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Abstract. The paper aims to study the dynamics of a system of nonlinear difference
equations Xx,41 = Xn_1Vn + 4, Vne1 = Yn—1Xn + A Where A is real number. We especially
investigate the stability of equilibrium points, convergence of equilibrium points, existence of
periodic solutions, and existence of bounded solutions of related system. Moreover, we
present some numerical examples to verify the theoretical results
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1. INTRODUCTION

The theory of discrete dynamical systems or difference equations has a huge
importance for the applied sciences based on mathematical modelling. Many applied sciences
like biology, need to discrete variables for mathematical modeling. The mathematical models
produced by the difference equations have been applied to various disciplines by many
researchers in the field of applied sciences. For all these reasons, there is an increasing interest
in difference equations in recent years. This interest especially focuses on the dynamic
behaviors of dynamical systems. Moreover, many books and papers have been published
related to difference equations and dynamical systems in literature, we refer to [1-33].

During the few last years, many authors studied the dynamics of solutions of the
system of difference equations, for example:

In [21], Papaschinopoulos et al. studied the oscillatory behavior, the periodicity and
asymptotic behavior of the positive solutions of system of two nonlinear difference equations

X —_
Xn+1 =A+;_1fyn+1 =A+yn 1-

n xn

In [33], Zhang et al. investigated the boundedness, persistence and global asymptotic
stability of positive solutions of system of difference equations

- Xn—
In m’yn-l_1 = A+ n m.
Xn In

Xnt1 = A+
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In [18], Kurbanli et al. considered the following system of difference equations

. S —_ In1
i YnXn—1 +1 Yn+1 XnYn-1 + 1.

In [5] and [6], Clark et al. studied the global asymptotic stability of following system
of difference equations

Xn Yn

X :—, -
n+1l a+Cyn yn+1 b+dxn

In [13], Kent et al. studied long-term behaviour of solutions of difference equation
Xn+1 = XpXp-1 — L.

They examined the two and three periodic solutions, eventually periodic solutions,
invariant interval and unbounded solutions of related equation. In addition, in [31], Wang et
al. investigated the convergence of negative equilibrium point of equation. Moreover, in [19],
Liu et al. handled related difference equation.

In [2], Amleh et al. investigated the stability of following difference equations

Xnt+1 = XpXn-1 T Q.

Moreover, In [30], Tasdemir et al. studied periodic solutions and unbounded solutions
of related difference equations.

Following these studies, in [27] Tasdemir investigated dynamics of the following
system of nonlinear difference equations

Xn+1 = Xn—1¥n — L Yn41 = Yn-1Xn — L.

The author especially examined the existence of bounded solutions, stability of two
equilibrium points of system, the convergence of negative equilibrium point, existence of
periodic solutions of related system.

Motivated by this studies, we study the dynamics of a system of nonlinear difference
equations

Xn41 = Xn—1Yn T A Vny1 = Yno1Xn +4,n=01,..,, (1.1)

where A is real number. We especially investigate the stability of equilibrium points,
convergence of equilibrium points, existence of periodic solutions, and existence of bounded
solutions of related system.

Although these form of the difference equations and the systems given above are
seemingly simple, the behaviors of solutions of these equations or systems is quite different
from each other.
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2. MAIN RESULTS

Firstly, we reveal the equilibrium points of system (1.1). We also deal with the
conditions of the elements of equilibrium points of the related system for intervals of A.

Lemma 1. There are two equilibrium points of System (1.1) as follows:

o 1-VI—44 1-V1—44
(xl'y1)=< 2 ’ 2 >'
o 1+v1—44A 1++V1—-44
(x21y2)2< 2 ’ 2 >

Note that, in case of A = —1, the components of second equilibrium point equal to

Golden Ratio that is 1+f ~ 1.618.

Lemma 2. The following statements are true:
i If A< i, then the elements of two equilibrium points of system (1.1) are real
numbers.
ii. If A= i then system (1.1) has a unique equilibrium point such as (¥;,y;) =
(922'3_’2) = G'%)
iii. IfA> i then the elements of two equilibrium points of system (1.1) are complex

numbers.
iv. If A< 0, then the elements of equilibrium point (x;,y;) of system (1.1) are
negative numbers.
Now, we investigate the two and three periodic solutions of system (1.1).
Additionally, we determine the initial values for these periodic solutions.

Theorem 1. Assume that A < i If the initial values are x_; = X;, xo = X3, y_1 = V>,

Yo =¥1 OF X_q =X, Xog=2X1, V-1 =JY1, Yo = V2, then system (1.1) has two periodic
solutions such as

{ ’ (fl' 3_/2)' (EZ' )71)' (flﬂ )72)' }

Proof: Let {(x,,, ¥n)}me=—1 be a two periodic solution of system (1.1). Let a,b,c,d are real
numbers such that a # b and ¢ # d. Suppose that

Xon = A, Xon—1 = b,Y2n = C,Yon—1 =4,
for all n > 0. Hence, we obtain from system (1.1):
Xon+1 = X2n-1Yan + 4, (2.1)

Xon+2 = XonYan+1 T 4, (2.2)
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Yon+1 = Yen-1Xan + 4, (2.3)
Yon+2 = YonXons1 T A (2.4)

Therefore, we have from (2.1)-(2.4):

b-c+A=hb, (2.5)
d-a+A=d, (2.6)
a-d+A=a, (2.7)
c-b+A=c. (2.8)

From (2.5)-(2.8), we obtain four cases such that:

a=x,b=x,c=y,d=y, (2.9)
a=Xx,b=>Xx,c=y,d=7y,, (2.10)
a=b=x,c=d=1y,, (2.11)
a=b=1x,c=d=Yy,. (2.12)

Consequently, (2.9) and (2.10) are two periodic solutions of system (1.1) but (2.11)
and (2.12) are trivial solutions of system (1.1). The proof completed.

Lemma 3. Let A < i. From (2.9) and (2.10), system (1.1) has a periodic cycle with period
two as:
{ ’ (fll:)_]Z): (fg, }_/1)' (-721' 3_]2)' }

Proof: Let x_; = X1,X9 = X2, V-1 = ¥2,Yo = ¥1. Thus, from system (1.1) we get that:
Xg =X1Yo+A=X-y1 +A =%,
Vi=Yaxo+t A=Y, X+ A=Y,
Xo =X Y1 +A=%-Y, +A=X,,
Y2=Yox1 +A=Yy - %+ A=},
So, two periodic cycle of system (1.1) completed.

Theorem 2. System (1.1) has three periodic solutions, if and only if the initial values are

x1="Lxo=-1Ly,=-1Ly,=-1, (2.13)
x1=—-1lxg=A+1y_,=—-1y,=4+1, (2.14)
x.1=A+1Lxo=—-1y_,=A+1y,=-1. (2.15)
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Proof: Since this proof is similar to the proof of Theorem 1, we therefore leave it to the
readers.

Lemma 4. From (2.13)-(2.15), there is a three periodic cycle of system (1.1) as:
{,(-1,-1),(-1,-1),A+1,A+1),(—1,-1),--- }.

Proof: Letx_; = —1,x, = —1,y_; = —1,y, = —1. Hence, we have from system (1.1):
X1=X_1Yo—1=(-1D - (-)+A=4+1,
Vi=Y_1X—1=(-1) - (-D)+A=4+1,
Xp=x1—1=(-1)-A+1)+A=-1,

Y2=Yox1—1=(-1) - (A+1)+A4=-1,
X3=x1Y,—1=(A+1)- (1) +A4A=-1,
y3=yx—1=(A+1) - (1) +4=-1,
Xy =%y3—1=(-1)- (D) +A=4+1,
Va=Vox3—1=(-1)-(-1)+A=A4+1.

Therefore, we procure the periodic cycle of system (1.1) with period three as:

{(-1,-1,(-1,-1),A+1,A+1),(—1,-1),- }.
So, the proof completed as desired.
In this here, we endeavour the boundedness of solutions of system (1.1). In particular,
we investigate the behaviours of unbounded solutions of system (1.1). We also examine the

invariant interval of solutions of system (1.1).

Lemma 5. Let {(x,, ¥)}n=—1 be a solution of system (1.1)and A > —1. Let x_; < —1,x5 <
—1,y_; <—-landy, < —1.Then

X >A+1,y, >A+1,
X, <=1y, < -1,
x3 < —1,y3 < —1.
Proof: Assume that x_; < —1,x, < —-1,y_; < -1 and y, < —1. Hence, we have from
system (1.1):
X1 =X_1yg+A>A+1,

YVi=Y_1Xg+A>A+1,

Xy = XoV1 + A< _1,
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Vo =Yox1 +4 < —1,
X3 =Xy, + A< -1,
V3 =YX, + A < —1.
Note that, there is a significant role the following theorem for proof of Theorem 4.

Theorem 3. Let {(x,, y».)}n=—1 be a solution of system (1.1). Then,

Xn+3 — Yn = (xn+1 + 1)(yn+2 - yn)' (2-16)
Yn+3 — Xn = (yn+1 + 1)(xn+2 - xn)- (2-17)

Proof: We get from system (1.1),

Xn3 = Yn = Xns1Yns2 +4) — I
= Xn41nXni1 +A) +A—y,
= x721+1yn +Axp 1 +A -y
= Yu(Xh41 — 1) + Alxpyr + 1)
= (41 + DOnXxne1 —Yn + 4)
= (41 + D Onsz — Yn)-

Similarly, (2.17) can also be easily proved. Thus, the proof completed as desired.
Theorem 4. Let {(x,, yn)}n=—, be a solution of system (1.1) and A > —1. Let x_; <
—1,xy<-1,y_; <—1 and y, < —1. Then the following two statements hold, for n =
0,1,2,--,:

i.
A+1<x; <y, <x7 < <Xgnt1 < Vent+a <
A+1<y; <x4 <Y7 < <Von+1 < Xgn+a <
—1>x; > Y5> x> > Xeniz > Yents >
1>y, >x5>Y8> "> Yeni2 > Xen4s >

—1>x3>Y6>%x9> > Xen43 > Yonte >

—1>y3>%x6>Y9 > > Yeniz > Xen+e > "

lim xgp41 = 00, limygnyq = o0,
n—->oo n—->oo

lim xg4, = —00, limygnyp = —oo,
n—-oo n—->oo
lim xgp43 = —00, lim ygn43 = —00,
n—-oo n—-oo
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lim Xgp4q = 00, lim ygp 44 = 0,
n—->oo n—->oo

lim X5 = —0, lim ygpy5 = —o,
n—->oo n—>0oo
lim xg, = —o0, lim y¢,, = —oo.
n—->oo n—->oo

Proof: Letx_; < —1,xo < —1,y_; < —land y, < —1.
i. From Lemma 5, we know

xX,y1 >A+1,
X,V < —1,
X3,V < —1.

From Theorem 3 for n = 1, we have that,

x4 —y1 = (X2 + D(y3 — y1).
From x,,y; < —1 and y; > 0, we get
X4 —y, > 0.

Hence, x, > y; > 0 and similarly y, > x; > 0. Thus, we obtain from Theorem 3 for
n=2,

x5 — Y2 = (x3+ D (s — ¥2).
From y,,x; < —1 and y, > 0, we have that,
x5 — Yy, <O0.

Thus, xs <y, < —land ys < x, < —1.
Therefore, we get from Theorem 3 for n = 3,

X — Y3 = (x4 + 1) (y5s — ¥3).

From system (1.1), we obtain that,

X6 —y3 = (x4 + 1) (¥s — ¥3)
= (x4 + D (ysxs + A - y3)
= (x4 + D(y3(x2y3 + A) + A — y3)
= (x4 + D25 + (A= Dy; + A).

From x, < —1,
xe —y3 = (x4g + D(xy3 + (A—1)y; + A)

<+ D(=yi+(A-1y; +A4)
= (s + D(=y; + A (yz + 1.
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Hence, from A > —1,x, > 0 and y; < —1 we have
X6 - y3 < 0

Hence, x; < y; < —1 and likewise y, < x5 < —1.
We have, from Theorem 3 for n = 4,

X7 —Ys = (x5 + D (V6 — ya)-
From ye, xs < —1and y, > 0, we obtain,
X7 — Yy, > 0.
So, x; >y, > x; > 0 and similarly y, > x, > y; > 0.
Additionally, by induction, we obtain:
A+1<x <y, <x7 <-,
A+1 <y, <x4<y; <+,
—1>x,>ys >xg >,
—1>y,>x5>yg >,
—1>x3>y>%x9 >,
—1>y3>x5>y9 >

So, proof of (i) finished as desired.
ii. We have from system (1.1):

Xen+1 = Xen-1Yen T A > Xgn_1Yen — 1
= (X6n—3Yen-2 + A) Ven—2Xen-1 + 4) — 1
> (X6n—3Yen—2 — D) (Ven—2Xen-1 — 1) — 1
= x6n—3y62n—2x6n—1 — Yen—2Xen—1 — Xen—3Yen—2-

Thus, we get from xg,_3VZ,_2Xen—1 > 0 and yg,_2Xen_1 < 0,

Xen+1 =~ —Xen—-3Yen—2-

Hence, we obtain from x¢,_3 < —1,

Xen+1 > Yen-2 = Yen-aXen-3 + 4
> Ven-aXen-3 — 1
= Yen-4(Xen—sYen-a + 4) — 1
> y6n—4(x6n—5y6n—4 -1)-1
= x6n—5ygn—4 — Yen—4 — L.
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Therefore, we have from yg,_, < —1,
Xen+1 = Xen-—s- (2.18)

So,

lim xgy,41 = 0.
n—-oo

Similarly, it can be easily proved in other cases. Thus, we leave it to readers.
The following theorem shows that system (1.1) has an invariant interval.

Theorem 5. Assume all initial values of system (1.1) in (=1,0) and —1 < A < 0. Then,
x; € (—1,1) and y, € (—1,1) and for all n > 2, the solutions of system (1.1) are such that
X, € (—1,0) and y, € (—1,0).

Proof: Let x_1, X, Y-1, Yo € (—1,0). We have from system (1.1):
X1 =X_1Yo+A>x_1yo—1> -1,
X1 =X_1Yo+tA<A+1<1.
Hence, we obtain similarly —1 < y; < 1. Therefore, we get from -1 <y; < 1:
X, =Xoy1 +A>—x9+A> -1,

x2 = xOyl + A = xo(y_le + A) + A
=y 1 x2+Axg+ A< A(xy +1) <0.

Thus we have —1<x, <0 and —1 <y, < 0. Similarly calculations, we have
—1<x3 <0and -1 < y; < 0. So, we have by induction, x,, € (—1,0) and y,, € (—1,0) for
alln > 2.

Finally, we study the stability analysis of system (1.1). Moreover, we look for the
stability of equilibrium point (x;,y;) of system (1.1). Further, we examine the convergence

behaviour of equilibrium point (i, y;) of related system. Additionally, in case of A = i, we

investigate the stability of unique equilibrium point of system (1.1) . We also study the
stability of equilibrium point (x,, y,) of system (1.1).

Theorem 6. The following statements are true:

i f —2<A<§, then the equilibrium point (x;,y,;) of system (1.1) is locally

asymptotically stable.
ii. If A < -2, then the equilibrium point (x;, ;) of system (1.1) is locally unstable.

Proof: Firstly we consider the transformation for linearized form of system (1.1):
(xn' Xn-1Yn yn—l) - (f’ fl! 9, gl)’
where
f = Xnayn +A4,

fl = Xn»
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g = Yn-1Xn + 4,
91 = Yn-
Hence, the Jacobian matrix about equilibrium point (i, y;) is:

B(x,y) =

1

1
0
0
0

ol r O
m O O R
O 8 OO

Therefore, the linearized system about the equilibrium point (xy,y;) 1S Xy4q =
— T
B(x,y)X,, where X,, = ((xn,xn_l,yn,yn_l)) and

1-v1—-44A 1—-+vV1-—-44
0 0
| ’ ’ |
1 0 0 0
B(x,y) = .
&Y= _T=aa 1-v1—44 |
0
2 2 /
0 0 1 0
So, the characteristic equation of B(x, y) is
3 3 1 1
f(/’l)=/14+(A—§+E\/1—4A)/12+(—A+E—E 1—4A)=0. (2.19)

Therefore, the roots of characteristic equation (2.19) are

1
)ll=E\/3—2A—3V1—4A+\/4A2+12A\/1—4A—32A—10\/1—4A+10,

1
Az =—E\]3—2A—3\/1—4A+\/4-/12+12A\/1—4A—32A—1O\/1—4A+10,

1
A3=§\]3—2A—3\/1—4A—\/4-A2+12A\/1—4-A—32A—10\/1—4-A+10,

Ay = — \/3—2A—3\/1—4A—\/4A2+12AV1—4A—32A—10V1—4A+10.

N =

i. From A,, we have

1
)ll=§\/3—2A—3V1—4A+\/4A2+12A\/1—4A—32A—10\/1—4A+10
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1
=E\/3—2A—3\/1—4A+\/(1+2A+3\/1—4A)2—16\/1—4A.

From -2 < A< i, we obtain that

1
/11<§J3—2A—3V1—4A+\/(1+2A+3\/1—4A)2.

Hence,

1
/11<§\/3—2A—3\/1—4A+|1+2A+3\/1—4A|

1
=§\/3—2A—3V1—4A+1+2A+3\/1—4A

1
==-Vv4 =1
2\/_

So, we get that 0 < A; < 1. Moreover, since 1; < A;, we have 0 < A3 < 4; < 1.
Similarly the other roots lie inside unit disk too. Thus, all roots of characteristic equation

(2.19) lie inside the open unit disk [1] < 1. So, if —2< A <§ then the equilibrium point
(i1, ¥,) of system (1.1) is locally asymptotically stable.

ii. In this here, we consider the characteristic equation (2.19) such that

f =A4+<A—;+;m)zz+<—/1+%—%m)

Thus, we know that f(4) has four roots and so absolute value of the product of these
roots is

2
Ay Ay Ag- Ayl = |—A+%—%\/1—4A| _a '14 4 oy
Hence, from A < —2, we obtain that at least one of |4,], [1,],|43] and |A4] is greater
than one. Consequently, if A < —2 then the equilibrium point (ix;,¥y;) of system (1.1) is
locally unstable.
The next theorem shows that if all initial values are in (—1,0) and —1 < A < 0 then
every solutions of system (1.1) tend to equilibrium point (x;, ).

Theorem 7. Let x_q1,x0,Y-1,V0 € (—=1,0) and —1 < A < 0. Then every solutions of system
(1.1) converge to equilibrium point (x;, y;) of system (1.1).

Proof: Assume that x_;,xy,v_-1,Y0 € (—1,0). Thus, every solutions of system (1.1) is

bounded according to Theorem 5. According to this, x,, € (—1,0) and y,, € (—1,0) forn > 2.
Hence, we get
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L, = limsupx,, L, = limsupy,,
n—>oo n—->0oo

[, = liminfx,, [, = liminfy,. (2.20)
n—oo n—oo
Hence, we have from system (1.1) and (2.20):
Li<Li-l,+A4, (2.21)
L=l L+ A4, (2.22)
L, <L, -l + A4, (2.23)
l,>1, L +A. (2.24)
Thus, we obtain from (2.21) and (2.24)
A+, <L -, <—A+Ly,
hence
Ly <1, (2.25)
Additionally, we get from (2.22) and (2.23)
L, <. (2.26)
Moreover, we know,
l; <L; and [, < L,. (2.27)

So, we have from (2.25), (2.26) and (2.27)
L<L <l,<L,<l.

Hence, we obtain the following equalities:

So, we have the followings:
limx, = limy, = L.
n—-oo

n—-oo

Therefore, we have from system (1.1):

Due to x,,y, € (—1,0), we have [ = x; = y;. Thus, if the initial values in (—1,0)
then every solution of system (1.1) tends to negative equilibrium point (i, ¥,). Therefore, the
proof completed.
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Theorem 8. Let A = %. The unique equilibrium point (x, y) = G%) of system (1.1) is locally
unstable. Because it is nonhyperbolic equilibrium point.

Proof: First of all, if A = ithen system (1.1) turns into the following system:

1 1
Xn+1 = Xp-1Yn t Z»yn+1 = Yn-1Xn t Z;n =01,... (2.28)
Now, we deal with linearized form of system (2.28). Because of this, we take the
transformation:

(Xn, Xn-1, yn' yn—l) - (frfl' g' gl)’

where
f_xn—lyn 4’
fl =X
9= Yn-1%n T3
91 = Yn-
Thus, we get the Jacobian matrix about equilibrium point (i, y) = G%)
0y £ 0
. _[1 0 0 0
BEN =15 0 0 z/
0 01 O

Hence, the linearized system about the equilibrium point (x,y) = G%) IS Xyy1 =
B(x,y)X,, where

T
Xy = ((xn' Xn-1>Yn» yn—l))
and

B(x,y) =

ON|FRrRr O
o O OB
_ O ON| R
oON|RrRO O©

Therefore, the characteristic equation of B(x, y) is

5 1
).4 - Z/lz + Z == O (229)
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So, we obtain four roots of Eq.(2.29):

Hence,

Owing to linearized stability theorem, the unique equilibrium point (x,y) of system
(1.1) is locally unstable.

Theorem 9. Equilibrium point (x,, y,) of system (1.1) is locally unstable for A < i.

Proof: Now, we take the transformation (x,, Xn—1, Yn,» Yn-1) = (f, f1, g, g1) such that

f=%n-1Yn + 4,
fi = xn,

g = Yn-1%n t 4,
91 = Yn-

Thus, we obtain the Jacobian matrix about equilibrium point (X, ¥,):

0 :)_12 JEZ 0

. [1 0 0o o
B(x.y) = , 0 0 %
0 0 1 0

Therefore, the linearized system about the equilibrium point (x,,y,) IS Xy4q =
— T
B(x'y)Xn Where Xn = ((xn'xn—lfyn' yn—l)) and

/O 1+v1—-—44A 1++vV1-—-44A
2 2
- 1 0 0 0
B(x,y) = .
22 1+vV1—-4A 0 0 1++vV1—-4A
2 2
0 0 1 0
Hence, we obtain the characteristic equation of B(x, ) as
3 3 1 1
A4+(A—E—E\/il—4A)AZ—A+E+E\/71—4A=0. (2.30)

Now we take

3 3 1 1
P(X):X4+(A—E—EV1—4A)X2—A+§+§V1—4A.
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Therefore,

P(1) = P(~1) = —V1—44 < 0,

11
P(0) = —A+5+ V1= 44
1
= (VI=4d+1) >0

and
lim P(x) = +oo,
X—00

lim P(x) = +oo.
X——00
From these we have four roots of P(x) such that

—0 << —-1<x<0<x;3<1<x, <00,

Therefore, the absolute values of two roots of P(x) are greater than one. From this and
from linearized stability theorem, the equilibrium points (x,,y,) of system (1.1) is locally
unstable.

3. NUMERICAL EXAMPLES

Up to this section, we proved some theoretical results for system (1.1). Now, we give
some numerical examples in order to verify our results.

Example 1 Let A = —g and the initial values x_; = X1,xg = X5, Y_1 = ¥2, V0 = ¥1. IfA =
1- |2 1+ |2

—% then %, =y, = ——~ —0.46 and &%, = j, = —— ~ 1.46. Thus, there are two
periodic solutions of the system (1.1) with prime period. The Fig. 1 verifies results of
Theorem 1 and two periodic cycle of system is

{ ’ (flt 3_/2)' (-’ZZ' )71)' (flﬂ )72)' }

Figure 1. Plot of system (1.1) for initial values x_y = X1, X = X2, Y_1 = ¥2, Yo = Y1
Example 2. Let A = —% and the initial values x_; = A+ 1,xo = -1, y_1=A+ 1,y, = —1.

Thus, there are three periodic solutions of the system (1.1) with prime period. The Fig. 2 (a
and b) verify results of Theorem 2 and three periodic cycle of system is
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{-,(A+1,A+1),(-1,-1),(-1,-1),-- }.

a) Plot of x,, b) Plot of y,,
Figure 2. Plot of system (1.1) for initial valuesx_; = A+ 1, xo=-1,y_1 =4+ 1,y, = —1.

Example 3. Let A = —% and the initial values x_; = —-0.9,x, = —-0.2,y_; = =0.1,y, =

—0.8. Thus, solution of system (1.1) converges to negative equilibrium point (x;,¥;)

(—1_2\/5,—1_2\/5). The Fig. 3 verifies to results of Theorem 7.

0.2

0.0 1 L L L |

\ Il i I 1 i i I 1 i i i 1
’ 5 10 15 20
02| — X,
— Ya
-04 | —
,OE -

Figure 3. Plot of system (1.1).

4. CONCLUSION

This paper investigate the dynamics of system (1.1). Especially we find out the
periodicity of system (1.1) with period both two and three. We also study the stability of

equilibrium points of system (1.1). We discover that if —2 < A < i, then the equilibrium

point (ix;,y;) of system (1.1) is locally asymptotically stable otherwise if A < —2, then the
equilibrium point (x;, ¥;) of system (1.1) is locally unstable. Additionally, if the initial values
in (—=1,0) and —1 < A < 0, then every solutions of system (1.1) converge to equilibrium
point (i, y;) of related system. Moreover, we show that both the equilibrium point (x,y) =

G%) and equilibrium point (i, ¥,) of system (1.1) is locally unstable.
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