. Tao, and Q. Guan, “Lump solitons and the interac-
tion phenomena of them for two classes of nonlinear evolution
equations,” Computers ¢ Mathematcs with Applications,
vol. 72, no. 9, pp. 2334-2342, 2016.

S. Singh, L. Kaur, K. Sakkaravarthi, R. Sakthivel, and
K. Murugesan, “Dynamics of higher-order bright and dark
rogue waves in a new (2+1)-dimensional integrable Boussi-
nesq model,” Physica Scripta, vol. 95, no. 11, article 115213,
2020.

L. Kaur and A.-M. Wazwaz, “Lump, breather and solitary wave
solutions to new reduced form of the generalized BKP equa-
tion,” International Journal of Numerical Methods for Heat
and Fluid Flow, vol. 29, no. 2, pp. 569-579, 2019.

M. B. Hossen, H. O. Roshid, and M. Z. Ali, “Multi-soliton,
breathers, lumps and interaction solution to the (2+1)-dimen-
sional asymmetric Nizhnik-Novikov-Veselov equation,” Heli-
yon, vol. 5, no. 10, article e02548, 2019.

M. S. Ullah, H. O. Roshid, W. X. Ma, M. Z. Ali, and Z. Rahman,
“Interaction phenomena among lump, periodic and kink wave
solutions to a (3 + 1)-dimensional Sharma-Tasso-Olver-like
equation,” Chinese Journal of Physics, vol. 68, pp. 699-711,
2020.

M. S. Ullah, M. Z. Ali, H.-O. Roshid, A. R. Seadawy, and
D. Baleanu, “Collision phenomena among lump, periodic
and soliton solutions to a (2+1)-dimensional Bogoyavlenskii's
breaking soliton model,” Physics Letters A, vol. 397, article
127263, 2021.

W.X.Maand Z. N. Zhu, “Solving the (3 + 1)-dimensional gen-
eralized KP and BKP equations by the multiple exp-function
algorithm,” Applied Mathematics and Computation, vol. 218,
no. 24, pp. 11871-11879, 2012.

J. G. Liu and Y. F. Zhang, “Construction of lump soliton and
mixed lump stripe solutions of (3+1)-dimensional soliton
equation,” Results in Physics, vol. 10, pp. 94-98, 2018.

J. Y. Yang and W. X. Ma, “Abundant lump-type solutions of
the Jimbo-Miwa equation in (3+1)-dimensions,” Computers
& Mathematcs with Applications, vol. 73, no. 2, pp. 220-225,
2017.

A. M. Wazwaz, “Multiple-soliton solutions for the Calogero-
Bogoyavlenskii-Schiff, Jimbo-Miwa and YTSF equations,”
Applied Mathematics and Computation, vol. 203, no. 2,
pp. 592-597, 2008.

A. M. Wazwaz, “Multiple-soliton solutions for extended
(3+1)-dimensional Jimbo-Miwa equations,” Applied Mathe-
matics Letters, vol. 64, pp. 21-26, 2017.

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.

K. Lakhveer and A. W. Wazwaz, “New exact solutions to
extended (3 + 1)-dimensional Jimbo-Miwa equations by using
bilinear forms,” Mathematical Methods in the Applied Sciences,
vol. 41, no. 17, pp. 7566-7575, 2018.

(26]

(27]

(28]

(29]

(30]

(31]

(32]

11

Y. F. Yue, L. L. Huang, and Y. Chen, “Localized waves and
interaction solutions to an extended (3+1)-dimensional
Jimbo-Miwa equation,” Applied Mathematics Letters, vol. 89,
pp. 7077, 2019.

X. H. Meng, “Rational solutions in Grammian form for the
(3+1)-dimensional generalized shallow water wave equa-
tion,” Computers & Mathematcs with Applications, vol. 75,
no. 12, pp. 4534-4539, 2018.

G. F. Deng, Y. T. Gao, and X. Y. Gao, “Bicklund transforma-
tion, infinitely-many conservation laws, solitary and periodic
waves of an extended (3 + 1)-dimensional Jimbo-Miwa equa-
tion with time-dependent coefficients,” Waves in Random and
Complex Media, vol. 28, no. 3, pp. 468-487, 2018.

Y. H. Yin, S. J. Chen, and X. Lii, “localized characteristics of
lump and interaction solutions to two extended Jimbo-Miwa
equations,” Chinese Physics B, vol. 29, no. 12, article 120502,
2020.

X. W. Yan, S. F. Tian, M. J. Dong, and T. T. Zhang, “Dynamics
of lump solutions, lump-kink solutions and periodic lump
solutions in a (3+1)-dimensional generalized Jimbo-Miwa
equation,” Waves in Random and Complex Media, vol. 31,
no. 2, pp. 293-304, 2021.

L. Cheng, Y. Zhang, and W. X. Mab, “Nonsingular complexi-
ton solutions and resonant waves to an extended Jimbo-
Miwa equation,” Results in Physics, vol. 20, article 103711,
2021.

R. Hirota, The Direct Method in Soliton Theory, Cambridge
University Press, Cambridge, UK, 2009.



	Mixed Lump-Stripe Soliton Solutions to a New Extended Jimbo-Miwa Equation
	1. Introduction
	2. Bilinear Representation
	3. Lump Soliton Solution
	4. Lump-Kink Soliton Solution
	4.1. Type of Exp
	4.2. Type of Cosh

	5. Periodic Lump Solution
	6. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments



