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1 Introduction 

The Fractional integro-differential equation has played a significant role in modelling of real world physical 

problems e.g. the modelling of earthquakes, reducing the spread of viruses, control the memory behaviour 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 [1,6,7], 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 FIDEs cannot be solved analytically, 
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therefore, much attention has been devoted to searching for approximate and numerical techniques to the 

solution of FIDEs. Recently, many methods have been developed by researchers for providing approximate 

solutions to FIDEs. In [17] FIDEs have been solved using Bernstein polynomials as basic functions while 

Laguerre polynomials were employed in [5]. Collocation techniques has been applied to find the solution of 

FIDEs in References [8,11,19]. Sumudu transform method and Hermite Spectral collocation method for the 

solution of FIDEs were introduced in [3].  Authors in [2] introduced approximate solutions of Volterra-Fredholm 

integro-differential equations of fractional order.  Least Squares Method (LSM) for the solution of FIDEs has 

been applied in References [12, 13]. Taylor series expansion and Galerkin method based on the second kind of 

Chebyshev polynomials have been applied in [14, 15, 21] to solve fractional singular Integro-Differential 

Equations (IDEs). The authors in [19] applied a numerical solution of Fredholm-Volterra FIDEs with nonlocal 

boundary conditions.  In [16] Bernstein modified homotopy perturbation method was employed to solve 

Volterra FIDEs.  The objective of this work is to introduce a new technique for the first time in the literature 

called Least Squares Collocation Chebyshev Technique (LSCCT) with different weight functions that provides 

less rigorous works in terms of computational cost with improved accuracy. The general form of the class of 

problem considered in this work is given as:  

 𝐷𝛼𝑢𝑖(𝑥) = 𝑝𝑖(𝑥)𝑢𝑖(𝑥) + 𝑓𝑖(𝑥) + ∫ 𝑘𝑖(𝑥, 𝑡)(∑𝑢𝑟(𝑡))

𝑛

𝑟=1

𝑑𝑡, 𝑖 = 1,2,… , 𝑛, 𝑜 ≤ 𝑥, 𝑡 ≤ 1,
𝑥

0

 

                                                                                                                                                                                       (1.1)                                                                                                                 

With the following supplementary conditions: 

 𝑢𝑖
(𝑗)(𝑥0) = 𝑢𝑖𝑗  𝑖 = 0,1,2, … ,𝑚 − 1,     𝑚 − 1 < 𝛼 ≤ 𝑚, 𝑚 ∈,𝑁                                                                        (1.2) 

Where  𝐷𝛼𝑢𝑖(𝑥)  indicates the ∝ 𝑡ℎ Caputo fractional derivative of  𝑢𝑖(𝑥);  𝑝𝑖(𝑥), 𝑓𝑖(𝑥),  𝑘𝑖(𝑥, 𝑡) are given smooth 

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

 

2 Some Relevant Basic Definitions 

Definition 2.1: Riemann – Lowville fractional integral is defined as [9] 

  𝐽𝛼𝑓(𝑥) =
1

Γ(α)
∫

𝑓(𝑥)

(𝑥−𝑡)1−𝛼
𝑑𝑡, 𝛼 > 0, 𝑥 > 0,

𝑥

0
                                                                                                            (2.1)  

  𝐽𝛼  denotes the fractional integral of order ∝    
Definition 2.2: The Caputo fractional Derivative is defined [9]: 

𝐷𝛼𝑓(𝑥) =
1

Γ(n−∝)
∫ (𝑥 − 𝑠)𝑛−∝−1𝑓𝑚(𝑠)𝑑𝑠  
𝑥

0
                                                                                                            (2.2)            

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
                                                                                                                       (2.3)                                                                                                                

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 
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(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: The Chebyshev polynomials [13] of degree 𝑛 over [0,1] is defined by the relation  

𝑄𝑚(𝑥) = 𝑐𝑜𝑠[sin
−1(2𝑥 − 1)]                                                                                                                                    (2.4)                                     

 and the recurrence relation is given by 

𝑄∗𝑚+1(𝑥) = 2(2𝑥 − 1)𝑄
∗
𝑚
(𝑥) − 𝑄∗𝑚−1(𝑥),     𝑚 ≥ 1                                                                                         (2.5)         

Where     𝑄∗0(𝑥) = 1 ,   𝑄∗1(𝑥) = 2𝑥 − 1                                                                                            

Definition 2.4: The Chebyshev polynomials [13]: A linear combination of Chebyshev basis polynomials: 

 𝑢𝑖(𝑥) = ∑ 𝑎𝑗
𝑖𝑄∗𝑗(𝑥)

𝑚
𝑗=0                                                                                                                                              (2.6)                   

is the Chebyshev polynomials of degree n where  𝑎𝑗,     𝑗 = 0,1,2,…… ..  are constants. 

 

3 Demonstration of Least-Squares Collocation Chebyshev Technique 

 The proposed method is based on approximating the unknown function 𝑢𝑖(𝑥) in Eq. (1.1) by assuming an 

approximate solution of the form in Eq. (2.6). Consider Eq.  (1.1) operating with 𝐽∝  on both sides as follows:    

 𝐽𝛼[𝑢𝑖(𝑥)] =  𝐽
𝛼  [𝑝𝑖(𝑥)𝑢𝑖(𝑥) + 𝑓𝑖(𝑥)  + ∫ 𝑘𝑖(𝑥, 𝑡)(∑ 𝑢𝑣(𝑡))

𝑛
𝑣=1 𝑑𝑡

𝑥

0
]                                                                    (3.1)           

𝑢𝑖(𝑥) = ∑ 𝑢𝑖
𝑘(0)

𝑥𝑘

𝑘!
𝑛−1
𝑘=0 +  𝐽𝛼  [𝑝𝑖(𝑥)𝑢𝑖(𝑥) + 𝑓𝑖(𝑥)  +  ∫ 𝑘𝑖(𝑥, 𝑡)(∑ 𝑢𝑟(𝑡))

𝑛
𝑟=1 𝑑𝑡

𝑥

0
]                                             (3.2)  

Substituting Eq. (2.6)  into Eq. (3.2). 

∑ 𝑎𝑗
𝑖𝑄∗𝑗(𝑥)

𝑚
𝑗=0 = ∑ 𝑢𝑖

𝑘(0)
𝑥𝑘

𝑘!
𝑚−1
𝑘=0 +  𝐽𝛼[𝑝𝑖(𝑥)∑ 𝑎𝑗

𝑖𝑄∗𝑗(𝑥)
𝑚
𝑗 + 𝑓𝑖(𝑥)  +  

∫ 𝑘𝑖(𝑥, 𝑡)(∑ [∑ 𝑎𝑗
𝑖𝑄∗𝑗(𝑡)

𝑚
𝑗=0 ])𝑛

𝑟=1 𝑑𝑡
𝑥

0
]                                                                                                                      (3.2)  

Hence, the residual equation is obtained as                                                                                         

 𝑅(𝑎0
𝑖 , 𝑎1

𝑖 , … , 𝑎𝑚
𝑖)=  ∑ 𝑎𝑗

𝑖𝑄∗𝑗(𝑥)
𝑚
𝑗=0 − {∑ 𝑢𝑖

𝑘(0) 
𝑥𝑘

𝑘!
𝑚−1
𝑘=0 +  

 [𝑝𝑖(𝑥)∑ 𝑎𝑗
𝑖𝑄∗𝑗(𝑥)

𝑚
𝑗=0 + 𝑓𝑖(𝑥)  + ∫ 𝑘𝑖(𝑥, 𝑡)(∑ [∑ 𝑎𝑗

𝑖𝑄∗𝑗(𝑡)
𝑚
𝑗=0 ])𝑛

𝑟=1 𝑑𝑡
𝑥

0
]}                                                           (3.3)                  

Let   

  𝑆(𝑎0,𝑎1. . . , 𝑎𝑚) = [𝑅(𝑎0,𝑎1, …… , 𝑎𝑚)]
2
𝑤(𝑥)                                                                                                        (3.4)      

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
𝑖 , 𝑎1

𝑖 , … , 𝑎𝑚
𝑖) = {∑ 𝑎𝑗

𝑖𝑄∗𝑗(𝑥)
𝑚
𝑗=0 − {∑ 𝑢𝑖

𝑘(0) 
𝑥𝑘

𝑘!
𝑚−1
𝑘=0 + 𝐽∝[𝑝(𝑥)∑ 𝑎𝑗

𝑖𝑄∗𝑗(𝑥)
𝑚
𝑗=0 + 𝑓𝑖(𝑥)  +

∫ 𝑘𝑖(𝑥, 𝑡)(∑ [∑ 𝑎𝑗
𝑖𝑄∗𝑗(𝑡)

𝑚
𝑗=0 ])𝑛

𝑟=1 𝑑𝑡
𝑥

0
]}}

2
                                                                                                                 (3.5)                                                                                                                                                                                                                                                           
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In order to minimize Eq. (3.5), the values of  𝑎𝑗  (𝑗 ≥ 0)  is obtained by finding the minimum    

value of  𝑆  as:                                                                                                                                                            

                     
𝜕𝑆𝑖

𝜕𝑎𝑗
𝑖 = 0, 𝑗 = 0,1,2… ,𝑚                                                                                                                         (3.6)      

 Applying Eq. (3.6) on Eq.  (3.5) , we have 

{∑𝑎𝑗
𝑖𝑄∗𝑗(𝑥)

𝑚

𝑗=0

− {∑ 𝑢𝑖
𝑘(0)

𝑥𝑘

𝑘!

𝑚−1

𝑘=0

+ 𝐽∝[𝑝(𝑥)∑𝑎𝑗
𝑖𝑄∗𝑗(𝑥)

𝑚

𝑗=0

+ 𝑓𝑖(𝑥)  + 𝐽
∝[∫ 𝑘𝑖(𝑥, 𝑡) (∑[∑𝑎𝑗

𝑖𝑄∗𝑗(𝑡)

𝑚

𝑗=0

])

𝑛

𝑟=1

𝑑𝑡]
𝑥

0

 } × 

{𝑢𝑗(𝑥) − 𝐽
∝[𝑝(𝑥)𝑄∗𝑗(𝑥)] − 𝐽

∝[∫ 𝑘𝑖(𝑥, 𝑡)(∑ [∑ 𝑄∗𝑗(𝑥)
𝑚
𝑗=0 ])𝑛

𝑟=1 𝑑𝑡]
𝑥

0
}                                                                   (3.7)                                         

Thus, Eq. (3.7)  is then simplified for 𝑗 = 0,1, … 𝑛 and collocated at equally spaced point 𝑥𝑖 = 𝑎 +
(𝑏−𝑎)𝑖

𝑚
 , (𝑖 =

1(1)𝑚) to obtain (𝑚 + 1) algebraic system of equations in (𝑚 + 1) unknown 𝑎𝑖𝑗  which are then put in matrix 

form as follow: 

 

𝐴 =

(

 
 

𝑅𝑖(𝑥, 𝑎0
𝑖)ℎ0

𝑖   𝑅𝑖(𝑥, 𝑎1
𝑖)ℎ0

𝑖⋯𝑅𝑖(𝑥, 𝑎𝑚
𝑖)ℎ0

𝑖

𝑅𝑖(𝑥, 𝑎0
𝑖)ℎ1

𝑖   𝑅𝑖(𝑥, 𝑎1
𝑖)ℎ1

𝑖⋯       𝑅𝑖(𝑥, 𝑎𝑚
𝑖)ℎ1

𝑖

⋮                     ⋮            ⋱                   ⋮

𝑅𝑖(𝑥, 𝑎𝑚
𝑖)ℎ𝑚

𝑖   𝑅𝑖(𝑥, 𝑎𝑚
𝑖)ℎ𝑚

𝑖 …𝑅𝑖(𝑥, 𝑎𝑗
𝑖)ℎ𝑚

𝑖
)

 
 

,                                                                                     (3.8)  

 

  𝐵 =

(

 
 
 

[𝐽∝𝑓𝑖(𝑥) + ∑ 𝑢𝑖
𝑘(0) 

𝑥𝑘

𝑘!
𝑛−1
𝑘=0 ] ℎ0

𝑖

[𝐽∝𝑓𝑖(𝑥) + ∑ 𝑢𝑖
𝑘(0)

𝑥𝑘

𝑘!
𝑛−1
𝑘=0 ] ℎ1

𝑖

⋮

[𝐽∝𝑓𝑖(𝑥) + ∑ 𝑢𝑖
𝑘(0)

𝑥𝑘

𝑘!
𝑛−1
𝑘=0 ] ℎ𝑚

𝑖
)

 
 
 

                                                                                                                (3.9)                  

Where 

ℎ𝑗 
𝑖 = 𝑄∗𝑗(𝑥) − 𝐽

∝ [𝑝(𝑥)𝑄∗𝑗(𝑥)] −   

𝐽∝[∫ 𝑘𝑖(𝑥, 𝑡)(∑ [∑ 𝑄∗𝑗(𝑡)
𝑚
𝑗=0 ])𝑛

𝑟=1 𝑑𝑡]
𝑥

0
, 𝑗 = 0,1, … ,𝑚                                                                         (3.10) 

𝑅𝑖(𝑥, 𝑎𝑗
𝑖) = ∑ 𝑎𝑗

𝑖𝑄∗𝑗(𝑥)
𝑚
𝑗=0 −{ 𝐽𝛼  [𝑝(𝑥)∑ 𝑎𝑗

𝑖𝑄∗𝑗(𝑥)
𝑚
𝑗=0  +  

𝐽∝[∫ 𝑘𝑖(𝑥, 𝑡)(∑ [∑ 𝑎𝑗
𝑖𝑄∗𝑗(𝑡)

𝑚
𝑗=0 ])𝑛

𝑟=1 𝑑𝑡]
𝑥

0
,                                                                                            (3.11) 

 𝑗 = 0,1, … ,𝑚,   𝐼 = 1,2,… , 𝑛                    

In order to obtain the unknown constants 𝑎𝑗(𝑗 = 0(1)𝑚),  the (m + 1) linear equations are then solved using 

Maple 18, which are then substituted back into the assumed approximate solution to give the required 

approximation solution. 
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Remark: The convergence and stability of the method were discussed in [20] while the existence and 
uniqueness of solution have been proved by [4]. 
  

4 Numerical Examples 

In order to illustrate the computational cost accuracy and efficiency of the proposed method using Maple 18 for 

solving system of linear fractional integro-differential equations, we present some examples. All result are 

calculated using Maple 18.  

Example 4.1: Consider the following fractional Integro-differential [18] 

𝐷∝𝑢1(𝑥) = −
1

20
−

𝑥

12
+
4𝑥

1
4(15−23𝑥2)

15Γ(
1

3
)

+ ∫ (𝑥 + 𝑡)[𝑢1(𝑡) + 𝑢2(𝑡)]𝑑𝑡
1

0
,                                                                    (4.1)                                                    

𝐷∝𝑢2(𝑥) = −
5𝑥3

6
+

9𝑥
4
3

2Γ(
1

3
)
+ ∫ 𝑥

1

2𝑡2[𝑢1(𝑡) − 𝑢2(𝑡)]𝑑𝑡
1

0
                                                                                            (4.2)       

Subject to initial conditions 𝑢1(0) = 0, 𝑢2(0) = 0 with the exact solution 𝑢1(𝑥) = 𝑥 − 𝑥
3, 𝑢2(𝑥) = 𝑥

2 − 𝑥. 

Solving example 1, following the same procedure above, we take ∝=
3

4
 and 𝑚 = 3. The following constants were 

obtained as: 𝑎0 = 0, 𝑎1 = 0.333333333 , 𝑎2 = 0.666666666, 𝑎3 = 0 for Eq. (4.1) and 𝑎0 = 0, 𝑎1 =

−0.3333333333, 𝑎2 = −0.3333333333, 𝑎3 = 0 for Eq. (4.2). Substituting the values into the assumed 

approximate solution hence, the approximate solution is obtained as:  

𝑢1(𝑥) = −0.999999999𝑥
3 + 0.999999999𝑥   

𝑢2(𝑥) = 0.9999999999𝑥
2 − 1.00000000𝑡. Comparing the result obtained by [18] with the new method, it 

suffices to say that the new method in this study is more accurate since the table of error found is smaller than 

[17] and the graph of the approximate solution is the same as the graph of the exact solution.     

Example 4.2: Consider the following fractional Integro-differential [18] 

𝐷∝𝑢1(𝑥) =
83𝑥

80
+

𝑥

12
+
25𝑥

6
5(11+15𝑥)

33Γ(
1

5
)

+ ∫ 2𝑥𝑡[𝑢1(𝑡) + 𝑢2(𝑡)]𝑑𝑡
1

0
,                                                                            (4.3)    

𝐷∝𝑢2(𝑥) = −
5𝑥3

6
+

9𝑥
4
3

2Γ(
1

3
)
+ ∫ (𝑥 + 𝑡)[𝑢1(𝑡) − 𝑢2(𝑡)]𝑑𝑡

1

0
.                                                                                       (4.4) 
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Figure 1: Showing the graph of approximation solution 𝑢1(𝑥)and exact of example 4.1 

 

 

Figure 2: Showing the graph of approximation solution 𝑢2(𝑥)and exact of example 4.1 

 

Subject to initial conditions 𝑢1(0) = 0, 𝑢2(0) = 0 with the exact solution 𝑢1(𝑥) = 𝑥
3 − 𝑥2, 𝑢2(𝑥) =

15

8
𝑥2. 

Similarly solving Example 3, following the same procedure above, we take ∝=
4

5
 and 𝑚 = 2. The following 

constants were obtained as: 𝑎0 = 0, 𝑎1 = 0 , 𝑎2 = 0.33333333333, 𝑎3 = 0 for Eq. (4.3) and 𝑎0 = 0, 𝑎1 =

0, 𝑎2 = 0.6249999999, 𝑎3 = 1.874999999 for Eq. (4.4). Substituting the values back into the assumed 

approximate solution, the approximate solution is obtained as:  

𝑢1(𝑥) = 0.999999999𝑥
3 − 0.999999999𝑥3,   
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𝑢2(𝑥) = −1 × 10
−9𝑥3 + 1.8745000000𝑥2. Comparing the result obtained by [18] with the new method, it 

suffices to say that new method in this study is more accurate since the table of error found is smaller than [18] 

and the graph of the approximate solution is the same as the graph of the exact solution. 

 

Figure 3: Showing the graph of approximation solution 𝑢1(𝑥)and exact of example 4.2 

 

 

 

 

Figure 4: Showing the graph of approximation solution 𝑢2(𝑥)and exact of example 4.2 

 

Example 4.3: Consider the following fractional Integro-differential [18] 
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𝐷∝𝑢1(𝑥) =
3𝑥

1
3

2

√3 𝛤(
2

3
) 

𝜋
−
1

6
𝑥 + ∫ 2𝑥𝑡(𝑢1(𝑡) + 𝑢2(𝑡))𝑑𝑡

1

0
,                                                                                           (4.5)                                                                                                                                           

𝐷∝𝑢2(𝑥) =
9𝑥

4
3

4

√3 𝛤(
2

3
) 

𝜋
−
5

6
𝑥3 + ∫ 𝑥3(𝑢1(𝑡) − 𝑢2(𝑡))𝑑𝑡

1

0
                                                                                            (4.6)                                                

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, we obtained the 

approximation solution which is the same as the exact solution.  

 

 

Figure 5: Showing the graph of approximation solution 𝑢1(𝑥)and exact of example 4.3 

 

 

 

 

 

Figure 6: Showing the graph of approximation solution 𝑢2(𝑥)and exact of example 4.3 
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5 Table of Results  

Table 1. Comparison of the absolute errors for Example 4.1 

X           LSCCT 𝒖𝟏(𝒙)                     ADM [18] 

0.0      𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟎𝟎                  𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟎𝟎 

0.2      𝟏. 𝟗𝟐𝟎 × 𝟏𝟎−𝟏𝟎                  𝟑. 𝟑𝟖𝟏 × 𝟏𝟎−𝟑 

0.4      𝟑. 𝟑𝟔𝟎 × 𝟏𝟎−𝟏𝟎                   𝟔. 𝟓𝟏𝟎 × 𝟏𝟎−𝟑 

0.6      𝟑. 𝟖𝟒𝟎 × 𝟏𝟎−𝟏𝟎                  𝟗. 𝟗𝟒𝟐 × 𝟏𝟎−𝟑 

0.8      𝟐. 𝟖𝟖𝟎 × 𝟏𝟎−𝟏𝟎                 𝟏. 𝟑𝟕𝟐 × 𝟏𝟎−𝟐 

1.0      𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟎𝟎                  𝟏. 𝟕𝟖𝟔 × 𝟏𝟎−𝟐 

 
 
Table 2. Comparison of the absolute errors for Example 4.1 
 

 
X           LSCCT 𝒖𝟐(𝒙)                     ADM [18] 

0.0      𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟎𝟎                  𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟎𝟎 
0.2      𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟏𝟎                  𝟒. 𝟕𝟓𝟑 × 𝟏𝟎−𝟒 
0.4      𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟏𝟎                 𝟏. 𝟏𝟑𝟎 × 𝟏𝟎−𝟑 
0.6      𝟔. 𝟎𝟎𝟎 × 𝟏𝟎−𝟏𝟏                 𝟏. 𝟖𝟕𝟔 × 𝟏𝟎−𝟑 
0.8      𝟖. 𝟎𝟎𝟎 × 𝟏𝟎−𝟏𝟏                 𝟐. 𝟔𝟖𝟗 × 𝟏𝟎−𝟑 
1.0      𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟎𝟎                  𝟑. 𝟓𝟑𝟒 × 𝟏𝟎−𝟑 

 
 
Table 3. Comparison of the absolute errors for Example 4.1 
 

 
X           LSCCT 𝒖𝟏(𝒙)                     ADM [18] 

0.0      𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟎𝟎                  𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟎𝟎 
0.2      𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟏𝟎                  𝟔. 𝟖𝟓𝟐 × 𝟏𝟎−𝟒 
0.4      𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟏𝟎                 𝟐. 𝟑𝟖𝟔 × 𝟏𝟎−𝟑 
0.6      𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟏𝟎                 𝟒. 𝟗𝟓𝟎 × 𝟏𝟎−𝟑 
0.8      𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟏𝟎                 𝟖. 𝟑𝟎𝟗 × 𝟏𝟎−𝟑 
1.0      𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟎𝟎                  𝟏. 𝟐𝟒𝟏 × 𝟏𝟎−𝟐 

 
 
Table 4. Comparison of the absolute errors for Example 4.2 
 

 
X           LSCCT 𝒖𝟏(𝒙)                     ADM [18] 

0.0      𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟎𝟎                 𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟎𝟎 
0.2      𝟖. 𝟎𝟎𝟎 × 𝟏𝟎−𝟏𝟐                 𝟐. 𝟒𝟎𝟎 × 𝟏𝟎−𝟑 
0.4     𝟔. 𝟒𝟎𝟎 × 𝟏𝟎−𝟏𝟏                  𝟑. 𝟑𝟎𝟕 × 𝟏𝟎−𝟑 
0.6      𝟐. 𝟏𝟔𝟎 × 𝟏𝟎−𝟏𝟎                 𝟓. 𝟑𝟑𝟏 × 𝟏𝟎−𝟑 
0.8      𝟓. 𝟏𝟐𝟎 × 𝟏𝟎−𝟏𝟎                 𝟕. 𝟔𝟔𝟐 × 𝟏𝟎−𝟑 
1.0      𝟏. 𝟎𝟎𝟎 × 𝟏𝟎−𝟗                    𝟏. 𝟎𝟐𝟗 × 𝟏𝟎−𝟐 
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Table 5. Comparison of the absolute errors for Example 4.3 
 

 
X           LSCCT 𝒖𝟏(𝒙)                     ADM [18] 

0.0      𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟎𝟎                 𝟕. 𝟕𝟕𝟔 × 𝟏𝟎−𝟔 
0.2      𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟎𝟎                 𝟒. 𝟖𝟓𝟐 × 𝟏𝟎−𝟒 
0.4      𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟎𝟎                  𝟕. 𝟖𝟑𝟖 × 𝟏𝟎−𝟒 
0.6      𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟎𝟎                 𝟏. 𝟓𝟒𝟎 × 𝟏𝟎−𝟑 
0.8      𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟎𝟎                 𝟐. 𝟒𝟖𝟖 × 𝟏𝟎−𝟑 
1.0      𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟎𝟎                   𝟑. 𝟔𝟎𝟗 × 𝟏𝟎−𝟑 

 
 
Table 6. Comparison of the absolute errors for Example 4.3 
 

 
X           LSCCT 𝒖𝟏(𝒙)                     ADM [18] 

0.0      𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟎𝟎                 𝟕. 𝟖𝟓𝟖 × 𝟏𝟎−𝟖 
0.2      𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟎𝟎                 𝟒. 𝟒𝟏𝟑 × 𝟏𝟎−𝟓 
0.4      𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟎𝟎                 𝟏. 𝟐𝟔𝟕 × 𝟏𝟎−𝟓 
0.6      𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟎𝟎                 𝟓. 𝟔𝟎𝟒 × 𝟏𝟎−𝟓 
0.8      𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟎𝟎                 𝟏. 𝟔𝟎𝟗 × 𝟏𝟎−𝟒 
1.0      𝟎. 𝟎𝟎𝟎 × 𝟏𝟎+𝟎𝟎                  𝟑. 𝟔𝟒𝟕 × 𝟏𝟎−𝟒 

 

6 Conclusion 
All the work presented in this study were solved using Maple 18, It can be seen from Figures 1-6 that the 
required approximate solutions obtained and the exact solutions are in good agreement, also tables 1 – 6 show 
that the new method performed more accurately than that of [18] with less rigorous work in terms of 
computational cost. Findings have shown that there is no other place in literature where the table of results is 
presented other than [18].  Many researchers have proposed numerical approach for solving fractional 
differential equations, whereas numerical approach for solving Integro-differential equations is relatively new.  
Therefore, the proposed method can be adopted for solving FIDEs since they performed favorably well. 
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