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Abstract: This paper is concerned with the boundedness, persistence and global asymptotic behavior of positive
solution for a system of two high-order rational difference equations. Moreover, some numerical examples are

given to illustrate results obtained.
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1 Introduction

Difference equation or discrete dynamical system is
diverse field which impact almost every branch of
pure and applied mathematics. Every dynamical sys-
tem 241 = f(@n, Tp_o, -, Ty_k) determines a dif-
ference equation and vise versa. Recently, there has
been great interest in studying difference equations
systems. One of the reasons for this is a necessity for
some techniques whose can be used in investigating
equations arising in mathematical models [1] describ-
ing real life situations in population biology [2], eco-
nomic, probability theory, genetics, psychology, etc.

The study of properties of rational difference e-
quations [3] and systems of rational difference equa-
tions has been an area of interest in recent years.
There are many papers in which systems of difference
equations have studied.

Cinar et al. [4] has obtained the positive solution
of the difference equation system

. m . DPYn
Tl = —, Yngl = ————.
Yn Tn—1Yn—1

Cinar [5] has obtained the positive solution of the
difference equation system

1 Un
In+l = —H Yn+1 = ————-
Yn Tn—1Yn—1

Also, Cinar [6] has obtained the positive solution
of the difference equation system

1 T 1
T4+l = —H Yn+l = —, Zntl =
Zn Tn—1

Tp—1
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Ozban [7] has investigated the positive solutions
of the system of rational difference equtions

_ 1 _ Yn
Tp4+l = — Ynt1 =

n—k Tn—mYn—m+k

Papaschinopoulos et al. [8] investigated the glob-
al behavior for a system of the following two nonlin-

ear difference equations.
Yn In

Tn—p

Tpy1 = A+

7yn+1:A+ an:O>1>"'7

n—q
where A is a positive real number, p, ¢ are positive in-
tegers, and x_,,- -+, o, T_g," - -, To are positive real
numbers.

In 2012, Zhang, Yang and Liu [9] investigated the
global behavior for a system of the following third or-
der nonlinear difference equations.

Tp—2 Yn—2

xn—i—l == bl y’n—|—1 =

B+ Yn—2Yn—1Yn A + xn—an—lxn7

where A, B € (0,00), and the initial values
T_iY—; € (0, OO),i =0,1,2.

Ibrahim [10] has obtained the positive solution of
the difference equation system in the modeling com-
petitive populations.

Tn—1

Tp—1Yn +

Yn—1

y Yn+1 = ——————;-
" yn71$n+5

Tn4+1 =
Although difference equations are sometimes
very simple in their forms, they are extremely diffi-
cult to understand thoroughly the behavior of their so-
lIutions. In book [11], Kocic and Ladas have studied
global behavior of nonlinear difference equations of
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higher order. Similar nonlinear systems of rational d-
ifference equations were investigated (see [12],[13]).
Other related results reader can refer ([14], [15], [16],
(171, [18],[191,[201,[21],[22],[23],[24],[25]).

Motivated by above discussion, our goal, in this
paper is to investigate the solutions of the two-
dimensional system of rational nonlinear difference e-
quations in the form

Tn

$n+1 - B+yﬂ

v —rYn—s )

(1)
J— y"L
Yn+1 = A"Fl,nfpxnfq’

n=20,1,---.

where A, B € (0,00),p,q,7,8 € N, and the ini-
tial values x _ max{p,q}> L1-max{p,q}s " "> L0 € (07 OO),
Y—max{r,s}> Y1—max{r,s}> """ Y0 € (Oa OO) Moreover,
we have studied the local stability, global stability,
boundedness of solutions. We will consider some spe-
cial cases of (1) as applications. Finally, we give some
numerical examples.

2 Preliminaries

Let I, I, be some intervals of real number and f :
I X I, = I, g : IJ* x I, = I, be continuously dif-
ferentiable functions. Then for every initial conditions

(xzvy]) S ICC X Iy(l = —m, —m + 177_1707] =
—t,—t+1,---,0), the system of difference equations,
forn=0,1,2, -,
Tyl = f(Tny o Tnemsy Yns > Ynt),
2)
Yn+1 = g(xr“ oy Tn—my Yn, o 7yn—t),
has a unique solution {(zn,yn)};ozimax{m ne A

point (Z,y) € I, x I, is called an equilibrium
pOiIlt of (2) if x f(jf"ajvg?"'ag)vg
g(jv T Y ag)’ ﬂamel}h (xnayn) = (jag) for
alln > 0.

Let I, I, be some intervals of real numbers, in-
terval I, x I, is called invariant for system (1) if, for
alln > 0,

Tem,T—-1,""",T0 € Ix7y—t7y—17” Y0 € Iy
= xy € Iy, yn € 1.

Definition 1 Assume that (Z,7) be a fixed point of
(2). Then

(1) (z,9y) is said to be stable relative to I, x I,
if for every ¢ > 0, there exists & > 0 such that
for any initial conditions (z;,y;) € I, x I,(i =
—m,—m+1,---,=1,0;j = —t,—t+1,---,0), with

b i = 7 < 8,355 lyj — gl < O, implies
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|zy, —Z| < e, lyn — Y| <e.

(ii) (&,y) is called an attractor relative to I, X
Iy if for all (z;,y;) € I, x Iy(i = —m,—m +
177_1707.] = _t7_t+ ]-a"'ao)r hmn—)oolin =
Z,limy 00 Yo = ¥.

(#i7) (Z,7) is called asymptotically stable relative to
I, x I, if it is stable and an attractor.

(iv) Unstable if it is not stable.

Theorem 2 [11] Assume that X(n + 1)
F(X(n)),n = 0,1,---, is a system of difference e-
quations and X is the equilibrium point of this system
ie., F(X) = X. If all eigenvalues of the Jacobian
matrix Jp, evaluated at X lie inside the open unit disk
IA| < 1, then X is locally asymptotically stable. If
one of them has modulus greater than one then X is
unstable.

Theorem 3 [12] Assume that X(n + 1)
F(X(n)),n = 0,1,---, is a system of difference e-
quations and X is the equilibrium point of this system,
the characteristic polynomial of this system about the
equilibrium point X is P(\) = ag\"+a; A" 14 -+
Gn—1A + a, = 0, with real coefficients and ag > 0.
Then all roots of the polynomial p(\) lie inside the
open unit disk || < 1 if and only if

Ap>0fork=1,2,---,n, 3)
where Ay, is the principal minor of order k of the nxn
matrix

ay asz as --- 0
ag as a4 0
An — 0 a3 as --- 0
0 0 O an

3 Main results

Consider the system (1), if A < 1, B < 1, system
(1) has equilibrium (0,0) and (v/1 — A,v/1 — B). In
addition, if A < 1,B = 1, then system (1) has in-
finite equilibrium points (Z,0), where z > 0, and if
A =1, B < 1, then system (1) has infinite equilibri-
um points (0, y), where g > 0. Finally, if A > 1 and
B > 1, (0,0) is the unique equilibrium point.

Theorem 4 Assume that A < 1,B < 1. Then the
following statements are true.

(i) The equilibrium (0, 0) is locally unstable.

(ii) The unique positive equilibrium

(V1 —A,v/1— B) is locally unstable.
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Proof: (i) Let M = max{p,q,r,s}. We can easily
obtain that the linearized system of (1) about the equi-
librium (0, 0) is

(I)n+1:DCI)n7 (4)
where (I)n = (xn;$n—1a =My Yns Yn—15" " s Yn—
D = (dij) 2m+2)x (2M+2) =

1
5 00 O 00
1 00 O 0 0
0 -1 0 0 00
00 % 00 ©)
0 -0 0 1 00
o --- 00 0 ---10

The characteristic equation of (4) is

1 1

This shows that the roots of characteristic equation
A= % and A = % lie outside unit disk. So the u-
nique equilibrium (0, 0) is locally unstable.

(ii) We can easily obtain that the linearized system

of (1) about the equilibrium (/1 — A,+/1 — B) is

f) =M (/\

)T

(I)n—i-l = G(I)na @)
where q)n = (wn; Tn—1,"""yTn—M>Yn>Yn—1,""" 7yn—M)T
G =

1 - 0 . 0 0 0
1 ... 0 e 0 0 0
1
1
0 0 0 1 0
0 —/1—-A —/1—-A 0 0
0 0 0 0 0
0 0 0 00
E-ISSN: 2224-2880 370
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0 —/1-1B —v1-0B 0 0
0 0 0 0 0
0 0 0 0
1 0 0 0 0
1 0 0 0 0
1
1
0 0 0 10

in which —v/1 — B are in column M + r + 2 and
M + s + 2, respectively. —y/1 — A are in column
p+ 1and g + 1, respectively.

Let AL, A2,y Ao denote the
2M + 2 eigenvalues of Matrix G. Let
D = diag(di,dz, - ,dops2),di  # 0(i =
1,2,---,2M + 2) be a diagonal matrix,

Clearly D is invertible. Computing DGD ™!, we
obtained DGD~! =

1 0 0 0
d
g 0 0 0
dpt1
dy

dgt1

dq
0 - 0 0 it
0 -+ —/I-A4 —VI—A4 0
0 - 0 0 0
0 - 0 0 0
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0 —/1-—B —-+/1—B 0 0
0 0 0 0 0
0 0 0 0 0
1 s 0 0 0 0
dues 0 0 0 0
drry2
dMiri2
dM4ri1
dMtst2
dM4s+1
0 o0 0 . dam g
danr+1

It is well known that GG has the same eigenvalues as
DGD™!, we obtain that

maxi<k<2M+2 | Ak

= [[DED™|

= max{dad ", daradyf daryaditys,
dorradyiy 1,142V T 4,1+ 2V1- B}
> 1

It follows from Theorem 3 that equilibrium

(v1—A,+/1— B) islocally unstable. O

Theorem 5 Assume that A > 1, B > 1. Then the
equilibrium (0, 0) is globally asymptotically stable.

Proof: For A > 1,B > 1, from Theorem 4 (0,0)
is locally asymptotically stable. From (1), it is easy
to see that every positive (x,,y,) is bounded, i. e.,
0 < x, < 20,0 <y, < yo. Now, it is sufficient to
prove that(z,,, y,,) is decreasing. From (1), we have

— Tn Zn

In+1 - B+yn—ryn—s S B < T
— Yn Yn

Ynt+1 = A+Tn_pTn_q < A < Yn-

This implies that the sequences {x, } and {y,,} are de-
creasing. Hence, lim,, o x, = 0,lim, 00 yn = O.
Therefore, the equilibrium (0, 0) is globally asymp-
totically stable. O

Theorem 6 Let A < 1 and B < 1. Then, for solution
(Tn, Yn) of system (1) following statements are true.
(i) If x,, — 0, then y,, — 0.

(ii) If y, — O, then x,, — o0.
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4 Rate of convergence

In order to study the rate of convergence of positive
solutions of (1) which converge to equilibrium point
(0,0) of this system, first we consider the following
results that gives the rate of convergence of solution
of a system of difference equations.

Xpi1 = [A+ B(n)| X, (8)

where X,, be m dimensional vector,A € C™*™ is
a constant matrix. B : ZT — C™*™ is a matrix
function satisfying

[1B(n)]| =0 )

as n — oo, where || - || be any matrix norm which is
associated with the vector norm

Iz, )l = \/2? + 2.

Proposition 7 (Perrons Theorem)[26] Suppose that
condition (9) holds. If X,, is any solution of (8), then
X, = 0 forall large n or

bty 1 Xl

oo [ Xl

10)

exists and is equal to the modulus of one of the eigen-
values of matrix A.

Proposition 8 [26] Suppose that condition (9) holds.
If X, is any solution of (8), then X,, = 0 for all large

n or
p=lim /| Xl (11)

exists and is equal to the modulus of one of the eigen-
values of matrix A.

Let(zp,Y,) be an arbitrary positive solution of
system (1) such that limy, o , = 0,limy 00 Y =
0. It follows from (1) that

Ty 1
Tpt1 — 0= = T
TL+ B+ yn—rYn—s B+ yn—rYn—s "
and
Y 1
Ynt1 — 0 = . Yn

A+ Ty pYn—g T AT Tp—pTn—q
Let E} = x, — 0, E2 = y,, — 0, then we have
Enpp1 = AnEy + BoEy, Eni = CoEy + DoE;.
where

1

A=
" B + ynfrynfs
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1
Cp=0,Dp= .
n y Hn A+$n—pxn—q
Moreover
. 1 1
A =g M Dn =7

Now the limiting system of error terms can be written

as
Ela\_(1yB 0 \(E
E2, ) 0 1/A E? |

which is similar to linearized system of (1) about the
equilibrium point (0, 0).

Using Proposition 7 and Proposition 8, we have
following result.

Theorem 9 Assume that (x,,yy) be a positive solu-
tion of (1) such that lim,_ o x,, = 0,lim, 00 Yyp =
0, then the error vector E, = (E. E2)T of every
solution of (1) satisfies the following asymptotic rela-
tions

Tim (/1 Eall = M2F5(0,0)],
L 1Bl
ne By

= |A1,2F5(0,0)|,

where \ 2Fj(0,0) = & or 4 are the characteristic
of Jacobian matrix F;(0,0).

S Numerical examples

In order to illustrate the results of the previous section-
s and to support our theoretical discussions, we con-
sider several interesting numerical examples in this
section. These examples represent different types of
qualitative behavior of solutions to nonlinear differ-
ence equations and system of nonlinear difference e-
quations.

Example 1. If the initial conditions zg = 0.6,x_1 =
0.2,.%'_2 = 0.8,.%’_3 = 0.3,$_4 = 0.4,y0 =
0.6,y_1 = 0.3,y_2 = 0.5,y_3 = 0.2,y_4 = 0.8
and A=12,B=13,r=1,s=3,p=2,q =4,
we have the following system

Tn
x =
T 13 Y 1yns
Yn
Yn+1 =

1.2 +xp 2Tp 4 .

It is clear that A > 1, B > 1. Then the equilibrium

(0,0) is globally asymptotically stable.(See Theorem
3.2, Fig. 1)
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Figure 1: The fixed point (0,0) is globally asymptoti-
cally stable

Figure 2: The fixed point (0,0) and
(v1—A,+/1 — B) is unstable

Example 2. If If the initial conditions zy =
26,x_1 = 72,29 = 88,x_3 = 2.3,x_4 =
8'47 Yo = 9-67?4—1 = 7'3ay—2 = 5-579—3 =
6.2,y 4 =78and A =09,B =071 =18 =
3,p = 2,q = 4, we have the following system

T Yns1 = Yn
0.7 + Yn—1Yn—3 o 0.9 + Tp—0Tpn—1 )

Tn+1 =

It is clear that A < 1, B < 1. Then equilibrium (0, 0)

and (v/1 — A, /1 — B) are unstable.(See Theorem 4,
Theorem 6, Fig 2)

6 Conclusion and future work

In this paper, we have studied the behavior of posi-
tive solution to system (1) under some conditions. If
A > 1and B > 1, the system (1) has an unique equi-
librium (0, 0) which is globally asymptotically stable.
If A < 1and B < 1, the system (1) has equilibrium
(0,0) and (v/1 — A, /1 — B), and these equilibrium-
s are unstable. We will study the behavior of positive
solution to system under the conditions A > 1, B < 1
or A = B =1 in the future.
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