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                       Abstract 
 

In this paper, Abelian Differential Equation is considered. The numerical method 

based on the iterative decomposition technique is introduced to obtain its approximate 

solution. Comparison is made between the obtained results and those in the literature. 

The results reveal the simplicity and effectiveness of the recursive algorithm of the 

method. 
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1.0    Introduction 

In scientific and engineering problems, many mathematical modeling which explain natural phenomena are widely 

formulated in terms of nonlinear differential equations, both ordinary and partial. However, most of the numerical methods 

developed in mathematics are full of restrictive assumptions, linearization, perturbation, discretization and consequent huge 

computation and complexity that are difficult for computer implementation. See [1 - 5]. The duo of Daftadar-Geji and Jafari 

[6] introduced the iterative decomposition method in solving functional nonlinear equation devoid of the shortcomings 

highlighted above. Taiwo et al [7], Taiwo and Odetunde [8], Taiwo and Osilagun [9, 10] have shown that this technique is 

robust and efficient in solving a class of initial/boundary value problems. For further details, see [11 - 16]. 

The purpose of this paper is to present an iterative decomposition method as a reliable tool in solving the Abelian 

Differential Equation of the form 
  

  
   ( )    ( ) ( )    ( )( ( ))

 
   ( )( ( ))

 
                       ( ) 

subject to the initial condition 

                                       ( )                                                                                                                   (2) 

where   ( )         are given continuous linear or nonlinear real value functions and   is a real constant. 

It follows that if   ( )   , equation (1) reduces to Riccati equation. The importance of this equation arises in the optimal 

control problems. 

 

2.0 Analysis of the Method 
In order to elucidate the solution procedure for the Abelian differential equation, we give a review of the method of solution. 

Daftadar – Geji and Jafari in their paper [6] consider a general functional equation 

   ( )   ( )                                                                                               ( ) 

where N is a nonlinear operator from a Banach space     and  ( ) is a known function. We seek a solution   of equation 

(3) having the series form 
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The nonlinear operator N can be decomposed as 
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So, equation (3) becomes  
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Thus, a recursive formula is obtained as follows 
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So  ( )             and the series ∑   
 
    absolutely and uniformly converges to a solution of equation (3), which 

is unique in view of the Banach fixed point theorem. 

 

3.0 Application and Numerical examples 
In this section, we presented some numerical and analytical solution for  Abelian differential equation. 

To apply the iterative decomposition method, equation (1) is expressed in operator form as 

     ( )    ( )    ( )  ( )    ( )  ( )                                                ( ) 

where     
 

  
   ( )   

 ( )   ( )   
 ( ) 

Since L is in invertible,     exists and is defined as the single fold definite integral 

   ( )  ∫ ( )  
 

 

                                                                                                         ( ) 

On applying equation (9) to equation (8) and simplifications, yields the recursive formula 
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Example 1: Consider the Abelian differential equation 

  

  
                                                                                                                   (  ) 

subject to the initial condition 

 ( )                                                                                                                            (  ) 

Using the proposed method in solving the above example, on expressing the problem in operator from and applying the 

recursive formula (10), yields 
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Other components are determined similarly. The fourth term approximate solution is given by 
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Example 2 

Consider the following Abelian differential equation 
  

  
                                                             (  ) 

subject to the initial condition 

 ( )                                                                           (  )  
In similar approach, expressing equation (13) in operator form and the use of recursive formula (10), gives 

      

   
  

 
       

  

 
   

   
  

  
   

   

 
   

   

 
   

   

 
   

    

  
   

   

  
    

     

  
    

    

  
    

    

  
    

     

  
   

 
    

  
           

    

  
    

    

  
    

    

  
    

     

   
    

   
   

   
   

   

  
   

     

   
   

     

   
    

     

   
    

       

     
    

        

     
    

          

       
   

 
         

      
    

           

        
    

         

     
    

            

        
    

            

        
   

 
               

           
    

                

           
      

So, 
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4.0 Conclusion 
It has been shown in this paper; based on the approximate solution of Abelian differential equation that the iterative 

decomposition method is reliable, powerful and efficient. The method has been successfully applied and results obtained  is 

better that Adomian Decomposition Method [16] and is in excellent agreement with variational iteration method [11]. 
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