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Abstract - In this paper, the local fractional decomposition 
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problems for the Volterra integral equations and heat 
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I. INTRODUCTION 

 

Fractal is a mathematical set that typically displays self-similar 

patterns. Fractals are usually nowhere differentiable. These 

fractals are used in many engineering applications such as 

porous media modelling, nano fluids, fracture mechanics and 

many other applications in nanoscale. The fractals   nature of 

the objects must be taken into account in various transport 

phenomena. The local temperature depends on the fractal 

dimensions for the transport phenomena in the fractals object. 

To solve the linear and non-linear problems of ordinary, partial 

differential equation and integral equations, Adomain 

introduced a method called the decomposition method. Also 

inorder to investigate local fractal behaviours of differential 

equations with fractal conditions,a new tool has been designed 

called the local fractional derivation.The local fractional 

variational iteration method local fractional decomposition 

method etc, are the analytical methods used to solve the 

differential and integral equations with fractional derivative 

and integral operator. 

 

II. PRELIMINARIES 

 

Local fractional continuity of functions 

 

Definition1. If there is the relation  

 
with  for and  

Now  is called local fractional continuous at ,  

denoted by .  

Then  is called local fractional continuous on the 

interval , denoted by . 

Local fractional integrals 

 

Definition2. Setting , local fractional integral of 

 of order  in the interval  is defined  

a  

,  

Where 

 
And 

 

, is a partition of the 

interval . For more detail of fractal geometrical 

explanation of  local fractional integral,   we see 

 

For any , there exists  

a , 

denoted by 

 
 

Here, the following results are valid: 

 

1) If , one deduce to  

 
 

2) If , then we have  

a . 

 

3) If , then we have  

 

a  b  

 

4) If  there is the fractal dimension α=0, then we have  

 

a . 

 

5) The sine sub-function can be written as 

 

     Sinα  

 

 
6) There is a useful formula      
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III. WEYL FRACTIONAL DERIVATIVES 

 

When the fixed limit of differentiation  takes on the singular 

values  or is used. We obtain expressions which are often 

called “weyl fractional derivatives.”  

They are 

 

 
(where some suitable branch of  must be specified)  

and 

 

 
 

IV.  ANALYTICAL METHOD 

 

For seek of clarity of the explanation, the local fractional 

decomposition method will be briefly outlined.The local 

fractional Volterra integral equation is written in the form 

 

 

=                                      (1) 

and initial condition
 

 

                                                                         (2)  

Substituting  into equation (1) implies 

 

=  

                                         (3) 

The components  

of the function  

can be completely determined if we set 

 

 

 

  (4) 

 

and so on.  

The set above equations can be written in compact recurrence 

scheme as  

 

,                                                                         (5) 

and 

 

=                                                 (6) 

 

Hence, we give the local fractional series solution  

 
 

Definition: Local fractional differential operator 

 

The general local fractional differential equation in a local 

fractional differential operator form 

                                                 (1) 

in equation (1)  is local fractional 2  order differential 

operator, which by the definition reads 

 

                                                     (2) 

and  

              (3) 

 

is local fractional order differential operator  

and  is local fractional continuous. 

From equation (1), 

   

 

Applying the inverse operator  to both sides of (1) yields 

 
                (4) 

 

If the inverse differential operator exists, according to 

the local fractional decomposition method mentioned above, 

we have 

,                       (5) 

where  

and  

                                 (6) 

 

Finally, we can find a solution in the form  

                                                                (7) 

 

V. AN ILLUSTRATIVE EXAMPLE 

 

Several illustrative examples demonstrating the efficiency of 

the of the suggested local fractional decomposition method are 

present next 

 

Example- Solve the local fractional Volterraequation                                                

 

 
Consider the solution in the series form    

 
Then substituting this series into the given equation, we have 

that 

 
 

Now decomposing the different terms in the following manner, 

we get a set of solutions 
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Continuing in this way we obtain a series 

 

 
sinα ) 

 

which is the solution of the given local fractional integral 

equation. This result is similar to the Picard’s successive 

approximation method for the local fractional Volterra integral 

equation.   

 

Example.- Let us consider the local fractional heat conduction 

equation with no heat generation in fractal media and 

dimensionless variables, which reads 

 

(1) 

subject to the following fractal initial boundary conditions 

 
(2) 

where in equation (2), 

 

is the temperature field. 

Hence, the recurrence formula takes the form 

(3) 

 

We can develop a solution in a form of local fractional series,  

namely 

 

 

= (4) 

 

=  sin  

where 

sin  

=  

 

is a hyperbolic cosine function defined on a Cantor set,  

and is the Mittag-Leffler 

function defined on a Cantor set. 

 

VI.  CONCLUSION 

 

In this paper, we have solved the local fractional integral 

equation and local fractional differential equations by using 

local fractional decomposition method and local fractional  

differential operators. The local fractional decomposition 

method fouses especially on the approximation methodology 

for processing local fractional equations. This method also 

been explained using two illustrative problems demonstrating 

its accuracy and reliabilities. 
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