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Abstract: This manuscript uses improvedan(¢({)/2)-expansion method for obtaining novel exact solutions of
Date-Jimbo-Kashiwara-Miwa equation. The method is basedsing an auxiliary equation and traveling wave transfaiona The
implementation of the method with symbolic algorithms gli¢he various types of solutions including trigonometrigpérbolic,
exponential and rational function, successfully. SomelgiGl representations of the newly obtained solutionspaesented. The
results demonstrate that the mentioned method is effi@etie and can be used to obtain exact solutions of a largdeudai linear
and nonlinear PDEs.
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1 Introduction

Most of the complicated phenomena in real life such as fluidhaaics, mass transfer, structure of a population,the
propagation of waves, evolution of gases in fluid dynamia$ sm on are modelled by partial differential equations
(PDEs). Thus, understanding PDEs allow making a much betégtiction and much broader applications on nature and
life. These advanced models prove to humanity why undedignsolving partial differential equations are so
important. Hence, investigation of many numerical and egakition methods are illuminated to our scientific world.

In order to contribute to knowledge and literature, we hawesent an implementation of the improved
tan(@({) /2)-expansion method for obtaining novel and more general texaolutions of the
Date-Jimbo-Kashiwara-Miwa equation. Ttea(@({) /2)-expansion method was presented and developed by Manafian
and Lakestanif]. The mentioned method has many advantage for providinglrexact solutions of the various partial
differential equations (PDESs). One of them is obtainingenm@mmon and various solutions with some parameters. The
second is the method solved PDEs a direct manner without airemgent of initial and boundary conditions.
Additionally, it is very beneficial, easy to implementation

Let us consider the Date-Jimbo-Kashiwara-Miwa equatiaid) as follows P]
Unoooxt =+ AUy Ux - 2Unocex Uy 4 Blixy Uy + Uyyy — 2Ukq = 0 (D)

whereu is the real function of the dependent variabteg andt. In the Literature, Yuarmt al. [2] obtained bilinear and
one-soliton Solutions of the equation via Hirota method anxiliary variable. Adenet al. [3] obtained the complexiton
solutions of DJKM equation using the extended transfornaidmal function algorithm. Sajid and Akram][applied
exp(—@®(&)) method to the equation and investigated the exact solutiorthe literature, many authors have noted the
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importance of the method and present articles about theadgethrther knowledge see in references and therg,® 7,
8,9].

This paper is organized as follows: in section 2, we preséniedinformation about the method. In section 3 is cover the
application of the method to the DJKM equation. The newlyadi®d results and their graphical presentation are lie in
the section 4. At the last conclusion is formed from outcoofdle present study.

2 The Improved tan(@({) /2)-expansion method (ITEM)

First of all, let us give basic structure of the considerethoé; firstly, we consider the given PDE respect to indepehde
variablesx andt given in the following general form

Q(szX7Zt;ZXX72Xtvzﬂ7"'):05 (2)

wherez(xt) is an unknown function an@ is a polynomial involved highest order derivative and nosdir terms. In
order to obtain travelling wave solutions of E2)., we combine the all independent variables into one variafilewave
transform given as

2xt) =2(0), ¢ =k(x—nt). 3)

Thus, the transformation generates an ordinary diffeaéatjuation given as
R(z kZ,—knZ k?Z',—k?nZ’ k?n?Z',...) =0, (4)

where prime denotes derivative respect to varigbl&ny more, we are seeking for a solution for dependent végiab

have a form
N

N
2(¢) = kZOAk[p+tar<<o<z>/z>]k+ S Belp+tan(e(¢)/2) ", (5)

k=1

whereAy, By (k=0,1,2,...,N) andp are constants to be determined ad ) is the solution of the following differential
equation

¢ ({) =asin(p({)) +bcos(p({)) +c (6)

and positive integeN is the degree o£({). The degree of the function can be determined using a formhblah is
consisting the highest order derivative and nonlinear @etermine given as follow

D [dzzz(f)] ~N+g
D @) (g ))] N+ s(@N). ™

Substituting §) into (4) yields a polynomial in tafp(Z)) and co{@({)). Collecting the coefficients aftan(¢({)))*
and (cot(@()))k and setting the to zero yields a system of nonlinear algebeguations including parameters
A, Bk, a,b,c, p,m k andn. One can solve the system with Matlab, Mapple or mathemgdtice the desired solution is
reached using obtained values of the parameters.

Manafian[L(] considered the following nineteen families special ohs of the special equation given i) (
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Familyl If a®2+b?—c?<0,andb+c then
V(300 F ) )
b

@({)=2tan*| g2 —

Family2 If a®+b?—c?>0,andb+c then
VETFa(iCVER ) )
b b—c

@({) =2tam!

—c
Family3 If a®+b?—c?>0,b+#0andc=0then
\/a2+b2tanh( a2+b?( C+Z
@({) =2tarrt b +%

Family4 If a®+b?—c?<0,c#0ando=0then
\/CZ—aztanh( c2—a2( C+Z a)
c T c

¢({) =2tam!

Family5 If a®+b?—c?>0,b# canda=0then
go(Z):ZtarTl( %gtanh(% b2—c2(C+Z)))
. 1 (eDCHE)
Family6 If a=c=0 theng({)=tan?! 22%(%@&)
Family7 If b=c=0 thenp({)=tan! gﬁ%ﬁﬁi
; 2 12— 2 _ 1 ( (b+o)(a(C+8)+2)
Family8 If a*+b“=c“theng({)=—-2tam (W)
Family9 If a=b=c=ka thenp(¢) = 2tan™ (eﬂk<C°+<> 1
. (cct8)
Family 10 If a=—b=c=ka theng(¢) = 2tarr! (%)
. _ _ 1 ( (at+b)edlcerd) g
Family 11 If c=a theng({) =—-2tam (m)

Family 12 1f a=c theng(¢) = 2ta ((22821041)

Family 13 If c= —a then@({) = 2tar? %
Family 14 If b= —c theng({) = —2tar?! (%)
Family 15 If b=0anda=c theng({) = 72tarr1(c<c°(‘;7j)zf)

Family 16 If a=0andb=c theng({) = 2tan *(c(C+Q))

Family 17 If a=0andb= —c theng({) = —2tar? (

Family18 If a=b=0 theng({)=c(C+{)

Family 19 If b=c theng({) = 2tarn! (%’)
whereC is an integration constant.

&)

3 Application of the Method to (2+1) dimensional Date-JimbeKashiwara—Miwa equation

In this section we are going to apply improvieh(¢({) /2)-expansion method (ITEM) to the (2+1) dimensional Date-
Jimbo-Kashiwara-Miwaequation given in Ef).(We start with reducing procedure and implementing tlagiwvave
transformatioru(x,y,t) = n ({), { = k(x+ my — nt). Integrating once, we get;

"7

?mn™ + 6kmn”n’ + (M*+2n)n" =0 (8)

where the integrant constants are zero. When we set)’ and according to the balance rule between order’oéind
uu’ we get thatN = 2 [4].
k2mu® + 6kmuu’ + (m® + 2n) U’ = 0. (9)

According to ITEM, we obtain a travelling wave solution 8 {n the form

u(¢) =Ao+Aulp+tan((Z) /2)]+Az[p+tan@({) /2)* +Bi[p+tan@({) /2)] +Bz[p+tane({) /2)] %. (10)
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When we substitutel(Q) into (8) and collecting all terms with the same powers of(g)) and co{¢({)) and setting
to zero, we get an algebraic equation system. Solving thtemsysf equations yields to get the following coefficients.

Set 1:

Ao = m(k?(—a?+6cp(a—b)+2b?—3p?(b—c)2—2c2) —m? ) —2n
= 6km

A1 = kpb? — abk — ack + 2bckp + c’kp

Ap=—2Kibck— Sk B =0, By=0

Set 2:
Ag= 2a2k?m+2b%k?m—2c2k?m—m3—2n
= B(km)

A1=0, B;=0 By=-

Ay = *%erCkf%(.

k(a*+2a%0%—2a%c?+b*— 2022+ ¢*)
6(b2—2bc+c?)

4 Results and Graphical Representations

The procedure that given in Section 3 ends with substituBaghed values into solution families given in previougigec
2. Therefore, this section presents newly obtained salstdd (2+1) dimensional Date-Jimbo-Kashiwara-Miwa ecprati
and their three-dimensional plots. Using coefficients aarihbles given in Set 1 and families 1,2,3,5,10 and 18, thelno
exact solutions can be written as

kv/—a2 — b2+ c?(a(b—c) +cp(c— 2b)) tan(%\/fa2 —b?+c(C+k(my—nt+ x)))

ul(xayat) = b—c
+%k(a2+b2702) tarf <%\/a2b2+cz(C+ k(mynt+x))) (11)
2k’m(2a®—b?+c?) + m*+2n  ckp(a(3b— 2c) +b(c— b)) )
- ok + b_c +ckp“(2b—c)
b%kp (\/a2+ b2 — c2tan(% a2+ b2 —c2(C+k(my— nt+x))) +a+ p(b—c)) ;
UZ(Xayat) = b—c
- %k( a2+b?— c2tan<%\/ a2+ b2 —c?(C+k(my — nt+x))> +a+ p(bc)> (12)
N m(k? (—a?+ 6¢p(a— b) + 2b%— 3p?(b—¢)? — 2¢?) — n¥) — 2n
6km
2(_ a2 _ 2 a2 2 92\ _ y2) _
U3(x,y,t):m(k (—a®+6cp(a b)+2b6knfp (b—c)?—2c?) —nP) —2n
k(b—c)? (\/a2+b2tanh(% a2+bZ(CJrk(my—nter)))+a+bp)2
— 2 (13)
+bkp (x/a2+ bztanh(%\/ a2+ b2(C+k(my— nt+x))) +a+ bp)
m(k? (— (a2 — 6acp -+ 6cp(—2bp-+b+cp) — 2(b—c)(b+c))) — n?)
Us (Xayat) = 6km
+3k2mtanh(%\/(bfc)(b+c)(cc+ k(myfnt+x)))
6km (14)
((czf b?) tanh(%\/(b*C)(b+C)(C+ k(myfnt+x))) +2cp(2b—c)4 /g%c) —2n

6km

(© 2019 BISKA Bilisim Technology



NTMSCI 7, No. 1, 90-97 (2019) www.ntmsci.com BISKA 94
1 ,  6k(cp(c—20)+ (b—c)?) 3k(b—c)?
Uo(x%.t) =5 <_ k= —Crkmy e —1 ) 6 (eK(CH(my—ntx) _ 1) +ackp
m(k? (— (b*—6bc (2p®+ p+ 1) +c(6p(p+1) +5))) —m?) — 2n
6km (15)
m(k? (— (a2 — 6acp -+ 6cp(—2bp+b+cp) —2(b—c)(b+c))) —m?
s xyt) =M p-+6cp( % o p)—2(b—c)(b+c))) —nP) (16)
2 1 _
+ K mtan(zc(C;Lkl:r(]ny n+x))) X <Zcp(2b— c)— (b—c)ztan(%c(cm— k(my — nt+x))>> -2n

Graphical simulations of obtained solutions associateld (2i+1) dimensional Date-Jimbo-Kashiwara-Miwa equatan

set 1 are presented in figurswe used Mathematica software for plotting graphicsi ©{y,t) when—10< x,y < 10.
Also, we chosa = 2,b=3,c=4,2,1 as suitable for the method conditions and other parametdch are indicated in

the captions.

Fig. 1: Eq. (11)-(16)plotted by  form=1,n= 0.3,k = 0.5 andC = 1,respectively.
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The newly obtained solutions and their graphical presimatare presented for Set 2 and families1,2,3,5,6 and 10 the
following

k(a2 +b?—c?)
cos(\/—az B2+ (C+k(my — nt + x))) 41
+ %k(a2+ b? - c?) csé (%\/ —a2 — b2 4 c2(C+k(my —nt +x)))

2k?m (a2 +b? — c?) + m*+2n
B 6km

ur (X, y,t) = a7)

k?m(a?+b? — c?) tar? (% a2+ b2 — c2(C+k(my —nt +x)))
uz (Xayat) = 6km (18)
(0014 (%\/a2+ b2 — c2(C+k(my — nt+x))) + 3) — 2k?m(a2+b?—c2) + m*+2n
6km

b2k oy [V@+PPtanh( 3@ P(CHkmy—ni+x)) 4 4
U3(x,y,t):<——+bck——)

2 2 b b-c' b

2a2k?m+ 2b%k?m— 2c2k?m— m3 — 2n
+
o6km
k (a*+ 2a?h? — 2ac® + b* — 2bc? + c*)

6(b2— 2bc+ ) <\/a2+b2tanh(%\/angz(CJrk(mynt+x))> B ﬁ N

(19)

olo

) 7
_ 2a2%k?m+ 2b%k?m— 2¢%k®m—m® — 2n
N 6km

k (a*+ 2ab? — 2ac? + b* — 2b%c? + c?)

- 2
6(b2—2bc+c2)( %étanh(% b2—c2(cc+k(my—nt+x)))—b%c)

2
b%k c?k /b+c 1 > a
+ <7+bck7) ( mtanh<§\/b —C (cc+k(mynt+x))> R

2a2k?m+ 2b%k?m— 2c2km— 3 — 2n
Us (Xa yat) = 6km

k (a*+ 2a?h? — 2ac? + b* — 2bc? + c) 21)

2
1 e2b(cerk(my—nt+x)) _q
6(2— 2bc+ ) (tan( §tan  (Germena 2 ) ) — 5)

b2k bok c2k 1, [ eleorkm—ntix) _ 1 a \?
+ (7 k= 7) tan| S| Gheerkm 11 ) | " b_c
2a2k?m+ 2b%k?m— 2c2km— m3 — 2n
6km
k (a*+ 2a?h? — 2ac? + b* — 2bc? + c)

2
eak(ceHk(my—nt+x))
6(b? — 2bc+c?) <_eak(cc+k(_my—nt+x—)),1 - _bfc)

2
2 2 (cc+k(my—nt+x))
+(b_k+bckc_k)( o a ) @)

Us (Xa yat)

(20)

Uio (Xa yat) =

2 2 gak(cork(my—nt+x) _ 1 p—c
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Fig. 2: Eq. (L7)-(22)plotted by D fora=2,b=3,C=1,m=1,n=0.3,0.5 andc = 2, respectively.

5 Conclusion

In summary, the (2+1) dimensional Date-Jimbo-Kashiwaradvequation is studied in this manuscript. Rich and more
general form of solutions including trigonometric,hypalib,exponential and rational types of the DJKM equatioa ar
constructed. The Maple and Mathematica softwares are usedngputation and graphical representation. The newly
obtained results show that the proposed method is efficishistraightforward for finding novel solutions of linear or
nonlinear various partial differential equations appegin applied nonlinear sciences.
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