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ABSTRACT. In this study, we focus on extended (3+1)-dimensional
Jimbo-Miwa equations in constructing complexiton solutions. On
this way, we use modified double sub-equation method which presents
different solutions from ones obtained through double sub-equation
method. Modified double sub-equation method employs two wave
transformations to reach expected solutions. Referred method also
enables scientists to reach exponential and trigonometric solutions
individually based on parameter choices. In literature, this method
is given in a different way and considered as generalization of dou-
ble sub-equation method.
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1. INTRODUCTION

It is important to find complexiton solutions of nonlinear partial dif-
ferential equations since complexitons have both trigonometric and hy-
perbolic type functions. On one hand this property provides a novel
shape and view to corresponding wave, on the other hand the diffi-
culty of finding complexiton solutions to nonlinear partial differential
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equations makes the process more valuable. So far, some methods have
been presented to find analytical solutions of nonlinear partial differ-
ential equations, such as, the homogeneous balance method [41], the F-
expansion method [56], the tanh function method [36], the sech-function
method [30], the extended tanh function method [16] 31} 15 [43], tanh-
coth method [44], the first integral method [7, [§], the (G’/G,1/G) ex-
pansion method [I3] and some other methods [9, 10, 18, 29, 52]. In
literature, there are also some other papers on application of newly de-
veloped techniques [2, [3] [4], 20} 5 [, (0L, 51].

In former studies, the phrase ”complexiton solutions” was used and
named in [32] for the first time. Complexiton solutions to the KdV
equation was given via its bilinear form [32] [33]. After that, some new
techniques in order to obtain complexiton solutions have been devel-
oped for nonlinear partial differential equations such as extended trans-
formed rational function method [55], multiple Riccati equations rational
expansion method [11], generalized compound Riccati equations ratio-
nal expansion method [23], generalized sub-equations rational expansion
method [24], double sub-equation method [12], technique introduced by
Wazwaz and Zhaqilao [45, 46, [39, 40]. Then, Hossen et al. have pre-
sented modified double sub-equation method by applying to some partial
differential equations [19].

This paper aims to show applicability of modified double sub-equation
method to extended (3+1)-dimensional Jimbo-Miwa equations and we
present new complexiton solutions different than solutions obtained by
previous papers. Categorization of exact solutions by means of spectral
parameters, lets us classify them into three different classes. The sign
of spectral parameter determines what the solution is among two con-
cepts, positon or negaton. By the way, complex spectral parameter cor-
responds to complexiton. The terms positon, negaton and complexiton
correspond to trigonometric solutions, hyperbolic solutions and both,
respectively.

The continuation of this paper has been scheduled as follows: In sec-
tion 2, we give modified double sub-equation method as it is given in
previous papers. Section 3, complexiton solutions to first type extended
(341)-dimensional Jimbo-Miwa equation are derived. Section 4, second
type extended (3+1)-dimensional Jimbo-Miwa equation is considered to
derive complexiton waves. Finally, conclusions that have been deduced
from our results obtained in this paper are located.

2. MODIFIED DOUBLE SUB-EQUATION METHOD

In [19], the method utilized in this work is given as follows:
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Step 1: We start with a nonlinear partial differential equation in-
tended to be solved

S(uvuhumuttvutxaumma---) =0 (21)

which is intended to be solved and equipped with exact solutions. u is
dependent variable which depends on independent variables x and t. In-
dependent variables in partial differentia equations are also known space
and time variables. Not surprisingly, like the processes used in some well-
known exact solution procedures, modified double sub-equation method
uses homogeneous balance principle to be able to determine form of the
solution.
Step 2: The form of solution of Eq. is constructed as

a1p(§) + azyp(n)

Ao+ A1p(€)v(n)

where \g and A\ are arbitrary constants and ag = ag(z,t), a; = a1(z,t),
ay = az(x,t), & = &(x,t), n = n(x,t) are functions of space and time
variables. ¢(§) and 1(n) are the functions which satisfy following equa-
tions

u(z,t) = ap + (2.2)

@' (&) = a1 + p1y*(€) (2.3)
and

¢'(n) = q2 + p21p*(n) (2.4)
where £ = k1o + w1t and n = kox + wat.

Step 3: Riccati Egs. (2.3]) and (2.4) have solutions depending on p1,
q1, p2 and g2. Some of these for Eq. (2.3) can be classified as follows:

@' (&) = a1 + p1*(€)
(i) When ¢; =1, p1 = —1

p(§) = tanh(§), ¢(§) = coth(§), (2.5)
(ii) When ¢1 = p1 = :I:%
p(&) = sec(§) + tan(§), (2.6)
(iii) When ¢ = p; =1
p(&) = tan(§), (2.7)
(iv) When ¢; = p1 = —1
p(&) = cot(§), (2.8)

(v) When ¢; = 3, p1 = —3

(€)= tanh(€) + isech(€), (€)= coth(¢) £ esch(€),  (2.9)
(vi) When ¢; =0, p; =1
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Step 4: By the use of Eq. into Eq. and taking Eqs. and
(2.4) into account presents us a new expression which consists of p,1).
Then, in resulting expression, taking coefficients of the terms ™™
(m =0,1,2,..., n = 0,1,2,...) to zero provides us a system of equa-
tions which consists of ag, a1, as, k1, w1, ko, we, A\g and A1. Solution and
analysis of this system takes us to the solutions of Eq..

3. IMPLEMENTATION OF MODIFIED DOUBLE SUB-EQUATION METHOD
TO FIRST TYPE EXTENDED (3+1)-DIMENSIONAL JIMBO-MIWA
EQUATION

In this part, we implement the referred method to first type extended
(3+1)-dimensional Jimbo-Miwa equation which is very popular in non-
linear sciences and applied sciences and employed in modelling shallow
water waves, is expressed in the way that

Ugpay + Uylgs + 3UzUpy + 2uy — 3(Ugs + Uy + uzz) =0 (3.1)

in the literature [47]. Then, Manafian presented some solutions for
Eq.(3.1) in [34] and Wazwaz also obtained some exact solutions of Eq. (3.1)
in paper [21I]. In [48], Xu et al. obtained multi-exponential wave solu-
tions to Eq.(3.1). Khalique and Moleleki [22] presented conservation
laws and some solutions to . For other studies made on Eq. ,
please see [25 [38], 541, [6], 142}, 53], [37), 14 [49].

As we pointed out in section 2, we take the solution in the way that

bip(€) + batp(n)
b + ba(&)(n)

where b, by, ba, b3, by are arbitrary constants and & = kix + liy +mqz +
wit and n = kox + lay + moz + wat. Taking Egs. — into consid-
eration and using Eq. into Eq. presents us a new expression
which consists of ¢, 1. Then, in resulting expression, taking coefficients
of the terms ™9™ (m =0,1,2,..., n = 0,1,2,...) to zero provides us a
system of equations. Solution and analysis of this system enable us to
obtain following two classes of solutions:

u(zx,y,t) = by +

(3.2)

Case I:
kol
by = 2bskaqz, b2 =2bsk1qu, b3 =0, lp=—"3¢t
o 4l1k?p1q1+3m%+3m1k1+3m1l1
- 201 ’
o —4/6%11102(12+3m§k1+3/€2m2k1—3k211m2
wy = — Al (3.3)
Case II:

by = —2b3kipy + 2bskaqa, be = 2bsk1q1 — 2b3kop2,
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i = — [bs(p3makab3 — kopamiqibsbs — 2maopamiq1bsby
—bymapak1qibs + bigimiky + p3m3bs + bimiql)]/
[2k1q1k2(p1pab3 — b3q1g2)(—bak1q1 + bskaps)],

ls = — [ba(p3makabs — kapamiqibsby — 2mopamiqibsbs
—bymapakiqibs + bigimiky + pam3b; + bimiql)]/
[2k1p2ka (p1p2b3 — b3q1G2)(—bakiqr + bskapa)],

wy = (4b3p1p3kiqimaks — 6b3p1p3kTquma kS + 4b3p1pskTqim3
—6b§p1pgm%q1k‘1k‘§ + 3b§p%m1m2k2 + 3b§m%m1p§
—8b3p1p2bakiqimamy — Ab3p1pabakiqimy
+6b3p1p2bamiqi ki ke + 205p1p2bakiqt kamy
—3b3paqibamiks — 6b3pagibamima — 3b3pakimamiqibs
+4bspibikiqim + 4bspibikTqim? + 6bspabikiqamagik?
+6bsp2bikigik3qam? + 3bsqibims + 3bsqibimik
—6b3kTq i kagam? — 6b3k3 ¢ kagamy) /(203(pmakab3
—kapam1q1b3by — 2mapamiq1bzby — bymapakiqibs
+bigimiky + pym3bs + bimiqi)),

wy = —(6b3p1pam3kiky + 6b3p1psmakik3 — 6b3p1psmibakiqiks

—6b3p1pamabakiqrks — Ab3psmakaqabs — 4b3p3m3ksqaby
—3b3pabamika — 3b3psmibs + 8bspsbimamiqi kg

—6bspsmikqak1qiby — 2bspymabiki ik
+4bspsbiqigekmy + 3bspagibimsks + 6bspom3bimiq:
+3bspaqibimakomy — Apabiaiqekimaky — Apabiaiqekim]
+6pamabi kT g kg + 6pamibiki i kage — 3qibimamak:
—3qibimam?) /(2b4(p3makabi — kapamiqibsby
—2mopamiqibsby — bamapak1qibs + bigimik:
+psm3b; + bimiqi)) (3.4)

Using the relations ([2.5)-(2.10) with solutions (3.3])-(3.4]), many solu-

tions can be given to equation (3.1)).
With Fig. 1-Fig. 3, in order to help readers understand better about our
solutions, we generate some illustrations of achieved solutions as follows:

Flg 1: when qQ1 = %7 P = _%,QQ = %7192 = % with ‘ )
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Ficure 1. [ =28,ky=1.1,k; = 1.8, my = 3.6,
my =3.8,2 =2.6,by = 1.8,by = 1.8, = 2.3

Fig. 2: when p; = -1, ¢t = —1,p2 = —1,q2 = 1 with (3.3)),

FIGURE 2. 11 =14,k =2.1,m =1.6,ky =24,
mo =—3,2=28by=14,by = —-32,t=2
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Fig. 3: when p; = —1, ¢ = —1,p2 = —1,q2 = 1 with (3.4)),

FIGURE 3. ko = 1.2, ki1 = 2.3,m1 = 1.1,7’)7,2 = 2.3,
bg = 0.8,Z = —4,b0 = 0.7,b4 = 3,t =1

4. IMPLEMENTATION OF MODIFIED DOUBLE SUB-EQUATION METHOD
TO SECOND TYPE EXTENDED (3+1)-DIMENSIONAL JIMBO-MIwA
EQUATION

In this part, we implement the referred method to second type ex-
tended (3+1)-dimensional Jimbo-Miwa equation which is very popular
in nonlinear sciences and applied sciences and employed in modelling
shallow water waves, is expressed in the way that

Uzzay + SUylps + 3UgUzy + 2(Uys + Ugs + Uzg) — 3y, =0 (4.1)

in the literature [47]. Then, Manafian presented some solutions for Eq.
in [34] and Wazwaz also obtained some exact solutions of Eq. (4.1
in paper [21I]. In [48], Xu et al. obtained multi-exponential wave solu-
tions to Eq. . For other studies made on Eq. , please see
[25, 138, 6, (53], 26, 27, 28, 17, B5]. In [35], Moleleki et al. presented
conservation laws and some solutions to (4.1).

As we pointed out in section 2, we take the solution in the way that

b1p(§) + batp(n)

u(z,y,t) = by + b3 + baw(§)Y(n)

(4.2)
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where bg, by, ba, b3, by are arbitrary constants and & = kyx + lyy + miz +
wit and n = kox + lay + moz + wat. Taking Egs. — into consid-
eration and using Eq. into Eq. presents us a new expression
which consists of ¢, 1. Then, in resulting expression, taking coefficients
of the terms ¢"™¢™ (m =0,1,2,..., n = 0,1,2,...) to zero provides us a
system of equations. Solution and analysis of this system enable us to
obtain following two classes of solutions:

Case I:
kal
by = —=2bgkip1, bz = —2pokobs, by =0, lp=—"F* (4.3)
_ _2(21116%1)1611*1171’61*10111) 2k (2k3lh pagatwaki—liws)
my = 3k1—2wq » M2 = k1(3k272w2)
Case II

by = —2bzk1p1 + 2bskaqa, by = 2b4k1q1 — 2b3k2p2,

o= —(—4kipiq} bsb4m1 + 6k3p3kipibymy + 3pimikibsbiql
+18kopokSpibabiq? + 6pPmykb3bapaks — 26k qupikap3baby
— 38k p2pskab3bygy + 24k p1p3k3bibigs
—18/€1Q1p1kzpzb3b4m2% — 22k qip1k3p3bsbias
—|—6m1p1k1 ka C11 q2 + 6m2k1 k2p264p1q1q2
+14k1p1q%b3b4m1p2k2 — 16k§p§k{’pi’b3m1b4q1
—9pimikib3biqupaks — 34k5qapt kipabsbial
—16k2q2p1k1p2b3b4m1 + 34k2q2p1k %b3b4m1q1
—24k2q2p1k1p263b4m1q1 + 41{71]71(]1521741?27712
+4k5qap3babimapr — 3kapsmip1bibiqe + 6mapskipibibaks
—3mapakipibibiq + 6b1k3qikip1g3pe — AkSq3pababl
+12k3p3p3kabs — AkSq3pabsbime + 6p3kS kabiqi o
+6E3p3p3kibimy + 62k3q1p3 kapabibigs — 22k pipakabimabagy
+20k2¢]2pgb3b4m2klpl - 10k1Q1P1k2P253b4m2
+28k7 1 pTk3p3b3bimags — 4kTpTaibsb} + 3k3g3bip3mabs
—4k5q3pabsbimapikiqr + 3kapamapibsbigakiqy
— 10k piqibsbipamakags — 9p3makiqab3bipi ki
+3pamakaqabsbipikiqr)/ (p1bakika(p1p2bs — biqiq2)
X (—bak1q1 + bskap2)),
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piki(— 8b3p1k j‘b4m1+9k1qlq2b4k2m1p2+12p1k1q1q2b4m1k;2

—32b3pip3kiai k3mibs — 32b3pipikiqikagabam
—4403pTp3kT g1 k3mabags — T6U3PTPIkT 41 k3bags

+3b3pipskiqimabaks + 1263p3 p3ki qimabaks + 12pTkiqt gabiks

+12p1pakiqi g3biks — Ip1gagibikimaks + 6bsbikiqipim
+12b3p7 pokiqikama + 12b3pT pskiqik3my + 24b3pt pakiqi k3
—52b3pip3kTatk3ba + 9b3ksqomibapipy + 36b3pipakiqi kb
+8b3p1p2k1q1 b4m2 — 6b2 p1p2b4k1q1m2 8b3p2k1q1k2qzb4
—9b3p3ksgamabiq + 2803p3pak? gibim ks
+68b3pTP3kT 47 q2bikama + 5603pip3k i gabikim
+124b3pip3ki ¢t a2b3k3 — 9b3pipak aimabiks
+40b3p1 ki qi k3 gabima + 8b3p1p3ki g1 k3 q3bim
+48b3p1p3kiqk3bias — 18b3p1p3kiqimaksqab)
—15b3p1p3k1q1ksmabige — 20b3pi paqed; bk kamo
—A8bspipakiqi gabikimy — 68bspipakiai gabiks
—36b3p1p§k1 qQ) q263k2m2 — 44b3p1p2k:1 q] q%b4k2
—8bgp1p2k1q1q§b4k2m1 + Gbsb4k1Q1P1p2m2k2Q2
+15b3bipaks g2 kiqimipr — 8bspskiqik3gabime
+663b3k1Q1k2p2m2qQ)/ (—4k7piqibsbimy + 6kapskipibyma
+3pimikibsbiq; + 24kopok?pib3biat + 6pTmikib3bap3ks
— 32k} qupik2pdbiby — 32k pIp3kibibags + 24k p1p3k3babiqa
— 18k q1p1k3pabsbimaqs — 28kiqip1kapabsbias
+6mokik3pabipiaias + 20k piaib3bimapaks
—22k2p2k1p163m1b4q1 — 9p1m1k‘1b3b4q1p2k2
_28kQQ2p1k1p2bSb4Q1 - 10k2qu1k1p2l)3b4m1
+28k5 qopT ki pabibimiqr — 18k3qapThipabsbimi g
—|—4k1p1q1b3b4p2m2 =+ 4k2q2p2b2b4m1p1 — 3k2p2m1plb3b4q2
+6mopskipibibaks — 3mopakipibibiqr + 1261k} ¢Tk3p1a3pe
+56k3q1pr ks pababigs + 12k3p3p3k3bs + 6k3 pipSkibime
—22k2p2paksb3mabags + 3kapamipibsbigakiqr
—4kSg3p3bsbi 4 3k3q3b3pamabs + 6k3pagabimipikiqs
+20k3g3p3b3bamakipr — 10k]q1p3kopabibyma
+28Kk3 g1 pT kapababimage — 4k5qapabsbima
—10k3g3p3bsbimipikiqr — 10k piqbsblpamakage
—9pamak3qabibipikr + 3pamakaqebsbipikiq:
—4kTpiqibabi),
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wy = pak3(—8bapik3gab} + A8b3pTpakikibiqt a2 — 8bapakSaabims
+68b3pTps ki g1 k3bimags + 12405 pikag3bik o
+56b3pipakakimyqsqib] + 28b3p1 paksgabimak,
—8bspik}qibimikaqe — 8bspip2kiqi k3bimags
—36b3p1p2k‘2k mlb4Q1Q2 44b3p1p2k‘1q1k2b4q2
—20bsp1p5as bk kimy — 68bsp1psksgabikian
—48b3p1pskiq1 kabimags — 18b3kiq1k3pigebimaps
+12p3bikigamakiqn + 12p1paksgsbikial
+12b3p3p3kakimyqo + 1203p3 pa k3 k3mage
—52b3pip3kT k3bads + 8b3plpzk2ng4m1 + 6b3k3p3¢3b3m2
+36b3p1skS asbik1 — 8bsptkakSbiaiqn + 9b3bakTqrpipamns
— 150303k} q1pi pamakage + 15bikTq1k3p1g3bspama
+3b3q2b4k1p1k2p2m2 9b3Q2b4k1P1k2P2m2
—6b4k2p%q§b mip1 + 12p k2q2b q k1 + 24b3p1p2k3k:2q2
+9b4k1Q1p1QQm2k2 - 9b3k1p1q1b4m2q2 QQQQ1b4k2m2k1p2
+12p1pakagikibimigi — 44b3pipskikimigaqibs
—T6b3p}pkiqksbage — 32b3p3p3kTk3magaqiby
—32b3p1p3k%k2m2b4q2 2Ob3p1p2k2q2klb4m1
+40b3pip2kskimiqiqeb] + 8b3pip2kt ¢f kabimage
+6b3 k3 qikapigebsmy + 12b3g2bak1 pTkipamy
+6b3 k3 2m1p1k1q1p2b3) /(—4kTpigibsbima + 6k3pakiptbima
+3pimi kibsbiar + 24kopakipibibial + 6ptmakib3bapsks
— 32k qupikapabiby — 32k3p3p3kabibage + 24k1p1p3kibibigs
—18k1Q1p1k2PQb3b4m2QQ — 28kTqup1k3p3bsbias
+6maki k3pabipraias + 201 pSa;bsbimapaks
—22k2 p2k1p1b3m1b4q1 - 9p1m1k:1 b3b4q1p2k:2
—28k2qu1k1p2b3b4q1 - 10k2q2p1k1pgb3b4m1
+28k3q2pT ki p3b3bimiar — 18k3qopikipabsbimagl
+4k1p1q%b2b pama + 4k2q2p2b2b4m1p1 4k§q§’p§b3b3
—3k3pymip1b3biga + 6mapskipibibaka — 3mapakipib3bia:
1261k 4 k3p1g3p2 — Ak343p3babims + 6kTpTpakibsme
—10k3¢ap3babimipik1qr + 3kapamipibsbigekiqr
+56k3 q1pT ks pababige — 22kIp pakabimabago
+20k3qap3bibamakipr — 10kiqup3kop3b3byms
+28k3 1 p k3 p3babimags + 12K3p3p3kibs — 4kSpdqbabl
10k1P1Q1 bSb4p2m2k2Q2 - 9p2m2k2q2b3b4p1 k1
+3k3q3bipsmabs + 6k3p2g3bimipi kgt
+3pamakaqobsbipikiqr),
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ly = (—4k3piqibsbimy + 6k3pskipibimy + 3pimykibsbiqs
+24kopak}pib3bial + 6pima k1 bibapiks
—38k{qupdk2pbiby — 26k p?p3kibibags + 18kip1pikibibiqs
—24l<:1q1p1k2p2bgb4m2q2 34k1q1p1k4 %bgbiqg
+20k1pfqib3bimapaks — 22k3p3k; pibimabagy
—9pimi kib3biqipoke — 22k3qapikipabsbiqh
—10k3qapik1p3bibama + 28k5qaepTkipsbibimiqr
—18k3q2pi ki pabsbimaq; + 4kTpiaib3bipams
+4k q2p2621)4m1p1 — 3k2p2m1p1b2b4q2 + 6m2p2k1p1b3b4k2
—3mapakipib3biqr + b3k kS p1g3p2 + 6bikspsgsmakiqy
—4kS g3 pabsbs 4 12k3p3 p3k3by — 4kSq5p3bsbima
+6k1p1p2k2b mo + 62k1q1p1k2p2b2b4q2 16/<:1p1p2/<:2b mobaqo
+14/<:2q2p§b3b4m2k:1p1 16k% q1p1k2p2b3b4m2
+34k} q1pT k3 p3b3bimags — 4k piaibsbi + 663k P33 kg
+3k2q2b p2m2b3 10k2q2pzbgb4m1p1k1q1
+3k3pamap1bsbigokiqr + 6k3pag3bimapikial
—4k1plaibsbipamakags — 9p3mak3 gb3bipik
+3pamakaqabsbip1 k3 q1) / (6k1pakaba(p1p2bs — biqig2)

X (—bakags + bskip1)(—k3qop2 + p1kiq1))

With same process used in previous section, using the relations (2.5))-

(2.10) with solutions (4.3)) and (4.4), many complexiton solutions can be
A1)

given to equation (4.1

With Fig. 4 and -Fig. 5, in order to help readers understand better
about our solutions, we generate some illustrations of achieved solutions
as follows:

Flg 4: when q1 = %7 b1 = _%7QQ = %7]72 = % with ‘ )
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FIGURE 4. 11 =1,k =0.8,k; = —0.1,w; = —1.7,
wo =—1.4,b5 =1.4,2=0.3,bg = —0.2,t = 0.2

Fig. 5: when p1 = -1, ¢ = —1,p2 = —1,¢2 = 1 with (4.4),

R

g 20

FIGURE 5. ko =0.3,k1 =0.1,mg = 0.2, m; = 0.4,
b3 =04,2=0.3,bp =04,b4, =0.7,t =0.1
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5. CONCLUSION

Referred extended equations are pretty new and need to be investi-
gated and solved more than other commonly known nonlinear partial
differential equations. Throughout the paper, we presented complexiton
waves to extended (3+41)-dimensional Jimbo-Miwa equations through
modified double sub-equation method which presents a way for obtain-
ing two different types of function solutions together in solution. Ob-
tained set of solutions are really wide and with some specific choices of
given parameters, more concise ones can easily be obtained. Form of so-
lution which is rational and abundance of parameters in solution makes
the method more comprehensive than many other techniques used in
literature. With proper choices, method also enables us to obtain ex-
ponential and trigonometric wave solutions individually. We hope our
results, graphs and deductions to be useful to scientists in their future
studies will be made in applied sciences.

REFERENCES

[1] A.R. Adem, Y. Yildirim, E. Yagar, Complexiton solutions and soliton so-
lutions: (2+1)-dimensional Date-Jimbo-Kashiwara-Miwa equation, Pra-
mana J. Phys. 92 (3) (2019), 36.

[2] H. Ahmad, T. A. Khan, I. Ahmad, P.S. Stanimirovic, Y.M. Chu, A new
analyzing technique for nonlinear time fractional Cauchy reaction-diffusion
model equations, Results Phys. 19 (2020), 103462.

[3] H. Ahmad, T. A. Khan, Variational iteration algorithm-I with an auxiliary
parameter for wave-like vibration equations, J. Low Freq. Noise Vib. Act.
Control, 38 (2019), 1113-1124.

[4] H. Ahmad, A.R. Seadawy, T. A. Khan, Study on numerical solution of
dispersive water wave phenomena by using a reliable modification of vari-
ational iteration algorithm, Math. Comput. Simulat. 177 (2020), 13-23.

[5] H. Ahmad, Md. N. Alam, M. Omri, New computational results for a pro-
totype of an excitable system, Results Phys. 28 (2021), 104666.

6] K.K. Ali, R.I. Nuruddeen, A.R. Hadhoud, New exact solitary wave solu-
tions for the extended (3+1)-dimensional Jimbo-Miwa equations, Results
Phys. 9 (2018), 12-16.

[7] A. Bekir, O. Unsal, Periodic and solitary wave solutions of coupled nonlin-
ear wave equations using the first integral method, Phys. Scr. 85 (2012),
065003.

[8] A. Bekir, O. Giiner, O. Unsal, The first integral method for exact solutions
of nonlinear fractional differential equations, J. Comput Nonlin. Dyn. 10
(2015), 021020-1.

[9] S.J. Chen,Y.H. Yin, W.X. Ma, X. Liii, Abundant exact solutions and inter-
action phenomena of the (2 + 1)-dimensional YTSF equation, Anal. Math.
Phys. 9 (2019), 2329-2344.

[10] S.J. Chen, W.X. Ma, X. Lii, Backlund transformation, exact solutions and
interaction behaviour of the (3 + 1)-dimensional Hirota-Satsuma-Ito-like
equation, Commaun. Nonlinear Sci. 83 (2020), 105135.



394 Omer Unsal , Zeynep Sakartepe

[11] Y. Chen, Q. Wang, Multiple Riccati equations rational expansion method
and complexiton solutions of the Whitham-Broer-Kaup equation, Phys.
Lett. A 347 (2005), 215-227.

[12]) H.T Chen, S.H. Yang, W.X. Ma, Double sub-equation method for
complexiton solutions of nonlinear partial differential equations, Appl.
Math.Comput. 219 (2013), 4775-4781.

[13] S. Demiray, O. Unsal, A. Bekir, New Exact Solutions for Boussinesq Type
Equations by Using (G’/G; 1/G) and (1/G’)-Expansion Methods, Acta
Phys. Pol. A, 125 (2014), 1093-1098.

[14] G.F. Deng, Y.T. Gao, X.Y. Gao, Béacklund transformation, infinitely-
many conservation laws, solitary and periodic waves of an extended
(34+1)-dimensional Jimbo-Miwa equation with time-dependent coefficients,
Waves Random Complex Media, 28 (2018), 468-487.

[15] E.G. Fan, Extended tanh-function method and its applications to nonlinear
equations, Phys. Lett. A 277 (2000), 212-218.

[16] B. Fuchssteiner, S. Carillo, A new class of nonlinear partial differential
equations solvable by quadratures. in: B. Fuchssteiner, W.A.J. Luxemburg
(Eds.), Analysis and Geometry, BJ Wissenschaftsverlag, Mannheim, 1992,
pp. 73-85.

[17] H.D. Guo, T.C. Xia, B.B. Hu, High-order lumps, high-order breathers and
hybrid solutions for an extended (3+1)-dimensional Jimbo-Miwa equation
in fluid dynamics, Nonlinear Dyn. 100 (2020), 601-614.

[18] Y.F. Hua, B.L. Guo, W.X. Ma, X. Lii, Interaction behavior associated with
a generalized (2 + 1)-dimensional Hirota bilinear equation for nonlinear
waves, Appl. Math. Model. 74 (2019), 184-198.

[19] M.B. Hossen, H.O. Roshid, M.Z. Ali, Modified double sub-equation method
for finding complexiton solutions to the (1+1) dimensional nonlinear evo-
lution equations, Int. J. Appl. Comput. Math. 3 (2017), 679-697.

[20) M. Inc, M.N. Khan, I. Ahmad, S.W. Yao, H. Ahmad, P. Thoun-
thong, Analysing time-fractional exotic options via efficient local meshless
method, Results Phys. 19 (2020), 103385.

[21] L. Kaur, AM. Wazwaz, New exact solutions to extended (3+1)-
dimensional Jimbo-Miwa equations by using bilinear forms, Math.
Method. Appl. Sci. 41 (2018), 7566-7575.

[22] C.M. Khalique, L.D. Moleleki, A study of a generalized first extended
(34+1)-dimensional Jimbo-Miwa equation, Discrete. Cont. Dyn-S. 13
(2020), 2789-2802.

(23] W. Li, H. Zhang, A new generalized compound Riccati equations rational
expansion method to construct many new exact complexiton solutions of
nonlinear evolution equations with symbolic computation, Chaos Soliton.
Fract. 39 (2009), 2569-25377.

[24] W. Li, H. Zhang, A generalized sub-equatons rational expansion method
for nonlinear evolution equations, Commun. Nonlinear. Sci. 15 (2010),
1454-1461.

[25] H. Li, Y.Z. Li, Meromorphic exact solutions of two extended (3+41)-
dimensional Jimbo-Miwa equations, Appl. Math. Comput. 333 (2018),
369.

[26] J. Liu, X. Yang, M. Cheng, Y. Feng, Y. Wang, Abound rogue wave type so-
lutions to the extended (3+1)-dimensional Jimbo-Miwa equation, Comput.
Math. 78 (2019), 1947-1959.



Complexiton Solutions of Some Nonlinear Partial Differential Equations 395

[27] J.G. Liu, W.H. Zhu, M.S. Osman, W.X. Ma, An explicit plethora of dif-
ferent classes of interactive lump solutions for an extension form of 3D-
Jimbo-Miwa model, Fur. Phys. J. Plus. 135 (2020), 412.

(28] J.G. Liu, X.J. Yang, Y.Y. Feng, On integrability of the extended (3+41)-
dimensional Jimbo-Miwa equation, Math Meth Appl Sci. 43 (2020), 1646-
1659.

[29] X.Lii, W.X. Ma, Study of lump dynamics based on a dimensionally reduced
Hirota bilinear equation, Nonlinear Dyn. 85 (2016), 1217-1222.

[30] W.X. Ma, Travelling wave solutions to a seventh order generalized KdV
equation, Phys. Lett. A 180 (1993), 221-224.

[31] W.X. Ma, B. Fuchssteiner, Explicit and exact solutions to a Kolmogorov-
Petrovshii-Piskunov equation, Int. J. Non-linear Mech. 31 (1996), 329-
338.

[32) W.X. Ma, Complexiton solutions to the Kortweg-de Vries equation, Phys.
Lett. A 301 (2002), 35-44.

[33] W.X. Ma, Complexiton solutions to integrable equations, Nonlinear Anal.
63 (2005), 2461-2471.

[34] J. Manafian, Novel solitary wave solutions for the (3+1)-dimensional ex-
tended Jimbo—Miwa equations, Comput. Math. Appl. 76 (2018), 1246-
1260.

[35] L.D. Moleleki, T. Motsepa, C.M. Khalique, Solutions and conservation laws
of a generalized second extended (3+1)-dimensional Jimbo-Miwa equation,
Appl. Math. Non. Sci. 3 (2018), 459-474.

[36] E.J. Parkes, B.R. Duffy, An automated tanh-function method for finding
solitary wave solutions to non-linear evolution equations, Comput. Phys.
Commun. 98 (1996), 288-300.

[37] F.H. Qi, Y.H. Huang, P. Wang, Solitary-wave and new exact solutions for
an extended (341)-dimensional Jimbo—Miwa-like equation, Appl. Math.
Lett. 100 (2020), 106004.

(38] H.Q. Sun, A.-H. Chen, Lump and lump-kink solutions of the (3+41)-
dimensional Jimbo-Miwa and two extended Jimbo—-Miwa equations, Appl.
Math. Lett. 68 (2017), 55.

[39] O. Unsal, A. Bekir, F. Tagcan, M.N. Ozer, Complexiton solutions for two
nonlinear partial differential equations via modification of simplified Hirota
method, Waves Random Complex Media, 27 (2017), 117-128.

[40] O. Unsal, Complexiton solutions for (34+1) dimensional KdV-type equa-
tion, Comput. Math. Appl. T5 (2018), 2466-2472.

[41] M.L. Wang, Solitary wave solutions for variant Boussinesq equations, Phys.
Lett. A 199 (1995), 169-172.

[42] Y.H. Wang, H. Wang, H.H. Dong, H.S. Zhang, C. Temuer, Interaction
solutions for a reduced extended (341)-dimensional Jimbo-Miwa equation,
Nonlinear Dyn. 92 (2018), 487-497.

[43] A.M. Wazwaz, New solitary wave solutions to the Kuramoto-Sivashinsky
and the Kawahara equations, Appl. Math. Comput. 182 (2006), 1642-
1650.

[44] A.M. Wazwaz, The tanh-coth method for solitons and kink solutions for
nonlinear parabolic equations, Appl. Math. Comput. 188 (2007), 1467-
1475.



396 Omer Unsal , Zeynep Sakartepe

[45] A.M. Wazwaz, Zhaqilao, Nonsingular complexiton solutions for two higher-
dimensional fifth order nonlinear integrable equations, Phys. Scr., 88
(2013), 025001.

[46] A.M. Wazwaz, New solutions for two integrable cases of a generalized fifth-
order nonlinear equation, Mod. Phys. Lett. B 29 (14) (2015), 1550065.

[47] A.M. Wazwaz, Multiple-soliton solutions for extended (3+1)-dimensional
Jimbo—Miwa equations, Appl. Math. Lett., 64 (2017), 21-26.

[48] H.N. Xu, W.Y. Ruan, Y. Zhang, X. Lii, Multi-exponential wave solutions
to two extended Jimbo-Miwa equations and the resonance behavior, Appl.
Math. Lett. 99 (2020), 105976.

[49] M. Yang, M.S. Osman, J.G. Liu, Abundant lump-type solutions for the ex-
tended (3+1)-dimensional Jimbo-Miwa equation, Results Phys. 23 (2021),
104009.

[50] E. Yagar, Y. Yildirim, A.R. Adem, Extended Transformed Rational Func-
tion Method to Nonlinear Evolution Equations, Int. J. Nonlinear Sci. Nu-
mer. Sitmul. 20 (6) (2019), 691-701.

[51] Y. Yildirim, E. Yasar, A.R. Adem, E. Yasar, A Novel Scheme for Nonlinear
Evolution Equations Using Symbolic Computations, J. Appl. Nonlinear
Dyn. 8 (2019), 4163-473.

[52] Y.H. Yin, W.X. Ma, J.G. Liu, X. Lii, Diversity of exact solutions to a
(341)-dimensional nonlinear evolution equation and its reduction, Com-
put. Math. Appl. 76 (2018), 1275-1283.

[53] Y.H. Yin, S.J. Chen, X. Lu, Localized characteristics of lump and interac-
tion solutions to two extended Jimbo-Miwa equations, Chin. Phys. B, 29
(2020), 120502.

[54] Y.F. Yue, L.L. Huang, Y. Chen, Localized waves and interaction solutions
to an extended (341)-dimensional Jimbo-Miwa equation, Appl. Math.
Lett. 89 (2019), 70.

[55] H. Zhang, W.X. Ma, Extended transformed rational function method and
applications to complexiton solutions, Appl. Math.Comput. 230 (2014),
509-515.

[56] Y. Zhou, M.L. Wang, Y.M. Wang, Periodic wave solutions to a coupled
KdV equations with variable coefficients, Phys. Lett. A 308 (2003), 31-36.



	1.  Introduction
	2. Modified Double Sub-equation Method
	3. Implementation of Modified Double Sub-equation Method to first type extended (3+1)-dimensional Jimbo-Miwa equation
	4. Implementation of Modified Double Sub-equation Method to second type extended (3+1)-dimensional Jimbo-Miwa equation
	5. Conclusion
	References

