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Abstract

In this paper we apply the Aboodh transform decomposition method to solve fractional Black-
Scholes equation. This method is a mixture between Aboodh transform and Adomian decom-
position method, we use this method to solve Black -Scholes equation with constant and non
constant coefficients. This method is highly recommended for solving linear and nonlinear frac-
tional differential equations.
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1 Introduction

Nowadays, several real world scientific and engineering phenomena cannot be handled by the
usual integer order integrals and derivatives and can be handled by fractional order integrals and
derivatives. There are a lot of different methods for solving fractional differential equations such
as Adomin decomposition method (ADM)[1, 2], Homotopy perturbation method (HPM)[19,
20], the finite difference method[21], the variational iteration method(VIM)[3, 4, 5 ]. Nonlinear
partial differential equations can’t be solved by integral transformations such as Laplace, sumudu
, Elzaki and Aboodh , so researchers are working in the mixture of these methods with other
methods. One of these combinations , Adomian decomposition method and Aboodh transform
method, which is studied in this article. In 2013, khalid Aboodh , has introduced a new integral
transform derived from the classical fourier integral named the Aboodh transform this transform
and some of its fndamental properites are used to solve fractonal differential equations, see[7, 8,
9,10, 11, 1, 13]. In the present paper the Aboodh transform decomposition method is applied to
solve the following fractional Black-Scholes equation of the form:

1 2 1 d
DYu = 502% + (r — 202> £ —ru(z,t), —co<xz<oo, 0<t<T, (1.1)

subject to the initial condition:

u(z,0) = maz {e* — 1, 0},

Where D¢ is the Caputo fractional derivative with 0 < o < 1, u(z, t) is the price of the option,
r is the risk fee interested rate, o is the volatility of the stock, and T is the expire date.

A lot of researchers used different method to derive the analytical solution of equation (1.1)
See[14, 15, 16].
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The outline of this article is as follows. In section 2 we present some basic definitions and
properties of fractional calculus. In section 3 we give a brief introduction to Aboodh transform
and some of its properties. In section 4 we give a basic idea of adomian decomposition method
coupled with Aboodh transform. In section 5 the Aboodh decomposition method is applied to
solve some examples of the Black-scholes equation. This paper ends in section 6 with conclu-
sion.

2 Preliminaries

In this section we introduce definitions and present some known results of the fractional calcu-
lus.

Definition 2.1 The Riemann-Liouville fractional integral of order « for a continuous function ¢ :
[a, 00] — R is defined by

(reld ) (t) = F(la) [ o) as

where

I'(a)= /e’tta’ldt, Ya > 0,
0

is the Euler Gamma function.
Definition 2.2 The Caputo derivative of order « for a function ¢ : [0,4+00] — R is defined
as:

t (t—s) =L

)S
(cDg-) () = ) Sds,n—1<a<n,
o™ () ,a € N.

depends on the previous definition the following properties are holds:

DI o(t) = o(t), a>0,

n—1 k
IpDYo(t) = (t) = 3 ©*(0)5, >0, t>0, n—1<a<n, neN,
k=0
W = {0 a>0, >0 >0,
D)’ = 127 a0, >0, t>0.

3 Aboodh transform

Aboodh transform is derived from the classical Fourier integral. This transform defined for func-
tion of exponential order.

We consider functions in the set B defined by:
B={f(t):3M ki, ks >0, [f(1)] < Me~V1},

the constant M must be finite number,k;, k; my be finite or infinite. the Aboodh transform
denoted by the operator A(.) defined by integral equation in the form:
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TF () ettt >0,k < v <k, 3.0
0

from the definition of Aboodh transform and by simple calculation, we can obtain the following
results:

AL (1)) = 0" |4 (ule)) - 5 282

for more about Aboodh transform see [22, 24, 25, 26].

4 The method of solution

To explain how the Aboodh decomposition method works, we consider the following non linear
fractional differential equation:

Diu(x,t) = L(u(x,t)) + N (u(x,t)) + f(x,1) 4.1)

with initial conditions

Dfu(2,0) = fr,k=0,....n— L.
where D¢u (z,t) is the Caputo fractional operator, f is known function, L represents the linear
differential operator and N is the nonlinear differential operator.
Taking the Aboodh transform for both side of equation (4.1), we get:

AlDfu (z,t)] = AlL(u(z,1))] + AN (u(=z,1))] + Alf (2, 1)]; (4.2)

by using the properties of Aboodh transform and the initial conditions, we get:

m—1
v | Afu(z,t)] — vE 2y (k) (2,0)| = A[L (u(z, )]+ AN (u(z,t)]+ A(f(z,1)).
k=0
4.3)

Equation (4.3) can be written as:

m—1

Afu(z,t)] =v AL (u(z,t))] + v “A[N (u(z,t)] + v “A(f(x,t)) + Z v 20 (2, 0)
k=0
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now,by taking the Aboodh inverse on both side of the previous equation , we have:

u(z,t) = F(z,t) + A7 [om*A[L (u(z,1))] + v *A[N (u(z,1))]] 4.4)

m—1
where F(z,t) represent Aboodh inverse of v=*A (f(z,t)) + 3 v=F"2u) (2,0).

k=0
Now, assume that the solution of (4.1) can be expressed by the following infinite series:

u(x,t) = Zun(x, t), 4.5)
n=0

and the nonlinear term Nu(z,t) is replaced by the series of the Adomian polynomials[1, 2]
given by:

oo

Nu (z,t) = ZAm(uo,ul,uz,...)7 (4.6)
n=0

where,

1 dm o0 N
Am = lN <nZ_OA un(a:,t)>L O,m =0,1,2,...

substituting equations (4.5),(4.6) we get:

Zun(:mt) =F(z,t)+ A7 v oA +0v %A
n=0

L (i U (2, t))
n=0

iAm(uo, ur, g, )H ,

n=0

equation (4.7) is the coupling of Aboodh transform and Adomian transform method.
comparing both side of equation 6 we obtain the general recursive relation:

up = F (z,1),
ur = A7 umA[L (uo(x, 1))] + v A[Ao]],
ug = A7 umA[L (u (2, 1))] + 0™ A[A4]],
Unp1 = A7 [oT AL (up(,1))] + v~ *A[An]] ,n > 0.
5 Applications

In this section we present some numerical results of solving the fractional black-scholes option
pricing equation.

Example 1 consider the following Black-Scholes fractional differential equation[17]:

D&u (z,t) = D>u(z,t) + (k — 1) Dyu (z,t) — ku(z, t), 3.1
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subject to:

u(z,0) = max {e* — 1,0} .

Applying the Aboodh transform for both side of equation (5.1) we get:

A(D¢u) = A(D2u+ (k — 1) Dyu — ku),

by using the property of Aboodh transform we get:

o [A [u (2, )] v—lzu(x, 0)] = A(D2u+ (k — 1) Dyu — k),

Alu (2,8)] = éu(x,onqrm [D2u+ (k— 1) Dyu— k]

by applying the Aboodh inverse transform we get:

u(z,t) =maz {e" — 1,0} + A~ (v"*A [Diu+ (k — 1) Dyu —k u]) , (5.2)

we represent the approximated solution as:

u(x,t) = Zun,(%t)a
n=0

> tn(z,t) =maz{e” = 1,0} + AN (VA DI un+ (k= 1)Da Y tn—k Y unl|),
n=0 n=0 n=0 n=0

we get the following recursive relation:

ug = maz {e* — 1, 0} (5.3)
Uni1(x,t) = A7V V= (AD?uy, + (k — 1) Dyuy, — kuy, )], '

Now we obtain some few term from (5.3) as follows:
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u(z,t) = A~ [v=* A(D2ug + (k — 1) Dyug — kug )]

=A"! [U*O‘ A(Dimaz {* = 1,0} + (k= 1) Dymaz {e” — 1,0} — kmaxzx {e* — 1,0} )]

1
— A71 [,Ufa (ﬁ

=A Lma:r{e 0} — (mazx {e® —1,0})

p2ta 2+(x

i kte ) kte
_mam{e ,O} m_ma.’f{e 1,0} m
= s maz (e, 0) — maa (e~ 1,0}]
= F(a+1) maxrq e, max e 5 y

and

w(z,t) = A~ [v=* A(Dius + (k — 1) Dyuy — kuy )]

. B k}2 k2
=-A""v (ﬁmax {e*, 0} — ) (max {e* —1,0}) )]
| k2 2
=—-A" —riaa AT {e*, 0} — e (mazx {e® —1,0})
k2t2()¢ thza
— T o Me T _ A
max {e”, 0} F(2a+1)+maax{e , 0} 20 1)
_k2t2oz
= NEEE) [mazx {e*, 0} —maz {e* — 1, 0}],

in the same manor we have:

(_1)n+1kntna

T _ fL‘_l
Tlna+1) max {e*, 0} — max {e , 0},

Up =

Hence our solution will be:

t) = Z U (2, 1)
n=0

1)"+]k”t"a

= mazx {€” —lO}—O—Z .y

[maz {e*, 0} — maz {e® — 1, 0}].

max {e*, 0} + % (k — 1)max {e*, 0} — U—lzk (maz{e® —1,0}) )]

5.4)
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Figures 1 and 2 show the solution of problem (5.1) in Example 1 and the behaviour of u(z, ¢)with
respect to « and ¢ when o = 1 and for fixed k

Figure 2: The approximate solution of u(z,¢) at k = 3 and & = 1 when n = 70

Example 2 consider the Black-Scholes equation[18]:

D¢u (x,t) +0.08(2 + sin(x))*z?D2u (z,t) + 0.06z D u (x,t) — 0.06u(z,t) =0  (5.5)

subject to the initial condition:

u(z,0) = max{z — 25¢7°% 0}

applying the same procedure before , we get the following recursive relation:

up = max {z — 25¢70% 0}
Ui (2, t) = —A7 o~ A(0.08(2 + sin(z))?z*D2u,, + 0.06 D, u,, — 0.06u, )]

from the previous relation we get:
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= T2a +1) [:v max {x 25e ,0}] ,
— (0'06)2t2a |: _ { _25 —0.06 0}]

Uy = —F(Za 1) T —mazx{zT e , ,
_ (0.06)"¢" -~ _ ~z,—0.06

Uy, = T(na 1) [:v max {ac 25e ,0}] ,

hence,the solution of equation (5.5)will be:

u(z,t) = Z U (z, 1)
n=0

o0

= mazx {.’L‘ _ 256—04067 0} _ Z 006t)
n=1

( 0.
Tna+1) [z — max {x —25¢79%, 0} ].

Figures 3 and 4 show the solution of problem (5.5) in Example 2 and the behaviour of u(z,t)
with respect to « and ¢t when o = 1 and for fixed k&

Figure 4: The approximate solution of u(z,¢) at k = 3 and & = 1 when n = 70
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6 Conclusions

In this paper the Aboodh Decomposition method is successfully applied to solve the Black-
Scholes fractional differential equation with constant and non constant coefficients. Aboodh
transform has deeper connection with the Laplace and Sumudu Transforms these three methods
are powerful and efficient. Aboodh transform is a convenient tool for solving differential equa-
tions in the time domain without the need for performing an inverse Aboodh transform. In this
study we present two examples from the literature. The results of the illustrated examples are in
agreement with the results of the methods presented in [17, 18, 20]. We use the Maple program
version 18 to plot the exact and approximate solutions of our problems (5.1) ,(5.5) depends on
these 3D surface plots we make a comparison between our obtained results with their associated
exact forms. This method can be used easily to solve higher order linear and nonlinear fractional
differential equations,so this method is strongly recommended for solving fractional differential
equations.
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