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Abstract: In this paper, we use Sumudu Decomposition Method (SDM)clwig combination of the Sumudu transform method
and Adomian Decomposition Method, to obtain the approxénsaiiutions of nonlinear systems of ordinary differentiqu&tions,
particularly predator-prey systems. We can easily decampioe nonlinear terms by the help of Adomian polynomialss Téchnique
provides a sequence of functions which converges fast ta¢harate solution of the problems. Numerical illustrasiane given to
show the effectiveness and applicability of this methodbiriag these kind of systems.
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1 Introduction The predator-prey equations also known as the
Lotka-Volterra equations, are a pair of first-order,
nonlinear differential equations frequently used to model

In recent years, a lot of scientists and engineers havéhe dynamics of ecological systems. This model is one of

focused on some numerical methods to solve plenty othe most interesting and important application of stapilit

nonlinear ordinary differential equations and partial theory involves the interactions between two or more
differential equations that are not susceptible to anzdyti biological populations. It shows the situation in which
solution in any reasonably appropriate manner. Thes@ne species (the predator) preys on the other species (the
numerical methods give generally approximate solutionsprey), while the prey lives on a different source of food.
which converge fast to exact solutions easily andThese kind of examples contain rather simple equations,
correctly. One of these numerical methods is Adomianbut they characterize a wide class of problems of

decomposition method which has been introduced bycompeting specied, 14].

George Adomian{,2]. Adomian decomposition method In this paper we use Sumudu decomposition method to

has been applied to a large class of linear and nonlineaget the solutions of predator-prey systems.

equations that are useful for many research w@&k,b,

6,7]. The essential property of this method is the ability to

solve these equations appropriately and accurately. 2 Sumudu Decomposition M ethod

Systems of ordinary differential equations have been

appeared frequently in a wide class of scientific The sumudu transformis defined on the set of functions

applications in physics, engineering and other fields. So, 1 ,

their importance cannot be undervalued. Adomian A= {f(t)[3M,11,72>0,[f ()] <Me" t € (~1)) x[0,c0]}

decomposition method has been also used efficiently for @

solving systems of differential equ-at|0r8§.[ by the following formula
Sumudu transform has been introduced by Watagula

and applied to the solution of ordinary differential F =St = [ Leme bt

equations in control engineering problesjs|t has been (W) =) /o u (e

also used to solve the systems of differential equations, _ ’°°f utetdt _ 2
PDEs and also for heat equatioh@[11,12]. /o (e dtue (-1, T2)- @
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Theorem 1. Sf™W(t)] =u™" [F(u)—nzlukfk(ml for
k=0

n>1.
For instance fon=1, §f'(t)] = [F(u) — f(0)].

u

We use this theorem to get the approximate solution ofand the general relation is given by
given problems. Additionally, the properties and theorems

of the Sumudu transform and its derivatives we refegio [
In order to get the basic idea of SDM, we consider the
particular form of inhomogeneous nonlinear ordinary

differential equation with initial condition given below:

Lu+Ru+Nu=g(t),u(0) =a 3

wherelL is the first order derivative and also is invertildRe,
is a linear differential operatdlu represents the nonlinear

terms and g(t) is the source term.

Applying the sumudu transform to the both sides of the

Eq.(3), we get
S{Lu] + S[Ru] + SNu] = Sg(t)]. 4)

ur(t) = —S [uS[Rug(t) + Ag)] (12)
Uz(t) = =S L [uSIRuy (t) 4 Aq]] (13)
Unt1(t) = =S HuSRun(t) +A)l,n>0.  (14)

Finally, applying the Sumudu transform of the right hand
side of the last equation and then taking the inverse
sumudu transform, we gelg,us, Uy, ... which are the
series form of the desired solutions.

3 Numerical Examples
Let us now give the examples to illustrate the Sumudu

Decomposition Method. We select small numbers for
initial conditions to make the calculations easier. We also

Using the differentiation for sumudu transform having consider four terms approximation to the solutions. Here,

initial conditions above, we have

Su(t)] =a+u{Sg(t)] - SRuj - SNu}.  (5)

Now, applying the inverse sumudu transform on both sides

of the Eq. (5), we obtain

u(t) =a+S *[u{Sg(t)] — SRu —SNu]}].  (6)

So, we may represent the solution as an infinite series:

[oe]

u(t) = > un(t) (7
2"
and the nonlinear term can be decomposed as
Nu(t) =3 A (8)
n=0

whereA, are Adomian polynomials afy, u1, Uz, ... and we
can calculate

An—l (s iy n=0,1,2 (9)
_ﬁd)\n i; uI gl — Uy Ly &y e
= A=0

Substituting (7) and (8) into (6) , we get

00

Zﬁm=vm—9ﬂwmiwm+§%ﬂ(m)
n= n=0

n=

whereY (t) is the term arising from the source term and the

given initial condition.

On comparing both sides of last equation and by using

standard ADM we have:

up(t) =Y(t) (11)

we do not discuss the convergence of the solutions. For
the convergence of the method the reader is referred to
[19].

Example 1. Consider the Lotka-Volterra system

x=—x2—
{ | 3; (2-y) (15)
y=1gq =Y(=3+X)
with initial conditions
X(0) = 1,y(0) = 2. (16)

First let us take the sumudu transform of system as:

gX = w = S[2x— xy]

' - a7)
Sy = S[y(t>]u ¥(0) _ S—3y+yx|

Taking the inverse Sumudu transform of last

equations,then we get:

X(t) = 14+ S [uS2x— xy]] (18)

y(t) =2+ S H{uS[-3y+xy]]
If we assume an infinite series solution of the unknown
functions:

[ee]

uS[ZnZDxn(t) - ni)A,d}

us-3 io)’n (t)+ ioAn}}

an(t) =1+ g1

n=

(19)

[ee]

ZDYn(t) =245t

where A, are Adomian polynomials that represents
nonlinear term.

(@© 2016 NSP
Natural Sciences Publishing Cor.



Math. Sci. Lett5, No. 3, 285-289 (2016)www.naturalspublishing.com/Journals.asp NS = 287

The first three components of the Adomian polynomials

are given as follows:

Ao =XoYo, Ar=X1Yo+Xoy1, Az=XoY2+X1y1+X2Yo.

The recursive relation can be written as:

Xo=1
x1 = S HuS[2x9 — Ag]
X1 =S HuS2x — Al

and

Yo=2
y1 =S [uS[—3yo+ Ag]]
Yirr = S HuS[—3yk+ Ad]-

Calculating the necessary terms:

Ag=2

A = —4t
X2 = S H[uS[2(0) + 4t]] = 2t2

y2 = S Hug—3(—4t) — 4t]] = 4t2,

Hence, we get

A, = 82
X3 = —4L3
3
a4
Y3 = 3

If we continue the iteration we get the series form o

solutions as:

3
X(t) = 1+2tz—4%+...

y(t) =2 —4t+ 4% — 43+ .

0.5 1.0 1.5

Fig. 1: Predator(red line)- Prey(blue line)

their maximum as the preys reach their minimum. Since
the number of preys has decreased, there are not enough
food for predators. So their number would decrease and
so on.

Example 2.

Consider the predator-prey model:

{xz & — X(1+x+y)
Y= =y1+y)

which is equivalent to Emden-Fowler equation of
astrophysics

(23)

(&2n"Y +&*n"=0 (24)
whereA = n = 0 with the initial conditions:
x(0) =2,y(0) = 3. (25)

By applying the previous method subject to the initial
condition, we have
X(t) =2+ St {uS—x—x2—xy]]
y(t) =3+Susy+y7].

If we assume an infinite series solution of the unknown
functions:

(26)

0

Zoxn(t) =245t

n=

us— ioxn(t) - iOAn— ian]‘|

yn(t)=3+S1
2

oSS )+ iocnﬂ

(27)
where Ay, B, and C, are Adomian polynomials that
§ represent the nonlinear terms.
Applying the same procedure to get the recursive relation:

Xo=2
x1 = S HuS—xo — Ag — Bo]]
X1 =S HuS[—x— A — By

We sketch the following graph that shows the relations Yo=3

between the number of predators and the preys in time.
As the graph states that the number of predators increase,
as the number of preys decrease. Predators will reach

y1 =S *[uSlyo + Col]
Yirr = S H{uSlyk + G]
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where Adomian polynomials are given by: B[
B
Ao =G )
Bo = XoYo
Co=Y} 2
A1 = 2X1Xg . : ——
Bl = X1Yo + XoY1 0.05 0.10 015 0.20
C1=2y1¥0

Fig. 2: Predator-Prey model which is equivalent to Emden—
Ao = 2XgXo + x% Fowler equation of astrophysics

By = Xoy2 +X1y1 + X2Yo

Co = 2yoy2 +Yy1.2 .
4 Conclusions

ieldin
y g In this paper, we present a mathematical model of the
prey-predator problem which is very important in applied
4 sciences and we employ Sumudu Decomposition Method
Ao = to obtain the approximate solutions of these equations.
Bo=(2)(3)=6 Sumudu Decomposition Method gives a new approach to
Co=9 the solution of these kinds of problems.We solve two
A= 2(—12)(2) = examples and we plot figures to illustrate this technique
and it is seen that the Sumudu Decomposition Method is
B = (-12)(3) + ( )( ) -1z very useful and effective method to get the approximate
Ci=2(12)(3) = solutions. Thus,it can be applied to many complicated
Xy = S—l[us[_z_ 4-6)= 12 linear and nonlinear equations reliably.
=S tug12 +48 + 12t]] = 362
=S 1ug3+9]=12 Acknowledgement
1 2
=S " [uS[12+ 7] = 42°. The authors are grateful to the anonymous referee for a
careful checking of the details and for helpful comments
continuing the iteration,we get: that improved this paper.
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