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Abstract. The primary aim of this paper is to explore the behavior of several nonlinear systems
of difference equations following
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and obtain solution expressions for them. Moreover, we utilize MATLAB programming to simulate
the dynamics and validate our results.
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1. Introduction

The final 25 years of the 20th century saw significant advancements in the theory
of discrete dynamical systems (DDSs) and difference equations (DEs). Recently, a wide
variety of fields, including biology, economics, physics, resource management, and others,
have seen the use of DDSs and DEs.A key role in practical analysis is played by the theory
of DIFEs. It is improbable that the theory of DEs won’t keep playing a significant part
in mathematics as a whole. In applications, nonlinear difference equations (NDEs) of
order greater than one are crucial. These equations also naturally arise as discrete analogs
and numerical solutions of differential and delay differential equations, which model a
wide range of diverse phenomena in biology, ecology, psychology, engineering, physics,
probability theory, economics, genetics. Finding out how a system of higher-order rational
difference equations (RDEs) behaves and talking about how stable its equilibrium points
are locally asymptotically is quite interesting. Many articles cover the DEs system [1-22]

For example, In [7] El-Metwally discussed how various systems of third order RDEs
with initial conditions involving non-zero real numbers should be solved. Additionally,

DOI: https://doi.org/10.29020/nybg.ejpam.v17i4.5425
Email address: jo.gh@tu.edu.sa (J. G. AL-Juaid)

https://www.ejpam.com 3254 Copyright: (©) 2024 The Author(s). (CC BY-NC 4.0)



J. G. AL-Juaid / Eur. J. Pure Appl. Math, 17 (4) (2024), 3254-3267 3255

he showed additional numerical examples and checked into some of the properties of the
obtained solutions

Tnfan Tan,1

Tpp1 = —— Ry = —20
i :l:Tnfl = Rn72 7 i :l:Rnfl + Tn72

El-Dessoky [6] studied the presence of solutions in the case of four dimensions for a
class of rational systems of differential equations (SDEs) of order four.

X _ Xn—3 Y. _ Yn—3
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Elsayed and Alof [11] obtained formulas expressions for solutions of the following frac-
tional SDEs

X L= Xn—3Yn—4 Y. | = Yn—3Rn—4
Yl = X sV 4R Tno)’ T Ru(F1 = Ya 3Ry 4Tho1Xn_2)’
Rn+1 _ Ry 3Th 4 Tn+1 _ Th3Xn—4

Tn(il + Rn73Tn74Xn71Yn72) ’ Xn(:l:l + Tn73an4Ynfan72) '
Mansour et al. [20] checked the behavior of solutions of the SDEs

Wn_5 Rn—5
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DEs are also suitable models to describe circumstances where overlapping generations and
seasonal population growth occur. The generalized Beverton-Holt stock recruitment mode
has been studied by researchers in [3]

+ ﬁTn—l
1+ fyTn—l + nTn .

Tn+1 = ab,
The following system of discrete-time two-predators and the one-prey Lot was explored
dynamically by Khaliq et al.[14]

b% aX, —cX, Y, —eX, Z, bY, +tX,Y, — pY,Z, fZ,+rX,Z, — hY,Z,
n+l = .

Y, = Z, =
1+dX,, ool 1+ wY, ol 1+ kZ,

Din and Elsayed [5] evaluated the two-directional interacting and invasive species
model’s boundedness nature, persistence, local and global behavior

Rpy1 =1+ aRy+ SRy 1e” ™, Topg =5+ T+ wh_qe” .
In a discrete-time COVID-19 epidemic model,The authors [18] used chaos management,

bifurcation analysis, and topological classifications to study local dynamics. See also
[19, 21, 22].
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Motivated by the aforementioned researches, the objective of this work is to ascertain
whether solutions to the SDEs exist in the two-dimensional instances

EnEn_4 E L= TnTn—4
Tns(*l+ EpEp_y)’ " By s(£1 £ T, T y)’

the initial conditions are arbitrary nonzero real numbers.

Tn+1 =

_ EnEn—4 . TnTn—4
2. The System Thv1 = 7515 5, Entl = 5501000 0

In this section, we give a specific form the solutions of the SDE in the form:

EnEnf4 B | = TnTn74
Tn73(1 + EnEnf4) ’ m En73(_1 + TnTn74) .

(1)

Tn+1 =

Theorem 1.  Assume {T,, E,} are solutions of Eq.(1). Then, for all n = 0,1,2, ...,
the following formulas yield periodic solutions of Eq. (1) with period eight.

T8p—a = s, Tsn—3 =d,
Tsn—2 = c, Tgp-1 =0,
fw
T == T =
8n a, 8n+1 d(l n fw)a
as —fw
T = T
8n+2 C(—]_ + 2@5)’ 8n+3 b(]_ o f’l,U)’
Egn—4 = w, Egp—3 =m,
Eg,—2 =g, Egn—1 =k,
as
E - E =
—fw as
E = E =
8n+2 g ) 8n+3 k(l _ as)?

where To = a, T_1 = b, T_g =2cC, T_3 = d, T_4 = S, E() = f, E_1 = k, E_Q =4, E_3 =
m, and E_4 = w. Also, where FgF_4 # +1 and ToT_4 # +1.

Proof. For n = 0, the outcome is valid. Let us now assume that n > 0 and that n — 1
agrees with our assumption. That’s

Tyn—12 = S, Tsn—-11 = d,
T8p—10 = ¢, Typn—9 =0,

fw
Tn— - ) Tn— - )
Sn—8 =@ =T =00+ fw)
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as —fw
Topeg=—"""—"— Top5 = —"——
#1767 (21 + 2as)’ 75T (1 = fw)’
Egn—12 = w, Egn—11 =m,
Egn—10=9, Egn—9 =k,
as
Egn—s =/, Egn—7 = =1+ as)’
—fw as
FEgp_g = ——— Egp5=———.
Next, from system (1) we have
k
T, — Esn-1FE8n—5 _ (=) .
" T8n74(1 + E8n71E8n75) 8(1 + %) '
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B Tgn—1T8n—5 _ b(1—fw) _
Fon =7 (—1+4 Ton-1Tsn—5) w(—1 — Lw =/
8n—4 8n—118n—5 w(—1-— b(lffw))
k
Tar 4 = Esn—5FE8n—9 _ R(1—as) _
" Tyn—s(1+ Esn—s5Esn—9)  a(l+ %) '
—bfw
Fap g = Tgn—5T8n—9 _ b(1—fw) —w
" Espn—s(—1+ Tsn—5T8n—9)  f(—1— %)

Similarly, we can prove the remaining relations. The proof is complete.

Example 1. Figure (1) demonstrates the behavior of the solutions of the SDE Eq.(1)
with T(] == 1, T_1 == 05, T_2 = 0.2, T_3 == 2, T_4 == 3, E() == 0.1, E_1 == 05, E_2 ==
1, E_.3=0.2, and EF_4, =0.3.

- EnEn_4 o TpTh_4
3. The System Tni1 = 705 5y Font = B0t 0

In this section, For the aforementioned system, we provide the period eight peri-
odic solutions and solution expression.
EnEn—y E o T4
) n+1 — .
Tn—S(l + EnEn—4) En—3(1 - TnTn—4)

(2)

Tn+1 -

Theorem 2. Suppose that {T},, E,} be solutions of the system of SDEs (2). Then for
n =0, 1, 2, .., the solutions of Eq.(2) can be formed as follows

Tgp—4 = s, Tgy—3 = d,

Tsn—2 = c, Tgp—1 =10,
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Figure 1: Periodic solutions of Eq.(1)

T Jw
= Qa = N
8n ) 8n+1 d(1+fw)
as fw
Ten+2 = = Tsn+3 = b(1 + fuw)’
Egn—4 = w, Egn—3=m,
Eg,—2 =g, Eg—1 =k,
as
Esn = Bsnpl = ——2
fw as
Esnio = 2 Bsngs = ——o
8TL+2 g ) 87L+3 k(l _ as)?

where E()E_4 7& —1 and T()T_4 7'5 1.
Proof. For n = 0, the outcome is valid. Assume for the moment that n > 0 and that
n — 1 falls under our hypothesis. That’s

Typ—12 = s, Typ—11 = d,
Tyn-10 = ¢, Tyn—9 =0,
fw
T 8 — T = —
8n—8 = @, 8n—7 d(l i fw)’
as fw
Tsn—6 = = Tsn-5 = m,

Egp_12 = w, Egp—11 = m,
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Egn—10=9, Egn—9 =k,
as
Esn—s = f, Egn—7 = (=1 + as)’
w as
Esn—6 = Lv Egp—5 = " —as)
Next, from system (2) we have
Tapsi = EgnEgn—4 _ fw
" Ty a(1+ BspBsn-a)  d(1+ fw)
Fapot = TnT3n—4 _ as
" Bena(1 — TsuTsn-a)  m(1 — as)
k
Tor — Esp—1FE8n—5 o k(izias) N
" Tap-a(1 + Esn1BEsn—s) _kas_y —
sn—a(1+ Egn1E8,-5)  s(1+ (1_as))
bfw
By, = Tsn—118n—5 _ b(1-+fw) _f
" Bgna(—1+Ten1Tsn-5)  w(l-— %)

We can confirm the other forms using the same method. The evidence is finished.
Example 2. Figure (2) illustrates the behavior of the solutions of the SDEs (2) with T =
2, T_1=15T2=02 T 3=04, T 4=1,Ey=0.1, £E_1 =06, E.o=3, E_3=1,
and F_4, =0.3.

T(n) E(n)

0 5 10 15 20 25 30 35 40 45 50

Figure 2: Chart the behavior of solutions of the SDEs(2)
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_ EnE'n—4 _ TnTn—4
4. The System T}, = T (BB D) E,1= BT T D)

In this section, we find form the solutions of the SDEs in the form:

EnEn—4 B | = TnTn—4 (3)
Tn—3<1 + Fi‘nl;n—4)7 n+ En—?)(_l - TnTn—4)

Tn+1 =

Theorem 3. Suppose that {T},, £, } are solutions of Eq.(3). After that, all of solutions
of Eq.(3) are periodic with period eight and given by the following formulas for n=0,1,2,...

)

Tgpn—a = s, Tgn—3 =d,
T8n72 =C, TSTL*l = ba
fw
T - T =
8n a, 8n+1 d(l T fw)a
—as fw
T8n+2 = T, T8n+3 = b(—l — fw)’
Egp—4 = w, Egn3 =m,
Eg,—2 =g, Eg,—1 =k,
as
By, = E e
gn = f, B+l = T e
fw —as
E = E =
8n—+2 g(—l —2fw)’ 8n+3 k‘(—l—{—as)’

where FogFE_4 # +1 and TpT_4 # +1.

Proof. The outcome is valid for n = 0. Let us now assume that n > 0 and that n — 1 is
consistent with our assumption. That is

Tsn—12 = 8, Tsn—-11 =d,
Tyn—10 = ¢, Tgn—9 =0,
fw
Ton_ o = Tay »= —2
8n—8 a, 8n—7 d(l T f’UJ),
—as fw
Ty = —2° Tap 5 = —2 2
Egn—12 = w, Egn_11 = m,
Egn,—10 = g, Egn_9 =k,
as
) r— Eew »— — -
sn—8 = [, BT = T~ as)”
w —as
Egp_¢ = / Esn—5 =

g(—1—2fw)’ - k(—1+as)’
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Next, from system (3) we have

mas

Tapin = Egnt1E8n—3 _ m(-l-a) _ —as

" Ty 2(1+ Esny1Bsns)  c(1+ ) c
fwd

Frpen — Tsn+1T8n—3 _ At fw) _ fw

" Bgnoa(—1 — Tsns1Tsn—s)  g(—1— %) g(—1 —2fw)

Jwg

Toig — Bsn+2Bsn— I 0 N A

" Tono1(1 + Espy2Bsn—2) b(1 + %) b(—1— fw)
Tor oTer —asc _
B s — sn+2T8n—2 _ _ as

C
Egn-1(—1—TgnioTgn—2) k(=14+%¢  k(-1+as)

We can validate the other forms by using the same procedure. The proof is complete.
Example 3. The solution is periodic of period eight when Theorem 3 is met and the
initial values are Tp = 3, T_1 =1, T o =01, T3 =2, Ty =02, Ey =1, F_; =
0.5, E.9 =03, E_.3=2, and FE_4 = 0.9, as shown in Figure (3).

T(n)
E(n)

0 5 10 15 20 25 30 35 40 45 50

Figure 3: Draw a graph displaying periodicity of the solutions of SDEs (3)

o EnEn_y _ TnThn—y
5. The System T,,,; = Y Tay o R E.= Yoy

In this section, we investigate the solutions of the SDEs in the form:

EnEn_4 E L= TnTn—4
Tn—3(_1 + EnEn—4) ’ mr En—3(_1 + TnTn—4) '

Tn+1 -
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Theorem 4. Consider {T,, E,} are solutions of Eq.(4). Afterwards, for alln = 0, 1,
2,..., the following formulas obtain periodic solutions of Eq. (4) with period eight.

Typ—4 = s,
Tgpn—2 = c,
T8n = a,

as
Tgpio = —,
C
Egp—4 = w,
Eg,—2 =g,
E8n - f:
fw
Egpio = —,
g

where FgFE_4 # 1 and ToT_4 # 1.

Tgn—3 = d,
Tgp-1 =0,

___Jw
R T )

_jw
Tgn+3 = b1+ fw)’

Egn—3=m,

Egy,—1 =k,
as
Bgo1 = — 2%
8n+1 m(—l +CLS)7

as
Bgpig=-——
8n+3 k(*]_ +CLS)7

Proof. The result is valid for n = 0. Let us now assume that n > 0 and that n — 1 agrees

with our assumption. That is
Tgn—12 = s,
Tgn—10 = ¢,
Tsn-s = a,

as
Tgp—6 = —,
c

Egy—12 = w,
Egn—10 = g,
E8n78 = f7

fw

Egp6 = —,
g

Next, from system (4) we have

Egn—5Eg,—9

Tsn—-11 = d,
Tgp—9 =0,
fw
Tgp— )
1T (=1 + fw)
fw
Tgp— ;
10T h(—1 + fw)

Egn—11 =m,

ask
k(—1+as)

TSn—4 =

Tan—s(—1+ Egn—5Fsn—9)  a(—1+4 %)

k(—1+as)
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__fwb
5 B Tsn—5T8n—9 _ b(—1+/fw) _
8n—4 — E (_1 + T T ) - f’wb = w.
8n—8 sn—518n-9)  f(—1+ m)
k
T8 _ E8n—1E8n—5 _ k(—als—l-as) —a
" Tgn_4(—1 + Egp—1E8n—5) s(—1+ k(—kla—&s-as))
__bfw
T8n-1T8n—5 _ b(—1+fw) —f

sy = _
8n E8n74(_1 + T8n71T8n75) w(_l + %)

Also, we can prove the other relations. This completes the proof.
Example 4. We assume that 7o = 0.1, Ty =2, T_o =05, T_3=1, T_4 = 0.3, Ey =
01, E.;=1, E_.9=0.6, E_3=1.1, and E_4 = 0.7 for the Eq.(4). (See Fig. 4).

2
T(n)
‘ E(n)
g BT
— 1 [
<
i}
=
=
05
0 |
e | | ‘ | . | ‘ ‘ ‘
25 30 35 40 45 50

0 5 10 15 20
n

Figure 4: Sketch the periodicity of the solution of Eq.(4)

. EnEn,4 _ TnTn74
6. The System 7, .| = Y (s by sy s B E,,= FomY T o

In this section, we obtain the form of the solutions of the SDEs

EnEn—4 TnTn—4
Tpi1 = . Enp = . 5
T (1= EyEng) " Eass(U- TaThea) (5)

Theorem 5. Let that {T,,, E,,} are solutions of Eq. (5). Next, each of solutions Eq.(5)
are periodic, having a period of eight, and is given by formulas for n = 0, 1, 2,...,

Tgp—4 = s, Tgn—3 = d,

Tsn—2 = c, Tgp—1 =0,
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Tsp = a, Tent1 = d(—lfffw)’
Tent2 = _Tas, Tsnt3 = (M,
Egp—4 = w, Egn3 =m,
Egn—2 =y, Egn—1 =k,
Esn = [, Egn1 = ﬁ,
Egnia2 = g(—lf—w2fw)’ Egnys = k(l_TaSas)’

where EQE_4 75 +1 and TDT_4 75 +1.
Proof. For n = 0, the result is true. Now, let’s suppose that n > 0 and that n — 1
supports our hypothesis. That’s

Tsn—12 = s, Tsn—-11 =d,
Tsn-10 = c, Tgp—9 =0,
fw
Te,_« = Ty 7= — 2
—as fw
Tey @ = —— Tapy r—= —2
Egn_12 = w, Egn—11 =m,
Egn—10 = g, Egp_g =k,
as
Fg,_s = FEgy_7 =
sn—8 = [, Sn—7 m{ —as)’
fw —as
Fgppg=——"——— FEg,_s =

Next, from system (5) we have

Tariy = EgnEgn—a _ fw
" Tayos(—1 - EspBsp-1)  d(—1— fw)
E _ TsnTsn—a _ as
8n+l Egn_g(l — TgnTgn_4) m(l — GS) ’
f
Tars = Egni2Eg,—2 _ g(—ll—ugfw) _ Jw
" Tauo1(—1— EspyoBsn-2)  b(—1— %)) b(1 + fw)

g(—1-2fw
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—asc
Tgn+2Tsn—2 —ase —as

Egn1(1 = TynyoTon2) k(1 —=2) k(1 +as)

We can prove the other relations as well. This brings the proof to a close.

Example 5. See Figure (5) where we takes system (5) with Tp = 0.5, Ty =4, T_9 =
7, T,3 = 05, T,4 = 1, EO = 1.2, E,1 = 05, E,Q = 3, E,3 = 4, and E,4 =0.2.

Egpy3 =

T(n)
E(n)

0 5 1‘0 1‘5 2ID 2I5 SIO 3‘5 4‘0 4‘5 50
Figure 5: Chart the behavior of the solutions of system (5)

Remark 1 The solutions of the following systems can be also obtained .

T L= EnEn—4 B | = TnTn—4
n+ Tnf?’(l + EnEn74) ’ n+ En73(1 + TnTn74)

E,E,_ ToTh—

Tn+1 _ nitin—4 En+1 nin—4

Tn—3(_1 + EnEn—4) ’ B En—3(_1 - TnTn—4) ‘
EnEnf4 _ TnTn74
Tn—S(_l + EnEn—4) ’ En—S(l - TnTn—4) '

Tn+1 =

7. Conclusion

This study investigates the solutions of five SDEs. Across five sections, we derive
periodic solutions with a period of eight for each system. To corroborate our theoretical
findings, numerical examples are presented for each system, with Figures 1-5 providing
visual confirmation of the results.
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