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Abstract
We explore the dynamics of adhering to rational difference formula
Yy 3Wn_s
W1 (:I:l + le—S\Pm75)

Wint1 = m € Ny

where the initials ¥_5, ¥_4, ¥_3,% ,, ¥_;, ¥ are arbitrary nonzero real numbers. Specifically, we examine
global asymptotically stability. We also give examples and solution diagrams for certain particular instances.
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1. Introduction

Because of its employment in discrete-time systems with microprocessors, difference equations are becoming increasingly
important in engineering. The study of rational difference equations and their qualitative features has recently sparked a surge
of interest. We refer the reader to [1-3] for some literature in this field.

Important rational difference equations were investigated by several authors. As examples:
Alogeili, [4] has actually gotten the solutions to the difference equation
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Ogul et al. [8] deal with
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Simsek et al. [9] examine the equation
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Yalcinkaya et al. [10] have studied
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For more related works we refer to [11-18].
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Our objective in this study is to check out actions of the solution of adhering to nonlinear difference formula

le—S\Pm75

lP =
il lefl (il :l:qlmffpm—S) ’

m € Ny
where the initials are arbitrary real numbers. Additionally, we obtain these types of solutions.

— lI"m—_%ll"me
lefl ( 1+lIIm73‘Pm75)

2. Solution of ¥, |

In this part we give the solutions of

le—3le75

Y = ,
i le,1 (1 + le73‘Pm—5)

m € Ny

where the initials are real numbers.

Theorem 2.1. Let {\¥),};,__s be a solution of (2.1). Then for m € Ny

” _ DFmth o 1+ (i)BD ” _ CEmTl o 1+ (i)CA
= g L\ T4 i+ 1)DF 2 = i T LA\ T i+ 1)CE
w, . _ B (14 (+1)DF g, L AT (14 (4 1)CE
3 = e T LA\ T i+ 1)BD et T e T LA\ T (i+ 1)CA
where, ¥_5s=F, Y_4=E Y 3=D, Y ,=C, ¥Y_ =B, Yy=A
Proof. Assume m > 0 and this our supposition remains true for m — 1.
That is,
DF™ )BD CE""=! (14 (i)CA
Wy — Win o=
dm=3 = "pm- H <1+ t+l)DF> 2T g U (1+(i+1)CE>’

2.1)
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At the present time, using the main (2.1), one has

WYin—3Yam—s
Wan—1 (1+Pam—3Pam—s)

WYyni1 =

DF™ rym—1 ( L+(i)BD ) B" ym—2 ( 1+(i_+1)DF)
. Bm 11i=0 \ 1+(i+1)DF ) Fm-1 LLi=0 \ 1+(i+1)BD
B () + e (B s () 2y (s

Hence, we have

Wapot = 13;”":1 " < 1 L+ ()BD ) .

to\1+(+1)DF

Similarly, it is easily obtained in other relationships. 0
Theorem 2.2. (2.1) has one equilibrium ¥ = 0 and this equilibrium isn’t locally asymptotically stable.
Proof. We may express the equilibrium points of (2.1) as

I

Y(14+Y¥)

¥ (147) =9,
After that

7' =0.
As a result, the equilibrium of (2.1) is ¥ = 0.
Assume that f : (0,00)* — (0,0) is the function defined by

T

f(r,x,p) = K‘(Tpfp)
As aresult, it follows that

fr(@&P)zﬁ’ fK(T,K,p)z—ﬁ, fp(T.K,p) = K(l—:fp)z'
We see that

f:(P, ¥, ¥) =1, (PP, P) =1, (PP =1.

O
We confirm our results with the following numerical examples.

Example 2.3. Assume that

¥Y_5=0.73, Y_4=0.32, Y_3=0.34, Y_, =0.36, Y_; =0.38, Yo =04.
See Figure 2.1.
Example 2.4. Assume that

Y_5=0.35, Y_4=0.32, Y_3=0.34, Y_, =0.38, ¥_; =042, Yo =0.43.

See Figure 2.2.
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3. Solution of ¥,,, | = T B
We deal with the difference equation
W 3Wn s
W — , meN. 3.1
i ‘mel (1 - le73le75) 0
Theorem 3.1. Let {\¥,,};,__ represent a solution of (3.1). In that case for m € Ny
v, DF™1 /14 (i))BD W, CE™'m / —1+(i)CA
4m+1 — B+l 11 —1+(i—|—1)DF ) 4m+2 — Am+l Py —1+(i—|—1)CE )
v _Bm+2 m (14 (i+1)DF ¥ _Am+2 " (—14+(i+1)CE
3 = e U LA C1 (i 1)BD ) ekt T T LA\ T i+ 1)CA )
where, lP,5 :F7 lI’_4:E7 IP_3 :D7 lP_z :C, q”—l :B7 ‘PO =A.
Proof. The proof is similar to the proof of Theorem 2.1 and therefore it will be omitted. O

Theorem 3.2. The unique equilibrium ¥ = 0 in (3.1) isn’t locally asymptotically stable.

Proof. For confirming outcomes of this section, we take into consideration mathematical instances which stand for various
kind of solutions to (3.1). O

Example 3.3. Figure 3.1 depicts the actions taken when
Y_5=3, Y_4=3.9, Y_3=3.1, Y_, =238, Y_; =25, Yo =3.5.
Example 3.4. Figure 3.2 depicts the actions taken when

Yo =51, Y, =409, W, =43, W, =53, W, =45, W, = 4.6.
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4. Solutionof ¥, | =

In this part, we study

‘me?ﬁ‘meS
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m € Ny. A.1)

Theorem 4.1. Let {W,,}',__s represent a solution of (4.1). In that case for, m =0,1,2,...

_DF2m+l (] +BD)m _CE2m+] (1 —‘y—AC)m B2m+2(] +DF)m+l

Wem+1 = B2m+1(1 4 DF)m+1° Fam2 = A2+ (1 L CE)m+1 Fami3 = F2n+1(1 4 BD)m+1”
. _ A2m+2(l +CE)m+1 - B DF2m+2(1+BD)m+1 ” _ CE2m+2(l +AC)m+1
Bm+4 = EZnH (1 +AC)m T Smts T Tpamt2 (1 4 pFyml 86 = A2 (] £ CE)mtT
32m+3(1 +DF)m+1 A2m+3(1 +CE)m+1
Wemi7 = ) WYenis = .
F2m+2(1 —i—BD)mH E2m+2(1 +Ac)m+l
Proof. Assume that m > 0 and our supposition hold for m — 1.
y. . _ —DF*"(1+BD)"! g, _ —CE(1+AC)" y. . B +DF)"
8m77 - B2’"(1 +DF)m b 8m—6 — Az’"(l +CE)m k) 8m—5 — Fzm(l +BD)m b
” _ A2m+1(1 +CE)m v B DF2m+1(1 _,’_BD)m v B CEZerl(l —|—AC)m
8m—4 — E2m(l +AC)m b) 8m—3 — Bzm+1(1 +DF)m b 8m—2 — A2m+1(1 +CE)m )
v B B2m+2(1 +DF)m v _ A2m+2(1 —|—CE)m
8m—1 = F2m+1(1+BD)y"’ 8m = E2H (1 +AC)™
Now, it follows from (4.1) that
Wy, | = Wen—3¥sm—s
" Wy (— 1+ W3 Pans)
DFZ"HI(I—}—BD)"' BZ);1+1(1+DF)m
. B2m+1(14DF)™  F2"(1+BD)"
_32m+2(1+DF)m B2m+2<1+DF)m DF2m+l(1+BD)m 32m+1(1+DF)m :
F2/71+1(1+BD>m F2m+1(1+BD)m BZm+1(1+DF>m F2m(1+BD)m
Then, we have
—DF?>"+1(1+ BD)"
lPSerl = 2, 1 1
B2m+ (1 —|—DF)’”Jr
The other relations can be provided in the same way. O

Theorem 4.2. (4.1) contains three equilibriums, 0, £v/2 and they aren’t locally asymptotically stable.



A Qualitative Investigation of the Solution of the Difference Equation W¥,,| = g—i45y"=y— — 83/85

Proof. The proof is similar to the proof of Theorem 2.2 and therefore it will be omitted. O

Example 4.3. Figure 4.1 depicts the actions taken when

Y_5=4.3, Y_,=47, Y_3=49, Y_,=338, ¥_, =3.6, ¥y =3.3.
Example 4.4. Figure 4.2 depicts the actions taken when
Y_s=4, Y_4 =45, ¥_3=5.3, V_,=4.7, Y_| =51, Py =5.5.
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5. Solution of ¥, | =

In this section, we find the solutions of

‘Pm73\Pm75

Wi = , meN. (5.1
W (C1 - )
Theorem 5.1. Assume that, {¥,,};,__s represent a solution of (5.1).
DF2m+1(71+BD)m CE2m+1(*1+AC)m BZm+2(71+DF)m+1
Fami1 = B2+~ N Pomi2 = 50 N Femi3 = 5,07 1
_ +DF)m+ A2m+ (_1 —&-CE)”H F2m+ (_] +BD)m+
A2m+2(_1 _|_CE)m+1 DF2m+2(_1_|_BD)m+l CEZm+2(_1 +Ac)m+l
lP8m+4 = E2m+1( 1 1’ lPSm—FS = 2m+2 10 \P8m+6 = ) 10
—1+AC)"* B?m+2(—1+4DF)m+ A2 +2(—1+CE)mt
BZm+3(_1+DF)m+1 A2m+3(_1+CE)m+l
lP8m+7 = F2m+2( 1 1’ ‘P8m+8 = 2 2 1°
—1+BD)"* E>n+2(—14+AC)™
Proof. The proof is similar to the proof of Theorem 4.1 and therefore it will be omitted. O
Theorem 5.2. (5.1) contains three equilibriums, 0, =1/ —2 and these aren’t locally asymptotically stable.
Proof. The proof is similar to the proof of Theorem 2.2 and therefore it will be omitted. O

Example 5.3. See Figure 5.1 for the initials

Y _5=2.85, Y_, =228, W_3=2.5, Y _,=27, ¥_| =2.6, Yy =2.55.
Example 5.4. We consider
Y 5=2, Y_, =228, Y_3=24 V_,=27, Y_| =23, Yy =2.5.

See Figure 5.2.
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6. Conclusion

We explore the behavior of the following difference equation

le73‘meS
Wi (il + le73\Pm75) ’

W1 = m € Np

with positive real integers as initials. Local stability is discussed. Furthermore, we obtain the solution to several exceptional
circumstances. Finally, a few numerical examples are shown.
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