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STABILITY CHAOS AND PERIODIC SOLUTION OF DELAYED RATIONAL RECURSIVE
SEQUENCE

ABDUL KHALIQ, MUBEEN ALAM*, AND SK. SARIF HASSAN

ABSTRACT. In this paper, we will investigate a non-linear rational difference equation of higher order. Our con-
centration is on invariant intervals, periodic character, the character of semi cycles and global asymptotic stability
of all positive solutions of

a+ Bsy_k
Spnt1 = Asn + Bs,_ + m, n=0,1,..,
where the parameters A, B, a, f and Ao, Bo and the initial conditions s_, s_r41, S_r42,..., So are arbitrary

positive real numbers, r = max{l, k}. Finally, we study the global stability of this equation through numerically
solved examples and confirm our theoretical discussion through it.

1. INTRODUCTION

Our aim is to investigate the global stability character and the periodicity of the solutions of the following
rational higher order difference equation

@) Sn+1 :Asnﬁ—Bsn_g—&—%, n=20,1,...,

where the parameters Ay, By, a, § and A, B and the initial conditions s_x, s_f41, ..., S0 are positive real
numbers, k = {1,2,3, ...} is a positive integer and the initial conditions s_, s_k41,...,So are non-negative
real numbers.

Discrete dynamical systems or difference equations are varied field because various biological sys-
tems naturally leads to their study by means of a discrete variable. Every dynamical system u,; =
f(uy) determines a difference equation and vice versa. The theory of discrete dynamical systems and
difference equations developed greatly during the last twenty-five years of the twentieth century. Applica-
tions of discrete dynamical systems and difference equations have appeared recently in many areas. The
theory of difference equations occupies a central position in applied sciences and applicable areas. There is
no doubt that the theory of difference equations will continue to play an important role in mathematics as
a whole. Nonlinear difference equations of order greater than one are of paramount importance in applica-
tions. Such equations also appear naturally as discrete analogues and as numerical solutions of differential
and delay differential equations, which model various diverse phenomena in biology, ecology, physiology,
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physics, engineering, economics, probability theory, genetics, psychology and resource management. It is
very interesting to investigate the behaviour of solutions of a higher-order rational difference equation and
to discuss the local asymptotic stability of its equilibrium points. Rational difference equations have been
studied by several authors. Especially there has been a great interest in the study of the attractivity of the
solutions of such equations. For more results for the rational difference equations, we refer the interested
reader to [6-10].

"Saleh and Baha et al. [27] investigated the global attractivity of the following rational recursive sequence

B + YTk

Tpy] = ————— .
nr Axn + Br, g

Several other researchers have studied the behavior of the solution of difference equations, for example, in
[15] Elsayed et al. investigated the solution of the following non-linear difference equation.

2
bz;

czp +dz2

Zpn4+1 = GZp +

Elabbasy et al. [16] studied the boundedness, global stability, periodicity character and gave the solution of
some special cases of the difference equation.

T _ QTp + 6I71—k
S A.’l?n,l + anfkr )

Keratas et al.[20] gave the solution of the following difference equation

Yni1 = Yn—5
r 1+ Yn—2Yn—5 '

Elabbasy et al. [17] investigated the global stability, periodicity character and gave the solution of some
special cases of the difference equation

2 _ ATy Tp—k
n+1 — .
brp—p + cxn_q

Yalcinkaya et al. [18] has studied the following difference equation
J"’ﬂ—m

Tpy1 =+ .
n

Wang et. al. [19] existence and uniqueness of the positive solutions and the asymptotic behaviour of the
equilibrium points of the fuzzy difference equation

A‘rnflxn72
D+ Bz, 3+ Cxp_y’

Yn4+1 =

where z,, is a sequence of positive fuzzy numbers, the parameters A, B, C, D and the initial conditions
T_4, T_3, T_2, T_1, To are positive fuzzy numbers.

Elsayed et al. [22] studied the global behaviour of rational recursive sequence

+ bxn—k +crpn—s
Tp+4+1 = AQLp—|
d+ ex,—t

where the initial conditions xz_,, z_,y1, _,42, ..., %o are arbitrary positive real numbers, r =

maz{l, k, s,t} is non-negative integer and a, b, c, d, e are positive constants:
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L.alseda et al. [4] studied the following rational difference equation

1

Tyl = ———.
T A+,

Q. Wang et al. [31] investigated the local stability, asymptotic behaviour, periodicity and oscillation of

solutions for the difference equation
Axn—k

Tp+1 = B+ Ciﬂfzoxn_i .

with the initial conditions x_; = b_;, i = 0, 1,2, ..., k, where k is a non-negative integer, b_j, b_x11, ..., bo
are given k + 1 constants, A, B, C are positive constants.

As a matter of fact, numerous papers negotiate with the problem of solving non-linear difference equations
in any way possible, see, for instance [7]-[15]. The long-term behaviour and solutions of rational difference
equations of order greater than one has been extensively studied during the last decade. For example, var-
ious results about periodicity, boundedness, stability, and closed form solution of the second-order rational
difference equations, see [5-9, 21-29].

Other related work on rational difference equations see in refs. [30,31,32].

2. PRELIMINARIES AND DEFINITIONS

Here, we recall some basic definitions and some theorems that we need in the sequel.
Let I be some interval of real numbers and let

JARD Langesy §

be a continuously differentiable function. Then for every set of initial conditions s_j, s_j+1,...,50 € I, the
difference equation

(2) Snt1 = F(Sn, Sn—1, -y Sn—k), n=0,1,...,
has a unique solution {s, }7° .
Definition 1. (Equilibrium Point)

A point 5 € [ is called an equilibrium point of Eq.(2.1) if

5=F(3,5,..,5).

That s, s,, = 5 for n > 0, is a solution of Eq.(2.1), or equivalently, 5 is a fixed point of F.
Definition 2. (Periodicity)

A Sequence {s,, }°° _, is said to be periodic with period p if s,,4, = s, foralln > —k.

Definition 3. (Stability)
(i) The equilibrium point 5 of Eq.(2.1) is locally stable if for every e > 0, there exists & > 0 such that for all
S—kyS—ktls ey S—1,80 €1 with
|S,k —§| + |ka+1 —§| + ...+ |S() —§| < 5,

we have
|z, —Z| <e forall n> —k.
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(ii) The equilibrium point 5 of Eq.(2.1) is locally asymptotically stable if 5 is locally stable solution of Eq.(2.1) and
there exists v > 0, such that for all s_j,, s_p41,...,5-1, So € 1 with

|S_k 7§| + |5—k+1 7§| + ..+ |S() 7§| <7,

we have

lim s, =3.
n—oo

(iii) The equilibrium point 5 of Eq.(2.1) is global attractor if for all s_,, S_g41,...,5—1, So € I, we have

lim s, =3.
n— 00

(iv) The equilibrium point 5 of Eq.(2.1) is globally asymptotically stable if 5 is locally stable and 5 is also a global
attractor of Eq.(2.1).

(v) The equilibrium point 5 of Eq.(2.1) is unstable if 5 is not locally stable.

(vi) The linearized equation of Eq.(2.1) about the equilibrium s is the linear difference equation

k
3 Ynt1 = 76%55’5:;’8) Yn—i-

i=0
Theorem A [27]: Assume thatp,q € Rand k € {0,1,2,...}. Then
) Pl + gl < 1,
is a sufficient condition for the asymptotic stability of the difference equation
Sp41 +PSn +qSp—r =0, n=0,1,....

The following theorem will be useful for the proof of our results in this paper.
Theorem B [28]: Let f : [a,b]**! — [a,b] be a continuous function, where k is a positive integer and [a, b]
is an interval of real numbers. Consider the difference equation

®) Sne1 = F(Sns Sncty s Suck)y = 0,1,

Suppose that f satisfies the following conditions:

(i) For every integer ¢ with 1 < ¢ < k + 1, the function f(s1, 2, .., Sk+1) is weakly monotonic in z; , for
fixed 21, 29, ey Zi—1, Zig 1y vy 2kt

(#) If m, M is a solution of the system

m = f(mi,ma,....,mps1) and M = f(My, Ms, ..., My11),
then m = M, where foreachi =1,2,....,k + 1, we set

m; = {mif fis non-decreasing in z;

= {M if f is non-increasing in z;

and

M; {M if f is non-decreasing in z;
= {mif f is non-increasing in z;

Then Eq. (2.4) has a unique equilibrium 3 € [a, b] and every solution of Eq.(2.4) converges to 5.
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10

FIGURE 1. Parameters (A, B) plot for which the positive equilibrium exists

3. EQUILIBRIUM POINTS OF EQ.(1.1)

In this section we will study the equilibrium points of Eq.(1.1). The equilibrium points of Eq.(1.1) are the
positive solutions of the equation
. _ . a+pfs
5=A5+ DBs+ Ao+ Bos
or,
Bo(1— A — B)8* 4 (Ag — AAy — AgB - B)5—a =0

if 0 < A < 1&0 < B < 1 — A then the only positive equilibrium point of Eq.(1.1) is given by

(AgA+AgB+B—Ag)++/(Ag A+ AgB+B—Ag)2+4aBo(1—A—B)

s = 2Bo(1—A_B)

A set of parameters (A and B) for which the positive equilibrium exists are obtained and figured out in the
Fig. 1.
To find the linearization for our problem, consider

_ a+ pw
flu,v,w) = Au+ Bv + 1o+ Bow
Now,
of (u,v,w)
Ou = 4,
of (u,v,w)
% =
Of (u,v,w) _ (BAp — Boa)
dw (Ap + Bow)? ~

(AgA+AgB+B—Ag)++/(Ag A+ AgB+B—Ag)2+4aBo(1—A—B)
2Bo(1—A—DB) )

fu(§7 37 §) =A =DP1,

Hence, for s =

fo(3,8,8) = B =ps.
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and
(BAg — Boar)

fw(sv S) S) = (AO+BO§)2 :p3‘

. . . AgA+A —A AgAtA “A0)? -
So, the linearized equation about the 5 = (AoAt+AoB15 0)+\/(2B(;(1+_ ng)ﬁ 0)*t4aBo(1—A—B)

(6) Yn+1 — Aynfl - Byn - (%) Yn—2 = 0

4. LOCAL ASYMPTOTIC STABILITY OF THE EQUILIBRIUM OF THE EQ.(1.1)

(Ao A+AgB+B—A0)+/(AoA+AgB+B—Ao)2+4aBo(1—A—B)
2Bo(1—A—-DB)

Local stability about s =

Theorem 1. Eq.(1.1) is locally asypmtotically stable if and only if.
(7) A+ B <1

Proof. Let f: (0,00)% — (0, 00) be a continuous function defined by
a+ Pw
Ao+ Bow’
It follows from Theorem A that, the equilibrium 5 of the Eq.(1.1) is locally asymptotically stable <

8) flu,v,w) = Au+ Bv +

Ip1| + |p2| + [ps] < 1.

Here at the positive equilibrium 3,
4(A+B—1)%(aB0—A0p)
(V/(AO(A+B—1)+5)2 —4aBO(A+B—1)~A0(A+B—1)+5)

p1=A4A,ps=DBandps = —

Thus
4(14 + B — 1)2(OéBO - Aoﬁ)
<\/(A0(A+B— 1)+ B)2 —4aBo(A+ B —1)— Ag(A+ B —1) +5)2

|Al + |B| + |— <1,

On simple algebraic simplification, we get,

A+B<1
1

Here we present an example with different pairs of (I, k) with fixed A = 0.771941 and B = 0.115124 of local
stability of the positive equilibrium.



Pan-Amer. J. Math. 1 (2022), 15

k=10and 1=8

Trajectory

Number of Iteration

k=10 andI=7

2
S
©
L
£ — Trajectory-17| |
= —— Trajectory-18|
—— Trajectory-19
— Trajectony-20
T
o 20 40 60 80 100 120 140 160 180 200
Number of Iteration
1
2
S
©
L B
£
=
I I I I
120 140 160 180 200
Number of Iteration
2
S
©
L B
£
=
I | | | ]
120 140 160 180 200

Number of Iteration

FIGURE 2. Locally Asymptotically stable trajectories for different initial values with four
possible pairs of [ and k.
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In all the above four cases of even and odd pair of (I, k), the trajectories for different choice of parameters
except (A, B) are locally asymptotically stable as shown in the Fig. 2.

5. EXISTENCE OF PERIODIC SOLUTION

In this section, we will investigate positive prime period two solution of Eq.(1.1). The following theorems
states the necessary and sufficient conditions that this equation has periodic solution of prime period two.

Theorem 2. Eq.(1.1) has positive prime period two solution if and only if

() [Ao(B — 1) — (AA+ B)P(B — A — 1) + 4A{Ao(1 — B)[Ao(B — 1) — (ApA + )] + aABo} > 0,
(I — odd, k — even)
(i) (1+ A+ B)[(8 — Ag(1 + A+ B)]? — 4[Ag(A + B)(Ao(1 + A+ B) — B) — foa] >0, (I — Even, k — odd)

(iii) (1+ A+ B)[(B— Aog(B—A—1)]*—4(1 — B)4Ag(Ag(1+ A— B) — B)+ aBy(B—1)] >0, (I,k— odd)

(iv) (1+A+B)[-B—Ag(1+A+B)]* —4(A+ B)[Ao(B+ Ag) + (A+ B)(A2+aBy)] >0, (I,k— even)
we will prove just the 1'case, the remaining cases are the same.

Proof. (i) Let us assume the two cycle period of Eq.(1.1) will be in the form

Py, 4, P, q--
(9) Sn+1 = Sn—k
we get, from Eq.(1.1)
_ a+p

p = aa o ()

¢ = Av+Bat (i)
This transform to
(10) Aop+ Bopq = aAoq+aBog* + o+ Bq and
(11) Aog+ Bopqg = aAop + aBop® + o+ Bp.

by subtracting (5.3) from (5.2) it gives,

Ao(p—q) + ABy(p* — ¢*) = Ao B(p — q) — AAo(p— q¢) — B(p — @)

Then since p # ¢, it follows that

_ A(B-A-1)-8
(12) ptqg=""Fgp -

Again, adding (5.3) and (5.2) yields,
Ao(p+q)+2Bopg = (AAo+ AgA)(p+q) + ABo(p* + ¢*) + 2BBopq + 2+ B(p + q),
ABy(p* + ¢%) Ao(p+q) +2Bopq — (AAo + AoB)(p + q) — 2BBopq — 2a — B(p + q),
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(13) ABy(p”* +¢%) = (Ao — AAg — AoB — B)(p + q) + 2Bopq — 2Bopq — 2a.
By using (5.4), (5.5) and the relation

p’+q¢>=(p+q)?—2pg, forall p,q€eR,

we get
ABy((p+q)* = 2pa) = (Ao = Adg = AoB = B)(p + q) + 2Bopg — 2BBopq — 2a
AolB=AN=BY _ 9 ABypg = (Ao — Ady — AB — B) (ABAiAl)B) 9.
So,
(14) pq = _ Ao(B— 1)[Aoé(‘115;2(1]; (:xozlél)Jrﬂ)HaABo

Now, itis obvious from Eq.(5.3) and Eq.(5.6) that, p and g are two distinct real roots of the quadratic equation

2 _ (Ao(B*Afl)*l?) ‘ (AO(B*1)[A0(B*1)*(A0A+5)]+04ABO) —0

ABo ABZ(B—A—-1)
or,
ABot? = (AgB — Ay — Ag — )t — (A=A BU- s bidlsedB ) _ g,
thus,
[Ag(B — 1) — (AgA + B)]* + 4A{Ao(B— 1)[Ao(g_i) 1(A0A+B)]+aABo >0,
or

(15)  [Ao(B—1)— (AgA+ B)* (B — A—1)+4A{Ao(B — 1)[Ao(B — 1) — (AoA + B)] + @ABy > 0.

for A+ 1 < B then the inequalities (i) holds.
Conversely suppose that inequality (¢) is true. We will prove that Eq.(1.1) has a prime period two solution.

Suppose that,
_&+0
P~ 948,
and
_§-9
q= m
where § =, /¢2  HAAAETDEAR] ang ¢ = Ay(B ~1) ~ (AgA + ).

from (5.7) we get that 62 > 0, therefore p and ¢ are distinct real numbers, set

s 9=p and s_; =gq.

We would like to show that

s1=¢q, and s3=p

It follows from Eq.(1.1) that

so= AptBat gy
_ 2 o+ (5555 )
- A(QABO)+B(2ABU)+AD+BO(2ABO)

dividing numerator and denominator by 245, we get

B €45 2ABoa+B(£+96)
s1=A (2A30> +B (QAB ) + 2AA0103(:+BO(E+5)
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multiply denominator and numerator of right hand side by 24408y + By (§ — §) and by computation we

get

51 =q.
Similarly

59 = p.
Then by induction we get

Son =p and so,y1 =¢q forall n > —max{l, k}.
Thus Eq.(1.1) has prime period two solution. I
6. GLOBAL STABILITY OF EQ.(1.1)
In this section we will study the global stability character of the solutions of Eq.(1.1).

Lemma 3. For any values of the quotient 2~ and B% the function f(u,v,w) defined by Eq.(4.2) has monotonicity
behaviour in its two arguments.

Proof. The proof follows by easy computations and is omitted. &

Theorem 4. The equilibrium point 5 of Eq.(1.1) is a global attractor <

(16) 1) A+ B<1.
17) 1) BA<aBand A <1.
Proof. Let ¢, n are real numbers and assume that g : [¢,7]* — [(, 7] be a function defined by
a+ Bw
=Au+Bv+ —-—+—
g(u, v, w) u+ bv+ Ao + Bow
ou v
of(u,v,w)  BAy—abBy
ow - (AO + Bow)2

Now, two cases must be considered.

Case (1): Suppose that 54y — aBy < 0, then we can easily see that the function g(u,v,w) is increasing in
u, v and decreasing in w.

Let (m, M) be a solution of the system M = g(M, M, m) and m = g(m, m, M). Then from Eq.(1.1), we can
write

M = AM + BM + 255, m = Am + Bm + £t

or

M(1—A—-B)= Aﬁjg:@m, m(l—A—B) = A’Z’I%{

then the equation

Ao(l—A—B)M+Bo(1—A—B)Mm = a—&-ﬁm, and
Ao(l1— A—B)m+ Bo(l1-—A—B)ymM = o+ (M.
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Then by subtracting we get,
(M —m){Ao(1 — A= B) + B} =0,
under the condition A + B < 1,we see that
M=m
By using Theorem B, it follows that 5 is a global attractor of Eq.(1.1) and then the proof is completed.

Case (2): Suppose that 84y — aBy > 01is true, let ¢, 7 are real numbers and assume that g : [(,1]? — [(, 7] be

a+pw

a function defined by g(u, v, w) = Au+ Bv + 557,

then we can easily see that the function g(u,v,w) is
increasing in u,v and w.

Let (m, M) be a solution of the system M = g(M, M, M) and m = g(m,m,m).Then from Eq.(1.1), we see
that

Then from Eq.(1.1), we see that

M = AM + BM + 2280 m = Am + Bm + 220

by subtracting we get

M(1—A-B)= 20" (1 - A- B) = 2tbm

Ao+BoM > — Ap+Bom

and
Ag(1—=A—B)M + By(1—A—-B)M?* = a+ M,
Ag(l1—A—B)m+ By(1—A—B)m* = a4+ pBm.

Subtracting we obtain

Ao(M —m)(1— A~ B) + Bo(M? —m?)(1 — A — B)
(M —m){Bo(1 - A—-B)(m+ M)+ Ay(1 - A— B) -3}

B(M - m)a
0,

under the condition A + B < 1 and Ay(1 — A — B) > 5 we conclude that,
m = M.
It follows by Theorem C that 7 is a global attractor of Eq.(1.1) and then the proof is completed. I
7. EXISTENCE OF BOUNDEDNESS OF SOLUTIONS OF EQ.(1.1)
This section deals with the boundedness of solutions of Eq.(1.1).
Theorem 5. Every solution of Eq.(1.1) is bounded and persist if A+ B < 1.

Proof. Let {s,}>° .= Lk} be a solution of Eq. (1.1). It follows from Eq. (1.1) that

a+ Bsnfkr
Sn = As,+Bsp,_ |+ —7-—""
i " Ao+ Bosnx
« ﬁsnsz
= As, +DBs,_;+ +
" Ao+ Bosnr = Ao+ Bosn_r
Then

« /Bsn—k
Sn+1 S ASn + BSn_[ + Aio + B()S .

a B
= A Bsp_j+ — + — > 0.
Sy + snl—l—AO—i-BO forall n>0

By using comparison, the right hand side can be written as follows

a B
i1 = Ayn + Bypn—i1 + — + —.
Yn+1 Yn + DY 1+AO+BO
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So, we can write
Yn = a"Yo + constant,

and this equation is locally asymptotically stable because A+ B < 1, and converges to the equilibrium point

— _ _ aBo+BAg

Y = ABo(1—A-B)

Therefore
: aBo+BAo
lim sups, < Ao Bo(1-A-T)

n—oo

Hence the solution is bounded. J
Theorem 6. Every solution of Eq.(1.1) is unbounded if A > 1or B > 1.

Proof. Let {sn}5 max{l, k} D€ a solution of Eq.(1.1). Then from Eq.(1.1) we see that

Tpy1 = Asyp + Bsp—; + % > As,  forall n>0.

the right hand side can be written as follows
Ynt1 = Ayn = yn = Ao,

and this equation is unbounded because A > 1 and lim, .oy, = oo. Then by using ratio test
TS el “ k}is unbounded from above.
Similarly from Eq.(1.1) we see that

at+Bsn—k

Int+1 = Asn + Bsp_ + Aot Bosn_n

> Bs,_;  forall n>0.

The right hand side can be written as follows

Yn+1 = Byn—l
= Yoan—1 = Bnyflv and Yon = Bnyo

and this equation is unstable because B > 1, and lim,,_,o0 y2n—; = lim,, oo ¥ = 00. Then by using ratio
test {sn}07 | 0xq1 4y 1S unbounded from above. I

8. NUMERICAL EXAMPLES

Here we would like to exhibit some numerical examples in order to show the variety of dynamics hap-
pening in the non-linear difference equation Eq. (1.1). For positive parameters and initial values, the dy-
namics of the Eq.(1.1.) is limited to local asymptotic stability of the positive equilibrium and periodic,
bounded solutions. It does not show chaotic, aperiodic, fractal-like solutions. It is seen that if we con-
sider the negative values of the controlling parameters A and/or B, the Eq.(1.1) exhibits very complicated
dynamics viz. fractal-like and chaotic and periodic.
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Example 1. Consider A = 0.0072, B = —0.9804, a = 0.7264, 5 = 0.4899, Ay = 0.6355, By = 0.5154, k = 28
& | = 10 then for any initial values taken from the interval (0,1), the solution of the Eq. (1.1) exhibit fractal-like

trajectories as shown in Fig. 3.

: : ; :
‘ ‘ , ‘ ‘ ‘
" ™ 2 P 7 P . I p
x10%

Trajectory

Number of lteration

FIGURE 3. Fractal-like trajectories

Example 2. Consider A = 0.6601, B = —0.4006, o = 0.5699, 8 = 0.9087, Ay = 0.3423, By = 0.8499, k = 28
& | = 8 then for any initial values taken from the interval (0,1), the solution of the Eq. (1.1) exhibit fractal-like

trajectories as shown in Fig. 4.

A - ,.,..‘,,¥ .},..,r».,,p,» sr A \.*,.J».m

Trajectory
T

25
Number of lteration

FIGURE 4. Fractal-like trajectories
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Example 3. Consider A = 0.0.8602, B = —0.6432, o = 0.2558, § = 0.3436, Ay = 0.6028, By = 0.1760, k = 6
& | = 2 then for any initial values taken from the interval (0,1), the solution of the Eq. (1.1) exhibit fractal-like
trajectories as shown in Fig. 5.

Trajectory
:

o 05 1 15 2 25 3 35 4 45 5
Number of lteration x10*

FIGURE 5. Fractal-like trajectories

Example 4. Consider A = —0.4531, B = 0.6058, oo = 0.5845, § = 0.3034, Ag = 0.1249, By = 0.8747, k = 26
& | = 6 then for any initial values taken from the interval (0,1), the solution of the Eq. (1.1) exhibit fractal-like
trajectories as shown in Fig. 6.

Trajectory

o-}» b p »»}Q - e }4 O L ¥}>->»'

25 3
Number of lteration x10%

FIGURE 6. Fractal-like trajectories
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Example 5. Consider A = 0.1714, B = —0.7882, oo = 0.8206, 5 = 0.3087, Ay = 0.1027, By = 0.1826, k = 30 &
[ = 9 then for any initial values taken from the interval (0, 1), the solution of the Eq. (1.1) exhibit chaotic trajectories

as shown in Fig. 7.
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FIGURE 7. Chaotic trajectories

Example 6. Consider A = 0.2161, B = —0.7231, a = 0.6634, 5 = 0.4058, Ap = 0.1341, By = 0.6239, k = 14 &
I = 1 then for any initial values taken from the interval (0, 1), the solution of the Eq. (1.1) exhibit chaotic trajectories

as shown in Fig. 8.
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FIGURE 8. Chaotic trajectories
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Example 7. Consider A = 0.6592, B = —0.7230, o = 0.0657, § = 0.5430, Ag = 0.1904, Bp = 0.1164, k =4 &
I = 1 then for any initial values taken from the interval (0, 1), the solution of the Eq. (1.1) exhibit chaotic trajectories

as shown in Fig. 9.
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FIGURE 9. Chaotic trajectories

Example 8. Consider A = 0.1663, B = —0.6324, o = 0.8438, § = 0.9410, Ao = 0.0857, By = 0.4363, k =20 &
l = b then for any initial values taken from the interval (0, 1), the solution of the Eq. (1.1) exhibit chaotic trajectories

as shown in Fig. 10.

ol ,MH;W 4‘ "’H NH .;“\‘..’ .“,!, ‘ 4,“‘};‘”‘“& | RN T

Trajectory
T

IS
T

25
Number of lteration

FIGURE 10. Chaotic trajectories
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Example 9. Consider A = —0.6139, B = —0.4973, o = 0.8195, 8§ = 0.2645, Ay = 0.6023, By = 0.9178,
k =12 & | = 3 then for any initial values taken from the interval (0, 1), the solution of the Eq. (1.1) exhibit periodic

trajectories of period 5 as shown in Fig. 11.
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FIGURE 11. Chaotic trajectories

Example 10. Consider A = —0.8900, B = —0.3202, « = 0.6870, 5 = 0.1860, Ap = 0.4345, By = 0.6596,
k =22 & | = 5 then for any initial values taken from the interval (0, 1), the solution of the Eq. (1.1) exhibit periodic

trajectories of period 9 as shown in Fig. 12.
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FIGURE 12. Chaotic trajectories
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9. CONCLUSION

This work is related to the qualitative behaviour of a rational difference equation, which may be
considered as generalized equation studied in [36]. Thus our results, considerably extend some previous
investigations in literature. Firstly existence and uniqueness of positive equilibrium point is prove. Then
it investigated that Eq. (1.1) is bounded and persists. We proved that the Eq. (1.1) has a unique positive
equilibrium point, which is locally asymptotically stable. The method of linearization is used to prove the
local asymptotic stability of unique equilibrium point. Linear stability analysis shows that the positive
steady-state of Eq. (1.1) is asymptotically stable and there exist positive prime period 2 solution of Eq. (1.1)
under certain parametric conditions and the chosen value of the delays (!, k). The main objective of the
theory of difference equations is to predict the global behaviour of an equation under consideration based
on the knowledge of its present state. At the end some numerical examples are given in order to show the
completeness of dynamics when the parameters A and B are extended to the negative real numbers.
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