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Abstract Variable coefficients (3+1)-generalized shal-
low water wave equation (GSWE) is investigated via
modified Hirota bilinear method. This method is pre-
sented for the first time. Compared with other methods,
it solves solution without setting solution and calculates
transformations without making logarithmic transfor-
mations. The rational transformation is first utilized to
transform GSWE. According to homogeneous balance
principle, the relation between F and G in rational
transformation can be calculated by utilizing. Solu-
tions that included rogue wave solutions, interaction
solutions, breather solutions and so on, are obtained
and depicted graphically. Figures are given out to the
dynamic characteristics of the solution. Furthermore,
the results obtained demonstrate that this approach is
more direct, generalized, effective and holds for many
nonlinear partial differential equations.
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1 Introduction

Nonlinear issue is an interdisciplinary subject which
studies nonlinear phenomena. Research activities on
solitons theory have attracted more attention with
expanded applications in many scientific fields. There-
fore, it is very important and meaningful to consider
the solution of nonlinear partial differential equations
(NLPDEs). Recently, several effective methods have
been established, including % —expansion method [1—
5], exp-expansion method [6—10], auxiliary equation
method [8,11,12], the symmetric transformation [12,
13], Backlund transformation [14], and so on. These
methods are used to investigate integrability and differ-
ent exact solutions. But most solutions are only solitary
wave solutions. With the introduction of Hirota bilin-
ear method [15-19,24,25], linear superposition princi-
ple and perturbation method are applied to extensively
solve multi-soliton solutions, rogue wave solutions and
others. Hirota bilinear method enriches the solutions of
NLPDESs. The discovery of multi-soliton solutions via
a direct method was done by Ryogo Hirota [16], but
there are no considering rogue wave solutions and oth-
ers. The author has used bilinear derivative operators
to derive Ito equation to bilinear form, and successfully
solved multi-soliton and lump solutions [25]. How-
ever, research of most scholars is in constant coefficient
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NLPDEs. For comprehensive understanding the phys-
ical phenomena and features, NLPDEs with variable
coefficients have been became particularly significant.
In the literature [18], rogue wave and lump solutions
of variable coefficient B-type Kadomtsev—Petviashvili
equation have thus been calculated with Hirota bilinear
method. These solutions arouse wide concern of the sci-
entists to the traveling multi-wave and play an impor-
tant role in nonlinear sciences, such as optical fiber
communications, fluid dynamics and plasma physics.

In a large number of literature, the linear super-
position principle and its extended have provided a
direct way of searching multi-soliton solutions, rogue
wave solutions and others from the bilinear equations.
But there are few research on NLPDEs with vari-
able coefficients. Therefore, this work analyzes (3+1)-
dimensional variable coefficients generalized shallow
water equation(GSWE) [15,20-22], which is used to
describe traveling wave propagation in ocean, estuary,
atmosphere and tsunami prediction.

Ol(t)uyt + ,B(t)uxxxy +y@Ouy; + S(t)(uxuy)x =0,

ey
where «a(t), B(t), y(t), 8(¢) are real functions. Addi-
tionally, Eq. (1) can easily become Jimbo — —Miwa

equation [16,24]
2y + Uyxxy — 3uyy + 3uygyity + 3uytyy, =0, )
which is derived by KP equation, and if z = y, uy, =
uys, BEq. (1) can reduce to (2+1) GSWE [21]

Uy + otylyy + 20UxUyy + Bliyy + YUxrry = 0. (3)

As we all know, bilinear formulism satisfies linear
superposition principle. And many equations can be
transformed under the transformation

u(x,y,t) =log(f(x,y, 1)) &log(f(x,y, )xx,
where f = f(x, y,t) is assumed as follows:
f= 14 euxtaytast 4
[ = (aix + azy + a3t)* + (aax + asy + agt)*,
f = fxthythat 4 cos(kyx + ksy + ket)

+ cosh(k7x + kgy + kot),

f = (a1x + axy + ast)* + (asx + asy + agt)*
+ek1x+kzy+k3t’

f = (a1x + axy + azt)* + (asx + asy + agt)*
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+sin(kix + koy + k3t).
where a;, k ; are the complex constants, i, j = 1,2, 3, - -
Forinstance, f composed for two polynomial functions
is used to solve lump solutions, f composed for many
exponential functions is used in multi-soliton solutions,
f composed for exponential, trigonometric and hyper-
bolic functions is used in breather solutions, etc. There
is a feature that f is composed for kinds of functions.
Thus, the main thought is that these functions in f
are tried to generalize as auxiliary equation function

G"(¢) = 2G'(¢) + nG(9), C))
which is introduced by Wang Mingliang [1] in 2008.
And its solution is

G1(¢) = (b sinh (%)

+b; cosh(*/TZ{))e’%C ,A>0
G(¢) = | G2(¢) = (b sin(Y52¢) )]

+hycos(Y5A¢)e 5 A <0

G3(0) = (b1 +bat)e 3 . A=0
where A = A2 + 4, A, i, by, by are the constants. In
Sect. 2, (3+1)-dimensional variable coefficients GSWE
is successfully calculated via modified Hirota bilinear
method. The solutions will be generated from exponen-

tial, polynomial, trigonometric and hyperbolic func-
tions. Finally, some conclusions are given in Sect. 3.

2 Application for (3+1)-D variable coefficients
GSWE

For facilitating calculation, via inserting

M(x7y7z,t):wx(x,)’az’t), (6)
into Eq. (1) and integrating it with respect to x yields,
Eqg. (1) can be transformed into an equivalent form

a(t)wyt +,B(t)wxxxy + v (Dwy,

+8(H)wax Wyy = 0. (7N
Then, substituting the rational transformation
F(x,y z,1
wr, v,z = e B0 ®)
Gx,y,z,1)

into Eq. (7), and an equation about F(x, y, z,t) and
G(x, y, z, t) can be obtained

P(FvG’ FtyGfsFx’vaF}UGysFZvGZ"”):O-
)]
Next @ and ¥ selected from Eq. (9) add to zero, and

the relation between F(x, y, z,t) and G(x, y, z, t) can
be obtained. @ and ¥ meet the following conditions.
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1. @ is obtained by rational transformation of the arazg' (&) + agaz f'(n) 2 "
highest order linear term in Eq. (7); ¥ is obtained by B aig(&) + as f (1) ’ (14)

rational transformation of the highest power non-
linear term in Eq. (7).

2. @ and ¥ are formed from F (x, y, z,1),G(x, y, z,1)
and their first-order differentials.

In short, via equating the coefficients of -z to zero in

G3
Eq. (9), the relation can be obtained
681G
F = & (10)
5(1)

When Eq. (10) is substituted into Eq. (9), the bilinear
form of GSWE is calculated
1

aDGSWE
1 6
= E {—% |:ot(t)G,Gy +yv()G,Gy

+:3(t)(_3nyGxx + 3GxGxxy + Gnyxx)]

681 6B(1)
e [“(” (( 50) ) SR Gy’)
68(t)
+W ()/(I)ze + IB(I)GXXX)')} }
= 0. (11)

According to the above in Sect. 1, auxiliary equation
function are used to generalize functions in f and to
derive solutions for Eq. (1). So the transformation (12)
and auxiliary equation(13) are introduced

G=agé) +asf(n),
§ = axx +azy + asz + as(1),

n =ayx +agy + agz + ao(t), (12)
8" () = g8 (&) + 1geg(®), ()
=hsf'(n) + oy f(), (13)

where a;(i = 1 —-4,6 —9), A7, Aqg, Ly, 4y are real
constants, as(t), ajo(t) are real functions. In addition,
Eq. (13) is essentially Eq. (4). When the parameters
of auxiliary equation is evaluated for different values,
g(&), f(n) will present different function forms.

According to Egs. (6), (8), (10), transformation (12)
and introduce auxiliary equation(13), the initial solu-
tion is obtained

_ 6y(0) | @a3peg(€) +acazpis f (n)
(1) a18(€) + ae f(n)
arazrgg (&) +agaiky f'(n)
a1g(€) + as f(n)

It is obvious from the initial solution that a lot of
unknowns for a;, f(n), g(§) are considered. So sub-
stituting transformation (12) into Eq.(11) and equating
all the coefficients of the f7gk(f) (¢ (j, k,I,m =
0,1,2---) term to zero, we have the following sets of
constraints:

Family-1

ap =dap,dz =4z, dz = 4z, a4 = d4,

as(t) — — / arasy (1) + dazasug Bt) |
= azo(t*)
asay

t*

ae = de, d7 = dj, ag = , d9 = ao,

! araygy (t*) + 4alaza t*
ar(t) = _[ 2a9y (™) »as 7Mgﬂ( )dl‘*,
0

aza(t*)
heg=0,1g =g, by =01y
2
as 68(1)
= 2 U, — =ay. 15
a%:ug 50) 1 (15)

where ajj is integration constant. With help of the
above solved relationship and translation Eq. (12), we
have

&1 = axx +azy + a4z

B / aragy (1) + 4azasugBt) |
0 azo(t*)

)

asag
N =aix + ——y—+agz
a

_f’ aza9)/(l*)+4a§a3a7/tgﬁ(f*)dt*_ (16)
0

azo(t*)
Since the parameters of the auxiliary equation are
unknown quantities, the solutions are considered as the
following three cases.
Case 1 If the parameters are taken as

g > 0. pis >0, (17)

g(&1) and f(n) are identified as hyperbolic function
because of solution of the auxiliary equation Eq. (5).
According to g(&1) and f(n1) considered in the previ-
ous article, the initial solution Eq. (14) and parameters
Egs. (15), (16), these results give the soliton solution

uy = anazpugll — [ai(bag sinh(/figé1)
+b1g cosh(/11gé1)) + ae(ba g sinh(\/1L fn1)
+b1 5 cosh( /i) [ar (byg sinh(/7ig&)
+bog cosh(/1ng€1)) + as (b1 y sinh(/ 1L rn1)
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+byy cosh(,/ufm))]_z}. (18) And then, we have

Case 2 If the parameters are taken as & =ax +azy +asz

fg <0,y <0, (19) _/‘ arasy (t*) +a§a3/\§ﬂ(t*)d[*

g(&1) and f(n) are identified as trigonometric func- 0 , a3oi(t*)

tions by Eq. (5). According to Eq. (15), Egs. (16) and Ny = doz — / aza9J/(: )dt*. (24)

(14), the periodic soliton solution is analogized 0o aza(r*)

up = ayazpe{l + [ar (bag sin(\/—pgé1)
—big cos(y/—ng&1)) + as(bay sin(y/—p 1)
—by g cos(y/—prn))Plar (big sin(y/—pgér)
+bog cos(y/—pg€1)) + ae(bi ¢ sin(y/— 1 r1)
+byp cos(y/—m )] 2. (20)

Case 3 If the parameters are taken as

g(&1) and f (1) are identified as polynomial functions
by Eq. (5). According to Egs. (15), (16) and (14), the
rational soliton solution is obtained
u3 = —ap < ajazbg + acarbay )2
ay(big + bag€1) +as(bry +bagn1) )
(22)

From (15), Ag and A are linearly correlated, and
have the same positive and negative properties. There-
fore, f(£1) and g(n1) have the same function form.
The localized structures of Eqs. (18), (20) with Eq.
(22) for particular values of the parameters are shown
in Fig. 1. The 3D graph corresponding to solutions
is drawn, wherein we take a1 = a» = a4 = a7 =
ayg = big = a9 = g = bay = 1,byy = 2,a3 =
ag = b1y = —1,a(t) =1t,B(t) = y() =1 foruy,
ag =ay = a4 =a7; =ay1 = big = a9 = byy =
l,bzg = 2,a3 = ag = Mg = b]f = —1,a(t) =
t,B() =y(@t)=1foruz,anda; =ar = a4 = a7 =
ajl = b1g = l,a6 = a9 = bzf =2,a3 = b]f =
=1, by =2,a(t) =t, B(t) = y(t) = 1 for us.
Family-2

a) =ay,a; = az,az = az, a4 = a4,
3
tazasy (1) + a3a3) B (1)
as(t) = — e ()
0 3
as = ag,a7 =0,a3 =0, a9 = av,

t t*
ap(t) = —/ aaagy (I7) )dt*,
0

azo(t*)

dr*,

6B(1)

Af =Af, by =[f, Ag = Ag, lUg ZO’W =aj.

(23)
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Here, the solution is considered as follows.
Case 1 If the parameters is taken as

hg # 0,45 +4uyp >0, (25)

g(&) and f (1) are identified as mixture of hyperbolic
and exponential functions through Eq. (5). According
to Egs. (23), (24) and (14), solution is
ala%)»é (b1g — bzg)g*lgéz
Ug = dai —: -
ailbag £ b1g + (bag F big)e™*¢52] + 2ae f (112)
< a1azkg(b|g — bzg)efkgéz )2
ailbyg + big + (bag F big)e 2] +2a6f(n2) ) |
(26)

where
f(nZ) = Gl |{=n2,k=k_/,/t=u_/,b1=b1_/,b2=b2/'
2
/)‘f + 4y
2
22 + 4,U«f oy
ke @)
The 3D graph and contour graph corresponding to solu-
tions are drawn in Fig. 2, wherein we take a; = a; =
ag = an = laz = ay = —l,as = —2,b1p =
2byy = 2b1y = byy = Ag = 2,a(t) = 1,8(1)
cos(t), y(t) = 1.
Case 2 If the parameters are taken as
hg # 0,07 +4us <0, (28)

g(&) is mixture of hyperbolic and exponential func-
tions, f(172) is mixture of trigonometric and exponen-
tial functions. In particular, form of the solution us in
this case is analogous to last case. Thus, we can obtain

— [by sinh( 1)

~+by f cosh(

a1a322(big — byg)e 5
ailbyg £ big + (bag F big)e %] + 2ag f (n2)
( @1a2kg (brg — byg)e 2 3
ai[bag £ big + (bog F big)e 521+ 2a6 f(12) "
(29)

us = an{

whereas

f(772) = G2|§:772,)»:)»f,;1,=;,cf,b1:blf,bZszf
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< ?g“:&
=t
b T B
B %= ¢
SRS T

"V
S

(a)t=-1,y=0 (b)t=-1,y=0 () t= 12 =1

Fig. 1 3D graph of u(left),us,u3(right)

Fig. 2 3D graph (up) and contour graph (down) of ug at Ay > 0(Ay =1, uy = ?T)

[— )% —duy Case 3 If the parameters are taken as
2

= [bys sin(

n2) hg = 0,23 +4us > 0, 31)
[—A2 — Ay e g(&) is polynomial function, f(1n2) is mixture of
+ba s Cos(fm)]e_ 27 (30) hyperbolic and exponential functions. Likewise, solu-

tion is obtained
The 3D graph and contour graph corresponding to solu-

2,272
. . . —ayiajasb;
tions are drawn in Fig. 3, wherein we take a; = a; = ug = 8 5 (32)
ag = an = l,ay = a3 = —l,ag = —2, by, = (a1(brg + ba2g&2) + as f (12))
_11 b2g = blf = 17 b2f = 07 )"g = 27 Ol(l) = ﬁ(t) = where f(772) = Gl|{:nz,k:kf,;,L:[,Lf,blzblf,bzzbzf Eq
1,y@) =t. (27). The 3D graph and contour graph corresponding

@ Springer
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Fig. 3 3D graph (up) and contour graph (down) of us at Ay > 0(Ar =1, uy = %)

to solutions are drawn in Fig. 4, wherein we take a; =
a3 =as=1,ap0 =a4 =ay1 =—1,a9 =2,2b14 =
by = 2b1y =byy = 2,0 =0,a(t) =1,y(@) =
cos(t).

Case 4 If the parameters are taken as

hg =0,2F +4us <0, (33)

the solution form in this case is analogous to last case.
And then, solution is obtained

2212
S —a11a1a2b2g ‘ 34)
(a1(big + brgkr) + ac f(12))*
whereas f(’?Z) = G2|§=n2,)u=).f,pb=u,f,b1=b1f,b2=b2f

Eq. (30). The 3D graph and contour graph correspond-
ing to solutions are drawn in Fig. 5, wherein we take
ay = a3 = a¢ = l,ap = a4 = a1 = —1,a9 =
2,b1g = bzg = blf = bzf =1, = 0,a(r) =
1,y@®) =1t.

InFamily-2, A, is non-negative, and is linearly inde-
pendent with A y. Therefore, there are 6 cases to con-
sider. But cases for

(1) hg # 0,35 +4uy =0,
(IT) hg =025 +4u; =0

@ Springer

are not shown. g(&) and f(1,) are hyperbolic func-
tion and mixture of polynomial and exponential func-
tions in (7), but are polynomial function and mixture
of hyperbolic and exponential functions in u¢, so solu-
tions in case 3 and (/) possess the similar function
form. The same is true that solution form in (/1) is
similar to u3, because g(&2) and f (1) are polyno-
mial function and its and exponential functions mixed
function. Hence, only four solutions are shown. From
the graphs, it is evident that the «(¢), B(t), y (¢) influ-
ences the development of the wave. According to the
case 1 and Eq. 23, g(&) and f(12) could be changed
from mixture of hyperbolic and exponential functions
to exponential functions, so u4 is a kink wave with a
height difference in Fig. 2. u4 in influence of variable
coefficients §(#) = cos(¢) has a periodic change, but its
whole direction with time ¢ has no variation. Figures 3,
4 and 5 are rogue wave. Figures 3 and 5 have tended
to be symmetrical under the influence of y(¢) = 7. In
addition, Fig. 4 is also under () = cos(t) and shows
a complete periodic about x, y and time ¢. It is clearly
found that u¢ changes dramatically from time 4 to 5.5.
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Fig. 5 3D graph (up) and contour graph (down) of u7 at Ay < O(Ay =0, uy = —1)

@ Springer
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Family-3

ay=ay,ap =az,a3 =0,a4 =0,

! aragy (t¥) + ala t*
as(l‘)z—/ 2a9y (1) 2 SMg,B( )dt*
0 aga(t*)
a¢ = ag, a7 =0, ag = ag, ag = ag, ajp(t) = ajo,

hp=Apoip =1ufhg =0, g

6B(1)
= b s = an. (35)

And then, we have

t t* 3 t*
53:a3x_/ axagy (I7) + ayagpe BU7)
0 aga(t*)

bl

t*

n3 = agy + a9z + ajo. (36)
The solution is considered as follows.
Case 1
If the parameters are taken as
tg > 0,07 +4us >0, (37)

g(&3) is hyperbolic functions, f(n3) is mixture of
hyperbolic and exponential functions. Solution is obtained

ug = all“%ﬂg{
ay[big sinh(,/ig€3) + bag cosh(,/mgé3)]
aylbyg sinh(,/Lgé3) + bpg cosh( /igé3)] + ag f (13)
_ ajylbag sinh(/Ig63) + big cosh( /igé3)] 2.
aylbyg sinh(/ITg&3) + bag cosh( /itg&3)] + as f(n3)”

(33)
where
f(773) = Gl |{=n3,)\=)\_/,u=,u_/,b|=b1_/,b2=b2f
2
. ,/)»f + 4y
= [biy Slnh(Tns)
1/ A-? + 4Mf )\f
+by  cosh( n3)]e” 2. (39)

2
The 3D graph, contour graph and 2D graph correspond-
ing to solutions are drawn in Fig. 6, wherein we take
ay = a =ag = ayp = ayy = l,ag = —l,a9 =
3,2b1g = bag = 2b1y = boy =2, ug = 1,a(t) =
L) =y@) =t

Case 2 If the parameters is taken as

Mg >0,)\3p+4,uf <0, (40)

g(&3) is hyperbolic functions, f(n3) is mixture of
trigonometric and exponential functions. Solution is
obtained

2
ug =ayiax g

@ Springer

ai[byg sinh(,/1tg§3) + bog cosh( /g€3)]
aylbyg sinh(,/ig€3) + bag cosh(/g3)] + as f (n3)

[ ailbygsinh(/7igey) + big cosh(mggnl )’
ai[big sinh(/1tg§3) + bag cosh(/Lg€3)] + ag f (13) '

(41)
where
f(773) = G2|§'=772,)»:)»f,u:;1,f,b1:b]f,bz:bzf
) —)»?c - 4,bLf
= [bysin( n3)
2
2
+b2f cos( > n3)]e” 2B, (42)

The 3D graph, contour graph and 2D graph correspond-
ing to solutions are drawn in Fig. 7, wherein we take
ay=ay=ag=ajp=ay = pg =1,a6 = —1,a9 =
3, 2b1g = bzg = 2b1f = bzf =2,a() =1, =
y() =t.

Case 3 If the parameters are taken as

Mg <O,A§(‘+4Mf > 0, (43)
solution is obtained
uip = alla%l‘-g

aj(bg sin(\/—ngé3) + bag cos(,/—ugé3))
ay(byg sin(/—pg&3) + bog cos(\/—ugé3)) + ae f(n3)

o [ arhag sinG k) + big cos( gk 1
aj(bigsin(\/—pg§3) + bpg cos(\/—ugé3)) + ae f(n3) '
44

where f(13) = Gile=y3. =2 7,u=pus.bi=bi.br=brs EQ.
(39). The 3D graph, contour graph and 2D graph corre-
sponding to solutions are drawn in Fig. 8, wherein we
takea1 =dy) =dg = dj] = 1,(16 = 5,(19 = 3,a10 =
0, 2b1g = bzg = 2b1f = bgf =2, Hg = —1,a(t) =
L) =y@) =t

Case 4 If the parameters are taken as
g < 0,07 +4us <0, (45)
solution is obtained

= aazpg

aj(byg sin(\/—ngé3) + bag cos(,/—ugé3))
aj(byg sin(/—pgé3) + bag cos(\/—1g3)) +ae f(13)

L[ @ sing/ gty + big cos(/rgts) 1
ay(big sin(\/—j1g&3) + bag cos(\/—11g€3)) + ag f (13) '
(46)
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(a)3D graph

Fig.9 ujjat Ay <O(us=—3,Ap=—1)

NN

(c)2D graph with y = —1.3

(a)3D graph

Fig. 10 uppat Ay <O(uy =—1,15 =2)

where f(13) = Gale=nss=h.u=us.b1=bi;.br=by; EQ.
(42). The 3D graph, contour graph and 2D graph corre-
sponding to solutions are drawn in Fig. 9, wherein we
takea; = ap =ag =aj; = 1,a6 =5,a9 = 3,a19 =
0, 2blg = bzg = 2b1f = bzf =2, Hg = —1,a(t) =
L) =y@) =t

Case 5 If the parameters are taken as

g < 0,25 +4up =0, (47)
solution is obtained

2
U2 =apayig

aylbyg sin(\/—pg€3) + bog cos(,/—pgé3)]
ailbig sin(\/—ngé&3) + bag cos(\/—ng§3)] + ae f(13)

( ayl—byg sin(\/—pug€3) + byg cos(\/—11g&3)] )2 } )

ai[bg sin(\/—1gé3) + bag cos(\/—1gé3)] + ag [ (13)
(48)
where

f(773) = G3|{=n3,k:)\.f,u:uf,ln:blf,bzzbgf

@ Springer

(b)contour graph

(c)2D graph with t = —7.94

s
= (big+banz)e” T, (49)
The 3D graph, contour graph and 2D graph correspond-
ing to solutions are drawn in Fig. 10, wherein we take
ay = ap = ag = ay; = l,ag = 5,a9 = 3,ayp
0, Zblg = bzg = 2b1f = bzf =2, Mg = —1, a(t)
B@)=y@) =t.
Family-3, Ag and A 7 is linearly independent. When
Ay takes a certain value, there are three cases for A .
So there are 9 cases that need to be analyzed. But cases
for

(I) g >0,25+4us =0,
(ID) pg=0,1% +4uyp >0,
(I11) pg=0,1% +4uyp <0,
(IV) pg=0,25+4u;=0

are not shown. Periodic solutions, which are similar to
ug, are obtained when some parameters are set to (/)



Modified Hirota bilinear method to (3+1)-D variable

9751

and (7 I); rogue wave solutions, which are similar to u7
are obtained when some parameters are set to (I11);
soliton solutions, which are similar to 13 are obtained
when some parameters are set to (/ V). The analysis
is the same as Family-2. Therefore, only five solutions
are shown. It is obvious from the image that Fig. 7 is
rogue wave solution, and Fig. 8 is breather solution. g
and f in ug are hyperbolic functions and mixture of
hyperbolic and exponential functions, so solution ug is
similar to u4 and can be constructed from exponential
functions. However, there is no kink in Fig. 6. Accord-
ing to image Fig. 6 display, ug is interaction solution
via exponential form [19]. Through 2D graph, we can
obtain the dynamic behavior of solving solution with
X, ¥, 2z, t. InFigs. 9 and 10, we have the x-periodic and
y-periodic soliton structures of solutions. The alterna-
tion of light and dark of soliton can be observed in
Fig. 9.

3 Conclusions

This work studied (3+1)-dimensional variable coeffi-
cients GSWE. Via rational transformation, the bilin-
ear formulism of Eq. (1) is determined. Thereafter, the
corresponding system of algebraic equations is con-
structed by introduced auxiliary equation. The results
obtained demonstrate that modified Hirota bilinear
method possesses the following advantages: it can deal
with the relationship between the highest order linear
term and the highest order nonlinear term; it avoids the
problems arising from setting the solution and trans-
forming the bilinear formulism; it successfully calcu-
lates a large number of solutions included rogue wave
solutions, interaction solutions, breather solutions. In
order to better understand the physical phenomena, 3D,
contour and 2D graph were showed by choosing appro-
priate values of the parameter. Through the graph anal-
ysis of the solution, we clearly find that «(¢), B(¢), y (¢)
affects the trend of wave movement. In particular, when
variable coefficients () = cos(t), the travels of ug is
periodic changes. Via calculation result, the variable
coefficients B() and §(¢) need to satisfy certain con-
ditions. This method used in this paper is reliable to
search the exact solutions of other nonlinear models.
These results provide useful information and new ideas

for the study of nonlinear problems with variable coef-
ficients.
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