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interactions of the N-soliton solutions can be derived. The results show that the
two soliton still maintained the original waveform after happened collision.

1. Introduction

In recent years, with the emergence of high-powered computer and the develop-
ment of mathematical research, various nonlinear problems increasingly cause at-
tentions of scientists. Especially some key problems in engineering, science and
modern physics are ultimately dependent on the specific solution of the nonlinear
equations. So the solution of the nonlinear equations [1] [2] [3] [4] [5] occupies
very important position no matter on theory research or practical application. But
the diverse nonlinear equations of mathematical physics was descried with Hirota

bilinear equations [6] [7] [8] and generalized bilinear equations [9] [11] [12] [13],
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such as the KdV equations [10] [11] [14] [15], the BLMP equations [16] [17] [18],
the NLS equation, the Boussinesq equation [19], the KP equations [9] [20] [21]
and so on. There has been a growing attention on rational solutions [2] [3] [9] [10]
[11] [22] to nonlinear differential equations in recent years. One kind of particular
rational solutions are rogue wave solutions [24] [25] [26], which describe signifi-
cant nonlinear wave phenomena in oceanography. So the rational solutions of the
nonlinear equations become crucial in atmosphere and ocean.

As we know some rational solutions to integrable equations have been consi-
dered systematically on the basis of the Wronskian formulation, the Casoratian
formulation and the Pfaffian formulation [9]. Rational solutions to the nonlinear
differential equation are also considered by different approaches, such as the
G'/G expansion methods [9] [10] [27] and the tanh-coth function method
[28]. Moreover, the Hirota method is also used to construct rational solutions to
the nonlinear differential equations. And it is very necessary and interesting for
us to study rational solutions and generate the generalized bilinear form to non-
linear differential equations.

In this paper, the rational solutions to the (2 + 1)-dimensional BLMP equa-
tion can be derived by the Hirota bilinear method. And the (2 + 1)-dimensional
BLMP-like nonlinear differential equation on the basic of existing BLMP bilinear
differential equation can be derived via applying three generalized bilinear oper-
ators Dj;,,D,, and D, . Later, the rational solutions to the BLMP-like equation
are obtained by Maple computation. Finally, the N-soliton solutions [4] [8] [29] to
the (2 + 1)-dimensional BLMP equation are given under the Hirota method.

2. Hirota Bilinear D-Operators and the Rational Solutions to
the (2 + 1)-Dimensional BLMP Equation

2.1. Hirota Bilinear D-Operators

The D-operators are defined in Refs. [6] [7] [8] as following:
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D>r<n DtnF G = (ax —0y )m (at —0y )” F (X’t)G(X"t') x=x =t )
where m, n are all non-negative integer.
Assume m=1n=0, Equation (1) can be reduced to
D,F-G=FG-FG,. (2)
Assume Mm=1 n=1 Equation (1) can be reduced to
D,D,F-G=F,G-FG, -FG, +FG,,. (3)
2.2. The Rational Solutions to the (2 + 1)-Dimensional BLMP
Equation
Consider a (2 + 1)-dimensional BLMP equation
Uy + Uy — Uy, —3U,U,, =0, (4)
according to the formula Equation (1), the bilinear form as follows
2F,F -2F F +2F,, F -2FF -6F,F +6F,F, =0, (5)
and the bilinear form with D-operators
701
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(D,D,+D;D, )F-F =0, (6)
under the transformation u=-2(InF) .

Apply the direct Maple symbolic computation

3 2 2 )
F=Y>cxyt, (7)

i=0 j=0k=0

to obtain the polynomial solutions to Equation (5). where the ¢;, are constants.
The twelve classes of polynomial solutions to Equation (4) are obtained, as
follows.
The first class of rational solutions to Equation (4):

u =2 (8)
n

there
2,2 2 2 2 2
m= 2(3t X“Cy,q +2L°XC, 51 +3X7Cyy 1 +17C 55 +2UXC, 1) +3X7Cy gy +1C 1) +2XCy 0, + 01,0,1),

_ 3423 2,2 3 2 2 3 2 2
n=t°x Csz1 +1°X Cy21 +1x Cs14 +1 XCp,4 +1x Cy11+XCa0; +1 Co.21 +tXCl,1,l +X°Cpp4 +tCo,1,1 +XCp g1 +Coos-
The second class:

u, =— )

there

m=6 (3X2 yzcz,o,lcsz,o,z -3x° y202,0,203,0,103,o,2 +3x? ¥C2,01C301C30,2
-3x° ycz,o,zcém + zxyzcz,o,lcz,o,zcs,o,z - 2Xy205,0,203,0,1
+ 3XzCz,o,lcs,o,oca,o,2 - 3chz,o,2(33,0,0(33,0,1 + 2Xyczz,o,lcs,o,z
—2XYC)01C;.0,2C301 yzcl,o,zcz,o,lcs,o,z - yzc1,0,202,0,2C3,0,1
+2XC,00C2,01C3.0,2 ~ 2XC5,0,0C2,02C3.01 + ¥€1,01€2,01C302
- yCl,0,1C2,0,2C3,0,1 + C1,0,1C2,0,003,0,2 - C1,0,1C2,0,2C3,0,0
—C10,2€2,0,0€3,01 1 C1,02€201C300 ) C30,2C31,25

n=3x’ yZCZ.O,lcg,O‘ZC&l,Z -3x° yzCz,o,zc3‘o,1c32,o,zcs,1,z +3x° yCz,o,lcs,0,1032,0,2C3.1,2
-3x° ycz,o,2032,0,103,0,2(:3,1,2 +3x° yzCz,o,1cz,o,2032,o,zca,1,2
-3x° y2C22,0,2Cs,o,lcs,o,zcs,l,z + 36tyzcz,o,1033,o,zcs,1,2
- 36ty2C2,0,2C3,0,lC§,O,ZC3,1,2 + 3X3°2,o,103,0,0032,0,203,1,2
- 3X3Cz,0,203,0,0C3,0,103,o,203,1,2 +3x° ysz,o,lc;o,zcs,l,z
-3x° YC2,01C2,0,2C3,01C3,02C312 3Xy201,0,202,0,1032,0,203,1,2
- 3Xy2Cl,o,2C2,0,2C3,0,1C3,o,203,1,2 + 36tycz,o,1C3,o,1032,0,2C3,1,2
- 36tyc2,o,2C32,0,1C3,0,2C3,1,2 + 3X2Cz,o,ocz,o,lcaz,o,zcal,z
- 3X2Cz,o,oC2,0,2C3,0,103,0,2C3,1,2 + 3Xyc1,0,1cz,o,1c32,0,2C3,1,2
—3XYC,01C,0,2C301C30,2C31,2 + 3)’200,1,202,0,1(7;0,2
- 3yzCO,1,2c2,0,2c3,0,1C32,0,2 - 36yzcz,o,1c§,o,2 + 36yzcz,o,zc3,o,1cg,o,2
+ 36tcz‘o,103,o,0032,o,203,1‘2 —361C;0,C30,0C301C3,02C31.2 + 3XC1,0,1C2,0,0032,0,2
—3XC;01C5,0,2C5,0,0C3,02C31,2 ~ 3XC1,0,2C2,0,0C3,01C3,02C31,2
+3XC1,5,C501C3,0,0C3,02C31.2 + 3yco,l,202,0,103,0,1032,0,2 - 3yCo,1,zCz,o,zcsz,o,lcs,o,z
+ ¥C101C201C20,2C3,02C312 ~ yC1,0,1022,o,203,o,103,1,2 - yC1,o,zczz,o,103,o,2°3,1,2
+YC102C,01€20,2C301C31,, —36 yCz,o,lcs,o,lcg,o,z +36 yCz,o,zcsz,o,lc:io,z
+ 300,1,zcz,o,lcs,o,ocsz,o,z —3C)1,2C2,0,2C3,0,0€3,01C3,0.2 + €1,01C2,0,02,0,2C3,0,2C3.1,2

2
- C1,0,102,0,203,0,003,1,2 - C1,0,2(:2,0,002,0,1(:3,0,2(:3,1,2 + Cl,O,ZCZ,O,lCZ,O,2C3,0,003,l,2
3 2
- 36(:2,0,103,0,0(:3,0,2 + 3602,0,203,0,0(':3,0,103,0,2 .

K2
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The third class:

Uy =— (10)

there
m = 2(2txy?c, , ,C, o, +3X2Y2C2, , + 2tXYC, ; ,Cq 01 +1Y2C,; ,Cag , +3XPYC, o,C
= Y C21,2C30,2 Y C30,2 YC1,2C301 T Y Cr12C50,0 ¥C3041C30,2
2 2
+2XY Cy0,5C302 T 21XCp1 2C3 0.0 +1YCi15C501 +3X C300C30,, +2XYCp0,C501

+¥%C10,2C50.2 T €11 5C500 + 2XC05C500 + Y€1 01Ca0, + C1,o,003,o,z)Cgl.zcs,o,z:
n=tx* yzcg,l,zcaz,o,z + ngzcg,l,zcg,o,z +tx° ycg,l,ZCS,O,lCB,O,Z + thZCl,l,ZC;l,ZC;O,Z

+ X7 Y€1 5301300 + X* Y Cr02C51 58500 + X €21 5C500C302 +XYC 1 5Co1 5C301C50,0

+ ty201,o,zcg,1,zc3,o,z + tyzclz,l,zczz,chsz,o,z - ty2C1,1,zCz,o,zcg,1,203,0,2 + thyzcg,l,zC;o,z

+ X3C§,1,203,o,0032,o,2 +x? ycz,o,zcgl,203,0,1(:3,0,2 + XZQ,o,zcg,l,zcaz,o,z + txc1,1,zcg,l,zca,o,oca,o,z

+1YC, 0131 2C5.02 +1YCr1 2651301502 ~1YC112C502C51 28501 T12YC 1 ,C501C3 0,

+ XZC2,0,202,1,203,0,003,0,2 + Xycl,o,lcg,l,zcsz,o,z - yz01,0,201,1,2022,1,205,0,2

+ yZC1,o,zcz,o,zcg,l,zcs,o,z - yzcil,zcg,o,z + 2yzclz,l,Cz,o,z°2,1,2¢§,o,z - yzCl,l,zczz,o,zcg,l,zca,o,z

~18Y%€,15C515C502 +12Y°C50,C51 58502 +1€100C21.5C502 T 1611 2€21.5C5,0,0Cs02

_tc1,1,zcz,o,zcg,1,zce,o,o +12tc§,1,203,o,oc32,0,2 + Xcl,o,ocg,1,zc32,o,z - yC1,o,1C1,1,2°§,1,2C32,o,2

+ Y€1 01€5,02C51,5C5.02 = Yi1,5C5,01C502 +2YCi12C502C21.2C5,01C30,

— ¥€11.5C502C51.5C301 ~18YC11 5C515C301C3505 +12YC50,C315C501C502

- Cl,o,ocl,1,zczz,1,2C§,o,z + Cl,O,OCZ,O,ch,l,ZC&O,Z - C13,1,2(33,0,0‘3;0,2 + 2012,1,202,0,2C2,1,zc3,o,ocs,o,2

2 2 3 2 2
- C1,1,2C2,0,2C2,1,2C3,0,0 - 18C1,1,2C2,1,2C3,0,0C3,0,2 + 12C2,0,2C2,1,2C3,0,0C3,0,2 :

The fourth class:

u, = ry (11)
there
m= 6(3)(2 YC301 +2XYC, o5+ Y2Crg, + YCi01 +Cio0 )C3,o,1l
N =3x7Yes 5, +3XYC,1C5 01 +3XY7Cyg 301 +36tYCS 51 +3XYCy01Cs 0
+¥%€10,5C5,01 +3XC10,0C5.01 +3YC0.01C5.01 + C10,0Cs 01
The fifth class:
Uy = % (12)
there

2 2
m= 2(3X C2,0,2C301 +2XYCy0, +2XCy01C) 05 + YCi02Co0,2 —3Co02C301 + C1,0,2C2,0,1)'
.3 2.2 2
N=X"C,h0,C301+X YCo02+X Cr01C02 +XYCi,Cr0, +121C, ,C50,
—3XCy,0,2C3.01 + XC02C201 F ¥C0.0,2C20.2 + C0.01C20.2-

The sixth class:

Ug = — (13)

%%
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there

m= 2(02,0,103,1,1 —C211C301 ) C12,0,2 (ZtXCLo,202,0,103,0,103,1,1 - thci,o,zcz,l,lcaz,o,l
- 3X2C1,o,2C33,o,1 —1C,0,2€2,01C501C311 + t(30,0,2(32,1,1(332,0,1 + tcl,O,ZCZZ,O,ICS,l,l
_tcl,O,ZCZ,O,1C2,1,1C3,0,1 - 2xcl,o,zcz,o,1caz,o,1 - yclz,o,zcez,o,l - C1,0,1(:1,0,2(33%,0,1 ),
n= txz013,0,205,0,103,0,1(:32,1,1 - thz013,0,202,0,1Cz,1,1032,o,1cs,1,1 + txcho,zczz,l,ﬁga,o,l
- X3013,o,202,0,103,0,1(:3,1,1 + X3C13,o,zcz,1,1cg,o,1 _txco,o,2012,0,2(:22,0,1(:3,0,1032,1,1
+ 2tXco,o,2(:12,0,2Cz,0,102,1,1032,0,1(:3,1,1 - txco,o,cho,zczz,Llcg,o,l + txcfo,zcg,o,lcsz,l,l
- 2tXC13,o,2022,0,102,1,103,0,1(:3,1,1 + txcf,o,zcz,o,lczz,l,lcsz,OJ + tycﬁo,zcg,o,1c32,1,1
- 2tyc14,o,202,0,102,1,103,0,1(:3,1,1 + tycfo,zcil,lcsz,o,l - X2C13,0,2C22,0,1C32,0,1C3,1,1
+ X2C13,o,2cz,o,1024,1033,0,1 - Xycf,o,202,0,1(332,0,103,1,1 + Xycl4,0,2cz,1,lc??,0,1
+ tCg,o,2(:1,0,2sz,0,1‘:3,0,1(332,1,1 - 2tC§,o,2Cl,o,2C2,0,1C2,1,1032,0,1C3,1,1 + tcg,o,zcl,o,zczz,l,lcg,o,l
_tco,o,zclz,o,zcg,o,1c32,1,1 + 2tCo,o,zclz,o,2sz,0,102,1,103,0,1(:3,1,1 - tco,o,2012,0,202,0,1(722,1,1(73%,0,1
+ tcl,o,lcf,o,zczz,o,lcsz,l,l - 2t01,0,1C13,o,202,0,102,1,103,0,1C3,1,1 + t01,0,1(:13,0,2022,1,1(:32,0,1
_12tc13,0,2CZ,O,1C§,0,1C3,1,1 +12t013,o,zcz,1,10;,0,1 - X01,0,1C13,o,2C2,0,1C32,0,1C3,1,1
+ XCl,O,lClS,O,ZCZ,l,lcg,O,l - yCo,o,zcls,o,2C2,o,1C§,0,103,1,1 + yC0,0,2C13,0,2C2,1,1C33,o,1
- Cg,o,zcz,o,lcg,o,lcs,l,l + C3,0,2C2,1,1C;0,1 + Cg,o,z01,0,2C22,0,1C32,0,1C3,1,1
- Cg,o,zcl,o,2C2,o,1C2,1,1C§,0,1 - Co,o,zCl,o,1C12,0,2C2,0,1C32,o,103,1,1 + Co,o,zC1,0,1C12,o,2cz,1,1cg,0,1

2 5 3 4
+ 18C0,0,2C1,0,2C3,0,l - 6C1,0,2C2,0,1C3,0,1'

The seventh class:

u, :% (14)
there
M =2(3X°Cy 5 +2XCy0; +Croy ) s
n=-x’ YCi01— x* YCp 01 +61YCy 01 —XYC, o1 — yzco,o,z = YC,01 ~Co,0,0-
The eighth class:
Uy =—" (15)
there
m= 2(2t2xczvz‘2 +3tx%Cy,, +17C,,, +2tXC, , +1C,, +C1‘0'2),
n=t?x%c,,, +1x°c;,, +tXC , , +1X°C,,,
+1%Cy 5, +1XC 1, +1Co1 5 + XCyg 5 +Co -
The ninth class:
Uy = ? (16)
there
M =2(2°XC, 5, +20XC 1, +1C;1, +2XCy0, + Gy, ),
N=t2X"C, ,, +1X’Cpy, +1°Cop, +IXCy , +X7Cpg, +1Cy 1, +XCi g, +Cop,e
704 2 Scientific Research Publishing
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The tenth class:

_-m (17)

there
2 2 2
m= 2(3X ¥C.0,0C301 +2XY C0,0C502 +2XYCp00Cs 01 + ¥ Cr0,0C202

2
+2XC;,00 ~3YCy0,0Cs3,01 T ¥C10,0C2,01 T C10,0C200 )v
.3 2.2 2 2
N=X"YC;00C3011 X Y Cr00C202 X ¥Cs00C201 XY Cro0C20,2
2.2
+12tyC, 4 1C01 + X Cy 00 —3XYCy00C301 + XYCi0Co01

2
+¥7Co,0,0C20,2 T XC10,0C2,0,0  ¥C0,01€2,0,0 T C0,0,0C2,0,0-

The eleventh class:

U, =— (18)

there

m= 2<601,2,1t2 ¥C301C300 +8tXYCo 00C1.21C5,0,0C5.01 — 2XYCL0,0€1 21301
+ 4ty200,o,oc1,2,102,0,0(32,0,2 - tyzclz,o,o(:1,2,102,0,2 + ]-8(:32,0,1)(2 yczz,o,o
+12¢,,, Xyzc3,o,1czz,o,o +1YCy,0,0C100C1,2,1C501 +31YC0,0,0C1.2.1C2,00C201
—1YC{00C1.21C2.01 +12C;01XYC301C5 0.0 + 6C10,0C.0.5YCs01C.0,0
+ 4tco,o,o01,2,1022,0,0 - tc12,0,001,2,102,0,0 + 12C§,0,0 XCy4,—18 yCo,o,oCz,o,oC§,0,1
+6YC; ,0C,0,0C2,01C3.01 + 6Cl,o,oce,o,lczz,o,o )03,0,1C2,o,0 ,

n= _tco,o,ocl,2,1C§,0,002,0,1 _th,O,Ocl,Z,lcz,O,OCS,O,l _txclz,o,ocl,z,lcio,ocs,o,l
- tyCO,O,OCl,Z,lC;O,OCg,o,l - tyc“f,o,ocl,z,lcz,o,lcs,o,l - 1:yz‘-"13,0,0C1,2,1Cz,0,203,0,1
+ 6(31,2,1)(tZ yC§,O,1C§,O,O + StCO,O,OCl,O,OCl,2,lC§,O,OCB,0,1 + 4tXCo,o,ocl,2,102,0,003,0,1
+6XYC, 00C5.00C201C501 ~161YC30,0C1 21C2.00C4.01 + 31YC0,0,0C100C121C501
- 6t? yc1,0,oc1,z,10§,o,oc3z,o,1 +6t” ycl,2,1Cg,o,ocz,o,1c3,o,1 + 601,0,002,0,2Xyzcsz,o,lczz,o,o
+6t” yzcl,2,1Cz,o,2ca,o,1cg,o,o -t yC:Lz,O,OCl,Z,lCZ,O,OC;O,l - tyzCo,o,oCl,2,1(:22,0,0cz,o,lcz,o,z
+1XYC4.001.0,0€121€2,00C 01 ~ TXYCL0.0C1.21C5,0,0C,01C5.01 = DY *Cr,0€121€5,00C202C3.01
+61YC.00C1,00C1,21C2,00C2,01C3.01 + 3txyco,o,ocl,2,1022,0,002,0,103,0,1
+5tY%C5.0,0C1.0,0C1.212.00C2,0,5C5.01 + 4V C0.0,0€121C5.00€202C3.01
+ 40 YC0.0,6C1 2165003 01 = L18XYC0.0.0C5.0,0C5.01 +6C000C202 Y Ca01Co00
+ 6(32,0,1)(2 yc32,0,1cg,o,o + 6Cz,o,zx2 yzcg,o,lcg,o,o + Gcg,o,oxzcsz,o,l + 6co,o,ocsz,o,lcg,o,o
+6C, 4,0XC2 1C5 00 +6C5 1 X°YC o + T2tYC5 o oCa o1 + 6t°C 51C5 0.0C010

where

3 2 2 2 2 2 2 2 2
16CO,O,OCS,O,lCZ,O,O - 3CO,O,Ocl,O,OCB,O,l - 6CO,O,OCl,O,OC2,0,103,0,1C2,0,0 + CO,O,OCZ,O,OCZ,O,l
3 2 3
+CO,O,0C1,O,OCZ,O,1C3,O,1 + (6CO,0,OCl,0,OCZ,0,OC3,0,l - 2CO,O,OCZ,O,OCZ,O,I - Cl,O,OC3,0,1)— z

2 2
+Cyo0 27 =0.

The twelfth class:

%%
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Uy, =— (19)

there
m=2 (601,2,1t203,o,1czz,o,z +81XCy0,2C121C2,02C301 ~ 2tXC12,o,201,z,103,o,1
+ 4tyCo,o,zcl,z,1czz,o,2 - tyclz,O,ZCl,Z,ICZ,O,Z + 18032,0,1)(2022,0,2 + 1203,0,2)()’03,0,1
+1Cy0,2C1,0,2C1,21C3,01 + 3tC0.0,2C1,21C2,01C202 — tC12,0,2C1,2,1C2,0,1
+ 12C2,0,1X03,o,1czz,o,2 +6¢,,, yC3,0,lC§.0,2 _18(:0,0,2032,0,102,0,2
+6C; ,C201C2,02C3.01 ) C301C202:
n= 602,0,1X2C32,o,1cg,o,2 +6C0, ycsz,o,lcg,o,z + 6(:;1,0,2X2 yc32,0,1 _18XC0,0,ZC§,0,2‘:33,0,1
+ 6C33,o,1x302,o,2 + 72'[02,0,2(:33,0,1 +61Cy0,5C10.2€1,21€201C2,0,2C3.01
+ 3txco,0,2C1,2,1C2,0,1C22,0,2C3,0,1 + 5tyco,o,2C1,o,zcl,2,1C§,o,2C3,0,1
+ 4txyco,o,201,2,103,0,203,0,1 + tXCO,O,2Cl,0,201,2,102,0,2C§,0,1
- thClZ,O,ZCl,Z,ng,O,ZCB,O,l - txclz,O,ZCl,Z,ICZ,O,ICZ,O,203,0,1 + 601,2,1‘-73,0,2'[2 YC301
+ 601,2,1Xt20§,o,1cg,o,2 + 6C1,0,2XyC§,0,10§,0,2 + 6X01,o,zcz,o,10§,0,2032,0,1
- 16tc§,0,2C1,2,102,0,2C§,0,1 + 3tCo,o,zclz,o,2C1,2,1caz,o,1 - GtzCl,o,zcl,z,lczz,o,zcsz,o,1
+ 6t2C1,2,1C2,0,1C§,0,203,0,1 - tc0,0,201,2,1C§,0,1C§,0,2 - t(:13,0,2(:1,2,1(32,0,1(33,0,1
- txzclz,o,zcl,z,lcz,o,zc??,o,l - tyco,o,z(:1,2,102,0,103,0,2
- t)’013,0,2(:1,2,102,0,2(:3,0,1 + 4tX2Co,o,201,2,1C22,o,2032,0,1l
where
16C3,o,zC§,o,1Cz,o,2 - 3C§,o,zclz,o,zcg,o,1 - 6002,0,2C1,0,2C2,0,1C3,0,1C2,0,2 + Cg,o,zczz,o,ﬁg,o,z
+Co,o,2°13,o,zcz,o,1cs,o,1 + (600,0,2C1,0,202,o,2C3,0,1 - 2Co,o,zcz,o,1czz,o,2 - C13,0,203,0,1 ) _Z
+c2,, _Z°=0.

The rational solutions in Equations (8)-(11) are depicted in Figure 1 & Figure

2, respectively.

y 10 X

Figure 1. Pictures of (8) with y= 0:3d plot (left) and Pictures of (9) with y= 0:3d plot (right).
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Figure 2. Pictures of (10) with #= 0:3d plot (left) and Pictures of (11) with ¢= 1:3d plot (right).

3. Generalized Bilinear D, -Operators and the

(2 + 1)-Dimensions BLMP-Like Equation
3.1. The (2 + 1)-Dimensions BLMP-Like Equation
Consider a generalized bilinear differential equation of (2 + 1)-dimensions
BLMP type:

(D;,Ds, +D5,Dy, )F-F =0. (20)

Which has the same bilinear form as the BLMP equation. The above differen-

tial operators are a kind of generalized bilinear differential operators that are put

forward by professor Ma in [11].
The formula reads.

8 o\"( o oY .
D’TXD:JF-F=[—+(Z _J (a"'apgj F(X't)F(X’t )|x’:x,t’:t

:ii(mj r?jai jﬁmfu o oM 5l F(Xlt)F(X,,t,)L,:XYt,:t (21)

o - - - -
J p=p axm—l 6X" atn—] atrj

m n m+n—i-j i+]
ST ST

ox'ot!

where a, meet the following formula,
@ =(-1)"",  s=r,(s)mod p. (22)
The prime number associated with this kind of generalized bilinear differen-
tial operators Equation (20) is p=3.
When P =3, Equation (22) gives rise to:
a;=-1 al=1 & =1 a;=-1 & =1 of =1, o] =1, -~ (23)
Substituting Equation (23) into Equation (21) yields
D,,D;F-F =2F F-2F F,
D;,D;,F-F =-6F,F, +6F,F

xxy ' x XXXy "

(24)
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Then the generalized bilinear type to the (2 + 1)-dimensional BLMP-like equ-

ation as follows,

(D3VYD3Yt+D33YXD3,y)F-F:ZFy,tF—ZFyFt—6F F +6F F (25)

Xxy ' X XX xy*

Through the transformation u=2(In F)X , Equation (25) can be reduced to
the (2 + 1)-dimensional BLMP-like nonlinear differential equation
(Dy,D,, +D5,D;y, )F-F 3 3 3, 3
F2 = Uyt +Euxxuy —Euuxxy —ZU ny —Euuxuy (26)
=0.

3.2. The Rational Solutions to the (2 + 1)-Dimensional BLMP-Like
Equation

Apply the maple symbolic computing Equation (7), twelve classes of rational
solutions to the (2 + 1)-dimensional BLMP-like equation Equation (26) as fol-
lows:

The first class of rational solutions to Equation (26):
U =— (27)
there
M =2(3X°Cy 0, +2XCp0, + Gy, ),
2,3,,2 2.2 2 2
N=Y XY Cy0,tX Y Crort XY Crort Y Cogort ¥Coo1+Coop0-

The second class:

u, =% (28)
there
m= 2(3xy2c3yov2 +2Y%C, 0, +2YCy 0, +2C, 0 ) X,
N=xXY2Cyq, + X7 Y°Cyq, +18tyCy, +X°YC,h 01 + X Crg 0+ ¥Coo,
The third class:
%:% (29)
there
m= 2(3Xy203,o,oca,o,z +3XYCq00C301 +2YCr.0,0Cs50,2
+3XC50,0 +2YC,0,6C5.01 T 2€20,0C300 ) X,
n= X3y2C3,0,003,0,2 +x° ¥C30,0C301 T+ x? yzcz,o,ocs,o,z + XSC;O,O
+ Xz yCZ,0,0C3,0,1 + X2C2,0,0c3,0,0 + yZCO,O,ZC3,0,0'
The forth class:
u, :% (30)
there
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22 2 2 2
M =2(3°X°¢y , , + 2°XC, 5, +3X°C,,, +1°C, 5,
2
+2tXC, 4, +3X°Cyg, +2XCy0, +Cig )
2,3 2,2 3 2 2
N=tX"Cy,, +1°X°Cy,, +1X7Cyy , +1°XC,, +1X°Cyy

3 2 2
+XCy0 +1°Co 55 +X°Crg, +XCpgp +Cog -

The fifth class:
m
Uy =— (31)
n
there
2 2
m= 2(3X yC1,2,1c3,2,0 +3X C1,2,0C3,2,0 + 2XyC1,2,lCZ.2,O
2
+2XCl,Z,OCZ,2,O + ycl,2,0c1,2,l + C1,2,0 )’
3 3 2 2
n=x ycl,2,1C3,2,0 +X 01,2,003,2,0 +X ycl,2,102,2,0 +X C1,2,0C2,2,0
2 2
+ Xycl,Z,Ocl,Z,l + y CO,Z,ZC.I.,Z,O + XCl,Z,O + yCO,Z,lcl,Z,O + CO,Z,OC.I.,Z,O'
The sixth class:
m
Ug = — (32)
n
there
M =2(3°XC; 5 +21°C 5 +3MXCy o + 21T, o +3XCy )X,
N=t2%°Cy 50 +12X2C, 50 +1X°Cy 1 4 +1XPC, 1 o + X0 +17Cy -
The seventh class:
m
u, =— (33)
n
there
2 2
m= 2x(3xy Cy15 +3XYCyy, +2Y°Cyyp +3XCqy 0 +2YCh0, +2C5, )
3,,2 3 2.,2 2 3
N=XYCyy, +XYCqy; +XY°C,,y, +18ty°Cyy, +X7Cy5
+X2yC, ,, +18tyc,,, +X7C,, o +18tC, 4.
The eighth class:
m
n
there
m=2y(3x%C,,, +2XC, ,, +
y 3,21 221 T Cioq s
3 2 2
N=XYC3,, +X YCpp1 +XYC 51 + Y Coont ¥Cyo1tCo20-
The ninth class:
m
Uy =— (35)
n
there
m = 2x(3xc3y210 + 202'2,0),
3 2 2
N=X0C350TXCap0+Y Coaz+Y¥C21+Cs20-
709
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The tenth class:

m
Uy = o (36)
there
m= 2(3t2XC0,2,lc3,0,1 + 2tZCO,0,1CZ,2,1 + 2tcO,0,102,1,l + 3XCO,O,IC?‘,O,I + 200,0,102,0,1) X’
n= tZXSCO,Z,ICS,O,l + tzxzco,o,102,2,1 + t)(200,0,102,1,1 + X3°o,o,1°3,o,1
+ t2c0,0,lCO,2,1 + XzCO,O,lCZ,O,l + Cg,o,l-
The eleventh class:
m
Uy = r (37)
there
m= 4( YCo02 t 02,0,1) X,
n=x* YCo0,2 X2C2,0,1 +¥Co02 +Co0a-
The twentieth class:
m
U, = o (38)

there
m= 2(3xyc3,0,1 +2Y%C, 0, +2YCy 0, +2C,4, ) X,
N=XYC;o, + X2Y2Cyg, +X°YC,y oy +18tYCy o, + X7Cpg + YCo 01
The solutions in Equations ((27), (30), 31 and (34)) are depicted in Figure 3 &
Figure 4, respectively.
4. The N-Soliton Solutions of the (2 + 1)-Dimensional BLMP
Equation

Consider the N-soliton solutions of Equation (4) by using the perturbation ap-

104

Figure 3. Pictures of (27) with ¢= 1:3d plot (left) and Pictures of (30) with y = 1:3d plot (right).
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Figure 4. Pictures of (31) with #= 1:3d plot (left) and Pictures of (34) with y= 1:3d plot (right).

proach and the Hirota direct method. Equation (6) is the bilinear form of Equa-
tion (4) by using transformation u=-2(InF) . Expand the F into small pa-
rameter exponential as follows
F=l+ef+&f,+&%f,+-, (39)
and 1=0.
Substituting Equation (39) into Equation (6) and comparing the coefficients

of the same powers of & give rise to

N N
F= Z eXp{ZAjﬂiﬂj"‘Z/ljﬂj}v (40)
=1

4 pj=0,1 i>]

where 7; =k;x+1;y+w;t, M 2(|j _Ii)[Wj —-w; +(k; —kj)a].
2(|i+lj)[wi+wj+(ki+kj)3]

When ¢ =1, the one-soliton solution and two-soliton solution as follows.

1) One-soliton solution
F=1+f,f =e”,7=kx+ly+wt, where the coefficient k,I,W satisfy with
Iw+k® =0, the one-soliton solution is

2
u=2(InF)_ =k?sech2%. (41)

2) Two-soliton solution
1 2
F=1+f+f, fi=¢" +e", f, =" where

2(L, =) w, —w, +(k, =k, )’
=k X+Ly+wt, 7, =k x+Ly+wt, e = (t 1)[ v +(k, 2)3]
2(1 +1,) W+ w + (k)|

There, coefficients ki, I;,w, (i=12) satisfy with Lw +k’l, =0, the

two-soliton solution is

u=2(InF,)=2[In(1+f,+1f,)] . (42)

XX
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0.6
0.4

> 0.2.

Y 50 -50 X y -50 50 x

Figure 5. The resonance solution to Equation (4) with the parameters k =0.4,k, =-0.6,l, =1, =1 (left) indicates t=0, and
(right) indicates t =220.

0.2 0.3, -
0.15- 0.24 15
< 0.1 0.1, - <01
0.05 0- 0.05- .
0 01 0 0 :
-0.05. 20 7 0.05 0
= I 5050 x 005~ - E—
0 P _50-50 y 50 50 0 7 50750 x

Figure 6. The resonance solution to Equation (42) with the parameters k =0.4, k,=-0.6, |, =15, 1,=2, (left) indicates
t=-240, (middle) indicates t=0 and (right) indicates t =240.

When the coefficient eAij =0, the soliton solution is changed into the reson-
ance solution. Its propagation will be showed in Figure 5.

Let the coefficient e # 0, the two-soliton happen in the collision because of
the different soliton speed. The pursue collision between the two soliton will be
showed in Figure 6.

5. Conclusion

With the help of the generalized bilinear methods [9] [11] [12] [15], we present the
bilinear form to the (2 + 1)-dimensional BLMP equation and the (2 +
1)-dimensional BLMP-like equation. Afterwards, the twelve classes of rational so-
lutions are obtained respectively. The 3d graphics to the rational solutions shows
some properties about these rational solutions, such as symmetry. These rational
solutions which can be described as a kind of algebraic solitary waves have great
potential in applied value in atmosphere and ocean. Every solitary wave velocity is
different (the faster speed wave will overtake the slower speed wave), so it comes to
a conclusion :(\hat these solutions are changed into the resonance solution when the

i _

coefficient € 0, and the soliton collision will happen when the coefficient

e’ 0. After the collision, the two solitons will continue to spread as the pre-

K2
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vious speed and the direction. The generalized bilinear method could be applied to
more high dimensional equation to obtain its rational solutions and deduce new
equation. This method also could be applied to the half a discrete nonlinear diffe-
rential equation and discrete nonlinear differential equation. Continuing to study

this generalized bilinear method in depth is meaningful and interesting.
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