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ABSTRACT 
This study gears towards finding a simple numerical algorithm for the 
solution to fractional integro-differential equations. The technique 
involves the application of Caputo properties and the properties of 
Bernstein polynomials to reduce the problem to system of linear 
algebraic equations and then solved using MAPLE 18. To demonstrate 
the accuracy and applicability of the presented method some 
numerical examples are given. Numerical results show that the 
method is easy to implement and compares favorably with the exact 
results. The graphical solution of the method is displayed. 

.
INTRODUCTION

Fractional integro-differential equations 
has played a significant role in modelling of real 
world physical problems e.g the modeling of 
earthquake, reducing the spread of virus, control 
the memory behavior of electric socket and many 
others. Fractional calculus is a field dealing with 
integral and derivatives of arbitrary orders, and 
their applications in science, engineering and 
other fields. The idea is from the ordinary calculus.  
According to (Caputo 1967; Adam 2004 & Awadeh 
et al. 2011). It was discovered by Leibniz in the 
year 1695 few years after he discovered ordinary 
calculus but later forgotten due to the complexity 
of the formula. Since most Fractional Integro-
Differential Equations (FIDEs) cannot be solved 
analytically, approximation and numerical 
techniques, therefore, they are used extensively.   

Numerical solution to FIDEs in different 
fields has been a point of attraction for 
researchers in recent times. (Dilkel & Aysegul 
2018 & Ma & Huang 2013a; 2014b) applied 
collocation techniques for solving FIDEs using 
different basis functions. (Amr et al. 2018) applied 
Sumudu transform method and Hermite Spectral 
collocation method for solving FIDEs.  (Alkan & 
Hatipoglu 2017) introduced approximate solutions 

of Volterra- Fredholm integro-differential 
equations of fractional order.  (Mohammed 2014 
& Mahdy & Mohamed 2016)   used Least - 
Squares method for the solution of FIDEs. 
(Mohammed 2014; Yi & Huang 2015 & Nemati et 
al. 2016 introduced numerical solution of fractional 
singular integro-differential equations by using 
Taylor series expansion and Galerkin method and 
a fast numerical algorithm based on the second 
kind of Chebyshev polynomials. (Setia et al. 2014) 
applied numerical solution of Fredholm-Volterra 
fractional integro-differential equation with 
nonlocal boundary conditions. (Oyedepo et al. 
2021a) employed Bernstein modified homotopy 
perturbation method for the Solution of Volterra 
fractional integro-differential equations. Also, 
several numerical methods to solve the FIDEs 
have been found in (Nawaz 2011; Emiroglu 2015; 
Meng et al. 2015; Chatterjee 2021; Wang et al. 
2021 & Oyedepo et al. 2021b). The application of 
the two methods can be found in (Peter, et. al., 
2018), (Peter, et. al., 2019), (Peter, et. al., 2020), 
(Peter, O. J., Yusuf, A. et. al., 2021), (Peter, et. al., 
2020), (Adebisi, et. al., 2018), (Adebisi, et. al., 
2019), (Adebisi, et. al., 2021), other applications of 
numerical methods can be found in (Peter et. al., 
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2021), (Ishola et. al., 2022), (Uwaheren, 2021), 
(Abioye, et al., 2018), (Abioye, et al., 2020), 
(Ayoade et. al., 2020). (Oyedepo, et al., 2018) and 
(Oyedepo, et al., 2021). 
  
    The objective of the present paper is to extend  
the application  of  the  least squares and 

Bernstein properties with different weight 
functions to  provide  an approximate solution for 
fractional integro-differential equations, which is 
presented for the first time in the literature for 
better accuracy . 
The general form of the class of problem 
considered in this work is given as: 

 𝐷𝛼𝑢(𝑥) =  𝑝(𝑥)𝑢(𝑥) + 𝑓(𝑥) + ∫ 𝑘(𝑥, 𝑡)𝑢(𝑥)𝑑𝑡,   𝑜 ≤ 𝑥, 𝑡 ≤ 1,
𝑥

0
       

          (1)                                                
 
 With the following supplementary conditions: 
  

 𝑢(𝑗)(0) = 𝛿𝑗,𝑗 = 0,1,2, … ,𝑚 − 1, 𝑚 − 1 < 𝛼 ≤ 𝑚, 𝑚 ∈,𝑁         (2)                                                            

 

Where 𝐷𝛼𝑢(𝑥)  indicates the ∝ 𝑡ℎ 
Caputo fractional derivative of  𝑢(𝑥); 
 𝑝(𝑥) ,  𝑓(𝑥) , 𝐾(𝑥, 𝑡)  are given smooth 

functions, 𝛿𝑗   are real constant, 𝑥  and 𝑡 are 

real variables varying [0, 1] and 𝑢(𝑥)  is the 
unknown function to be determined. 

Some Relevant Basic Definitions Fractional 
     There are various definitions of fractional 
integration and derivatives. The widely used 
definition of a fractional integration is the 
Riemann-Liouville definition and the definition of a 
fractional derivative is the Caputo definition. 

 
Definition 2.1: Riemann – Liouville fractional integral is defined as (Edwards 2018): 

  𝐽𝛼𝑓(𝑥) = 
1

Γ(α)
∫

𝑓(𝑥)

(𝑥−𝑡)1−𝛼
𝑑𝑡, 𝛼 > 0, 𝑥 > 0,

𝑥

0
        (3)  

𝐽𝛼  denotes the fractional integral of order ∝    
 
Definition 2.2: The Caputor Factional Derivative is defined as (Edwards 2018): 

𝐷𝛼𝑓(𝑥) = 
1

Γ(n−∝)
∫ (𝑥 − 𝑠)𝑛−∝−1𝑓𝑚(𝑠)𝑑𝑠  
𝑥

0
         (4)                                                                             

Where 𝑚 is a positive integer with the property that  𝑛 − 1 <∝< 𝑛 

For example if  0 <∝< 1 the Caputo fractional derivative is   

𝐷𝛼𝑓(𝑥) = 
1

Γ(1−∝)
∫ (𝑥 − 𝑠)−∝𝑓1(𝑠)𝑑𝑠  
𝑥

0
        (5)                                                                                         

Hence, we have the following properties: 

(1)  𝐽𝛼 𝐽𝑣 𝑓 = 𝑗𝛼+𝑣 𝑓, 𝛼, 𝑣 > 0, 𝑓 ∈ 𝐶𝜇 , 𝜇 > 0 

(2) 𝐽𝛼𝑥𝛾 = 
𝛤(𝜆+1)

𝛤(𝛼+𝛾+1)
𝑥𝛼+𝛾, 𝛼 > 0, 𝛾 > −1, 𝑥 > 0 

(3) 𝐽𝛼 𝐷𝛼 𝑓(𝑥) = 𝑓(𝑥) − ∑ 𝑓𝑘(0)
𝑥𝑘

𝑘!

𝑛−1
𝑘=0 ,         𝑥 > 0, 𝑛 − 1 < 𝛼 ≤ 𝑛 

(4) 𝐷𝛼  𝐽𝛼 𝑓(𝑥) = 𝑓(𝑥),    𝑥 > 0, 𝑛 − 1 < 𝛼 ≤ 𝑛, 
(5) 𝐷𝛼𝐶 = 0, 𝐶  is the constant, 

(6) {
0,                                                𝛽 ∈ 𝑁0, 𝛽 < [𝛼],             

 𝐷𝛼𝑥𝛽 =
𝛤(𝛽+1)

𝛤(𝛽−𝛼+1)
𝑥𝛽−𝛼 ,                𝛽 ∈ 𝑁0, 𝛽 ≥ [𝛼],   

                 

Where [𝛼] denoted the smallest integer greater than or equal to 𝛼  and  𝑁0 = {0,1.2, … } 
 
Definition 2.3: Bernstein basis polynomials: A Bernstein polynomial (Grant, 2014) of degree   𝑁 is defined 
by     

𝐵𝑖,𝑚(𝑥) = (
𝑚
𝑖
) 𝑥𝑖(1 − 𝑥)𝑚−𝑖     𝑖 = 0, 1. . . 𝑛,             (6)          
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where,  

                                       (𝑚
𝑖
) =

𝑚!

𝑖!(𝑚−1)!
        (7)                                                                                        

  Often, for mathematical convenience, we set    𝐵𝑖,𝑚(𝑥) = 0   if  < 0  𝑜𝑟  𝑗 > 𝑚   

 
Definition 2.4: Bernstein polynomials: A linear combination Bernstein (Grant, 2014) basis polynomials                             
          𝑢𝑚(𝑥) = ∑ 𝑎𝑗𝑢𝑗(𝑥)

𝑚
𝑗           (8) 

the Bernstein polynomial of degree n where  𝑎𝑗,     𝑗 = 0,1,2, …… ..  are constants. 

 
Demonstration of Least Squares Bernstein 
Method (LSBM) 
    The Least Squares Bernstein Method is based 

on approximating the unknown function 𝑢(𝑥) in 

Eq. (1) by assuming an approximate solution of 
the form defined in Eq. (8) . Consider Eq. (1) 

operating with 𝐽∝  on both sides as follows:     

  𝐽∝𝐷𝛼𝑢(𝑥) = 𝐽∝𝑓(𝑥) + 𝐽∝(∫ 𝑘(𝑥, 𝑡)𝑢(𝑡)𝑑𝑡)
𝑥

0
       (9)                                                                                

𝑢(𝑥) =  ∑ 𝑢𝑘(0)
𝑥𝑘

𝑘!

𝑛−1
𝑘=0 + 𝐽∝𝑓(𝑥) + 𝐽∝[∫ 𝑘(𝑥, 𝑡)𝑢(𝑡)𝑑𝑡]

𝑥

0
         (10) 

𝑎𝑗,     𝑗 = 0,1,2, …… ..      

                                                     (11)                                                       

Substituting Eq. (8)  into Eq. (10)  

∑ 𝑎𝑗𝑢𝑗(𝑥)
𝑚
𝑗 = ∑ 𝑢𝑘(0)

𝑥𝑘

𝑘!

𝑛−1
𝑘=0 + 𝐽∝𝑓(𝑥) + 𝐽∝[∫ 𝑘(𝑥, 𝑡)∑ 𝑎𝑗𝑢𝑗(𝑡)

𝑚
𝑗 𝑑𝑡]

𝑥

0
      (12)             

Hence, the residual equation is obtained as                                                                                         

𝑅(𝑎0, 𝑎1, … , 𝑎𝑛) =    ∑ 𝑎𝑗𝑢𝑗(𝑥)
𝑚
𝑗 − {∑ 𝑢𝑘(0)

𝑥𝑘

𝑘!
𝑛−1
𝑘=0 + 𝐽∝𝑓(𝑥) + 𝐽∝[∫ 𝑘(𝑥, 𝑡)∑ 𝑎𝑗𝑢𝑗(𝑡)

𝑚
𝑗=0 𝑑𝑡]}

𝑥

0
                         

        

Let       (13) 

            𝑆(𝑎0,𝑎1, … , 𝑎𝑚) = ∫ [𝑅(𝑎0,𝑎1, … , 𝑎𝑚)]
2
𝑤(𝑥)𝑑𝑥

1

0
      (14)                                                

Where 𝑤(𝑥) is the positive weight function defined in the interval, [a, b]. In this work, 

 we take  𝑤(𝑥) = √𝑐 + 𝑑𝑥𝑖  ,  𝑖 = 2, 𝑐 = 1 and  𝑑 = −1 . Thus, 

𝑆(𝑎0,𝑎1, … , 𝑎𝑚) = ∫  {∑ 𝑎𝑗𝑢𝑗(𝑥)
𝑚
𝑗 − {∑ 𝑢𝑘(0)

𝑥𝑘

𝑘!

𝑚−1
𝑘=0 + 𝐽∝𝑓(𝑥) +

1

0

[∫ 𝑘(𝑥, 𝑡)∑ 𝑎𝑗𝑢𝑗(𝑡)
𝑚
𝑗 𝑑𝑡]}

𝑥

0
 }
2

𝑑𝑥            (15)      

          

In order to minimize equation Eq. (15) , we obtained the values of  𝑎𝑗  (𝑗 ≥ 0) by finding 

 the minimum value of  𝑆  as:                                                                                                                                                            

                     
𝜕𝑆

𝜕𝑎𝑗
= 0, 𝑗 = 0,1,2… ,𝑚   (16)                                Applying 

(16) on  (15), we have 

∫ {∑𝑎𝑗𝑢𝑗(𝑥)

𝑚

𝑗=0

− {∑𝑢𝑘(0)
𝑥𝑘

𝑘!

𝑛−1

𝑘=0

+ 𝐽∝𝑓(𝑥) + 𝐽∝[∫ 𝑘(𝑥, 𝑡)∑𝑎𝑗𝑢𝑗(𝑡)

𝑚

𝑖=0

𝑑𝑡]}
𝑥

0

 } 𝑑𝑥
1

0

 

× ∫ {𝑢𝑗
∗(𝑥) − 𝐽∝(∫ 𝑘(𝑥, 𝑡)𝑢𝑗(𝑡)𝑑𝑡)

𝑥

0
}𝑑𝑥

1

0
          (17)      

Thus, Eq. (17) is then simplified for 𝑗 = 0,1, … 𝑛 to obtain (𝑚 + 1) algebraic system of equations in (𝑚 +
1) unknown 𝑎′𝑖  s which are then put in matrix form as follow: 

𝐴 =
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(

 
 

∫ 𝑅(𝑥, 𝑎0)ℎ0𝑑𝑥
1

0
 ∫ 𝑅(𝑥, 𝑎1)ℎ0𝑑𝑥

1

0
⋯∫ 𝑅(𝑥, 𝑎𝑚)ℎ0𝑑𝑥

1

0

∫ 𝑅(𝑥, 𝑎0)ℎ1𝑑𝑥
1

0
 ∫ 𝑅(𝑥, 𝑎1)ℎ1𝑑𝑥

1

0
⋯       ∫ 𝑅(𝑥, 𝑎𝑚)ℎ1𝑑𝑥

1

0

⋮             ⋮                                    ⋱                                  ⋮

∫ 𝑅(𝑥, 𝑎0)ℎ𝑚𝑑𝑥
1

0
 ∫ 𝑅(𝑥, 𝑎1)ℎ𝑚𝑑𝑥

1

0
…∫ 𝑅(𝑥, 𝑎𝑚)ℎ𝑚𝑑𝑥

1

0 )

 
 
                        

      (18)      

𝐵 =

(

 
 
 
∫ [𝐽∝𝑓(𝑥) + ∑ 𝑢𝑘(0)

𝑥𝑘

𝑘!

𝑛−1
𝑘=0 ] ℎ0𝑑𝑥

1

0

∫ [𝐽∝𝑓(𝑥) + ∑ 𝑢𝑘(0)
𝑥𝑘

𝑘!

𝑛−1
𝑘=0 ] ℎ1𝑑𝑥

1

0

⋮

∫ [𝐽∝𝑓(𝑥) + ∑ 𝑢𝑘(0)
𝑥𝑘

𝑘!

𝑛−1
𝑘=0 ] ℎ𝑚𝑑𝑥

1

0 )

 
 
 

             (19)                                                  

 
Where 

ℎ𝑗 = 𝑢𝑗
∗(𝑥) − 𝐽∝[∫ 𝑘(𝑥, 𝑡)𝑢𝑗(𝑡)𝑑𝑡], 𝑗 = 0,1, … ,𝑚

𝑥

0

 

𝑅(𝑥, 𝑎𝑗) =∑𝑎𝑖𝑢𝑗(𝑡)

𝑚

𝑖=0

− 𝐽∝[∫ 𝑘(𝑥, 𝑡)∑𝑎𝑖𝑢𝑗(𝑡)

𝑚

𝑖=0

𝑑𝑡]
𝑥

0

, 𝑗 = 0,1, … ,𝑚 

  The (m + 1) linear equations are then solved to obtain the unknown constants 𝑎𝑗(𝑗 =

0(1)𝑚), which are then substituted back into the assumed approximate solution to give the required 
approximation solution. 
 
4. Numerical Examples 
     In this section, the above technique is implemented on some problems. The problems are then 
solved via the Bernstein polynomials as basic functions. The problems are then solved to illustrate the 
computational cost accuracy and efficiency of the proposed method using Maple 18. 
 
Example 4.1: Consider the following fractional Integro-differential (Amr et al. 2018) 

𝐷
1

3𝑢(𝑥) = 𝑓(𝑥) +
1

4
∫ 𝑥(1 − 𝑡)(𝑢(𝑡))2𝑑𝑡
1

0
                                                                           

(20)                                                                             
where 

𝑓(𝑥) =
9

5𝛤(
2

3
)
𝑥
5

3 −
7

40
𝑥     

                                                                               (21)                                           

Subject to 𝑢(0) = 0 
 

Here, Eq. (20) is solved by applying  𝐽
1

3 on both sides of Eq. (20) and substituting Eq. (8)   into Eq. (20)   to 
have 

𝐽
1

3[𝐷
1

3∑ 𝑎𝑗𝑢𝑗(𝑥)
𝑚
𝑗 ] = 𝐽

1

3[𝑓(𝑥)] + 𝐽
1

3[
1

4
∫ 𝑥(1 − 𝑡)(∑ 𝑎𝑗𝑢𝑗(𝑥)

𝑚
𝑗 )

2
𝑑𝑡

1

0
]        (22)                                                                                                

Applying fractional integral operator on Eq. (22) and simplifying further, where 𝑚 = 2 gives 

𝑎0(1 − 2𝑥 + 𝑥
2) + 𝑎1(2𝑥 − 2𝑥

2) + 𝑎2𝑥
2 − 1 + 0.1469798559𝑥1.333333333 −

0.9999999998𝑥2 − 0.03499520380𝑎0
2𝑥1.333333333 − 0.02799616304𝑎0𝑎1𝑥

1.333333333 −
0.006999040759𝑎0𝑎2𝑥

1.333333333 − 0.01399808152𝑎1
2𝑥1.333333333 −

0.01399808152𝑎1𝑎2𝑥
1.333333333 − 0.006999040759𝑎2

2𝑥1.333333333 = 0       (23)  
 Hence, the residual equation is defined as 
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𝑅(𝑎0,𝑎1, 𝑎2)  =𝑎0(1 − 2𝑥 + 𝑥
2) + 𝑎1(2𝑥 − 2𝑥

2) + 𝑎2𝑥
2 − 1 + 0.1469798559𝑥1.333333333 −

0.9999999998𝑥2 − 0.03499520380𝑎0
2𝑥1.333333333 − 0.02799616304𝑎0𝑎1𝑥

1.333333333 −
0.006999040759𝑎0𝑎2𝑥

1.333333333 − 0.01399808152𝑎1
2𝑥1.333333333 −

0.01399808152𝑎1𝑎2𝑥
1.333333333 − 0.006999040759𝑎2

2𝑥1.333333333      (24)                                       
Let   

            𝑆(𝑎0,𝑎1, 𝑎𝑚) = ∫ [𝑅(𝑎0,𝑎1, …… , 𝑎𝑚)]
2
𝑤(𝑥)𝑑𝑥

1

0
             (25)                                    

Where 𝑤(𝑥) is has been defined above.  Thus, 
 

𝑆(𝑎0,𝑎1, 𝑎𝑚) = 𝑎0(1 − 2𝑥 + 𝑥
2) + 𝑎1(2𝑥 − 2𝑥

2) + 𝑎2𝑥
2 − 1 + 0.1469798559𝑥1.333333333 −

0.9999999998𝑥2 − 0.03499520380𝑎0
2𝑥1.333333333 − 0.02799616304𝑎0𝑎1𝑥

1.333333333 −
0.006999040759𝑎0𝑎2𝑥

1.333333333 − 0.01399808152𝑎1
2𝑥1.333333333 −

0.01399808152𝑎1𝑎2𝑥
1.333333333 − 0.006999040759𝑎2

2𝑥1.333333333           (26)                                         
 

∫ [𝑎0(1 − 2𝑥 + 𝑥
2) + 𝑎1(2𝑥 − 2𝑥

2) + 𝑎2𝑥
2 − 1 + 0.1469798559𝑥1.333333333 −

1

0

0.9999999998𝑥2 − 0.03499520380𝑎0
2𝑥1.333333333 − 0.02799616304𝑎0𝑎1𝑥

1.333333333 −
0.006999040759𝑎0𝑎2𝑥

1.333333333 − 0.01399808152𝑎1
2𝑥1.333333333 −

0.01399808152𝑎1𝑎2𝑥
1.333333333 − 0.006999040759𝑎2

2𝑥1.333333333]2(√1 − 𝑥2)𝑑𝑥    (27)        
                                

In order to minimize Eq. (27), applying 
Eq. (16) on Eq. (27) and integrating with respect 
to x over the interval [0,1] to give three system of 

equations with three unknown constants 𝑎𝑖(𝑖 =
0,1,2) . Solving these equations, the following 

constants were obtained as: 𝑎0 = 1, 𝑎1 = 1 

and 𝑎2 = 2. Substituting the values back into Eq. 

(8) to get the approximate solution as: 1 + 𝑥2  

 
 

 
Figure 1: Showing the graph of approximation solution and exact of example 1 
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Example 5.2: Consider the following fractional Integro-differential (Dilkel & Aysegul, 2018) 

𝐷∝𝑢(𝑥) = 𝑓(𝑥) + ∫ cos(𝑥 − 𝑡) 𝑢(𝑡)𝑑𝑡
𝑥

0
                (28)                                               

where 

𝑓(𝑥) =
1

𝛤(3−√3)
𝑥2−√3 + 2 sin 𝑥 − 2𝑥           (29)                                           

 

Subject to𝑢(0) = 0, 𝑢′(0) = 0 with 

exact solution 𝑈(𝑥) = 𝑥2 . Solving Eq. (28), 

following the same procedure above, we take ∝

= √3  and 𝑚 = 2 , the following constants 

as:  𝑎0 = 0, 𝑎1 = 0  and 𝑎2 = 1 . Substituting 
the values back into the assumed approximate 
solution, we obtain the approximate solution which 
is the same as the exact solution. 

 
Figure 2: Showing the graph of approximation solution and exact of example 2 

 

Example 5.3: Consider the following fractional Integro-differential (Saleh et al. 2015) 

𝐷∝𝑢1(𝑥) =
3𝑥
1
3

2

√3 𝛤(
2

3
) 

𝜋
−
1

6
𝑥 + ∫ 2𝑥𝑡(𝑢1(𝑡) + 𝑢2(𝑡))𝑑𝑡

1

0
,       (30)                                                          

𝐷∝𝑢1(𝑥) =
9𝑥
4
3

4

√3 𝛤(
2

3
) 

𝜋
−
5

6
𝑥3 + ∫ 𝑥3(𝑢1(𝑡) − 𝑢2(𝑡))𝑑𝑡

1

0
       (31)                                                  

Subject to 𝑢1(0) = −1, 𝑢2(0) = 0 with the exact solution 𝑢1(𝑥) = 𝑥 − 1, 𝑢2(𝑥) = 𝑥
2 

 
Similarly, solving example 3, following 

the same procedure above, we take ∝=
2

3
 

and  𝑚 = 2 . The following constants were 

obtained as:  𝑎0 = −1, 𝑎1 = 0.5, 𝑎2 = 0   for 

Eq. (30) and 𝑎0 = 0, 𝑎1 = 0, 𝑎2 = 1  for Eq. 
(31). Substituting the values back into the 

assumed approximate solution, we obtain the 
approximate solution as the exact solution. 
Comparing the result obtained by (Saleh et al.  
2015) with our method, it tends to be said that the 
proposed method performed more accurately 
since the exact solution is found.
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Figure 3: Showing the graph of approximation solution 𝑢1(𝑥)and exact of example 3 

 
Figure 4: Showing the graph of approximation solution 𝑢2(𝑥)and exact of example 3 

 
CONCLUSION 
      In this study, the properties of Bernstein 
polynomials together with caputo properties with 
different weight functions are used to find the 
solution of linear and non-linear FIDEs. There is a 
high rate of convergence of the approximate 
solutions to the exact solutions. Specifically, the 
performance of the proposed method with 
Bernstein polynomials was compared with some 
existing results in the literature and are found to 
be more efficient in the terms of timing and 

accuracy. Also, it is pleasing to note that the 
Bernstein polynomials and the method used are 
accurate in finding the solution of linear and non-
linear fractional integro-differential equations and 
do not require the difficult computation for finding 
the Adomian polynomials and also using Sumudu 
transform method It is also observed that the 
number of iterations needed in solving the 
problems using the proposed method is few and 
with lower values of M (the degree of the 
approximant).

111  

http://www.atbuftejoste.com/
mailto:oyedepotaiye@yahoo.com


JOURNAL OF SCIENCE TECHNOLOGY AND EDUCATION 10(1), MARCH, 2022 
ISSN: 2277-0011; Journal homepage: www.atbuftejoste.com 

   

Corresponding author: Oyedepo, T.  oyedepotaiye@yahoo.com Department of Mathematics, University of Ilorin, Kwara State. © 
2022. Faculty of Tech. Education, ATBU Bauchi. All rights reserved 

REFERENCES 
Abioye, A. I., Ibrahim, M. O., Peter, O. J., 

Amadiegwu, S. and Oguntolu, F. A. 
(2018). Differential Transform Method 
for Solving Mathematical Model of 
SEIR and SEI Spread of Malaria. 
International Journal of Science: Basic 
and Applied Research (IJSBAR) 
40(1):197-219, (2018).  

Abioye, A. I., Peter, O. J., Ayoade, A. A., 
Uwaheren, O. A., and Ibrahim, M. O., 
(2020). Application of Adomian 
Decomposition Method on a 
Mathematical Model of Malaria. 
Advances in Mathematics: Scientific 
Journal, 9(1), 417–435. 

Adebisi A. F., Peter O. J., Ayoola T. A., Oguntolu 
F. A., Ishola C. Y. (2018). Approximate 
Solution of Typhoid Fever Model by 
Variational Iteration Method. ATBU, 
Journal of Science, Journal of Science, 
Technology & Education (JOSTE); 6 
(3), 254- 265. 

Adebisi, A. F., Peter, O. J., Ayoola, T. A., 
Ayoade, A. A., Faniyi, O. E and 
Ganiyu, A. B. Semi Analytic Method for 
Solving Infectious Disease Model. 
Science World Journal. 14(1), 88-91 
(2019).  

Adebisi, A.F., Ojurongbe, T.A., Okunlola, K.A., 
and Peter, O. J. (2021). Application of 
Chebyshev polynomial basis function 
on the solution of volterra 
integrodifferential equations using 
Galerkin method. Mathematics and 
Computational Sciences, 2(1): 41-51. 

Adam L. (2004). Fractional Calculus: history, 
definition and application for the 
engineer. Department of Aerospace 
and Mechanical Engineering. 
University of Notre Dame IN 46556, U. 
S. A. 

Alkan S. & Hatipoglu V.F.( 2017). Approximate 
solutions of Volterra-Fredholm integro-
differential Equations of fractional 
order. Tbilisi Mathematical Journal 
10(2): 1-13. 

Amr Y. A., Mahdy A. M. S. & Youssef E. S. M. 
(2018). Solving fractional integro-

differential equations by using Sumudu 
transform method and Hermite spectral 
collocation method. Computers, 
Materials and Continua, 54(2): 161-
180. 

Awawdeh F., Rawashdeh E. A. & Jaradat H. M. 

(2011). Analytic solution of fractional 

integro-differential Equations.  Annals 

of the University of Craiova-

Mathematics and Computer Science 

Series. 38(1): 1-10.  

Ayoade, A. A., Peter, O. J., Abioye, A. I., Aminu, 

T. F., and Uwaheren, O. A. (2020). 

Application of Homotopy Perturbation 

Method to an SIR Mumps Model. 

Advances in Mathematics: Scientific 

Journal, 9(3), 329–1340 

Caputo M. (1967). Linear models of dissipation 
whose Q is almost frequency 
Independent,” Geophysical Journal 
International 13(5): 529 – 539. 

Chatterjee A. (2017). Numerical solution of 

Volterra type fractional order integro-

differential equations in Bernstein 

polynomial basis. Applied Mathematical 

Sciences 11(6): 249-265. 

Dilkel V. B. & Aysegül D. (2018).  Applied 
collocation method using Laguerre 
polynomials as the basis functions, 
Advances in difference equations. A 
springer open journal. pp. 1- 11. 

Edwards C. (2018). Math 312 Fractional calculus 

final presentation. [Video] Available at: 

https://www.youtube.com/watch?v=CsJ

a3XiOmfs [Accessed 20 Sep. 2018]. 

Emiroglu I. (2015). An approximation method for 

fractional integro-differential equations.  

Open Physics, vol. 13(1): 370-376. 

Ishola, C. Y., Taiwo, O. A., Adebisi, A. F., and 

Peter, O. J. (2022). Numerical solution 

of two-dimensional Fredholm 

integrodifferential equations by 

Chebyshev integral operational matrix 

method. Journal of Applied 

112  

http://www.atbuftejoste.com/
mailto:oyedepotaiye@yahoo.com


JOURNAL OF SCIENCE TECHNOLOGY AND EDUCATION 10(1), MARCH, 2022 
ISSN: 2277-0011; Journal homepage: www.atbuftejoste.com 

   

Corresponding author: Oyedepo, T.  oyedepotaiye@yahoo.com Department of Mathematics, University of Ilorin, Kwara State. © 
2022. Faculty of Tech. Education, ATBU Bauchi. All rights reserved 

Mathematics and Computational 

Mechanics. 21(1), 29- 40. 

Ma X. & Huang C. (2013a). Numerical solution of 

fractional integro-differential equations 

by a hybrid collocation Method. Applied 

Mathematics and Computation 

219(12):6750–6760. 

Ma X. & Huang C. (2014b). Spectral collocation 

method for linear fractional integro- 

differential equations. Applied 

Mathematical Modelling 38(4): 1434-

1448. 

Mahdy A. M. S. & Mohamed E. M. H. (2016). 

Numerical studies for solving system of 

linear Fractional integro-differential 

equations by using least squares 

method and shifted Chebyshev 

polynomials. Journal of Abstract and 

Computational Mathematics 1(24); 24-

32. 

Mohammed D. Sh. (2014a). Numerical solution 

of fractional integro-differential 

equations by least squares method and 

shifted Chebyshev polynomial. 

Mathematical Problems in Engineering 

Article ID 431965, 1: 5. 

Mohammed D. Sh. (2014b). Numerical solution 

of fractional singular integro-differential 

equations by using Taylor series 

expansion and Galerkin method. 

Journal of Pure and Applied 

Mathematics: Advances and 

Applications 12(2):129-143. 

Meng Z., Wang Z. L., Li H. & Zhang W. (2015).  

Legendre wavelets method for solving 

fractional integro-differential 

equations,” International Journal of 

Computer Mathematics, vol. 92, no. 2, 

pp. 1275-1291, 2015.  

Nawaz Y. (2011). Variational iteration method 

and homotopy perturbation method for 

fourth-order fractional integro-

differential equations,” Computers & 

Mathematics with Applications 61(8). 

2330-2341. 

Nemati S., Sedaghatb  S., &  Mohammadi, I.  
(2016). A fast numerical algorithm 
based on the second kind Chebyshev 
polynomials for fractional integro-
differential equations with weakly 
singular kernel. Journal of 
Computational and Applied 
Mathematics vol. 308:231-242. 

Nanware J. A.., Goud P. M. & Holambe T .L. 

(2020). Solution of fractional integro-

differential equations By Bernstein 

polynomials. Malaya Journal of 

Matematik 5(1):581-586.  

Oyedepo T., Adebisi A. F., Raji  M. T., Ajisope 
M. O., Adedeji J. A., Lawal  J. O. &  
Uwaheren O. A. (2021a).  Bernstein 
modified homotopy perturbation 
method for the solution of Volterra 
Fractional integro-differential 
equations,” Pacific Journal of Science 
and Technology 22(1): 30 – 36. 

Oyedepo T. A. Adebisi A. F., Raji  M. T.,  
Adedeji J. A., Ayinde M. A. Muhammed  
A. A. &  Peter O. J. (2021b) Perturbed 
least squares  technique for  solving 
volterra fractional fractional integro-
differential equations  based on 
constructed orthogonal  polynomials.  
Journal of Mathematical and 
Computational Science 11(1): 203 – 
218.  

Oyedepo, T., Uwaheren, O. A., Okperhie E. P. 
and Peter, O. J. Solution of Fractional 
Integro-Differential Equation Using 
Modified Homotopy Perturbation 
Technique and Constructed Orthogonal 
Polynomials as Basis Functions. 
Journal of Science Technology and 
Education 7(3), 157-164.  

Peter, O. J., Akinduko, O. B., Ishola C. Y. and 
Afolabi, O. A. (2018). Series Solution of 
Typhoid Fever Model using Differential 
Transform Method. Malaysian Journal 
of Computing, 3(1), 67-80.  

113  

http://www.atbuftejoste.com/
mailto:oyedepotaiye@yahoo.com


JOURNAL OF SCIENCE TECHNOLOGY AND EDUCATION 10(1), MARCH, 2022 
ISSN: 2277-0011; Journal homepage: www.atbuftejoste.com 

   

Corresponding author: Oyedepo, T.  oyedepotaiye@yahoo.com Department of Mathematics, University of Ilorin, Kwara State. © 
2022. Faculty of Tech. Education, ATBU Bauchi. All rights reserved 

Peter, O. J and M. O. Ibrahim (2019). Application 
of Variational Iteration Method in 
Solving Typhoid Fever Model, “2019 
Big Data. Knowledge and Control 
Systems Engineering (BdKCSE), Sofia, 
Bulgaria. Pp. 1-5.  

Peter, O. J. and Awoniran, A. F. “Homotopy 
Perturbation Method for Solving SIR 
Infectious Disease Model by 
Incorporating Vaccination”. The Pacific 
Journal of Science and Technology. 
19(1), 133-140 (2018). 

Peter, O. J. (2020). Transmission Dynamics of 
Fractional Order Brucellosis Model 
Using Caputo–Fabrizio Operator. 
International Journal of Differential 
Equations, 1-11. Article ID 2791380, 
https://doi.org/10.1155/2020/2791380. 

Peter, O. J., Shaikh, A. S., Ibrahim, M. O., Nisar, 
K. S., Baleanu, D., Khan, I., and 
Abioye, A. I., (2021). Analysis and 
Dynamics of Fractional Order 
Mathematical Model of COVID-19 in 
Nigeria Using Atangana-Baleanu 
Operator. Computers, Materials and 
Continua. 66(2), 1823-1848.  

Peter, O. J., Yusuf, A., Oshinubi, A., Oguntolu, F. 
A., Ibrahim, A. A., Abioye, A. I., and 
Ayoola, T. A. (2021). Fractional Order 
of Pneumococcal Pneumonia Infection 
Model with Caputo Fabrizio Operator. 

Results in Physics. 29 104581.  
Uwaheren, O. A., Adebisi, A. F., Olotu, O. T., 

Etuk, M. O., and Peter, O. J. (2021). 
Legendre Galerkin Method for Solving 
Fractional Integro-Differential 
Equations of Fredholm Type. The 
Aligarh Bulletin of Mathematics, 40(1), 
1-13 

Saleh M. H., Mohamed S. H, Ahmed M. H. &   
Marjan, M. K. (2015). System of linear 
fractional integro- differential equations 
by using Adomian decomposition 
method, International Journal of 
Computer Applications 121(24): 0975-
8887. 

Setia A., Liu Y., & Vatsala A. S. (2014). 

Numerical solution of Fredholm-

Volterra fractional integro-differential 

equation with nonlocal boundary 

conditions. Journal of Fractional 

Calculus and Applications vol. 

5(2):155- 165. 

Wang T., Kamran, Jamal A., & Li X. (2021). 

Numerical solution of fFractional-order 

Fredholm integrodifferential equation in 

the sense of Atangana–Baleanu 

derivative,” Mathematical Problems in 

Engineering, Article ID 6662808, pp. 1-

8. 

 

 

114  

http://www.atbuftejoste.com/
mailto:oyedepotaiye@yahoo.com
https://doi.org/10.1155/2020/2791380

