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Discrete ADM for Solving Fisher’s equation
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Abstract

In this paper, the discrete Adomian decomposition method (DADM) is used for solving
Fisher’s equation . we solved some cases of Fisher’s equation bt the proposed method,
then we compared the obtained results with exact solution which found by the Homotopy

perturbation.

Keywords: Discrete Adomian decomposition method, Partial Differential Equations; Fisher’s
Equations; Finite difference scheme.
1. Introduction
we consider the Fisher’s equation in this work,
ut (X7t) - uXX (th) - u (X,t) + u (X’t) = O ] t > 0’
And the initial condition
u (x0)=f(X), X<x<x,

-(2)

With boundary conditions
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u, — the first time derivative of u (x,t) ,

u« — the second time derivative of u (xt).

in Eq. (1), the density of an advantageous is denoting by u. This equation as a model for the
propagation of a mutant gene and it encountered in chemical kinetics [7] and population
dynamics which includes problems such as nonlinear evolution of a population in a one-
dimensional habitat, neutron population in a nuclear reaction. Moreover, the same equation
occurs in logistic population growth models [5], flame propagation, neurophysiology,
autocatalytic chemical reactions, and branching Brownian motion processes. In this paper, we
use the discrete Adomian decomposition method to find the analytic solution of the Fisher’s
equation. This obtained method was first proposed by Bratsos et al. [1] applied to discrete
nonlinear Schrodinger equations. the DADM are developed to 2D Burgers difference equations
by Zhu et al. [3]. Al-Rozbayani et al. [2] using discrete Adomian decomposition method to
solve

Burger’s—Huxley Equation. In this study, the DADM is tested on Fisher’s equations.

The remaining part of the paper is structured as
following:

In section 2, we review the DADM. Section 3 is on the application of the
DADM to three cases of Fisher’s equation to show its

efficiency. the conclude of this paper in Section 4.

2. Discrete Adomian Decomposition Method(DADM)
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we formulate the following fully implicit scheme to apply the DADM to Equation (1) with
initial condition (2) :

U (X t) ~ U (X t) —u (X )+ U (X, t)=0;t>0,

St — ) = () -t ) -t () = )

the discrete approximation of u (x , t) is denoted by v} at the grid point (//, )
(/'= 0,1,2, ... ,N:n=20,1,2,... ) , Where 1 represents time increment and h=1/N is the
spatial step size .
the operator form of the above scheme is written as the follows
Dru™ — Dlu™ —ur + (ur) =

with the initial condition u = f;

D7 is the linear operator denoted to the forward difference approximation, i.e.,
Dfup =- (ur* — ur) e (V)

The second order central difference approximations, denoted by D, is given by
i+*

D; = ?(u“*" —yul*' + u.?_*,’)

(8)

(D)~ is the inverse discrete operator, given by [4]
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(DH)~"wh=1Xi . wT :

TI==

...-(9) Using the above definition, we get

(D)™ Dfuf =uf — u,

(10)

Applying (D )~'uf to Eq.(5) we get

u =u; + (D)7 Djurt + (D) urt — (D)7 ( u.?*’)T

(1)

the discrete approximation u' can be decomposed into a sum of components by

. (=] n
the series ul = Dire. Upy,

~(12)

The nonlinear term Nyt are related to the

nonlinear terms and can be decomposed by the infinite series as follows

Nul*' = Zie. Ag

(13)

Where A, are the so—called Adomian polynomials that can be generated

according to the following algorithms
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(V)

Substituting (12) and (13) into (11) yields
Zu:ﬁk 4+ (DD (Z Y+ (D) Z n (p)-) Zﬂk 002
k== k= k=

the recurrence relation that gives Each term of series (12), are given below

up, = fi

..-(16)
uly,, = (D)7 Dpuls’ + (D) ul —(DF) A,
~(17)

So, the practical solution for the /~ferm approximation and the exact solution are

!_\

@ = Z”?k-

I=.
>, e OA)

ul = }im ©;
.-(19)

3. Application of DADM
£
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In this section, we will be applying the DADM to the Fisher’s equations
with three test examples to measure the accuracy of solutions and verify the

efficiency in comparison with the exact solution.

Example 1: in this case the Fisher’s equation take the form [4] , [6]

Uy (%, 1) =l 1) = ux £)(1 = U 1)) =0,
subject to the initial conditions  ¢(x, 0) = 5 .

Applying the DADM of this problem The first few terms of the Adomian polynomial

A, can be obtained from the (14) equation:

Ao = (”ZO)Z

_ n n
Ar=2u U

2
_ (. n non
A, = (”i,l) +2“i,0”i,2
_ non no n
Ag=2u; u )+ 2u; gu; 4

According to Egs. (16) and (17), one can obtain:
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uni,OZfi:B

o =nt(p—p)
= (- +B) n? BB~ 1)(n + 1) (B~ 5 )

o= (-B" +B) (n2+n)§—36(ﬁ—1) ( +20)(B= 5 )-(s°
+207 + )“‘3—3( - +8) 2B (-8 +B) (7 +n)73B(B
—1)(n? +2n)([3—%)

Since, u(x,t) =X ul, =ul, +ul, +u’, +--- ,Then

2
ur () =B+ (B +B) + [ (7 +n) (-§"+8) —2B
3

#n) |+ 5[ (8 ) (2 +0) BB — 1) (2 +2.0) B
— 1) (P2 ) (B ) 2B (5 p) (0
+n) B(B—l)(n2+2n)(ﬁ—%j]+ ......

Now, from comparing the results obtained in [5], [6] and our results where

the exact solution in [5], is that implies

B expt

M) = T e

ey
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Example 2 : in second case the Fisher’s equation take the form [4] , [6]

Uf= UXX+ U(l - LP);

!

with initial condition  u(x,+) = ——

-\||‘+e?'r
Applying the DADM of this problem the first three components of Adomian

polynomials read According to Egs. (19), one can obtain:

Ao = (”20)7

6
_ n n
A= (”i,o) U;

A, =35 (u’? )4 <u7 1)3 + 42 (”ZO)SMZIMZZ + 7 (u'.lo)6uz3

According to Egs. (16) and (17), one can obtain:

1
no _ r_
Ui g =J;= 3 13
-1
(l—l—e2 )

ey
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we are not listed other components here. by using the 4-term approximations, we
which evaluated the final numerical solutions and given below :

Since, u(x,t) =X ul, =ul', +ul, +ul, + ul. ...

that implies to the exact solution which given by

u(x,t) = f (%tanh [_T (JC — ;t)] + %]

Example 3 : in third case the Fisher’s equation take the form [4] , [6]

Up— Uy — 6U1 — 1) = 0,

the initial conditions u(x, » ) = e
Y+
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+u+w—Wf]+u+ﬂf_(yw%J

— 12

1 1 1 B 2
(1+gmz[f[(1+AH*Mf (14"’

’ (1+e(3‘””)2]+ (1+6e"”)2 ) (1+6e"”)4 m

We can be compute more components in the decomposition series to enhance

the approximation. the solutions are obtained in series form as

u(xt)=;-|-m'L ! — 2
a4 [#[u+wﬁwf (1+¢")°
+ 1 — d +o

+
(y+w—wwzj 1+ 1+

That’s will be gives the exact solution which take the form

A

u(x,t) =

(*+exp(x—20)”
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4. Conclusions

In our work, we obtained by the DADM to fund an approximate solution for
Fisher,s equation is where the exact solution is known by the HPM, we concluded
that the DADM one of the best methods to find the approximate solution because

it gives a better results to the exact solution.

References:

[1] A. Bratsos, M. Ehrhardt and |.Th. Famelis, A discrete Adomian
decomposition method  for discrete nonlinear Schrodinger equations,

Appl.Math. Comput., 197 (2008), 190-205.

[2] A.M. Al-Rozbayani and M.O. AlI-Amr ,Discrete Adomian
Decomposition Method for Solving Burger’'s—Huxley Equation , Int.

J. Contemp. Math. Sciences, Vol. 8§, 2013, no. 13, 623 - 631.

[31] H. Zhu, H. Shu and M. Ding, Numerical solutions of two-
dimensional Burgers' equations by discrete Adomian decomposition

method, Comput. Math. Appl., 60 (2010), 840-848.



¥o¥ Y ] JOUI ouilS ¢ didlg guil gl Gkl  guis Qeilnd] bl ¢ lasend bl dulano

[4] M. Matinfar / and M. Ghanbari , Solving the Fisher’s Equation by
Means of Variational Iteration Method , Int. J. Contemp. Math. Sciences,

Vol. 4, 2009, no. 7, 343 — 348.

[5] P. Brazhnik, J. Tyson, On traveling wave solutions of Fisher’s
equation in two spatial dimensions, SIAM J. Appl. Math. 60 (2) (1999)
371-391.

[6] S. T. Mohyud-Din and M. A. Noor ,Homotopy Perturbation Method for Solving
Partial Differential Equations, Z. Naturforsch. 64a, 157 — 170(2009);received
June 19, 2008

[71 W. Malfliet, Solitary wave solutions of nonlinear wave equations, Am. J. Phys.

7(1992) 650



