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Abstract: Around there, we new examination has been done on past investigations of 

perhaps the main numerical models that portray the worldwide monetary development 

and that is depicted as a non-straight fragmentary monetary model of mindfulness, where 

the investigations address the means following: One: The schematic of the model is 

proposed. Two: The sickness-free balance point (DFE) and the soundness of the harmony 

point are talked about. Three: The strength of the model is satisfying by drawing the 

Lyapunov examples. Fourth: The presence of consistently stable arrangements is 

examined. Five: The Caputo is portrayed as the fragmentary subsidiary. Six: Fragmentary 

ideal control for NFFMA is examined, by explaining the partial ideal control through 

drawing when control. Seven: We are utilizing the calculation, summed up Adams–

Bashforth–Moulton technique (GABMP) to tackle the is utilized to take the goal of an 

NFFMA. At last, we show that GABMP is profoundly indistinguishable. The 

mathematical strategy utilized in this composition to address this model has not been 

used by any creator before that. Additionally, this model with partial subordinates 

characterized in this manner has not been concentrated before that. The strategies used 

are not difficult to impact, regardless of whether logical or mathematical, and give great 

results. 

Keywords: Financial of awareness; Stability; Lyapunov exponents; Fractional optimal 

control; Hamiltonian.  
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1.  Foreword 

      It is completely perceived that the objective of the statement is to persuade purchasers 

to purchase items, depending on the overall need of these produces to show that they 

contrast as an unmistakable brand from different items to help purchasers to buy them 

[4]. There are numerous approaches to turn the clients consider the items, and 

administrations offered to them. One of them is publicizing through messages. These 

messages are through physical media, like papers, magazines TVs, and radios. This 

mission can be through straightforward media, for example, sites and drawing out 

messages [39]. It is vital to examine publicizing techniques to build deals to accomplish 

the most noteworthy benefit for the organization [40]. Consequently, it is a lot helpful to 

examine and make a fitting dynamic and to address time-sensitive selling and general 

assessment [41]. There are additionally many methodology models to show up in the 

connection between promoting that distinguishes tangles from the showcasing and 

financial administration perspective. Publicizing arrangements are examined over the 

long run by unique models depicted as differential conditions where sell parcel, 

arrangements, and all extreme conditions factors are continually evolving. With regard to 

time. The reason for publicizing is consistently extraordinary for instance, the motivation 

behind certain commercials is to analyze two, three, or more brands, and for another 

reason, for example, acquainting a novel item with the shop dependent on these 

objectives, promoting types are made. Usually, the activity of publicizing is perpetually 

late on schedule, and it is important to incorporate the memory of various models of an 

affirmation, so models that depend on the past cases in the current cases have not just 

their underlying past cases fitting to portray procedures for the announcement.  

    Hitherto, fractional calculus has gained extraordinary dissemination and importance 

because of its snappy execution as another model work in a combination of designing and 

logical spaces ([1]-[58], [63]-[74], for example, viscoelasticity [1] and thermoelasticity 

([2], [3], [59]-[62]). The best strategy partial models are leaded as fragmentary 

differential conditions.  

    The great object of this composition is to propose a customized concentrate about 

GABMP for settling NFFMA [4]:  
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with given initial case : 

      303202101 =,=,= wtwwtwwtw .  (1.2) 

 

Fig. 1. The suggested graphical of the model.  

 

Definition 1  The   is Caputo fractional derivative is defined ([5]-[8], [46]): 
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For additional exceptional about the basal definitions and benefits of fractional 

subsidiaries see ([5]-[8], [46]).  

   Table 1 (The boundary esteems and their definition)   

w1

N w2

w3

w1
2
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Parameter Definition 

 tN   Populace all out with time. 

 tx1  Some of a bunch of people who don't have the foggiest idea about the element of 

the produce. 

 tx2  Some of a bunch of people who think about the item however have not yet 

purchased it. 

 tx3
 Some of the gathering of individuals who have purchased the item. 

u  Knowledge, this changs the consumers from the intangibleset  tx1  into the scope 

one  tx2  by informing them about the produce. 

  Try advertisement, this carries the consumers from the potential set  tx2  into 

the purchased one  tx3
 by encouraging them to buy the produce. 

a  Preliminary rate. 

k  Associate proportion. 

  Change proportion. 

b
 Birth proportion. 

d
  Passing rate. 

 txu 1  
Total number of persons carry to the aware group

 

 tx2  via declaration. 

    txtN 1
 

Connect and report a total of     txtNk 1 , out of which only a fraction of  

   tNtx /1  are latterly informed. 

 

     The paper is organized into five areas. In segment 2, we study the balance focuses, 

strength, presence of consistently stable arrangement nonlinear partial monetary models 

of mindfulness, explain the elements of the model between Lyapunov types, and Poincare 

maps. Ideal control for NFFMA is examined in Area 3. In area 4, we show a guide to 

show the action of utilizing (GABMP) to address NFFMA. At long last, appropriate ends 

are attracted segment 5.   
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2. Equilibrium and Stability of nonlinear fragmentary monetary models of 

mindfulness  

In this segment, we examine the harmony point and the security of nonlinear fragmentary 

monetary models of mindfulness (1.1).  

2.1. Equilibrium points 

We study the harmony points of the nonlinear fragmentary monetary models of 

mindfulness. The model has one harmony point, more insights concerning balance point 

and Strength of nonlinear fragmentary models see ([32]-[38]).  

 

Henceforth, we settle the accompanying conditions to decide the harmony point:  
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              (2.1) 

Equations (2.1) has to win the one equilibrium point. 

2. 2. Studying the stability 

       We calculate the Jacobian matrix J  for the model (1.1) as follows:

  

                                       

1

1

2
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2
,
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at the equilibrium point the matrix Jacobian of (1.1) is approaching by 

2 0 0

2

0

d

d

d

u k k G

J u k k G a v

a v

   

      

   
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 

    
       
    

. 

So, we get 
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2 0 0
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. 

Then, the eigenvalues approaching by 

 1 2 3, , 2
d d d

a v u k k G
                          . 

The solution is stable. 

2.3. Clarify Lyapunov exponents and Poincare map 

    Figures 2-4 explain Lyapunov types in various time spans. Figures 5-10 explain the 

Poincare guide of the framework for three unique upsides of a, k and delta. All of which 

included model security. All eigenvalues have negative which implies the steadiness of 

this fixed point and we ensure its security by plotting its Lyapunov models (LE1, LE2, 

LE3). The estimation used for choosing Lyapunov models had suggested in [47], see 

Figures 2-4. From Figure 2-4, we see that each Lyapunov models are negative after a 

little transient time that derives the structure has consistent and approaches its fixed point.  

 

Fig. 2: Perform the Lyapunov exponents' dynamics for the model. 
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Fig. 3: Perform the Lyapunov exponents' dynamics for the model. 

 

Fig. 4: Perform the Lyapunov exponents' dynamics for the model. 

2.4. Existence of Uniformly stable solution: 
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Let            1 2 3 1 2 3, , : , , , [0, ]D w w w w w w a t T    , 

This implies that every one of the three capacities satisfies the Lipschitz condition 

concerning the three cases, and afterward every one of the three capacities is ceaseless as 

for the three cases. 

3.1. Optimal control for fractional financial models of awareness 

 

Let us see the case model given in Eqs. (1.1), incontrol  accepted, with the set of 3  

functions for more details in ([42]-[45], [48]): 

     2
(.), (.) 0, 0 (.), (.) 1, [0, ] ,f fu v L T u v t T

     

 where 
f

T has the final time, (.) and (.)u v  have controls functions. 

The objective function is known as 

  2 2

1

0

(.), (.) ( ) ( ) ( ) ,
fT

J u v Aw t Bu t Cv t dt               (3.1)       

where A, B, and C illustrate the rule constants. 

The premier point in FOCPs is to get the optimal controls (.) and (.)u v , which minimize 

the following objective function: 

   1 2 3

0

, , , , , , ,
fT

J u v w w w u v t dt   (3.2) 

subjected to the constraint 

1 1 2 2 3 3 1 2 3, , , ( , , , , , ), 1,2,3.
i

w w w w w w u v t i
             

                  (3.3) 

The next starting conditions are fulfilled:  

1 10 2 20 3 30(0) , (0) , (0) .w w w w w w                                     (3.4) 

 

To realize the FOCP, let us think a revised objective (cost) function as directs: 

   
3

1 2 3 1 2 3

10

, , , , , , , , , , ,
fT

i i

i

J H w w w u v t w w w u v t dt 


 
   

        (3.5) 

the Hamiltonian at the goal functional (3.5) and the control financial models of awareness 

(1.1) is given as follows: 
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     
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1 2 3 1 2 3 1 2 3

1

, , , , , , , , , , , , , , , ,
i i

i

H w w w u v t w w w u v t w w w u v t  


                  (3.6)

  

   

 

2 2

1 1 1 1 1 1

2 1 1 1 2 3 2

3 2 3 3 .

b d

d
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N

k
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N
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
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  

   
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 
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                (3.7) 

From (3.5) and (3.7), we can deduce the necessary and sufficient conditions for FOPC as 

follows 

1 2 3

1 2 3

, , ,
H H H

w w w

      
     

  
                    (3.8) 

0, 0.
H H

u v

 
 

 
                              (3.9) 

1 2 3

1 2 3

, , ,
H H H

w w w
  

  
  

     
  

                (3.10) 

, ( ) 0.
j f

T                        (3.11) 

where , 1,2,3
j

j   have Lagrange multipliers. Eqs. (3.9) and (3.10) appear the 

necessary conditions in terms of a Hamiltonian for the FOPC. 

We arrive at the following theorem: 

 

Theorem 1. 

If u  and v are optimal controls with the uniform state * * *

1 2 3, and ,w w w  consequently 

there be adjoint variables 
*, 1,2,3,
i

i   fulfilled the next: 

(i) Co-state equations (adjoint equations) 

Laying the cases in the content hypothesis and applying conditions (3.8) ([42]-[45]), we 

obtain the accompanying three conditions, which can be composed as follows:-  

* * *

1 1 1 2 1

2 2
,

d

k k
A u k w u k w

N N

 
        

   
            

   
            (3.12) 

   * * *

2 2 3 ,
d

a a
                                  (3.13) 

   * * *

3 2 3 .
d

                                (3.14) 

     (ii)  Transversality conditions: 
*( ) 0, 1,2,3.
i f

T i                    (3.15) 

    (iii)    Optimality conditions 
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   
* *

* * * * * * * * * * * *

1 2 3 1 2 3
0 , 1

, , , , , min , , , , , ,
u v

H w w w u v H w w w u v 
 

         (3.16) 

As well, the control functions * *,u v  are offered by 

   
2

2

* * * * * *

1 1 2 1 1 2

2 2
0 ,

H B Bu
u u

u w w

 

     


    
  

                (3.17) 

   
2

2

* * * * * *

2 2 3 2 2 3

2 2
0 ,

H C Cv
v v

v w w

 

     


    
  

     (3.18) 

 * * *

1 1 2* min 1, max 0, ,
2

w
u

B

         
    

                    (3.19) 

 * * *

2 2 3* min 1, max 0, .
2

w
v

C

         
    

                      (3.20) 

Proof. The co-state system Eqs. (3-12)-(3-14) are found from Eq.(3-10) where the 

Hamiltonian *
H  is given by 

* * *2 *2 * * * * * *

1 1 1 1 2 2 3 3 .H A w B u C v w w w
                                 (3-21) 

Moreover, the case in Eq. (3-11) else fulfilled, and the optimal control in Eqs. (3-19)–(3-

20) can be derived from Eq. (3-9).  

Letting *
u  and *

v  in (1-1), the next case system will be found as: 

 

   
 

* * * * * *

1 1 1 1 1

* * * * * * * * *

2 1 1 1 2 3 2

* * * * *

3 2 3 3

= ,

= ,

= .

b d

d

d

k
w u w w N w N w

N

k
w u w w N w a w w w

N

w a w w w


   


     

    

 

  

  

     

      

                                   (3-22)

 

For extra properties of fractional optimal control see the references ([42]-[45]). 

4.  Applications 

Here GABMP is approaching in this here [72, 73]. In this style, the GABMM is derived 

for obtaining the numerical solution of the FODEs. Put 

  ,0    ,)(,=)( TtztgtzD      (4.1) 

  1,...,1,0,)0( 0

)(  rzz
rr ,  (4.2) 

be a general case of FODEs. We gain the solution z(t) in think of implementation of 

fractional integral on (4.1). 
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  (4.3) 

By setting ,,...,1,0,, mnnht
m

t
k n

n  eq.(4.3) will be described as next for integer 

positive m. 

 
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=)(
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1,111
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1 jjj
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
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
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

 (4.4) 

   ,)()1(2)2(,0,)()1( 111

1,
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in which  .2,1min p  

 

Figure 5. The approximate solution of 1 2 3, ,x x x  using GABMP after control at 1.   
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Figure 6. The approximate solution of 1w  using GABMP after control at 0.85.   

 

Figure 7. The approximate solution of 2w  using GABMP after control at 0.85.   
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Figure 8. The approximate solution of 3w  using GABMP after control at 0.85. 

 

Figure 9. 1( )w t  Vs 2( )w t using GABMP after control at 0.85.   
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Figure 10. 2( )w t  Vs 3( )w t  using GABMP after control at 0.85.   

In figure 5-10, show the approximate solutions of NFFMA by using GABMP at 1,    

illustrates the phase spaces.show the  0.85  

It is no doubt that the activity of this way is greatly increased by the calculation of further 

terms    twtw 21 ,  and  tw3
 by using GABMP.  

 

5.  Conclusions 

      In this paper, the graphical of the model is recommended. The sickness-free harmony 

point (DFE) and the steadiness of the balance point are explaining. The steadiness of the 

model is fulfilling by drawing the Lyapunov types and Poincare map. The presence of 

consistently stable arrangements is addressing. The Caputo is portraying as the fractional 

subordinate. Fragmentary ideal control for NFFMA is examining, through explaining the 

partial ideal control through drawing when control. GABMP is utilizing to take the goal 

of an NFFMA. We are showing that GABMP is exceptionally indistinguishable. At last, a 

novel examination has been done on past investigations of quite possibly the most driving 

numerical models that name the worldwide financial development and that is depicted as 

an NFFMA, where the explored at the upper.  

Data Availability: In this article, no informational indexes are made or settled in the 

running examination information.  



15 

 

Conflicts of Interest: No irreconcilable situations concerning the paper, initiation, or 

arrival of this article.  

Acknowledgments: I'm appreciative to the officials and the supervisor for the flawless 

explanation of the paper and for their remarks and proposition, which have revised the 

paper.   

Funding: No subsidizing. 

 

References 

[1]  R. C. Koeller, Application of fractional calculus to the theory of viscoelasticity, J. 

Appl. Mech., 51, pp.229–307, (1984). 

[2] Y. Povstenko, Fractional thermoelasticity, solid mechanics and its applications. 

Switzerland: Springer International Publishing, (2015). 

[3] A. I. Abbas, On a thermoelastic fractional order model, J. Phys, 1(2), pp.24–30, 

(2012).  

[4] N. H. Sweilam, M. M. Abou Hasan and D. Baleanu, New studies for general 

fractional financial models of awareness and trial advertising decisions, Chaos, Solitons 

and Fractals, 104, pp.772–784,(2017). 
[5] A. M. A. El-Sayed and S. M. Salman, On a discretization process of fractional order 

Riccati’s differential equation, J. Fract. Calc. Appl. 4, pp.251-259, (2013). 

[6] R. P. Agarwal, A. M. A. El-Sayed and S. M. Salman, Fractional-order Chua’s system: 
discretization, bifurcation and chaos, Adv. Differ. Equ. 2013, (2013). 

[7] A. A. Elsadany and A. E. Matouk, Dynamical behaviors of fractional-order Lotka-

Voltera predator-prey model and its discretization. Appl. Math. Comput., 49, pp.269-283 

(2015). 

[8] M. El-Shahed, J. J Nieto, A. M. Ahmed and I. M. E. Abdelstar, Fractional-order 

model for biocontrol of the lesser date moth in palm trees and its discretization, Advances 

in Difference Equations, 2017, pp.1-16, (2017). 

[9]  N. Oecdet Bildik and S.inan Deniz, The Use of Sumudu Decomposition Method for 

Solving Predator-Prey Systems, An International Journal of Mathematical Sciences 

Letters 3, 285-289 (2016). 
[10] S. Z. Rida, A. S. Abedl-Rady, A. A. M. Arafa and H. R. Abedl-Rahim, A Domian 

Decomposition Sumudu Transform Method for Solving Fractional Nonlinear Equations, 

Math. Sci. Lett., 5(1), pp.39-48, (2016). 

[11]  S. Momani and Z. Odibat, Numerical approach to differential equations of fractional 

order, J. Comput. Appl. Math. 2006, (2006). 

[12] S. Deniz and N. Bildik, Comparison of Adomian Decomposition Method and Taylor 

Matrix Method in Solving Different Kinds of Partial Differential Equations, International 

Journal of Modeling and optimization, 4.4, 292-298,(2014). 



16 

 

[13] A. M. S. Mahdy, N. H. Sweilam, M. Higazy, Approximate solutions for solving 

nonlinear fractional order smoking model, Alexandria Engineering Journal, 59(2), pp. 

739-752, 2020. 

[14] S. Rathore, D. Kumar, J. Singh and S. Gupta, Homotopy analysis sumudu transform 

method for nonlinear equations, Int. J. Industrial Mathematics, 4(4), (2012). 

[15] J. Singh, D. Kumar, J. Singh, Homotopy perturbation sumudu transform method for 

nonlinear equations. Adv. Theor. Appl. Mech., 4(4), pp.165-175, (2011). 

[16] D. Ganji, The application of He’s homotopy perturbation method to nonlinear 
equations arising in heat transfer, Physics Letters A, 355, pp.337-341, (2006). 

[17] H. Bulut, H. M. Baskonus and F. B. M. Belgacem, The analytical solutions of some 

fractional ordi-nary differential equations by sumudu transform method, Abstract Applied 

Analysis, 2013, (2013). 

[18] I. Hashim, M. Chowdhurly and S. Mawa, On multistage homotopy perturbation 

method applied to nonlinear biochemical reaction model, Chaos, Solitons and Fractals., 

36, PP.823-827, (2008). 

[19] J. He, Homotopy perturbation technique. Comput. Methods, Appl. Mech Engng., 

178(3-4), PP.257-262, (1999). 

[20] S. Liao, Comparison between the homotopy analysis method and homotopy 

perturbation method. Applied Mathematics and Computation,169, PP.1186-1194, (2005). 

[21] Y. A. Amer, A. M. S. Mahdy and E. S. M. Youssef, Solving Systems of Fractional 

Differential Equations Using Sumudu Transform Method, Asian Research Journal of 

Mathematics, 7(2), pp.1-15, (2017).  

[22] Y. A. Amer, A. M. S. Mahdy and E. S. M. Youssef, Solving Systems of Fractional 

Nonlinear Equations of Emden–Fowler Type by using Sumudu transform method, Global 

Journal of Pure and Applied Mathematics, 14(1), pp.91–113, (2018). 

[23] A. Ghorbani, Beyond, Adomian polynomials:He polynomials, Chaos, Solitons and 

fractals, 39(3), pp.1486-1492, (2009). 

[24] H. Jafari and V. Daftardar-Gejji, Solving a system of nonlinear fractional differential 

equations using Adomian decomposition, J. Comput. Appl. Math., 96(2), pp.644-651, 

(2006). 

[25] A. Freihat and S. Momani, Application of multistep gneralized differential transform 

method for the solutions of the fractional-order Chua’s system, Hindawi Publishing 
Corporation Discrete Dynamics in Nature and Society, (2012).  

 [26] N. Taghizadeh and S. R. Moosavi Noori1, Reduced differential transform method 

for solving parabolic-like and hyperbolic-like equations, SeMA 74, pp.559–567, (2017). 

[27] M. Garg, P. Manohar and S. L. Kalla, Generalized differential transform method to 

space-time fractional telegraph equation, International Journal of Differential Equations 

2011, pp.1-9, (2011).  



17 

 

[28] Y. Keskin and G. Oturanc, Reduced Differential Transform Method For Solving 

Linear And Nonlinear Wave Equations, Iranian J. of Science and Technology, 

Transaction A, 34(A2), (2010) 

[29]  Y. Keskin, Ph.D., Thesis (in turkish), Selcuk University, (2010) 

[30] Y. Keskin and G. Oturanc, Reduced differential transform method for fractional 

partial differential equations, Nonlinear Science Letters A, (2014). 

[31] K. Abdolamir, M. M. Mohammad and H. M. Hamed, Exact Solution of time-

fractional partial differential equations using Sumudu transform, WSEAS Transacttions 

on Mathematics, 13, pp.142-151, (2014).  

[32] M. M. Khader, N. H. Sweilam and A. M. S. Mahdy, Two computational algorithms      

for the numerical solution for system of fractional, Arab Journal of Mathematical 

Sciences, 21(1), (2015), pp.39-52. 

 [33] Y. A. Amer, A. M. S. Mahdy and E. S. M. Youssef, Solving fractional integro        

differential equations by using Sumudu transform method and Hermite spectral         

collocation method, Computers, Materials & Continua, 54(2), pp.161-180, (2018).   

[34] H. A. A. El-Saka, The fractional order SIS epidemic model with variable population  

 size, Journal of the Egyptian Mathematical Society, 22, pp. 50-54, (2014). 

[35] M. El-Shahed, M. A. Ahmed and M. E. I. Abdelstar, Fractional calculus model for  

 the Hepatitis C with different types of Virus Genome, International Journal of Systems 

Science and Applied Mathematics, 1(3), pp. 23-29, (2016). 

[36] C. C. Garsow, G. J. Salivia and A. R. Herrera, Mathematical models for the 

Dynamics of Tobacoo use, recovery and relapse, Technical Reportr Series BU-1505-M, 

Cornell university, UK, (2000).  

[37] K. A. Gepreel, A. M. S. Mahdy, M. S. Mohamed and A. Al-Amiri, Reduced      

Differential Transform Method for Solving Nonlinear Biomathematics Models, CMC: 

Computers, Materials & Continua, 61(3),  pp.979-994,  (2019). 

[38] A. M. S.  Mahdy and M. Higazy, Numerical different methods for solving the non      

linear Biochemical reaction model, Int. J. Appl. Comput. Math., 5(6), pp.1-17, (2019). 

[39] J. Huang, M. Leng and L. Liang, Recent developments in dynamic advertising 

research, Eur. J. oper. Res., 220(3), pp.591-609, (2012). 

[40] B. C. Charpentier, G. G. Parra and A. J. Arenas, Fractional order financial models 

for awareness and trial advertising decisions, Comput. Econ., 48(4), pp.555-568, (2015). 

[41] M. Wang, Q. Gou, C. Wu and L. Liang, An aggregate advertising response model 

based on consumer population dynamics, Int. J. Appl. Manag Sci., 5(1), pp.22-38, (2013). 

[42] N. H. Sweilam and S. M. Al-Mekhlafi, Optimal control for a nonlinear mathematical 

model of tumor under immune suppression a numerical approach, Optimal Control 

Applications and Methods, vol. 39, pp. 1581-1596, (2018). 

[43] N. H. Sweilam, S. M. Al-Mekhlafi and D. Baleanu, Optimal control for a fractional 

tuberculosis infection model including the impact of diabetes and resistant strains, 

Journal of Advanced Research, 17, pp. 125-137, (2019). 

https://www.sciencedirect.com/science/article/pii/S1319516613000522
https://www.sciencedirect.com/science/article/pii/S1319516613000522


18 

 

[44] N. H. Sweilam, O. M. Saad and D. G. Mohamed, Fractional optimal control in 

transmission dynamics of West Nile model with state and control time delay a numerical 

approach, Advances in Difference Equations, 2019 (210), pp.1-25, (2019). 

[45] N. H. Sweilam, O. M. Saad and D. G. Mohamed, Numerical treatments of the 

tranmission dynamics of West Nile virus and it's optimal control, Electonic journal of 

Mathematical Analysis and Applications, 7 (2), pp.9-38, (2019). 

[46] A. M. S. Mahdy, Numerical studies for solving fractional integro-differential 

equations, Journal of Ocean Engineering and Science, 3(2), (2018), pp.127-132. 

[47] A. Wolf, J. B. Swift, H. L. Swinney, and J. A. Vastano, Determining Lyapunov 

exponents from a time series. Phys. D Nonlinear Phenom, 16, (1985), pp. 285–317. 

[48] A. M. S. Mahdy, M. Higazy, K. A. Gepreel and A. A. A. El-dahdouh, Optimal 

control and bifurcation diagram for a model nonlinear fractional SIRC, Alexandria 

Engineering Journal, 59(5), (2020), pp.3481-3501.  

[49] K. A. Gepreel, M. Higazy and A. M. S. Mahdy, Optimal control, signal flow graph, 

and system electronic circuit realization for nonlinear Anopheles Mosquito model, 

International Journal of Modern Physics C (IJMPC), 31(09), (2020), pp.1-18.  

[50] M. I. A. Othman and A. M. S. Mahdy, Differential transformation method and 

variation iteration method for Cauchy reaction-diffusion problems, Journal of 

Mathematics and Computer Science, 1(2), pp. 61-75, (2010). 

[51] Y. A. Amer, A. M. S. Mahdy and H. A. R. Namoos, Reduced differential transform 

method for solving Fractional-Order Biological systems, Journal of Engineering and 

Applied Sciences, 13(20), pp. 8489-8493, 2018. 

[52] A. M. S. Mahdy, M. S. Mohamed, K. A. Gepreel, A. AL-Amiri and M. Higazy, 

Dynamical characteristics and signal flow graph of nonlinear fractional smoking 

Mathematical model, Chaos Solitons & Fractals, 141, (2020), pp.1-28. 

[53] Y. A. Amer, A. M. S. Mahdy, T. T. Shwayaa, and E. S. M. Youssef, Laplace 

transform method for solving nonlinear biochemical reaction model and nonlinear 

Emden-Fowler system, Journal of Engineering and Applied Sciences, 13(17), pp. 7388-

7394, 2018.  

[54] M. M. Khader, N. H. Sweilam and A. M. S. Mahdy, The chebyshev collection 

method for solving fractional order klein-gordon equation, WSEAS Transactions on 

Mathematics, 13, (2014), pp.31-38.  

[55] M. M. Khader, N. H. Sweilam, A. M. S. Mahdy, and N. K. Abdel Moniem, 

Numerical simulation for the fractional SIRC model and Influenza A, Appl. Math. Inf. 

Sci., 8(3), (2014), pp.1-8. 

[56] A. M. S. Mahdy and A. A. H. Mtawa, Numerical Study for the Fractional optimal 

Control Problem Using Sumudu Transform Method and Picard Method, Mitteilungen 

Klosterneuburg, 65(5), (2015), pp.226-244. 

https://www.sciencedirect.com/science/article/pii/S2468013318300676
https://www.sciencedirect.com/science/article/pii/S2468013318300676
https://pdfs.semanticscholar.org/2c52/edcfb1f65a995edcb8a8a197a16d77916a6b.pdf
https://081053hzg-1103-y-https-www-scopus-com.mplbci.ekb.eg/authid/detail.uri?origin=AuthorProfile&authorId=57204526937&zone=
https://081053hzg-1103-y-https-www-scopus-com.mplbci.ekb.eg/authid/detail.uri?origin=AuthorProfile&authorId=57201014178&zone=
https://081053hzg-1103-y-https-www-scopus-com.mplbci.ekb.eg/authid/detail.uri?origin=AuthorProfile&authorId=57201014178&zone=
https://081053hzg-1103-y-https-www-scopus-com.mplbci.ekb.eg/record/display.uri?eid=2-s2.0-85055939269&origin=resultslist&sort=plf-f&src=s&sid=697616efa5ac5b2da50ddc45a2972603&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2857197107213%29&relpos=12&citeCnt=0&searchTerm=
https://081053hzg-1103-y-https-www-scopus-com.mplbci.ekb.eg/record/display.uri?eid=2-s2.0-85055939269&origin=resultslist&sort=plf-f&src=s&sid=697616efa5ac5b2da50ddc45a2972603&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2857197107213%29&relpos=12&citeCnt=0&searchTerm=
https://081053hzg-1103-y-https-www-scopus-com.mplbci.ekb.eg/sourceid/21100231100?origin=resultslist
https://081053hzg-1103-y-https-www-scopus-com.mplbci.ekb.eg/record/display.uri?eid=2-s2.0-84896988197&origin=resultslist&sort=plf-f&src=s&sid=697616efa5ac5b2da50ddc45a2972603&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2857197107213%29&relpos=15&citeCnt=1&searchTerm=
https://081053hzg-1103-y-https-www-scopus-com.mplbci.ekb.eg/record/display.uri?eid=2-s2.0-84896988197&origin=resultslist&sort=plf-f&src=s&sid=697616efa5ac5b2da50ddc45a2972603&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2857197107213%29&relpos=15&citeCnt=1&searchTerm=


19 

 

[57] A. M. S. Mahdy, A. S. Mohamed and A. A. H. Mtawa, Sumudu decomposition 

method for Solving fractional-order Logistic differential equation, Journal of Advances in 

Mathematics, 10(7), (2015), pp.3632-3639. 

[58] A. M. S. Mahdy, A. S. Mohamed and A. A. H. Mtawa, Implementation of the 

Homotopy Perturbation Sumudu Transform Method for Solving Klein-Gordon Equation, 

Applied Mathematics, 6, 617-628, (2015). 

[59] A. M. S. Mahdy, Kh. Lotfy, W. Hassan & A. A. El-Bary, Analytical solution of 

magneto-photothermal theory during variable thermal conductivity of a semiconductor 

material due to pulse heat flux and volumetric heat source, Waves in Random and 

Complex Media,(2020), pp.1-19. 

[60] A. K. Khamis, Kh. Lotfy, A. A. El-Bary, A. M. S. Mahdy & M. H. Ahmed, 

Thermal-piezoelectric problem of a semiconductor medium during photo-thermal 

excitation, Waves in Random and Complex Media, (2020), pp.1-16. 

[61] A. M. S. Mahdy, Kh. Lotfy, M. H. Ahmed, A. El-Bary and E.A. Ismail, 

Electromagnetic Hall current effect and fractional heat order for microtemperature photo-

excited semiconductor medium with laser pulses, Results in Physics, 17, (2020), 103161. 

[62] A. M. S. Mahdy, Kh. Lotfy, E. A. Ismail, A. El-Bary, M. Ahmed and A. A. El-

Dahdouh, Analytical solutions of time-fractional heat order for a magnetophotothermal 

semiconductor medium with Thomson effects and initial Stress, Results in Physics, 18, 

(2020), 103174. 

[63] N. H Sweilam and M. M. Abou Hasan, Numerical approximation of Lévy-Feller 

fractional diffusion equation via Chebyshev-Legendre collocation method, The European 

Physical Journal Plus, 131 (8), 251 , (2016).  

[64] N. H. Sweilam, T. A. Assiri and M. M. Abou Hasan, Numerical solutions of 

nonlinear fractional Schrödinger equations using nonstandard discretizations, Numerical 

Methods for Partial Differential Equations, (2016), 33 (5), pp.1399-1419.  

[65]N. H. Sweilam and M. M. Abou Hasan, Numerical Studies for the Fractional 

Schrödinger Equation with the Quantum Riesz-Feller Derivative, Progress in Fractional 

Differentiation and Applications, 2, 4, (2016), pp.231-245. 

[66] N. H. Sweilam and M. M. Abou Hasan, Numerical solutions of a general coupled 

nonlinear system of parabolic and hyperbolic equations of thermoelasticity, The 

European Physical Journal Plus, 132 (5), 212 , (2017).  

[67]N. H. Sweilam and M. M. Abou Hasan, Numerical solutions for 2-D fractional 

Schrödinger equation with the Riesz–Feller derivative, Mathematics and Computers in 

Simulation, 140, (2017), pp.53–68.  

[68]N. H. Sweilam and M. M. Abou Hasan, New approximation for Riesz-Feller 

fractional derivative using Jacobi spectral collocation method, Progr. Fract. Differ. Appl. 

6, no. 2, (2020), pp.1-14. 



20 

 

[69] A. M. S. Mahdy, Y. A. Amer, M. S. Mohamed and E. S. Youssef, General fractional 

financial models of awareness with Caputo–Fabrizio derivative, Advances in Mechanical 

Engineering, 12(11), 2020. 

[70] A. M. S Mahdy, Numerical solutions for solving model time‐fractional Fokker–
Planck equation, Numerical Methods for Partial Differential Equations, 37(2), (2021), 

pp.1120-1135. 

[71] Gepreel, K. A., Mohamed, M. S., Alotaibi, H. and Mahdy, A. M. S., Dynamical 

behaviors of nonlinear Coronavirus (COVID-19) model with numerical studies, CMC: 

Computers Materials & Continua, 67(1), (2021), pp. 675-686.  

[72] K. Diethelm, J. Ford, A. Freed, Detailed error analysis for a fractional Adams 

method, Numer. Algorithm 36 (2004) 31–52. 

[73] K. Diethelm, J. Ford, A. Freed, Multi-order fractional differential equations and their 

numerical solution, Appl. Math. Comput. 154 (2004) 621–640. 

[74] A. M. S. Mahdy, K. A. Gepreel, Kh. Lofy and A. A. El-Bary, Reduced differential 

transform and Sumudu transform methods for solving fractional financial models of 

awareness, Applied Mathematics-A Journal of Chinese Universities, accepted 2021. 

 

 

 

 

 

 

 

https://journals.sagepub.com/doi/abs/10.1177/1687814020975525
https://journals.sagepub.com/doi/abs/10.1177/1687814020975525
https://onlinelibrary.wiley.com/doi/10.1002/num.22570
https://onlinelibrary.wiley.com/doi/10.1002/num.22570
https://www.researchgate.net/publication/350922168_Reduced_differential_transform_and_Sumudu_transform_methods_for_solving_fractional_financial_models_of_awareness
https://www.researchgate.net/publication/350922168_Reduced_differential_transform_and_Sumudu_transform_methods_for_solving_fractional_financial_models_of_awareness
https://www.researchgate.net/publication/350922168_Reduced_differential_transform_and_Sumudu_transform_methods_for_solving_fractional_financial_models_of_awareness
http://www.amjcu.zju.edu.cn/journalx_amajocu/author/Author!manuDetail.action

