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Abstract
This paper is written to provide some solutions to the following systems of difference
equations:
Tn—1Yn—3 Yn—1Tn—-3
Tnt+l1 = o Ynt+l = TL:O,l,...,

Yn—1 (1 + xnflynf?)) Tn—1 (:l:l + yn71$n73)’

where the initial data z_3, x_9, x_1, x9, y_3, y_2, y_1 and yp are arbitrary non
zero real numbers.

Keywords: system of difference equations, recursive equation, boundedness, periodicity.
Mathematics Subject Classification: 39A10.

1 Introduction

Our major and essential objective in this paper is to solve and deal with the following
dynamic systems of recursive equations:
Tn—1Yn—3 Yn—1Tn—3
) Ynt+1 = )
Yn—1 (1 + $n71yn73) Tp—1 (Zl:l + ynflxn73)

T+l = n:(),l,...,
where the initial conditions x_3, z_9, *_1, o, Y_3, Y_2, y_1 and 1y, are real numbers.

It should be known that the theory of discrete dynamic systems emerges and arises as
discrete analogous and also as numerical solutions of some systems of differential and delay
differential equations which describe some natural phenomena in biology, physics, economy;,
etc. Researchers and scholars have discovered various properties of difference equations and
systems of difference equations and they publish a massive number of papers on this field.
Take, for instance, the following ones. In [2] Asiri et al. explained and interpreted the
periodic solutions of the following system:
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Yn—2 y _ Tp—2
1— yn72xn71yn’ nH ) Tp—2Yn—1Tn .

Kurbanli et al. [21] solved the following system of recursive equations:

Tn41 =

Tn—1 - Yn—1 - Tn
1’ Yn+1 = 1’ Zn+l = .
YnTn—1 — TnYn—1 — YnZn—1

Tp4+1 =

El-Metwally et al. [12] highlighted the solutions and the periodic solutions of the following

system:
Yn—2 Tp—2

—-1- yn—an—lyn’ Y1 = +1=x xn—Qyn—lxn'

In [24] Touafek et al. discussed the periodic nature and analyzed some solutions of

Tn+1 =

Tn—-3 y _ Yn—3
1=+ Tp—3Yn—1 ’ n 1+ Yn—3Tn—-1 .

Tnt1 =

Elsayed [14] explored some specific solutions to the following systems:

Tp—1 Yn—1

Tnt1 = +1 42, 1y, Ynt1 = Fl+yp_1z,

The difference equations
Az, T,_3

Tptl = =
B.Q?n + Cl’n_27

were deeply studied by Elsayed and Gafel, see [16]. Moreover, Din [5] made a significant
contributions to solve the following dynamic system of difference equations:

ayy, _ dy,
b+ cy,’ ynﬂ—e—l—fxn'

Tnt1 =

Cinar [4] gave an explanation of the periodicity of nonnegative solutions of the following
system:
1 Yn
Tpt1=— Yn+1 = ——
Yn Tp-1Yn—1

More results on dynamic systems of difference equations can be discovered in refs [18]-[20].

Tn—1Yn—3 Yps] = Yn—1Tn—3
yn—l(1+xn—lyn—3) ’ n+ xn—l(1+yn—1xn—3)

2 First System z,,,; =

This section is considered to give some forms of solutions to the following system of rational
difference equations:

Tn—1Yn—3 y o Yn—-1Tn-3
y Yn+1 — )
Yn—1 (1 + xn—lyn—S) - Tp—1 (1 + yn—lxn—f})

The initial conditions of this system are arbitrary real numbers. In the next theorem, we
will present some forms of solutions to system (1).

Tpt1 = n=0,1,... (1)

SHe



Theorem 1 Assume that {x,,y,} is a solution to system (1) and let v_3 = a, ©_5 =
b, x_1=c, xg=d, ys=a, yo=p0, y1 =7 and yo = w.Then, forn =0, 1, ... we have

n—1 n—1
a” {[0 [(27) ay + 1] d"g™ 11 [(2i) bw + 1]
Lon—3 = nl__l s Lyp—2 = ni_l s
an—tyn 'H (20 + 1) ca+ 1] bn—twn '1:[0 (204 1)dB + 1]
n—1
A tan 1:[ (20 4+ 1) ay + 1] drtipn T (20 4+ 1) bw + 1]
Tap-1 = - ; Tan = — :
anym 1}0 [(20 +2) ca + 1] brw™ 'ljo (20 +2)dp + 1]
n—1 n—1
a1 [(20) ca+ 1 b T [(20)d5 + 1)
Yan-3 = — sy Yan—2 = — ;
cranl '1—10 (20 4+ 1) ay + 1] drpr—1 '1—10 (20 +1)bw + 1]
n—1 n—1
a"'y”“il;lo (20 + 1) ca + 1] b"w"“il;lo (20 +1)dp + 1]
Ysn—1 = 1 ) Yan = 1 .
aan '1—10 [(2¢ + 2) ay + 1] d"ﬁ" [(22 +2) bw + 1]

Proof. The results hold for n = 0. Now, we suppose that n > 1 and assume that the results
hold for n — 1. That is

n— n—2
clanl Ho [(2¢) ay + 1] d"‘lﬂn_l 18 [(2¢) bw + 1]
Typ—7 = > y o Tan—6 = ;
an—2~n-1 '1—10 [(20+ 1) ca+ 1] br—2wn—1 [I [(20+1)dp + 1]
n—2
ol 18 (20 + 1) ay + 1] d”ﬁ”*l [[0 (20 + 1) bw + 1]
Tan—5 = — = . Tan—a = 12_2 .
an—ltyn—1 H [(2¢ 4 2) ca + 1] br—twn—t 'Ho [(2¢ + 2) dp + 1]
n—2
a1yt go [(26) car + 1] b=t T ((20) B + 1]
Yan—7 = — v Yan—6 = — ;
ctan—2 'H [(2¢ 4+ 1) ay + 1] dn—tpn=2 1:[0 (2 +1) bw + 1]
n— n—2
anlym H (2 4+ 1) ca + 1] bt ‘1—10 [(2¢ 4+ 1)dB + 1]
Yan—5 = ln 2 ) Yan—q4 = Z;_Q .
clan—t 1:[ [(2¢ 4 2) ay + 1] dn-tpn-t 'I:Io [(2¢ 4 2) bw + 1]

Now, it can be easily observed from system (1) that

Lan—5Yan—7
Yan—>5 (1 + x4n75y4n77)

Ton-3 =



n—2 n—2
cran1 _HO [(2i41)ay+1] an~lyn—1 _HO [(28)ca+1]
1= 1=

n—2 n—2
an—lyn—1 'Ho [(2i42)ca+1] cr—lan—2 _HO [(2i41)ay+1]
1= 1=

=2 n—2 n—2
a”fl'y"T_LHO[(Qi-l—l)ca—i—l] cnan—1 ‘Ho [(2i4+1)ay+1] an—1lyn—1 _HO[(Qi)ca—i—l]
= = =
n—2 n—2 n—2
cn—lgn—1 .HO [(2t42)ay+1] an—lyn—1 _HO [(2i42)ca+1] c»—lan—2 .HO [(2t+1)ay+1]
i= i= i=
n—2
ca _HO [(29)ca+1]
i=
n—2
41_[0 [(2i4-2)ca+1]
— 1=
- n—2 n—2
an—lyn 'Ho [(2i+1)ca+1] ca 'Ho [(27)ca+1]
1= 1=
n—2 n—2
cn—lgn—1 '1'[0 [(2i+2)ay+1] '1'[0 [(2i4+2)ca+1]
1= 1=

n—2 n—2
ca Il [(20) ca + 1] " tam? 1 (20 +2) ay + 1]

26+ 1) cat 1] [7112 (20 +2)ca+ 1]+ ca T [(20) car+ 1]

e
ar 1y 11
3 1=0

=0

n—2
o .1:[0 (20 +2) ay + 1]

n—1
an—ltym '1:10 [(2¢ 4+ 1) ca + 1]
Again, from system (1) we can obtain that
Yan—5T4n—7
Tan—5 [1 + Yan—5Tan—7]

n—2 n—2
an "y _HO[(2i+1)ca+1] clon—l ‘HO [(29)ay+1]
1= 1=

Yan—-3 =

n—2 n—2
cn—lgn—1 .HO [(2t+2)ay+1] an—24n—1 4H0 [(2i+1)ca+1]
1= 7=

n—2 n—2 n—2

cran—1 I [(2i41)ay+1] an—1lym 11 [(2i+1)ca+1] cn—lan—1 11 [(2i)ay+1]

i=0 + i=0 i=0
n—2 n—2 n—2

an—lyn—1 'Ho [(2i4-2)ca+1] cn—lgn—1 'Ho [(2i42)ay+1] an—2qn—1 'Ho [(2i41)ca+1]
1= 1= 1=

n—2 .
oI (20)ar+1]

n—2
igo [(2i+2)ay+1]

n—2
an—lyn—1 4@0 [(2t42)ca+1]

1=

n—2 n—2
cran—1 1 [(2¢+1)ay+1] [ ay 1L [(28)ay+1] ]
1= 1=

n—2
1 [(2i+2)ay+1]
i=

n—2 n—2
sz'go [(24) ay + 1] a”flvnflil:TO [(2¢ 4 2) ca + 1]

E i+ 1) ay + 1] rﬁQ (20 +2)ay+1] + a»yjﬁj [(20) ay + 1]

e
cran—1 I1
j 1=0

=0

n—2
ay" Z.1;[0 (20 +2) ca + 1]

n—1 ’
cran—l '1—10 (20 + 1) ay + 1]

Hence, the other relations can be similarly proven. The proof is complete.



Tn—1Yn—3 Yn—1Tn—3

3 Second System x = =
y n+l yn—1(1+xn—1yn—3)’ yTH_l xn—1<_1_yn—1$n—3)

In this section, we shall investigate and analyze the solutions of the following dynamic system
of recursive equations:

Tn—-1Yn—3 Yn—1Tn—-3 (2)

Tn - 5 n = .
+1 Yn—1 (1 + In—lyn—?)) Ynid Tp—1 <_1 - yn—lxn—S)

The initial conditions of system (2) are arbitrary real numbers. The following concrete
theorem will introduce some sold solutions to our considered system.

Theorem 2 Let {x,,y,} be a solution to system (2) and assume that x_3 = a, v_9 =
b, x_1=c¢, xg=d, ys=a, yo=0, y1 =7 and yo = w.Then, forn =0, 1, ... we have
Tan—3 = 1 5 Tyn—2 =

an—lnm ,1:[0 (20 + 1) ca+ 1]

?

n—1
bn—twn [[0 [(2¢ 4+ 1)dB + 1]

(=1)" " tam (ay + 1)" (=1)"d" B (bw + 1)"
Tan—1 = ) Lan =

n—1
anym il;IO [(2i +2) ca + 1]

Y

n—1
brom TT [(2i+2) dB + 1]

n—1 n—1
()" @ T [(20)ca+ 1 (1) b T (20045 + 1)
Ysn—3 = o1 ((Z")/ T 1)n ) Yqn—2 = dnﬁnfl (bw + 1>n ;
n—1 n—1
any '1—10 (20 4+ 1) ca + 1] bt .EIO (20 4+ 1)dp + 1]
Yan—1 = = ; Yan = =
o™ dnﬁn

Proof. For n = 0 the relations hold. Now, we suppose that n > 1 and assume that the
relations hold for n — 1. That is

—1lon—1 d”_lﬁn_l
Lan—7 = 2 ) Lin—6 = n_2 ,
an=2yn UL [(20 + 1) ca+ 1] br=2on=t I (20 + 1) d + 1]
(=" o (ay + )" ()" a1
Lan—5 = p— , Tan—4 = n—2 ’
an—Lan—1 '1_10 (20 + 2) ca + 1] br—twn—t _1_10 (20 +2)dp + 1]
n—2 n—2
(=1)" an I [(26) ca+ 1] (=1 oWt I [(24) B + 1]
Yan—7 = I an 2 (gy 4 1) v Yan—6 = dr=1572 (hw + 1)" ’
n—2 n—2
a" 'y 11 [(20 + 1) car+ 1] ot T {(20+ 1) df + 1]
Yan—5 = cn—1gn—1 ’ Yan—a = dn—lﬁn—l

Next, one can obtain from system (2) that



Lan—5Yan—7
Yan—s [1 + Tan—5Yan—7]

Tan—-3 =

n—2
(—1)"Leman—1 (ay+1)"~ (71)"_1a"_1'y”_1igo[(2i)ca+1}

n—2
an—lyn—1 ‘HO [(2i+2)ca+1]
iz

0"—101"—2(a’y—i—l)”*1

n—2
an—lym 'Eo [(2641)ca+1]

cn—1lgn—1

n—2
et (=1 lanmlynUT ((20)cact 1]

1 4 D Tl eyt

n—2 —1 —2 n—1
an=1yn =1 I [(2i4+2)ca+] erlanT(ay+1)
=

(=1)2"2ca Ej[(m)caﬂ]

n—2
1 [(2i+2)cat1]
i=

—2
an— 17"71_10 [(2i4+1)ca+1]
i

cn—lgn—1

1+

(1) 2cq j:ﬁj[(%)coz—&-l]
E{j[(mﬂ)caﬂ]
n—2

e '1:10 [(21) ca + 1] ¢ Lan!

n—2 |:n—2 n—2

an—lym l:[o (20 + 1) ca + 1] l:[o (20 +2) ca + 1] + ca l:[o [(20) car + 1]

an

n—1

an—lyn l:[o (20 + 1) ca + 1]

Similarly, system (2) gives
Yan—5Tan—7

Yin=s = Tan—s [—1 — Yan—5Tan—7]

n—2
anlyn ‘HO [(2i+1)ca+1]
i=

cn—1lgn—1

cn—lgn—1

n—2
an—2yn—1 'Ho [(2i41)ca+1]
i=

n—2
an—1lyn s [(26+1)ca+1]
i=

cn—1lgn—1

(=)™ enan = (ay+1)" rlgnt

n—2 n—2
an—lyn—1 ‘Ho [(2i42)ca+1] an—2yn—t .HO [(2i+1)ca+1]
i= =

n—1
ary 1) a”v”igo [(29) ca + 1]
NS R cran=t (ay 4+ 1)"

n—1
an—lyn—1 ‘HO [(2i)ca+1]
i=

Accordingly, the remaining unassertive relations can be simply proven in a similar way. Thus,
the proof has been achieved.

4 Third System z,,.1 = Tn—1Yn-3 _ Yn—17n—3
y n+1 yn_1(1+xn_1yn_3)7 yn—i—l xn—l(_1+yn—1xn—3)

This section is devoted to highlight and formulate the forms of solutions of the following
dynamic systems:

Lp—1Yn—3 Yn—1Tn—3 (3)

T, = s Un = )
i Yn—1 (1 + xnflyn73) i Tp—1 (_1 + yn71$n73)



where the initial conditions are as described above. The formulas of the solution are clearly
expressed in the following theorem.

Theorem 3 Let {z,,yn} be a solution to system (3) and suppose that x_3 = a, r_9 =
b, v 1=c¢ xg=d, ys=a, yo=0, y1=2 andyyo=w.Then, forn =0, 1, ... we have

Lan—3 = 1 g Lan—2 = 1 ,

an—1lym '1:[0 (20 4+ 1) ca+ 1] brn—1n l:[o (20 4+ 1)dB + 1]

Ao (ay — 1)" A" (bw —1)"

Lan—1 = 1 , Lan = 1 )

anyn .1_10 (20 +2) ca+ 1] brwn '1:[0 (20 +2)dp + 1]

n—1

ay" [(2 )ca+ 1] b”w”il;lo [(2¢) dB + 1]

y477,73 - CnOén 1 (CL ) ) 3/47172 - dnﬁn—l (bw o )n 9
n—1
a” ”“[I (20 + 1) ca + 1] b"w ”HH (20 +1)dp + 1]

Ysn—1 = an ) Yan = dnﬁn

Proof. At n = 0 our relations hold. Following this, we suppose that n > 1 and assume that
the formulae hold for n — 1. That is

Cnflanfl dnflﬁnfl
a"‘”y”—l H (20 + 1) ca+ 1] b”_2w”_1i1;10 [(20+1)df +1]
cnnla 1 d g1 (bw — 1)
Lan—5 = o 2( ! S~ ) Lan—4 = 5n_2( ) )
a”—lyn—ligo (20 +2) ca + 1] b”—lw”—lil;lo (20 +2)dB + 1]
n—2 n—2
anfl,ynflil;lo [(2@) ca + 1] bnflwnflll:‘lo [(22) dﬁ + 1]
R RtV o T (P VL
n—2 n—2
a"’lvnil;lo (20 + 1) ca+ 1] bnflwnig} [(2i +1)dB +1]
Yan—5 = o Tgn—1 , Yan—a = dn—1pn—1

Next, it can be seen from system (3) that

Lan—5Y4n—7
Yan—s [1 + Tan—5Yan—7]

Tan—3 =

n—2
n—1,n—1 ;
c”a”fl (a’y—l)”71 a Y iEO [(21)0&4’1}

n—2 n—1,n—2 _1\yn—1
an—lyn—1 'HO [(2i+2)ca+1] ¢ « (ay=1)
i=

n—2 n—2
an—lqym i£[0 [(2i+1)ca+1] a"*lfy”*ligo [(2¢)ca+1]

cran—1(ay—1)""1

—T -1 — e -1

erian a”*17"*1HH2[(2i+2)ca+1} crlan=2(ay—1)"
i=0




n—2
ca _HO [(2)ca+1]
i=

n—2
'Ho [(2i42)ca+1]
i=

en—lgn—1

n—2 n—2
a1y T (204 Deart1] [ o "I [<2i>ca+11]
i= 1=

n—2
1 [(2i+2)cat1]
i=

n—2
co 'Ho [(20) ca + 1] " Tt
- n—2 n—2 n—2
an—1yn '1:[0 (20 + 1) ca + 1] ['Ho [(2¢ 4+ 2) ca+ 1] + ca ,1:[0 [(27) ca + 1]
"o

n—1 ’
an—lnn ‘1:[0 (20 + 1) ca + 1]
We now turn to prove an extra result. System (3) leads to

Ysn—5T4n—7
Tan—s5 [—1 + Yan—5Tan—1]

n—2
a1y _HO [(241)ca+1]
i=

cn—1lgn—1

Yan—3 =

Cnfloénfl

n—2
an—2yn—1 'Ho [(2i+1)ca+1]
i=

n—2
an—lyn ‘HO [(2i4+1)ca+1]
i=

cn—lgn—1

Cnan—l(a,y,l)n—l _1 cn—lgn—1

n—2 n—2

an—lyn—1 _l'[0 [(2i42)ca+1] an—2yn—1 _HO [(2t4+1)ca+1]
1= 1=

ay

cran—1(ay—1)""1

n—1 [_1 _I_ a”y]
an—lyn—1 igo [(2¢)ca+1]

n—1
a"v"il:TO [(20) ca + 1]

a1 (ay — 1)

The other formulae can be demonstrated in a similar way.

Tn—1Yn—3 y | = Yn—1Tn—3
yn—1<1+xn—1yn—3) It xn—l(l_yn—lxn—3)

5 Fourth System z,,,; =

This part is allocated to determine and figure out formulae for solutions of the following
nonlinear system of difference relations:

Tn—-1Yn-3 Yn—-1Tp—-3 (4)

Tp41 = ) Yn+1 = )
* Yn—1 (1 + $n—1yn—3) * Tp—1 (1 - yn—lxn—i’))

where the initial conditions are real numbers. We now turn to establish an intrinsic theorem
to point out the solutions of system (4).

Theorem 4 Assume that {x,,y,} is a solution to system (4) and let v_3 = a, v_9 =



b, x_1=c¢, xo=d, y3=a, Yy o=0, y_1 =7 and yo = w.Then, forn =0, 1, ... we have

n—1 n—1
(1" T [(20) ay 1] (1" @I [(20) b — 1)
Typ-3 = — y Tap—2 = — )
an—lyn '1:10 (20 + 1) ca + 1] br—lwnr '1:10 (20 +1)dp + 1]
n—1 n—1
(1" e (20 + 1) ay 1] (1" @I (2 + 1) b — 1
Tin—1 = p— - , Typ = p— ,, )
anym ,1:[0 [(2¢ 4 2) ca + 1] brw” '1:[0 [(2¢ + 2) dp + 1]
n—1 n—1
(—1)" ™y I [(20) ca + 1] (~1)" b I [(23)dB + 1]
Yan-3 = — v Yan—2 = — ;
cran—t ‘1:[0 (20 +1)ay —1] drpn=t l:[o (20 4+ 1) bw — 1]
n—1 n—1
(—=1)" amymt? 1 (20 + 1) ca + 1] (—1)" bt 1 (20 +1)dB + 1]
Yan—1 = o1 = ) Yan = n—1 = .
cran ‘1:[0 (20 +2) ay — 1] arpr .1:[0 (20 +2) bw — 1]

Proof. It is obvious that the results hold for n = 0. Now, we assume that n > 1 and suppose
that the relations hold for n — 1. That is

n—2 n—2
(-1 et T [(2)ay - 1 (1" @I [(20) b — 1]
Tan—7 = — ;o Tan—6 = — ;
an—2yn—1 l:[o (20 + 1) ca+ 1] bn—2wn—1 l:[o [(2¢ 4+ 1)dB + 1]
n—2 n—2
(=1)" ot I [(2i + 1) ay — 1] (=1)" tdnpnt I [(2i + 1) bw — 1]
Ton—5 = n_zl— ) Tan—a = n—2 — )
a”*l'y”*lil;lo [(2¢ + 2) ca + 1] b”*lw”*1i1;10 (20 +2)dp + 1]
n—2 n—2
(1" a1y T (20 e + 1) (~1" bt 1T [(20) 4B+ 1]
Yan—7 = — y o Yan-6 = — ;
v lan—? 'I—Io (20 + 1) ay — 1] dn—1pn=2 'Ho [(20+1)bw — 1]
n—2 n—2
(=1)" antyn I [(2i + 1) ca+1] (=)l 1 [(2i+ 1) df + 1]
Yan—5 = — ; Yan—4 = — :
clan—l '1—10 (20 + 2) ay — 1] dn—tpn-t '1:10 [(2¢ + 2) bw — 1]
Next, one can obtain from system (4) that
Lan—5Y4n—17

Tan—g =
n=3 Yan—s (1 + Zap_5Yan—7)



n—1 n n—ln_2 : n—1_n—1 n—ln_2 .
(-D)"" i£[0[(2z+1)a'y—1] (=D)" " tanly igo[(2z)ca+1]

n—2 n—2
an—lyn—1 'Ho [(2i42)ca+1] cn—lgn—2 'HO [(2i4+1)ay—1]
J— 1= 1=
- n—2 — _
ey ) [ (e lg (@i41)ay-1] (~1)" " an=1ynt T [(@i)ea- 1]
n—2
cr—lgn—1 4§0 [(2i+2)ay—1] an—lyn—1 H [(2i4+2)ca+1] cn—lan—2 _go [(2e+1)ay—1]

(—1)2”*2cat:ﬁj[(2i)ca+1]

n—2
‘HO [(2i42)ca+1]
i=

n—2

et el [ U e e
I [(2i+2)ca-+1]

n—2
cn—lgn—1 'HO [(2i+2)ay—1]
i=
n—2

n—2
(=1)*" 2 ca I [(20) cor + 1] ¢ Lot 1 [(2i +2) ay — 1]

=0 =

1)t T [(2i +1) ca+ 1] [”n2 (20 +2)ca+ 1]+ ca T [(24) car+ 1]

=0 =0

(—1)" c"a”?li[o [(20) ay — 1]

n—1 )
an—tym ‘1—10 (20 4+ 1) ca+ 1]
Similarly, one can find from system (4) that
Yan—5Tan—7
T4n—5 (1 - y4n75x4n77)

n—2 n—2
(—1)"Lgn—1ym i [(2i41)ca+1] (—=1)""Lten—lgn—1 Y [(26)ay—1]

Yan—3 =

n—2 n—2
cn—lgn—1 .HO [(2i+2)ay—1] an—2qn—1 .HO [(2t+1)ca+1]
J— 1= 1=
N _1\yn 1l nfln_2 1 — _1\yn—1lgn—1 nn_2 1 _1\ynlen—1 nfln_2 ; —
(-D)" " era ‘HO[(22+1)a'y 1] (=) tan—1y ‘HO[(2z+l)ca+1] (=) enla .HO[(Qz)a'y 1]
1= 1= 7=
n—2 - n—2 n—2
an—lyn—1 5 [(2¢+2)ca+1] cn—lgn—1 _HO [(2i42)ay—1] an—2n—1 'Ho [(2i41)ca+1]
'L 1= 1=

(-1 2ay T [(20)ay-1]

n—2
[IO [(2i42)ay—1]

1=0

n—1 m n_1 . _ 22 "mon
N e O AN

n—2
an—lyn=1. 1T [(21—&—2)004—1—1} _HO[(2i+2)a'y—1]
i=

n—2
(—1)%_2 avigo [(2¢) ay — 1] a1y 1 H (20 +2) ca+ 1]

1=0

n—2

(-t c"a"—ljﬁj [(2i + 1) ay — 1] [nﬁj (20 +2) ay = 1] = (=)™ ay IL [(2i) ay 1]

1=

(~1)" T [(20) car+ 1

cran—l H (20 4+ 1) ay — 1]

Other results can be likewise shown. Hence, this completes the proof.



6 Numerical Examples

We now turn to give a powerful confirmation and verification on our theoretical discus-
sion. This confirmation is embodied in presenting some numerical examples and illustrative
explanations.

Example 1. This example shows the behaviour of the solutions of system (1). Here, we
take x_3 =25, v o = =21, v 1 =22, xg = -2, y3=1, y o =—1, y; = 2.5 and
yo = —0.4, as described in Figure (1a).

Example 2. In this example, the graph of system (2) is depicted under the following
initial conditions: z_3 = 10, z_o = —0.2, z_; = —0.1, o = —0.01, y_3 = =04, y_o =
—2.6, y—1 = —0.5 and yo = 0.051. See Figure (1b).

Plot of The First System x 10 Plot of The Second System
8 T T T T T

x(n), y(n)
x(n), y(n)

0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
n n

(a) Plot of system 1. (b) Plot of system 2.

Figure 1: Behaviour of solutions of system 1 and system 2.

Example 3. Figure (2a) presents the behaviour of solutions of system (3) when we let
r_3=10, v =02, x_1 = -5, xg=—0.1, y 3=—-05, y o =1, y 1 =0.6 and yy = 3.
Example 4. The solutions of system (4) are plotted in Figure (2b). The considered initial
data hereare x_3=—-3, vt o =—-02, z_1 =5, xp=—1, y3=—4, yo=1,y 1 =3, yo =
—3.

Plot of The Third System Plot of The Fourth System
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(a) Plot of system 3. (b) Plot of system 4.

Figure 2: Behaviour of solutions of system 3 and system 4.
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