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ABSTRACT 
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1. INTRODUCTION 

Fractional differential equations are widely used to describe dynamical phenomena engender in 
economy, physic, biology, scientific and engineering [1-5]  
The (FBSEs) fractional Black-Scholes equations have analytical solutions in closed form therefore, finding 
new methods to solve linear and nonlinear equations.[9] 
 In recent years , the mathematical models used many tools have been developed to solution and  analysis 
of linear and nonlinear (FBSEs),[4]   
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where ( , )    European call choice at asset amok   ,   time, ( )   is the risk free interest rate, 

( , )    represent volatility function of underlying asset, and the Payoff function are 

( , ) max( ,0) ( ,0), ( , ) max( ,0) ( ,0)c kE E E E                                                                                  

Where   E mean the expiration amok for the choice and the function max( ,0) ( ,0)   gives the 

large value amidst   and  0  .    

Latterly, many structure methods, homotopy perturbation tool, the variable separation tool, Adomian 
decomposition tool, Laplace transform tool [6], Sumudu transform tool [3], Elzaki transform tool [13], and 
many others. these tools can produce different solutions. which are obtained from modeling in 
engineering applications. we present an problems of (FBSEs) fractional Black-Scholes equations.                                                                                                                   

The main idea, the new integral transform (ST) called Sumudu transform which introduced by Watugala 
[6], over the set of a function as  
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And the Adomian decomposition method which first  introduced by Georg Adomian [11], the (SDM) is 
combined of the powerful in solving many fractional differential equations in science and engineering, [4]  
 
2. DEFINITION AND PRELIMINARIES OF CONCEPTS 

In this section of, we give some theories and definitions which are useful in this study, of (FDEs) and 

integral transform. 

Definition 1. [16] 
The integral transform of the (CFD) Caputo fractional derivative defined as  
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Definition 2. [17] 

The (CFD) Caputo fractional derivative of 1,C N   is defined as  
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Lemma 1: [8] 

If 1 , , , 1N C 
              then the following two properties have,  

First property :    ( ) ( )J    D  

Scand property : 
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Definition 3 : [8] 

The (MLF) Mittag-Leffler function   E  with 0  is defined by,  
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3. IDEA OF (SDM) INTEGRAL TRANSFORM DECOMPOSITION METHOD  
We Let us examine the (FBSEs) the basic aim of the (SDM). 

   ( , ) ( , ) ( , ) ( , ), 0, , 0 1R                      D                                         

(1) 

Where     is the general linear factor in  ,     is the nonlinear factor in  and  ,    are general 

continuous function. 
By using (ST) integral transform of  eq.(1) on both side, 
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Where
  1( , ) ( ,0) ( , )          G S S ,represent the exporter code and specified (IC) initial 

conditions. 
The standard (SDT) integral transform decomposition method defined by,  
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The nonlinear term defined by, 
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The first a domain polynomial we have ,  
Applying  eq.(3)  and eq. (4) in to eq. (2) we have,  
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(5) 
Applying inverse (ST) integral transform to eq. (5 )  
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4. APPLICATIONS  
In this section, the method of  integral transform and decomposition method (SDTM) are joint to secure 
the solving of linear and nonlinear (FBSE). [1] 
 
 
problem 4.1:    Let us examine the (FBSE)  
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with the (IC) initial condition          ( ,0) max( 1,0) ( ,0)e                                                          (7) 
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Applying (ST) integral transform of eq. (6) on both side  
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The solution is given by the series,  
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Anywhere   E noted the (MLF) Mettag-Leffler function. 

problem 4.2:   Let us examine the (FBSE)  
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0 , ( ,0) ( ,0)       S  

 
2

1 1 1 2 2 1
1 2

, 6 10 8 10 (2 sin ) 6 10v v
v v

   


    
             

    
 

S S  

 

     

 

2
1 1 1 2 2 10 0

1 0 2

2
1 1 1 2 2 1

2

1 1

, 6 10 8 10 (2 sin ) 6 10

( ,0) ( ,0)
6 10 ( ,0) 8 10 (2 sin ) 6 10

6 10 ( ,0) 6 10
( 1) ( 1)





 





 

   

   

 

    
             

       
          

    

     
   

    
 

  
 

 


S S

S S  

 

 

2
1 1 1 2 2 11 1

2 1 2

2 2
1 2 1 2

, 6 10 8 10 (2 sin ) 6 10

(6 10 ) ( ,0) (6 10 )
(2 1) (2 1)



 



 

   

 

    
             

     
   

    
 

 


S S

 

 

 

2
1 1 1 2 2 13 3

3 3 2

3 3
1 3 1 3

, 6 10 8 10 (2 sin ) 6 10

(6 10 ) ( ,0) (6 10 )
(3 1) (3 1)



 



 

   

 

    
             

     
   

    
 

 


S S

 

The solution is given by  

         0 1 2 3, , , , , .....                 

   

 

 

1 1

2 2
1 2 1 2

3 3
1 3 1 3

, ( ,0) 6 10 ( ,0) 6 10
( 1) ( 1)

(6 10 ) ( ,0) (6 10 )
(2 1) (2 1)

(6 10 ) ( ,0) (6 10 )
(3 1) (3 1)

 

 

 

 

 

 

 

 

 

         
   

     
   

    
   

 
  

 


 


 

      1 1

0

, ( , ) ( , 0) 6 10 1 6 10v
v

 
 


 



                 E E  

 Where   E is the (MLF)  Mettag-Leffler function. 

5. CONCLUSION  
In that work, the combined decomposition method together for Integral transform (STDM) has been 
effective applied in obtain solutions of  the  (FBSE) fractional Black Scholes equation. some problems are 
presented to demonstrate the simplicity and  distinction of the suggest tool, showing this is plain to 
perform and effective in obtaining solution results.  
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