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Abstract. The sinc-collocation method is presented for solving second-order boundary 
value problems of nonlinear integro-differential equation. The method is effective for 
approximation in the case of the presenceof end-point singularities. Some properties of the 
sinc-collocation method required for our subsequent development are given and are 
utilized to reduce the computation of solution of the second-order boundary value 
problems of nonlinear integro-differential equation to some algebraic equations. Some 
numerical results are also given to demonstrate the validity and applicability of the 
presented technique. 
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1. Introduction 
Boundary value problems for integro-differential equations are important because they have many 

applications in the study of physical, biological and chemical phenomena [1]. Liz and Nieto [2], study a two 
point boundary value problem for a nonlinear second order integro-differential equation of Fredholm type by 
using upper and lower solutions. In [1], an iterative method is presented to solve a class of boundary value 
problems for second-order integro-differential equation in the reproducing kernel space. For linear and 
nonlinear second order Fredholm integro-differential equations, semiorthogonal spline wavelets was 
developed in [3] and Chebyshev finite difference method was discussed in [4]. Also in [5], Saadatmandi and 
Dehghan applied the Legendre polynomials for the solution of the linear Fredholm integro-differential-
difference equation of high order. 

In this paper, a sinc-collocation procedure is developed for the numerical solution second-order 
boundary value problems of nonlinear integro-differential equation of the form:  

    
Sinc methods have increasingly been recognized as powerful tools for problems in applied physics and 
engineering [9, 10]. The sinc-collocation method is a simple method with high accuracy for solving a large 
variety of nonlinear problems. In Reference [11], the sinc-collocation method is presented for solving 
boundary value problems for nonlinear third-order differential equations. Authors of [12], used the sinc-
collocation method for solving a nonlinear system of second-order boundary value problems. Mohsen and 
El-Gamel [13], used the sinc-collocation method for solving the linear integro-differential equations of the 
Fredholm type. Also in [14], the sinc-collocation is presented for solving linear and nonlinear Volterra 
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integral and integro-differential equations. In [15, 16], the sinc-collocation is used for the numerical solution 
Fredholm and Volterra integro-differential equations. Also sinc-collocation method is used for solving of a 
system of nonlinear second-order integro-differential equations with boundary conditions of the Fredholm 
and Volterra types [17]. We also refer the interested reader to [18, 19, 20, 21, 22, 23] for more research 
works on sinc methods. 

The main purpose of the present paper is to develop methods for numerical solution of the second-order 
boundary value problems of nonlinear integro-differential equation (1). Our method consists of reducing the 
solution of (1) to a set of algebraic equations. The properties of sinc function are then utilized to evaluate the 
unknown coefficients. The organization of the rest of this article is as follows. In Section 2, we review some 
of the main properties of sinc function that are necessary for our subsequent development. In Section 3, we 
illustrate how the sinc method may be used to replace Eq. (1) by an explicit system of nonlinear algebraic 
equations. Section 4, presents appropriate techniques to treat no homogeneous boundary conditions. In 
Section 5, some numerical results are given to clarify the method. 

2. Sinc function properties  
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nonhomogeneous, then these conditions need be converted to homogeneous conditions via an interpolation 
by a known function. Using the transformation       
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Example 4: Consider the second-order boundary value problem of fredholm integro- differential equation 

 

3. Conclusion  
The sinc-collocation method is used to solve the second-order boundary value problemsof nonlinear integro-
differential equation. Properties of the sinc function are utilized to reduce the computation of this problem to 
some algebraic equations. The method is computationally attractive and applications are demonstrated 
through illustrative examples. The results of the present method for this type of problem clearly indicate that 
our methods is accurate even when singularity occurs at the boundary. 

 

4. References  
[1] W. Yulan, T. Chaolu, P. Jing, New algorithm  for second-order boundary  value  problems of  integro-differential 

equation,  J. Comput. Appl. Math. 229 (2009), pp. 1-6. 
[2] E. Liz, J. J. Nieto, Boundary value problems for second order integro-differential equations of  Fredholm type,  J. 

Comput.  Appl. Math. 72 (1996), pp. 215-225. 
[3] M. Lakestani, M. Razzaghi, M. Dehghan, Semiorthogonal wavelets approximationfor Fredholm  integro-



Yazeed A. Al-Sbou: Probing Packets Efficiency and Effectiveness on Network Performance and Measurements  
 

JIC email for contribution: editor@jic.org.uk 

160 

differential equations, Mathematical Problems in Engineering , article ID 96184, (2006), pp. 1-12. 
[4] M. Dehghan, A. Saadatmandi, Chebyshev finite difference method for Fredholm integro-differential equation,  

International  Journal  of  Computer  Mathematics 85 (2008), pp. 123-130. 
[5] A. Saadatmandi,  M. Dehghan, Numerical solution of the higher-order linear Fredholm integro-differential-

difference equation with variable coefficients, Computers and Mathematics with  Applications, 59 (2010),  pp. 
2996-3004. 

[6] Z.  Wang,  L. Liu, Y. Wu, The unique solution of  boundary  value  problems  for  nonlinear second-order integral-
differential equations of mixed type in Banach spaces, Comput.  Math.  Appl. 54 (2007), pp. 1293-1301. 

[7] M.  Feng, H. Pang, A class of  three  point  boundary  value  problems  for  second  order  impulsive integro-
differential  equations  in  Banach  spaces,  J.  Nonlinear Analysis, 70 (2009), pp. 64-82. 

[8] X.  Yang, J. Shen, Periodic boundary  value  problems  for  second-order  impulsive  integro-differential equations, 
J. Comput. Appl. Math.  209 (2007), pp. 176-186. 

[9] F.  Stenger, Numerical  Methods  Based  on  Sinc  and  Analytic  Functions, Springer, NewYork, 1993. 
[10] J. Lund and K. Bowers, Sinc Methods for Quadrature and Differential Equations, SIAM, Philadelphia, PA 1992. 
[11] A.  Saadatmandi,  M. Razzaghi, The numerical solution of  third-order  boundary  value  problems  using Sinc-

collocation  method,  Commun.  Numer.  Meth. Engng  23 (2007), pp. 681-689. 
[12] M. Dehghan, A. Saadatmandi, The numerical solution of a nonlinear system of  second-order boundary value  

problems  using the sinc-collocation  method,  Math. Comput. Modelling, 46 (2007), pp. 1434-1441. 
[13] A. Mohsen, M. El-Gamel, A Sinc-Collocation method for the linear Fredholm integro-diferential  equations,  Z.  

angew.  Math. Phys, 58 (2007), pp. 380-390. 
[14] A. Mohsen, M. El-Gamel, On the  numerical  solution of   linear and  nonlinear  volterra  integral and  integro-

differential  equations,  Appl.  Math.  Comp. 217 (2010), pp. 3330-3337. 
[15] J.  Rashidinia,  M.  Zarebnia,  The  numerical  solution  of  integro-differential equation  by  means  of  the  Sinc  

method,  Appl.  Math.  Comput. 188 (2007), pp. 1124-1130. 
[16] M. Zarebnia,  Sinc numerical solution for the Volterra  integro-differential equation,  Commun  Nonlinear  Sci.  

Numer.  Simulat. 15 (2010), pp. 700-706. 
[17] M. Zarebnia, M. G. Ali Abadi, Numerical solution of system of nonlinear second-order integro-differential 

equations,  Comput.  Appl.  Math. 60 (2010), pp. 591-601. 
[18] A. Saadatmandi, M. Razzaghi, M. Dehghan, Sinc-collocation methods for the solution of  Hallen's  integral 

equation,  J. Electromagan. Waves  Appl., 19 (2) (2005), pp. 245-256. 
[19] A. Saadatmandi, M. Dehghan, The  use of  Sinc-collocation  method  for  solving  multi-point boundary  value 

problems,  Commun.  Nonlinear  Sci. Numer. Simulat. 17 (2012), pp. 593-601. 
[20] K. Parand, M. Dehghan, A. Pirkhedri, Sinc-collocation  method  for solving  the Blasius equation,  Physics Letters  

A, 373 (2009), pp. 4060-4065. 
[21] K. Parand, Z. Delafkar,  N. Pakniat,  A. Pirkhedri, M. Kazemnasab  Haji, Collocation  method  using  sinc and 

rational  Legendre functions  for  solving  Volterra's  population  model, Commun.  Nonlinear  Sci. Numer. 
Simulat. 16 (2011), pp. 1811-1819. 

[22] M. Muhammad, A. Nurmuhammad, M. Mori, M. Sugihara, Numerical solution of  integral  equations by means of  
the sinc-collocation  method  based  on  the double exponential transformation, J.  Compt.  Appl. Math., 177 
(2005), pp. 269-286. 

[23] J. Rashidinia, M. Zarebnia, New approach for numerical solution of  Hammerstein integral equations, Appl.  Math.  
Comput. 185 (2007), pp. 147-154. 

[24] W. Jiang, M. Cui, Constructive  proof  for existence of  nonlinear  two-point  boundary value  problems, Appl.  
Math.  Comput. 215 (2009), pp. 1937-1948. 


