Hindawi Publishing Corporation
Discrete Dynamics in Nature and Society
Volume 2013, Article ID 495838, 6 pages
http://dx.doi.org/10.1155/2013/495838

Research Article

Hindawi

Qualitative Behavior of Rational Difference Equation of

Big Order

M. M. El-Dessoky"

I Mathematics Department, Faculty of Science, King Abdulaziz University, P.O. Box 80203, Jeddah 21589, Saudi Arabia
2 Mathematics Department, Faculty of Science, Mansoura University, Mansoura 35516, Egypt

Correspondence should be addressed to M. M. El-Dessoky; dessokym@mans.edu.eg

Received 4 February 2013; Accepted 20 April 2013

Academic Editor: Cengiz Cinar

Copyright © 2013 M. M. El-Dessoky. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

We investigate the global convergence, boundedness, and periodicity of solutions of the recursive sequence x,,, = (ax,_; +

bx,_)/(c +dx,;x, ), n = 0,1,...
X_ppX_yyloe--

1. Introduction

Recently, there has been a lot of interest in studying the global
attractivity, the boundedness character, and the periodicity
nature of nonlinear difference equations see for example, [1-
22].

The study of the nonlinear rational difference equations
of a higher order is quite challenging and rewarding, and
the results about these equations offer prototypes towards the
development of the basic theory of the global behavior of
nonlinear difference equations of a big order; recently, many
researchers have investigated the behavior of the solution
of difference equations. For example, in [8]. Elabbasy et al.
investigated the global stability and periodicity character and
gave the solution of special case of the following recursive
sequence:
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cx, —dx,_,

ntl = A%y —

Elabbasy et al. [9] investigated the global stability, bounded-
ness, and periodicity character and gave the solution of some
special cases of the difference equation
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, where the parameters a, b, ¢, and d are positive real numbers, and the initial conditions
,x_; and x, are positive real numbers where ¢ = max{k, I}.

Elabbasy et al. [10] investigated the global stability and
periodicity character and gave the solution of some special
cases of the difference equation

dxn—lxn—k

Xy = otk g 3)

X, —b

Saleh and Alogqeili [23] investigated the difference equation

Vo1 = A+ Y with A < 0. (4)
Yn-k
Wang et al. [24] studied the global attractivity of the equilib-
rium point and the asymptotic behavior of the solutions of
the difference equation

AXy 1 Xn—k

(5)

Xpyp = ——F—————.
" w+bx,  +cx,
In [25], Wang et al. investigated the asymptotic behavior of
equilibrium point for a family of rational difference equation
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Yalginkaya [26] considered the dynamics of the difference
equation
X —m
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Zayed and El-Moneam [27, 28] studied the behavior of the
following rational recursive sequences:

bx

o+ Bx, +yx,
—n STP A T Pl
cx, —dx,_;

Xpa1 = .
"1 A+ Bx, +Cx,_,

(8)

n

Xn+1 = Xy —

For some related works see [29-39].

Our goal in this paper is to investigate the global stability
character and the periodicity of solutions of the recursive
sequence

ax,_; + bx,_
Xy = ——"k n=0,1,.., 9)
c+dx, X,
where the parameters a, b, ¢, and d are positive real num-
bers and the initial conditions x_,, x_,;,...,x_; and x, are
positive real numbers where t = max{k, I}.

2. Local Stability of the Equilibrium
Point of (9)

This section deals with the local stability character of the
equilibrium point of (9)
Equation (9) has equilibrium points given by

(a+b)x

—_—, 10
c+dx’ (10)

E:

then
E{dE2+c—a—b}:0. 1)

Then the equilibrium points of (9) are given by

X=0 or E=\]a+2_c when a+b > c. (12)

Let f : (O, 00)?> = (0,00) be a continuously differentiable
function defined by

au + by

= . 13
fw,v) - (13)
Therefore, it follows that
of (w,v)  ac— bdv? of (u,v)  bec- adu? (14)
ou (c + duv)?’ ov (c +duv)*

Theorem 1. The following statements are true.
(1) If a + b < ¢, then the only equilibrium point X = 0 of
(9) is locally stable.
(2) If a + b > ¢, then the positive equilibrium point X =

V(a+b-c)/d of (9)islocally stable if |c—b|+|c—al <

a+b.
Proof. (1) If a + b < ¢, then we see from (14) that

3f (0,0) _a of (0,0) _ b

axn_l E axn_k E (15)
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Then, the linearized equation associated with (9) about x = 0
is
a b
Y1 — Zynfl - Eynfk =0, (16)

whose characteristic equation is

Ayt by 1)
C C

/\k+1 _

Then, (16) is asymptotically stable if a + b < ¢, and then the
equilibrium point X = 0 of (9) is locally stable.
(2) If a + b > ¢, then we see from (14) that

of (%, x) ac-bd((a+b-c¢)/d) c-b

O, (c+d(a+b-c)/d) a+b’ )
18
of (%, x) bc—ad((a+b-c)/d) c-a
0%, (c+d(@a+b-c)/d)’ a+b
Then, the linearized equation of (9) about x is
c-b c—a
Yn+1 a+byn—l a+byn—k 0, ( )
whose characteristic equation is
e+ _ ﬂAk—l _c-a_, (20)

a+b a+b

Then, (19) is asymptotically stable if all roots of (20) lie in the
open disc [A| < 1, that is, if

c-b
+

c—a

a+b a+b <L @D

which is true if
lc=bl+]|c—a|l <a+b. (22)
The proof is complete. O

3. Boundedness of the Solutions of (9)
Here, we study the boundedness nature of the solutions of (9).
Theorem 2. Every solution of (9) is bounded ifc > a + b.

Proof. Let{x,},>_, beasolution of (9). It follows from (9) that

ax,_;+bx,_ ;. ax,;+bx,;

X = < . 23
T e dx, X, . c 23)

By using a comparison, we can write the right-hand side as
follows:

_ayn—l byn—k 24
Yne1 = c + c > ( )

and this equation is locally asymptotically stableifa + b < ¢
and converges to the equilibrium point y = 0.

Therefore,
lim sup x,, = 0. (25)
n— 00
Thus, the solution is bounded. O
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4, Existence of Periodic Solutions

In this section, we study the existence of periodic solutions of
(9). The following theorem states the necessary and sufficient
conditions that this equation has periodic solutions of prime
period two.

Theorem 3. Equation (9) has a prime period two solutions if
and only if one of the following statements holds:
M a+b-c>0,andl, k—odd,
(2)a+c—b>0, and k—odd, |—even,
(3)b+c—a>0,and l—odd, k—even.

Proof. We will prove the theorem when condition (1) is true,
and the proof of the other cases is similar and so we will be
omit it.

First suppose that there exists a prime period two solution

DD DD (26)
of (9). We will prove that Condition (1) holds.
We see from (9) that
ey s
Then,
c+dp*=a+b, (28)
c+dq’ =a+b. (29)

Subtracting (28) from (29) gives

d(p’-q')=o. (30)
Since p # g, it follows that

p=-q (31

= 32
P =q FE (32)

and so
a+b-c>0. (33)

Therefore, inequality (1) holds.

Second, suppose that inequality (1) is true. We will show
that (9) has a prime period two solution.

Assume that

at+b-c a+b-c
_ - _ . (34)
p +\j d > q \/ d

We see from inequality (1) that

a+tb-c>0. (35)

Therefore, p and g are distinct real numbers.

3
Set
X=Xy =Pps X2=9 X_1=Dp X0 =q-
(36)
We wish to show that
X, =X_; =P, X, =Xy =q. (37)
It follows from (9) that
v (a+b)p (a+b)(a+b-c)/d |a+b-c
YUoctdpt c+d(a+b-c)/d) d
(38)
Similarly, we see that
v (a+b)gq _—(a+b)a+b-¢c)/d
2 c+dg*  c+d(@@+b-c)/d)
- (39)
_ _Jatb-c _
Then, it follows by induction that
Xop =G KXoy =p> Yn=-1 (40)
Thus, (9) has the prime period two solution
--)p)q)p)q)---7 (41)

where p and q are distinct roots of a quadratic equation, and
the proof is complete. O

5. Global Attractor of the Equilibrium
Point of (9)

In this section, we investigate the global asymptotic stability
of (9). If we take the function f(u, v) defined by (16), then we
have four cases of the monotonicity behavior in its arguments
(all of these cases we suppose thata + b > ¢).

Theorem 4. If the function f(u,v) defined by (16) is nonde-
creasing (or nonincreasing) in u,v, then the positive equilib-

rium point X = \/(a + b — ¢)/d is a global attractor of (9).

Proof. Let {x,},>_, be a solution of (9) and again let f be a
function defined by (16).

We will prove the theorem when f(u, v) is nondecreasing
and the proof of the other cases is similar, and so we will omit
it.

Suppose that (m, M) is a solution of the systems M =

f(M, M) and m = g(m,m). Then, from (9), we see that

_aM +bM m_am+bm (42)
Coc+dM?’ T oc+dm?’
or
c+dM*=a+b, c+dm*=a+b. (43)



Subtracting these two equations, we obtain
d(M-m)(M +m) =0. (44)
Under the condition d > 0, we see that
M =m. (45)

It follows by Theorem 2 that x is a global attractor of (9), and
then the proof is complete. 0

Theorem 5. If the function f(u,v) defined by (16) is non-
decreasing in u and nonincreasing in v, then the positive

equilibrium point X = +/(a + b —c)/d is a global attractor of
9)ifc+b>a.

Proof. Let {x,},>_, be a solution of (9) and again let f be a
function defined by (16).
Suppose that (m, M) is a solution of the systems M =
f(M,m) and m = g(m, M). Then, from (9), we see that
aM +bm am + bM

M:—, =, 46
c+dmM " c+dmM (46)

or

cM + dmM?* = aM + bm,

(47)
cm +dMm® = am + bM.
Subtracting these two equations, we obtain
cM-m)+dMm (M —m) = (a—b)(M —m),
M-m){c+b-a+dMm} =0. “9)
Under the condition ¢ + b > a, we see that
M =m. (49)

It follows by Theorem 2 that X is a global attractor of (9),
and then the proof is complete. O

Theorem 6. If the function f(u,v) defined by (16) is nonde-
creasing in v, nonincreasing in u. Then the positive equilibrium

pointx = \/(a + b - c)/d is a global attractor of (9) ifc+a > b.

Proof. The proof is similar to the previous Theorem and so
we will be omit it. O

Lemma7. Whenc > a+b then the equilibrium point x = 0 of
(9) is global attractor.

Proof. If ¢ > a + b, then the proof follows by Theorem 2. [

6. Numerical Examples

For confirming the results of this paper, we consider numer-
ical examples which represent different types of solutions to

9).

Example 1. We assume that! = 1, k = 2, x_, = 3, x_; =
2, X,=6, a=2, b=5, c=8,and d = 6. See Figure 1.
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x(n)

FIGURE 1: It shows the solution of (9) withl = 1, k = 2, x_, =
3,x.,=2, x,=6,a=2,b=5, c=8,and d =6.

x(n)

FIGURE 2: It shows the behavior of the solution of (9) withl =1, k
3x,3—3x,2—1x,1—6x0—5a:,b= c
0.1,and d = 2.

x(n)

—4 1 1 1 1 1 1 1 1 1

0 2 4 6 8 10 12 14 16 18 20

FIGURE 3: It shows the periodicity of the solution of (9) when I =
3, k=1 x5=x,=px,=%x,=¢ga=90b=13 c=
0.1,and d = 2.
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FIGURE 4: It shows the periodicity of the solution of (9) when I =
4, k=3 x,=x=¢ X,4=X,=%X=p,a=9, b=5 ¢c=
3,and d = 2.

Example 2. See Figure 2, sincel =1, k=3, x_3 =3, x_, =
1, x.;=6, x,=5a=9,b=13, ¢=0.1, d=2.

Example 3. Figure 3 shows the solutions when I = 3, k =
L, X3 =%x,=p x5 =%x3=¢ga=91>b=13c=

0.1,and d = 2. (Since p,q = +~/(a+b—¢)/d).

Example 4. Figure 4 shows the solutions when | = 4, k =
3, X3=X1=¢ X 4=X,=X,=p,a=9, b=5 c=

3,and d = 2. (Since p,q=t+/(a+b-c)/d).
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