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ABSTRACT

In this paper, we studied and applied a modern numerical method, which is
combining Sumudu transform with Adomian decomposition Method to obtain
approximate solutions of the nonlinear the Coupled Drinfeld— Sokolov—Wilson (DSW)
system. Positive and negative values of the variable x and various values of the variable
t were taken with the initial conditions of the system as well as the values of the
parameters( @, 8,y , € and c ). The efficiency of the method was verified, as the results
obtained were compared with the accurate solution of the system. We noticed that the
results are very accurate and the effectiveness of the method was confirmed.

Keywords: Sumudu transform, Adomian decomposition method, Drinfeld—Sokolov—
Wilson.

1. Introduction

Drinfeld-Sokolov-Wilson (DSW) system [6, 7, and 19] has many uses in solving
nonlinear partial differential equations, as this system provides a set of convergent
numerical solutions to its users. That the first to discover this system were Drinfeld and
Sokolov [5, 6] and Wilson [17], and that this system depends on two basic parameters
and contains random constants that are non-zero. The Drinfeld-Sokolov-Wilson (DSW)
system was solved using several numerical methods including the Homotopy analysis
method [1, 11, and 13], the F-expansion method [18], the decomposition method [8],
the Tan method [10] and many more methods. In this paper, we will use the Sumudu
transformation with Adomian decomposition method to solve this system in a numerical
analysis method.

Sumudu transform with Adomian decomposition method was used by the
researchers (Trushit Patel and Ramakanta Meher) [12] in their research (Adomian
Decomposition Sumudu Transform Method for Solving Fully Nonlinear Fractional
Order Power-Law Fin-Type Problems), widely acceptable results were obtained, which
indicates the possibility of using Sumudu transform with Adomian decomposition
method to solve many non-linear problems.

In the first section of this paper, an introduction to the (DSW) system and its uses
was presented, as well as an introduction to Sumudu transform with Adomian
decomposition method. In the second section, the mathematical model of the system
(DSW) is presented. In the third section it was shown Describe Sumudu Transform with
Adomian Decomposition Method to the Coupled Drinfeld — Sokolov — Wilson (DSW)
System. In the fourth section Applied Sumudu transform with Adomian decomposition
method to the coupled Drinfeld—Sokolov—Wilson system. In the fifth section, we
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presented the numerical results represented by the absolute error value in the form of
tables and graphs. Finally, in the sixth section, conclusions are presented.

2. Mathematical model

Considering that form the Coupled Drinfeld—Sokolov—Wilson (DSW) system as
the formula:
u +avv, =0
Ve + BUprx +yuvy + cu,v =0 (D)
Where (a,B,y,&) are nonzero parameters, time (t), space (x) are the independent
variables and u(x, t) , v(x, t) are the dependent variables.
Where a =3, =y =2ande = 1, depending on the initial values [19]

G 0 = 55 (sech ( [5G0) @

v(x,0) = 2V3 /a(yc;g) (sech(ﬁ (x))) (3)

And that the exact solution to the system (1) is

ez (sech( [ e = ct))y? @

v(x, t) = 2v3 /a(yizg) (sech (ﬁ (x —ct))) (5)

3. Describe Sumudu Transform with Adomian Decomposition Method to the
Coupled Drinfeld—Sokolov-Wilson (DSW) System

Sumudu transform can address many problems in engineering mathematics and
applied science, the conversion of Sumudu transform was originally proposed by
Watugala [14, 15] to solve differential equations and control engineering problems.

The Sumudu transform is defined of the function £ (t):
[

A={f()|IM, T, T, > 0,|f(t)| < MeTi, if t € (=1) x [0, ]}, By
G(w) = S[f(D)] = foof(ut)e‘t dt,u € (-Ty,T,) ,or
G) = S[f(®)] —f f(Oew dt u € (=T, Ty). (6)

Where S is sumudu transform operator
While on the other hand let the variable t inverse Sumudu transform to variable w.
Therefore Discrete
Inverse Sumudu transform of f (t) in Ais [3],
_ ™o
A1 = Faw) = Zizo .
The Sumudu transform was used on linear equations (u;, vy and vy, ) [2,4, and

u(x,t) =

9]
Sluel = = [UGe,w) —u(x,0) ] ©)
Slvel = Z[V(x,w) = v(x,0) ] ®
S[vxxx] = % 9)

When U(x,w) is sumudu transform of u(x,t) and V(x,w) is sumudu transform of
v(x,t)
We also used Adomian decomposition method on nonlinear equations.
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Adomian Decomposition Method It can be used and applied easily in many linear
problems and equations in various sciences and mathematical, Adomian decomposition
method in its modified form was introduced by Wazwaz [16], this method provides
accelerated approximate solutions, and it can be combined with Sumudu transform to
solve some problems related to nonlinear partial differential equations.

If F(u) = uu, yields,
Fu) = (ug+uy +uy+ug + ) % (Ugy + Uy + Uy + Uz +4)
Multiplying the two factors gives
F(u) = UgxUg + UgypUs + UprUp + UgrUy + UplUy + UpyUy + Ugells + Up Uy +
Uy, Uy + Uz U + oo

It then follows that Adomian polynomials are given by

Ap = UgxlUo ,
Ay = UgxUy + UsxlUp
A = UgxlUz + Uy + Upely
Az = UgxUz + Ugy Uy + UpxUy + UsyUp
4. Application

Taking Sumudu transform of both sides equations (1)
S[ug] + aS[vv,] =0 ,
S[ve] + BS[Vixx] + vS[uvy] + eS[uyv] =0 (10)
Substituting equations (7, 8) and equations (9) in to equations (10) gives:

%[U(x, w) —u(x,0)] + aS[vv,] =0 ,
LW Gew) = v, 0] + B (Z2E) + ySuv,] + eS[uyv] = 0 (12)

U(x,w) = u(x,0) —waS[vv,] ,
Vix,w) = v(x,0) —wp (631(;S<;w) ) — wyS[uv,] — weS[u,v] (12)

Substituting equations (2, 3) in to equations (12):

Ulx,w) = (inZS) (sech [\/% (x)]) —waS[vy,] ,
V(x,w) = 2v3 /a(yc;g) (sech( \/% (X)) - wﬁ(a;i[:]) — wyS[uv,] — weS[uv] (13)

Taking the inverse Sumudu transform:

u = )%sech (\/% x) - S YwaS[vv,]}
v =23 - ) (sech [\/% (x)]) - S H{wp aZi[:] + wyS[uvy] + weS[u,v]} (14)

a(y+2¢e)

The solutions, v can be written as

u(x, t) = Z;?:O un(xl t) y

U(X, t) = Z‘?}?:O vn(x) t) (15)
And the nonlinear terms

VU, = Z?szAn )

UV = Yn=o By

UV = Do Cn (16)
Substituting equations (15) and (16) in to equations (14)

Doty = yigsech( [£x ) - ST wasISo A, 1) |
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Bt = 2V3 ) (seeh | [5 (]) - 57t oo 2B wysizo B, +

weS[Xnzo Cn 1} (17)
The recursive relations are given by
Uny = =S H{waS[A,]}

-1 a3 S[Vn]
Vnir = =S~ {wp + wyS[B,] + weS[Cal}, (n =012, ...) (18)
Where

o = Groezs (sech( 5 G)).

=2V3 /a (yc;g) (sech( ﬁ X)) (19)

The first few components of nonlinear terms are
Ay = VoVox

Ay = voVyy + V1V,

Ay = VoVgy + V1V1x + VU4

By = ugvoy

By = ugviy + Uy vy

By = ugVyy + U V1x + UpVpy

Co = UgxVp

C1 = UgxVy + UiV

Cy = Uy Vy + UV + UiV
Applying the above equations, we get

12tc2\/§sinh(\/%x)

u, =
! (y+2¢) cosh(\/% x)3

1
v = 2t Slnh f \/_ / f
! cosh(\/%x)4(y+2£) ( aly+2e)

(cosh <\/§ x)2y+2¢:osh(ﬁ x) 2 e—6y—12€+6ycosh(\/§ x)+
6¢ cosh (\/E x)))
B

U, =

! (6t2c4(18ycosh(\/E x)3 — 24y cosh (\/E x> — 27cosh(\/E x)%y +
,B(y+2£)2cosh(\/%x)6 B B B

2ycosh(\/§ x)* + 30y + 4cosh(\/% x)*e — 54 cosh (\/% x)%e + 18 cosh (\/% x)3e —
24¢ cosh (\/% x) + 605))

1 2.3
V2 = tec Vv 720y?% — 2880ye — 28802 +
2 B(y+2£)2cosh(\/%x)7( 6((V+2 ) ( )/ Y

3156cosh(\/§ x)%ye + 1404y cosh (\/% x> €— 1362c05h(\/§ x)3ey —
572005h(\/§ x)*ey + 4cosh(\/% x)bye + 162C05h(\/§ x)%ey +
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720C05h(\/% x)?y? + 3252608}1(\/% x)?e% + 504y?cosh (\/% x) +

792¢%cosh (\/% x) — 804cosh(\/§ x)3e? — 644cosh(\/% x)*e? —

480cosh(\/% x)3y? — 98cosh(\/% x)*y? — cosh(\/% x)6y% + 4cosh(\/§ x)6e? +

54 cosh (\/% x)°y?% + 108 cosh (\/% x)532)>

So the approximate solution

Uapp (x,t) = Z%:O Un (20)

Vapp (x,t) = 2131=0 Un (21)
The equation (20), (21) is a numerical solution for (DSW) system by using

Sumudu transform with Adomian decomposition method.

Maple codes are used to solve these equations

5. Numerical results

In this part, some tables and drawings were included, where positive and negative
values of the variable X were taken and different values were imposed for the variable t
and they were computed in the original equation and in the approximate equation, in
table 1 the value of the absolute error between u approximation and u exact, table 2 the
value of the absolute error between v approximation and v exact, Figure 1, we show u
approximation, u exact, v approximation and v exact in graphically. Figure 2, we show
absolute error of u approximation, u exact and absolute error of v approximation, v
exact in a graphically.

Table 1:
The absolute error between ugyqer aNd Ugpy,

UError - |uexact — Ugpp |
By using Sumudu transform with Adomian decomposition Method,

When a=3,f=y=2ande=1,
x ={-6,—-4,-2,0,2,4,6}, t ={0.1,0.2,0.3,0.4,0.5,0.6} and c = 0.1

x/t 0.1 0.2 0.3 0.4 0.5 0.6

-6 0.03748319561 0.03748345758 0.03748390345 0.03748454075 0.03748537709 0.03748642002
-4 | 0.03146463818 | 0.03146309603 0.03146039558 0.03145643088 0.03145109533 0.03144428290
-2 0.0125659713 0.0125650238 0.0125636491 0.0125620146 0.0125602877 0.0125586357
0 0.0000011250 0.0000045000 0.0000101248 0.0000179994 0.0000281234 0.0000404967
2 0.0125659155 0.0125645775 0.0125621432 0.0125584449 0.0125533155 0.0125465877
4 0.03146467366 0.03146337964 0.03146135322 0.03145870048 0.03145552822 0.03145194288
6 0.03748319308 | 0.03748343744 | 0.03748383545 0.03748437958 0.03748506233 0.03748587614

Table 2:

The absolute error between veyaee and  Vgpp, Verror

Sumudu transform with Adomian decomposition Method,
a=3,=y=2ande=1,
x ={-6,—4,-2,0,2,4,6},t = {0.1,0.2,0.3,0.4,0.5,0.6} and ¢ = 0.1

When
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X/t 0.1 0.2 0.3 04 0.5 0.6
-6 | 0.00007402050 0.00015024613 0.00022900558 0.00031062755 0.00039544076 0.00048377393
-4 | 0.00002189038 0.00004060372 0.00005536804 0.00006541112 0.00006996088 0.00006824516
-2 1 0.00007603121 0.00015750387 0.00024393850 0.00033485557 0.00042977555 0.00052821893
0 0.00000637503 0.00002550006 0.00005737509 0.00010200014 0.00015937538 0.00022950069
2 0.00007011015 0.00013381987 0.00019064956 0.00024011968 0.00028175082 0.00031506345
4 0.00002429531 0.00005022341 0.00007701223 0.00010388974 0.00013008385 0.00015482244
6 0.00007214412 0.00014274057 0.00021211807 0.00028060536 0.00034853116 0.00041622419
(a) Vapp (b) Ueract

: . 05 Y

Figure 1: o

(@) u(x,t) Approximate (Ugpp)

(b) u(x,t) Exact (Uexqact)

(©) v(x,t) Approximate (Vopp)

(d) v(x,t) Exact (Vexact)

By using Sumudu transform with Adomian decomposition Method,
Whena =3, =y=2ande=1,
x ={-6,—-4,-2,0,2,4,6},t = {0.1,0.2,0.3,0.4,0.5,0.6} and ¢ = 0.1

@
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Ervors |Uapp — Feract| Errvors |Fapp — Vexact|

Figure 2:
(3) The absolute error between Ugyaer and Uapy » Ugrror = |[Uapp — Uexact]

(b) The absolute error between v,yacr and Vapy » Verror = |Vapp — Vexact|
Using Sumudu transform with Adomian decomposition Method,

When a=3,f=y=2ande=1,

x ={-6,—-4,—-2,0,2,4,6},t = {0.1,0.2,0.3,0.4,0.5,0.6} and ¢ = 0.1

6. Conclusion

In this paper, a new method was applied to solve the Coupled Drinfeld—Sokolov—
Wilson system where the Sumudu transform method was combined With Adomian
decomposition method to solve this system, and different values of the variables were
relied upon, and it was concluded that this method is very strong and effective because
it gives numerical solutions very close to the exact solution of this system.
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