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1. Introduction

Higher order difference equations are essential tools used for modeling discrete time dynamics.
They emerge in wide areas of application, including population models, which are represented by
difference equations

Spe1 = as, (1 —s,).

In economics, higher-order equations, such as

Syl = as, + bs,_1 + a,

are used to represent cyclical solutions in markets and macroeconomic systems. The study of these
models helps scientists understand many applications. Numerous authors have studied difference
equations in [1-3].
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Alotaibi et al. [4] studied the qualitative behavior of a rational difference equation

OSp-m+Psn
YHASy—k Sp—1Sn-1 (S,,,k+S,l,[ Sn—1 ) '

Sn+l =

Jin et al. [5] investigated the global attractivity of a difference equation in the following form

O+8sy
Y+aSn—k+Sp-1 ’

Sp+l =
Elsayed et al. [6] examined the boundedness and qualitative behavior of a recursive sequence

_ bsn—4sn—l
Sip1 =aASy_ + —8M8M8M8.
CSp_4 + dS,_o

Ogu et al. [7] studied the solution behavior of a difference equation

asi-17

S+ = .
I+ S1-081-551-881-1151-1451-17

In addition, several researchers have studied systems of difference equations [§—10]. Touafek et al. [11]
investigated explicit solutions and analyzed the periodicity and asymptotic properties of a second-order
difference equation
bsnxn—l
Spp1 =CHas, + ——————,
X, —d—ay,_
bxnsn—]

Sye1 = d + es, + ﬁ
n— ™ n—1

This investigation focuses on the behavioral analysis of higher-order difference equations

Spil = 056 Sn=45n=25n n=0,1,2,.., whered,y,B8,a €R, (1.1)

Y+8p-55n-3Sn—1(B+ASy—6Sn-45n-251)°

such as stability, boundedness, and the emphasis on periodic solutions, as well as the derivation of
specific cases that admit explicit solutions. The study includes numerical examples that support the
theoretical results.

2. Behavior of the solutions of the equation

In this section, we study the behavior of solutions of the difference equation (1.1), where 3, 6, ¥y @ and
initial values are positive real numbers, focusing on boundedness, local stability, and global attractivity.

2.1. Boundedness of solutions

This subsection studies the boundedness of solutions of the difference equation (1.1).
Theorem 1. All solutions of the difference equation are bounded. Moreover, if g < 1, the solutions are
bounded above b**!, where b = max {s_g, S_s, ..., So} -
Proof. From the difference equation (1.1)

OSn—65n-45n-25n
Y+ 8n-585n-35n—1(B+ASn—6Sn-4Sn-25n)

Sp+l =
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< 08y—6Sn—457-25n
Y

< Sy_6Sp—4Sn_28, if % <1

< bk+1,

where b = max {s_¢, 5_s, ..., So} . By contradiction, let {s,,} be unbounded

. . 0821-552n-352n-152n+1
co = lim sp,47 = lim i Ao 1 )
n—00 N—sco Y52n-452n-252n(B+S20-5521-352n-152n+1
< lim 08205 852n-352n-152n+1
n—oo ¥S2n-452n-252n52n-552n-352n—152n+1
: [
=lim —2>—=0

n—oo ¥2n-452n-252n

This is a contradiction, which implies that the solution is bounded.

2.2. Local stability

We discuss the local stability of the solutions of the difference equation (1.1) below. The equilibrium

point of this equation is

s — o5t
§ = W (21)

By cross-multiplication, we obtain
ly+ 3 (B+as)- 65| =0.

Solving the above equation, we find that § = O is an equilibrium point.
Theorem 2. The equilibrium point § = 0 of the difference equation (1.1) is locally stable.
Proof. Define a function G : (0, o) — (0, o) as G : (0, 00) — (0, ) as

5VonV4v6
Y+viv3vs(B+avovavave) ©

G(vo, V2, V4, Ve, V1, V3, V5) =

Deriving of the partial derivatives of G,

oG — ___Ovavave(y+fBvivsvs)
Avy  revivavs(Bravovavave))*’
oG

— __ Ovovave(y+Bvivsvs)
oV, (r+viv3vs(B+avovavave))”

a_G — Ovovave(y+Bviv3vs)

oy (r+viv3vs(B+avovavave))”’
oG — ___Ovovavay+fBvivsvs)

Ove (r+viv3vs(B+avovavov))®
aG _ _(5V()V2V4V6V3V5(ﬁ+(lVOV2V4V6)
ovy (y+viv3vs(B+avovavave))”
6G _ __OvovavaveVivs(B+avovavave)
Ovs (y+viv3vs(B+avovavave))”
8G _ _6VOV2V4V6V3V|(ﬁ+av0\/2V4v6)
Avs (+vivavs(Bravovavave))®

AIMS Mathematics Volume 11, Issue 5, 13485-12499.



13488

Evaluate the partial derivatives at the point § = 0:

0G(0, ...,0)
o,
8\/0
0G(0, ...
0.0 _
8\/2
0G(0, ...,0) _o,
8\14
0G(0, ...
0.0 _
6V6
0G(0, ...
0.0 _
(9\/’1
0G(0, ...,0) _o,
81/3
0
G(,...,0) _o.
(9\/5
The linearized equation around § = 0 is
0G(0, ...,0) 0G(0, ..., 0) 0G(0, ...,0)
Sp+l — Sp — Spl = o — ——— 86 = 0.
vy v, Ove

From the above equations, we obtain S,,; = 0. Hence, the characteristic equation is
¥y =0.
This equation has the root y = 0, therefore, the point § = 0 is locally stable.

2.3. Global attractivity

The subsection investigates the global attractivity character of equilibrium point of difference
equation (1.1).
Theorem 3. If difference equation (1.1) admits a unique equilibrium § = 0, then it is globally attractive
if 6 <.
Proof. From Theorem 1 we obtain

£ o
Sn+1= Sp—6Sn-48n-25n if ;< 17

Since all solutions are positive, we have s, > 0. Let

P = lim sups,,.
n—-oo
Therefore, by taking the limit on both sides of the inequality, we get
P < 2P,
Y
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Hence,

Since P > 0, it follows that either

P= ()or P

Slnce ¢ <1, we have £ > 1, and hence, ¢ ;< P3 cannot be satisfied by any bounded solution. Thus,

lim sups, = 0.

n—oo

Consequently, the equilibrium point § = 0 is globally attractive if 6 < .

2.4. Existence of periodic solutions:

This subsection is devoted to the study of period-4 solutions of Eq (1.1) in the case y = 0 that is

— 55}176571745)1725}1
sn+1 - Sn75sn—3sn—1(ﬂ+asn76sn—4sn—25n). (2.2)
Theorem 4. Equation (2.2) admits a period-4 solution gy, g1, 42, 43, 90, 41, ---» if, and only if, g3 = %,
1

q = /‘(%f, initial values satisfy s_¢ = s = qo,5-5 = S_| = ¢1,54 = So = ¢2,5-3 = q3, B < 0, and
0

¥ =7, where ¥ = ¢7¢3, T = q5¢5. with g9 ¢1 € R\{0}.

Proof. Let Eq (2.2) have a period-4 solution, that is, qo, g1, 92,43, 90,415 .., Where s_¢ = qo, S_5 =

q1,.--So = q». From Eq (2.2),

_ o oqa
=BT Papredd)’ (2.3)
_ g
2=0@= B (B+agisd)’ (24)
_ _ 5‘10‘12
§3=4q1 = qlq;(ﬂﬂrq %) (25)
o 5414
=40 = i Brad ) (2.6)
Let
¥ = q145. T = 4345, (2.7)
hence,
oY oY

:—"‘P: .
a¥ +p afl +p

Simplifying and subtracting, we obtain
B+oO)P-71)=0

hence, ¥ = 7T. It follows from Eqs (2.4) and (2.7) that

o-p
q2 = 7
aq;

AIMS Mathematics Volume 11, Issue 5, 13485-12499.
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Similarly, from Egs (2.7) and (2.3),

o—p
q3 = 7
aqy
Hence, Eq (2.2) has a period-4 solution if
0— 0—
q3 = —f,qZZ —ﬁ, and¥ = T.
aq aq;

2.5. Simulations

Numerical examples are provided to illustrate and confirm the theoretical results of this subsection.

Example 1. Let 8 = 3,6 = 1.5,y = 2, and @ = 1, with initial conditions s_¢ = 10,s_5 = 30,54 =

100, s_3 = 40, s_, = 50, s_; = 20, s9 = 70 (see Figure 1).

Example 2. Assume that 8 = 2,6 = 115,y = 1, and @ = 2, with initial conditions s_¢ = 1,55 =

03,54 =2,53=04,5,=2,51 =0.5, 50 = 3 (see Figure 2).

Example 3. Let 8 = 3,0 = 15,y = 2, and @ = 1, with initial conditions s_¢ = 0.1, 5.5 = 0.4,5_4 =

02,5 3=03,5,=0.2,5_1 =0.1, 50 = 0.3 (see Figure 3).

Example 4. Assume that 8 = 5,6 = 1.8,y = 2,and @ = 1 with initial conditions

IC1: s_¢ =40, s_5 = 30, s_4 = 10, s_3 = 60, s_, = 50, s_; = 80, 5o = 20.

1C2: S_6 = 50, S_5 = 20, S_4q = 10, S_3 = 40, S_p = 30, S_1 = 70, So = 10.

IC3: 56 =90, 5_5 = 110, 5s_4 = 70, s_3 = 80, s, = 60, s_; = 100, 59 = 50 (see Figure 4).

Example 5. Let 8 = 0.5,0 = 1.8,y = 2,and @ = 1, with initial conditions s_¢ = =40, s_5 = 30,54 =
T£ =0.0202, 5.5 = (75 = 00269, 55 = =40, 51 = 30, 59 = 0.0202 (see Figure 5).

0 . . . . .
0 10 20 30 40 50 60
n

Figure 1. The solution of Eq (1.1) is bounded above by »**! when % <1.

AIMS Mathematics Volume 11, Issue 5, 13485-12499.
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Figure 2. For y < ¢, the solution of Eq (1.1) remains bounded.
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0
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Figure 3. The figure illustrates the conclusion of Theorem 2 regarding the local stability of
§=0.

10 20 30 40 50 60

Figure 4. This figure illustrates the global attractivity of s = O for different initial conditions.
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Figure 5. Equation (2.2) admits a periodic solution under the conditions of Theorem 4.

3. On the solution of the difference equation

In this section, our goal is to solve two special cases of the Eq (1.1) where all initial values are
nonzero real numbers and n € N.

3.1. Case 1: Formulations of solution of the equation s, =

SnSn—25n—45n—6
Sn=3(1=SySn-2Sn-45n-6)

In this case, we investigate the solutions of the difference equation

SnSn—2Sn—4Sn—6

Sp+l =

Sn—55n-35n—1(1=SnSn-25n-45n-6) "

Theorem 5. Forn =0, 1, 2, ..., the solutions of difference equations (3.1) are expressed as

n

—SOs_zs_4s_oH((Si—l)SOS-z s—45-6—1)
i=1

n
—5_6 1—[(8is0s_2 s_45_6—1)
i=1

S8n+1 = n > S8n+2 = 3 >
S_18-35-5 H((8i+1)sos,2s,4s_6—l) H((8i+2)s0s,2s,4s_6—1)
i=0 i=0
n n
s_s[ [(Bi+1)sos_2s 45 6-1) s_o ] [(Bi+2)s05_25_45_6-1)
i=0 i=0
S8n+3 = n ’ S8n+4 = n 9
[ Tc@i+3)s05_25_45_6-1) [Tc@Bi+4)s0s_25_45_6-1)
i=0 i=0
n n
s_3 [ J(Bi+3)s0s_25_45_6-1) s [ [(Bi+4)s0s_25_45_6-1)
i=0 i=0
S8n+5 = ) S8n+6 = ~x )
[ Tc@i+5)s0s_25-45_6-1) [Tc@Bi+6)s0s_25_45_6-1)
i=0 i=0

S8n+7 =

AIMS Mathematics

LIH ((Sl + S)S()S_2S_4S_6 -1)
i=0

[T ((8i + 7)505-25-45-6 — 1)
i=0

Sol_[ ((8l + 6)SOS_2S_4S_6 -1)
i=0

S8n+8 = 5 .
[T((8i+8)sos25_456—1)
i=0

(3.1)

Volume 11, Issue 5, 13485-12499.
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Proof. The result holds for n = 1. Assume it is valid for n — 1. Then,

n—1 n—1
—505-25-45_¢ I_I ((Bi—1)s95_25-45-¢—1) —S_¢ H (Bisgs_25_45_6—1)
i=1 i=1
S8n—7 = ) > S8n—6 = >
sorsoases | | (Bi+1)sos_as_4s_g—1) [T (Bi+2)s05-25-45-6-1)
i=0 i=0
n-1 n—1
s_s | [ (Bi+1)sos_2s 45 6—1) s_a [ ] (Bi+2)s05-25_456-1)
i=0 i=0
S8n-5 = 1 5 S8n-4 = 1 s
[T ®i+3)s05-25-45-6-1) [T(Bi+4)s05_25-45-6-1)
i=0 i=0
n-1 n—1
5.3 | | (8i+3)s05-25 45 1) s [ ] (Bi+4)sos_2s 45 6-1)
_ =0 _ =0
Sgn-3 = -1 > Sgn-2 = n—1 ’
[T Bi+5)s05-25-45_6-1) [T(Bi+6)s05-25-45-6-1)
i=0 i=0
n-1 n—1
so [ 1(®i+5)so5-25-45_6-1) 50 [ | (8i+6)s05-25-45-6-1)
_ =0 _ =0
Ssn—1 — 1 > Sgn = n—1
[TBi+7)s0s 25-45-6-1) [T(Bi+8)s05-25-45-6-1)
i=0 i=0

By using the recursive formula of the difference equation, the solution for n follows as

S8n—658n—458n—-258n

S8n+l =

After substitution and simplification, we obtain

—S5_65-45-250
8nsgs_25_45_¢—1

(58n—558n—358n—1)(1— 5836 58045802 58n) *

Sgn+1 = 1
S_15-35_5 H ((8i+1)s05_25_4s,6—1)
i=0 [1 + ( S_6S_45-250 )]
n—1 8nsgs_ps_45_¢—1
[TBi+7)s05-25-45-6-1)
i=0
n—1
—S5_65-45_2850 [ ] (81 +7) 50525456 — 1)
i=0
- n—1
S_18535_s[] ((Bi+ 1) s9s_25_45_6 — 1)|[8nsgs_25_45_¢ — 1 + S_¢5_45_250]
i=0
n
—S5085-25-45_6 H((Si—l)sosfzsfwfs—l)
i=1
= - s
S_15-35_5 H((8i+l)sos_2s_4s_()—1)
i=0
Ky — S8n—558n—358n—158n+1
8n+2 (58n-458n—258n)(1 —$81—5S8n-3 S8n—158n+1)
( —S0S_25_45_¢ )
_ Bn+1)s9s_25-45-6—1
- n—1
S0S_285_4 H ((8i+2)s95-25-45_-6—1)

i=0 S0S_285_45_¢

n—1 [1 + ((8n+1)sos,zs,4s_6—l )]

[T(@i+8)s0s_25-45-6-1)
i=0
AIMS Mathematics
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n—1
—S_6S_4S_2SQH ((8i+8)sps_285_456—1)

i=0

n—1
(sos_zs_4]_[ (Bi+2)s95_285_456— 1) [(Bn+1)505_25_a5_6 — 1 + S_65_a5_250]
i=0

n
—S5_¢ H(Sisos,z s_45_6—1)
i=1

b

n
[ T®i+2)s05_25_45_6-1)
i=0

S8n—-458n—258n58n+2
(58n-358n—158n+1)(1—583-4581-2 580 S8n+2)

S8n+3 =

(s
(8n+2)s9s_25-45_6—1

n—1
IT®i+3)s05-25-45-6-1)
1+ (i)

n (8n+2)s95_25-45_6—1
[Tc@i+1sos_25-45_6-1)
i=0

S—sﬁ (Bi+1)s05-25456—1)
i=0

n—1
(H ((Bi+3)505_25_45_6 — 1)) [(8n +2)s505_25_45_6 — 1 + S_¢5_45_250]
i=0

n
s_s [ [(Bi+1)sos_25_45_6-1)
i=0

2

n
[Tc@i+3)s05_25-45_6-1)
i=0

S8n—358n—158n+158n+3

Sgn+d = (581n-258n587+2)(1 =583 5811 58n+158n+3)
(T
_ (8n+3)s9s_25-45_6—1
- n—1
((Bi+4)s9s—_25-45_6—1)
i=0 S0S-_25-45_6
7 [1 + ((8”1‘*‘3)503—25—45—6—1 )]
[ Tc@i+2)s05_25-45_6-1)
i=0
n
S_4[T((8i+2)sos25456—1)
i=0
- n—1
[T (8i+4)sos_25_456—1)|[(8n+3) 50525 45 ¢— 1+ 5_65_45_250]
i=0
n
s_a| [(Bi+2)s05_25_45_6-1)
_ =0
= — ,
[ T@i+4)s0s_25-45_6-1)
i=0
— 8581—258n58n+258n+4
S8n+5 =

(58n—158n+158n+3)(1 =812 581 S8n+2 S8n-+4)

AIMS Mathematics Volume 11, Issue 5, 13485-12499.
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S_3
(8n+4)s9s_25-45_6—1

( )

n
[TBi+5)s05_2545_6-1)
i=0

— [1 + (
[ TBi+3)s05-2545_6-1)

S0S_25-45_6
(Bn+4)sgs_25-45_¢—1

)

i=0
5311 (Bi+3) 50525456 — 1)
_ i=0
- n—1
(H ((8i+5)59S_285_45_¢ — 1)) [(Bn +4) soS_285_485_¢ — 1 + S_g5_45_250]
i=0

n

s3] [(®i+3)s0s_25_45.6-1)
i=0

]

n
1_[ ((8i+5)s05-25-45-6—1)
i=0

S8n—158n+158n+358n+5

Sgn+6 = (5858042 58n+4)(1 =581~ 1 S8+1 58143 581+5)
(=)
(8n+5)s9s_25-45_6—1
n—1
[T (Bi+6)s05-25-45_6-1)
i=0 S0S—25-45_6
n [1 + ((8”"'5)505—25—45—6_] )]
[Tc@Bi+4)s0s_25-45_6-1)
i=0
n
s o[ (Bi+4)sos 25 456—1)
i=0
- n—1
[T ((8i+6)sos_25_456—1)|[(8n+5) 50525456 — 1+ 5_¢5_45_250]
i=0
n
s [ [(Bi+4)s0s_25_45_6-1)
i=0
n 9
[ T@Bi+6)s0s_25_45_6-1)
i=0
s — 58n58n+258n+458n+6
817 = (sgur1 5803 59) (1= 58158742 58114 5806
S-1
((8n+6)xos,2 S_45_g—1 )
n—1
[TBi+6)s05-25-45-6-1)
i=0 S0S-25_45_6
n [1 + (<8n+6>sos_2s_4s76—1 )]
[Tci+5)s0s-25-45_6-1)
i=0
n .
s o[ ((Bi+5) 50525456~ 1)
i=0
- n—1
[T (8i+7) 5525456 —1)|[(8n + 6) s95_25_45_¢ — 1 + 5_¢5_45_250]
i=0
AIMS Mathematics Volume 11, Issue 5, 13485-12499.
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n
s [ ](8i+5)s05_25_45_6-1)
i=0

]

n
[Ti+7s0s_25-45_6-1)
i=0

S8n+158n43 S8n+5S8n+7
(58742 58n+4 587+6) (1 =S8+ 1 S81+3 S81+5 S8n+7)

S8n+8 =

(o)
(8n+7)s05-25-45_6—1

n—1
[T Bi+8)s05_25-45-6-1)
i=0 [1 +( SOS_25_45_¢ )]

n (8n+7)s05-25-45_6—1
[T@Bi+6)s0s_25_45_6-1)
i=0

50T ((8i +6) 50525456 — 1)
i=0

n—1
(H ((8i+ 8) spS_285_45_¢ — 1)) [+ 7) soS_28_485_¢ — 1 + S_g5_45_250]
i=0

n
S0 1—[ ((8i+6)SOS,2 S_4 S_6—1)
i=0

n

[ T8i+8)sos_25_45_6-1)

i=0
Example 6. We consider numerical examples to verify the results presented in this subsection for the
difference equation (3.1) with the initial conditions s_¢ = —4, 5.5 = 1,54 = =6, 5.3 = 3,5, =
-4, s_; = —1, and sy = 5 (see Figure 6).

6 1 1 1 1 1
0 20 40 60 80 100 120

Figure 6. Numerical trajectories of Eq (3.1).

3.2. Case 2: Formulations of solutions of s, = 5= Sn=4 -0
Sn—Ssnf’g'Snfl(_I_Snsn72sn74sn—6)

In this case, we investigate the solutions of the equation

— SnSn—28n-45n-6
Spil = . 3.2
n+l 5n75sn—35n—l(_l_snsn—an—étsnfﬁ) ( )

Theorem 6. Assume that {s,} >, is a solution of the difference equations (3.2). Forn = 1,2,..., the
solutions of (3.2) are given by the following equations

AIMS Mathematics Volume 11, Issue 5, 13485-12499.
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Proof. The result holds if n = 1. Assume now that n > 0 and assumption holds forn — 1,

S8n+1 = s,l‘Y,3;jg(s‘;0%::;:,_4(iv_6+1)’ S8n+2 = S-6
S8n+3 = S5, S8n+4 = S—4,
Sgn+5 = §-3, S8n+6 = S-2,
S8n+7 = S-1, S8n+8 = S0-

—S505-25-45_6

From the formula difference equation (3.2),

AIMS Mathematics

S8n+1 =

S8n+2 =

S8n+3 =

S8n+4 =

S8n+5 =

S8n+6 =

S8n—7 = S_15-35_5(505_25-256+1)° S8n-6 = S-6,
Sgn-5 = -5, Sgn—4 = S—4,
Sgn-3 = §-3, Sgn—2 = S-2,
S8n-1 = S-1, S8n = S0-
S8n—658n—-458n—258n
(5815 58n-358n—1)(— 1 =816 58n—4 S8n—2581) °
—505_25_45_¢
S_185-3 S,5(S0S,2S,4S,6+1) ’
S8n+158n—158n—3 S8n—5
58725804 58n(—S8n+158n—158n-358n—5—1)
—S5_65_45_250
(5—55_35_D(+ I +5-65_45-280) )~ 5355
) S_65-45-250
§-25-45 (5_55-35_1)(1+5_65_45_250) J* 1 *3%5

S_6,
S8n—458n-258n58n+2
(581-358n—158n+1)(— 1 —S581-4 5812 58n S8n+2)
S_285_4505-¢

( —S5_65_45_250

(S—ss—ss—l)(+1+S-oS-4S-2S0)) S-15-3 [_1 - S_2S_4S0S_6]

S5,

858n—358n—158n+158n+3
(5812580 58n+2)(1 = $81-3 S8n—158n+158n+3)

—5_65_45_250
( (5-55-35-1)(+1+5_65-45-250) ) §-15-35-5

1 _ —5_65_45_250
§-25-650 [ 1 ( (s-55-35-1)(+1+5_65-45-250) ) S-15-3 S_S]

S_4,

S8n—-258n58n+258n+4
(58n-158n+158n+3)(1—583-2581 58n+2 S8n+4)
§_285_48505-6

( —S5_65_45_2.50

(s_ss-as-u)(+1+S-6S-4s-zSO)) S-15-5 [_1 - S_ZS_4SOS_6]

§_3,

S8n—158n+158n+3S8n+5
(58 58n+2 58n+4) (1 = S8n—1 581+1 58143 S8n+5)
—S5_65_45_250
S_ ( )S_ S_
1 (s_55-35_1)(+1+5_5-45-250) 59-3

S_6S_45_250
S_2S_gS —1—( )s_s_s_]
29-6 0[ (5-55-385-1)(+1+5_65-45-250) 1°-39-5

S-2,
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581 58n+258n+4 58n+6

S8n+7 = (581+1 58143 58745 ) (1 =581 58042 580+4 581+6)
§_285_48505-6
- —S5_65_45-250 -1-
((S_ss-as-u)(+1+S-os-4s-zSO)) s-35-5 [ $-25-4505-6]
=51,
— S8n+158n+3 S8n+558n+7
S8n+8 =

(58742 58n+4 58746 ) (1 =S8+ 1 87+3 S81+5 S8n+7)

—S5_65_45_250
( (s_55-35_1)(+1+5_5-45-250) ) §-55-35-1

S_6S5_45_250
S_6S_4S5_ —1—( )s_ S_ s_]
654 2[ (5-55-38-)(+1+5_65-45-250) 1°-39-5

= 30.

Example 7. We consider numerical examples to verify the results presented in this subsection for the
difference equation (3.2) with the initial conditions s_¢ = —1, 5.5 = 2,54 = =3, 53 = 4,5, =
-1, s_; =5, and sy = -2 (see Figure 7).

-4

1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80

Figure 7. Numerical trajectories of Eq (3.2).

4. Conclusions

In this paper, we discuss some properties of s,,; = ———oubidias____ gych as boundedness,
. L. A . 'y+3n—55n—33n—1(ﬂ+a~‘n—()sn—43n—25n) A
stability characteristics and solution formula. First, we study the boundedness of solutions of the
Eq (1). We prove that the equilibrium point is locally stable and is a global attractor. After that, we
derive the conditions for the existence of a period-4 solution. We also obtain the solutions of two

special cases of the Eq (1). Finally, we confirm our results by numerical examples.
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