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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(                  ). 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:   
             ,  

                                                                                                        (1)  
Where  (         ) are nonzero parameters, time (t), space (x) are the independent 

variables and  (   ) ,  (   ) are the dependent variables. 

Where                      , depending on the initial values [19]   
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And that the exact solution to the system (1) is  
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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  ( ):  
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Where    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 A is [3] ,  
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The Sumudu transform was used on linear equations (               ) [2,4, and 

9]  
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When  (   ) is sumudu transform of  (   ) and  (   ) is sumudu transform of 

 (   )   
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   ( )       yields, 

 ( )  (             )  (                 )   
Multiplying the two factors gives 

  ( )                                                  
                

It then follows that Adomian polynomials are given by 

         ,  

                 ,  

                     , 

                           , 

4. Application 

Taking Sumudu transform of both sides equations (1)  

 ,  -    ,   -      ,  
 ,  -    ,    -    ,   -    ,   -                                                                 (10)  

Substituting equations (7, 8) and equations (9) in to equations (10) gives: 
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Substituting equations (2, 3) in to equations (12):  
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Taking the inverse Sumudu transform: 
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The solutions,    can be written as 
 (   )  ∑   (   ) 
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And the nonlinear terms 
    ∑    

 
    ,    

    ∑    
 
    ,                    

    ∑    
 
                                                                                                               (16) 

Substituting equations (15) and (16) in to equations (14)   
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The recursive relations are given by  
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The first few components of nonlinear terms are  

              

                   

                        

              

                   

                        

              

                   

                       
Applying the above equations, we get 
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So the approximate solution  

    (   )  ∑   
 
                                                                                                     (20)  
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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         and      , 

         |            |     
By using Sumudu transform with Adomian decomposition Method, 

 When                          , 

    *                +    *                       +            
 

 
 

Table 2: 

The absolute error between        and      ,        |            | . By using 

Sumudu transform with Adomian decomposition Method, 

When                        ,  
  *                +    *                       +             
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Figure 1:  

(a)    (   ) Approximate (    )  

(b)    (   ) Exact (      ) 
(c)    (   ) Approximate (    ) 

(d)    (   ) Exact (      ) 
By using Sumudu transform with Adomian decomposition Method, 

When                    ,  
  *                +    *                       +           
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Figure 2:  

(a)                                                        |           |  

(b)                                                           |           |  
Using Sumudu transform with Adomian decomposition Method, 

 When                        ,  
  *                +    *                       +           

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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