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ABSTRACT: An iterative decomposition technique is derived and applied to solve rth order linear and 

nonlinear integro-differential equations. The solution was obtained by decomposition of the assumed series 

solution for the integro-differential equations considered. The initial approximation was obtained by evaluating 

the source term and subsequent approximations were obtained by applying the nonlinear operator on the sum of 

the previous solutions. Numerical examples showed that the technique is accurate, simple and efficient 

compared to other methods in literature. 
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I. INTRODUCTION 

 Ordinary Integro-differential equations abound in many branches of linear and nonlinear applied 

problems. Models arising from mechanics, astronomy, economics, engineering, sciences and other related fields 

are usually functional equations including integro-differential equations. Special usage of integro-differential 

equations is visible in the mathematical modelling on spatio-temporal development of epidemics [1].  

 Generally, it is impossible to get an analytic answer for such equations [2, 3]. Because of that, 

various numerical methods have been devoted to finding the approximate solutions to such equations [2]. The 

numerical solution of this class of functional equations is discussed by a large number of authors. A few of these 

methods are as follows: differential quadrature method based on modified cubic B-splines [3], non-polynomial 

splines for solving system of second order boundary value problems [4], quartic trigonometric B-spline 

algorithm for numerical solution of the regularized long wave equation [5], modified Laplace Adomian 

decomposition method [6], modified variational iteration technique [7], Legendre wavelets operational method 

[8], single term Walsh series technique [9], Projection method [10] and Modified projection-iterative method 

[11]. 
 

II. CONVERSION OF rth ORDER IDEs TO SYSTEM OF IDEs 

Consider the     order linear initial value problem of integro-differential equation: 
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Re-writing the equations in (3) as a system of differential equations gives 
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Equations in (4) are written as a system of equations with the Lagrange multiplier,   given as  

                                                                                                              ( ) 

 
 

 

III. SOLUTION TECHNIQUE 

Consider the general     order integro-differential equation 
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with 
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where                           are real constants,       are integers with      , the functions  ( ), 

 ( ) and  (   ) are given and  ( ) is the unknown function to be determined. 

 

Therefore, consider the following general nonlinear system 

 

         ( )                                                                                                   (  ) 

 

where   is a nonlinear operator from a Banach space     and   is a known function.  

 

The assumed series solution of (10) is given by 

 

                   
The nonlinear operator,   is defined as  



A Reliable Iterative Decomposition Technique for Solving Integro-Differential Equations 

DOI: 10.35629/4767-12040107                                     www.ijmsi.org                                                        3 | Page 

   

  
Using equations (11) and (12), the nonlinear system (10) is written as 

  
and the recurrence relation for the problem is derived as follows: 
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Hence, the     term approximate solution for (10) is given as 

 

                                                                                                          (  ) 

 

  

IV. NUMERICAL EXAMPLES 

The error obtained in this work is defined as 

 

        | ( )      |                                                                                     (  ) 

 

where  ( ) is the exact solution for the problem considered and      is the approximate solution obtained using 

the iterative decomposition technique discussed. 

 

All computations and programmes are carried out with the aid of MATLAB soft-ware. 

 

Example 1: Consider the first order linear Volterra integro-differential equation 
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The exact solution is 

     ( )           
 

 

Example 2: Consider the second order linear Fredholm integro-differential equation 
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The exact solution is 
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Example 3: Consider the second order nonlinear Fredholm integro-differential equation 
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The exact solution is 

     ( )            
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V. CONCLUSION  

In this paper, a reliable iterative decomposition method for solving linear and nonlinear integro-

differential equations is derived and implemented. Three equations of first and second orders are considered and 

the results obtained are presented graphically in Figures 1 - 3. The results obtained by the present method when 
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compared with the exact solution and results by other methods in literature are generally better as indicated in 

Tables 1 - 3.  
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