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At A @A (rOAYx(D))) +qt)G(t) =0,

where t € Nyy11-¢, G(t) = Zi;lg“(t— s—=1)"%x(s), and A% denotes a Riemann-Liouville
fractional difference operator of order 0 < @ < 1. By using the generalized Riccati
transformation technique, we obtain some oscillation criteria. Finally we give an
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1 Introduction and preliminaries

Fractional differential (or difference) equations are a more general form of differential
equations with integer order. And there is an increasing interest in the study of them due
to some important contributions [1, 2].

Many authors have been focused on various equations like ordinary and partial differen-
tial equations [3-6], difference equations [7-9], dynamic equations on time scales [10-14],
and fractional differential (difference) equations [15—31] obtaining some oscillation crite-
ria. Recently, oscillation studies have become a very hot topic. That is why, we consider

the following fractional difference equation:
A(c(t)A(a(t)A(r(t)A“x(t)))) +q(t)G(¢) =0, (1)

where t € Nyj41-0, G(£) = Zi;tlom(t —5—1)x(s), c(t), a(t), (t), and ¢(t) are positive se-
quences, and A* denotes the Riemann-Liouville fractional difference operator of order
O<a<1.

By a solution of Eq. (1), we mean a real-valued sequence x(t) satisfying Eq. (1) for ¢ €
N;,. A solution x(£) of Eq. (1) is called oscillatory if it is neither eventually positive nor
eventually negative, otherwise it is called non-oscillatory. Equation (1) is called oscillatory
if all its solutions are oscillatory.
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Definition 1 ([32]) Let v > 0. The vth fractional sum f is defined by

A7) = i Y (e-s= 1) @

where f is defined for s = amod(1), A~"f is defined for £ = (a +v)mod(1), and £ = Fft(f:i)l) .

The fractional sum A™"f maps functions defined on N, to functions defined on N,
where N, = {t,t + 1,t +2,...}.

Definition 2 ([32]) Let v>0and m — 1 < u < m, where m denotes a positive integer, m =
[1]. Set v = m — . The pth fractional difference is defined as

AFf(E) = ATF(t) = AT ATVF(), 3)
where [1] is the ceiling function of .
Lemma 1 ([33]) Assume that A and B are nonnegative real numbers. Then

AMB - A < (A -1)B (4)
forall x> 1.

2 Main results
Throughout this paper, we denote

t-1 t-1

0= i 0= %; 5(0) =

s=t] s=ty s=t3

~

-1

)

(s)
r(s)”

For simplification, we consider
Ay, (s) = max{O, Ay(s)}
and

ABL(s) = max{O, A,B(s)}.

Lemma 2 ([28]) Let x(t) be a solution of Eq. (1), and let
t-1+a
Gt)= Y (t-s=1)x(s), (5)

s=to

then

A(G@®) = I'(1 - o) A%%(). (6)
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Lemma 3 Assume that x(t) is an eventually positive solution of Eq. (1). If

* 1 > 1 oS |

then we have two possible cases for t € [t;,00), t1 > to is sufficiently large:
Case 1 A%(t) >0, A(r(t)A%x(t)) > 0, Ala(t) A(r(¢) A%x(t))) > 0 or
Case 2 A%(t) >0, A(r(t)A%x(t)) < 0, A(a(t) A(r(t) A%x(t))) > 0.

Proof From the hypothesis, there exists #; such that x(¢) > 0 on [£1, 00), so that G(£) > 0 on
[t1,00), and from Eq. (1), we have

A(c(t)A(a(t)A(r(t)A“x(t)))) =—q(t)G(t) < 0. (8)

Then c(£)A(a(t) A(r(t) A%x(t))) is an eventually non-increasing sequence on [¢1,00). We
know that A%x(t), A(r(£) A%x(t)), and A(a(z) A(r(£) A%x(¢))) are eventually of one sign. For
ty > ty is sufficiently large, we claim that A(a(z) A(r(£)A*x(2))) > 0 on [£, 00). Otherwise,
assume that there exists sufficiently large #3 > £, such that A(a(¢)A(r(£)A%x(2))) < 0 on

[£3,00). For [t3,00) and there exists a constant /; > 0, we have

A(a@®)A(r()A*x(1))) < —% <0.

Hence, there exist a constant /, > 0 and sufficiently large ¢4 > 3 such that

A(r(®)A%x(p) < —% <0. 9)

Then there exist a constant /5 > 0 and sufficiently large t5 > ¢4 such that

« l3
A%x(t) < —Tt),
that is,
F(l - O()lg
A - .
G(t) < 0 <0

By (7), we obtain lim;_, o G(¢) = —co. This is a contradiction. If A(r(t)A%x(t)) < O,
then A%x(¢) > 0 due to Zs:m % = 00. If A(r(t)A%x(t)) > 0, then A% (¢) > 0 due to

Aa(t)A(r(£) A%x(2))) > 0. So, the proof is complete. O

Lemma 4 Assume that x(t) is an eventually positive solution of Eq. (1), which satisfies
Case 1 of Lemma 3. Then

t-1

a(t)A(r(t) A%x(t)) = c(t) A(a(®) A(r() A%x(2))) Z (i

=ty
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If there exists a positive sequence ¢ such that, for t € [t1,00),

¢>(t)

- Ap(t) <0,
Wy T P(0) <

where t, is sufficiently large, then a(t) A(r(t) A*x(t))/¢(t) is a non-increasing sequence on
[t1,00) and

() A%x(t) > A(

Uox

e,h
A’S‘

Furthermore, if there exists a positive sequence ¥ and t, > t; is sufficiently large such that,
for t € [ty,00),
v (2)
7MZ[ ) AV(t) <0,
P(t) £=s=t2 als)
then r(t) A“x(t)/0(t) is a non-increasing sequence on [t,,00) and

-1
G(t) > AG(t)% f((:)).

Suppose also that there exists a positive sequence § and ts3 > t, is sufficiently large such that,

fort € [t3,00),

3(¢)
————— —AS(t) <0.
() y~i-1 9 (s) -
% Zs:tz TSS)
Then G(t)/5(t) is a non-increasing sequence on [t3, 00).

Proof Assume that x is an eventually positive solution of Eq. (1). Then we have that
A(r(t) A%x(t)) > 0 and A(c() A(a(t) A(r(t) A%x(£)))) < 0 on [£y, 00). So,

a(t)A(r(t)A"‘x(t)) = a(to)A(r(to)A"‘x(to))

= c(s)A(als) Alr(s) A%(s)))
" Z c(s)

s=tp

t-1

> c(t) A(a()A(r(£) A%(2))) Y 1

N
o)

and then

A <a(t)A(r(t)A“x(t)))
#(¢)
Aa(e) A(r(t) A*x(2)))(t) — a(t) A(r(t) A%x(£)) Ag(2)
PPt +1)
_ Ala@®Ar(6)A*x(2)) ( $(t)
p00E+ D eyl L

- A¢(t)) <0
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Hence, a(t) A(r(£) A%x())/¢(¢) is a non-increasing sequence on [£1,00) where £ > £y is suf-
ficiently large. Then we have

t-1 P
HOAR(E) = r()A%(n) + 3 2OATDAT) 96)

(s) als)
a(t) A(r() A%x(2)) < b (s)
=T o0 Zaw
and

r)A%x(t)\  Ar@)A%x(2)0(t) — r(t) A*x(t) AD (2)
< 9(t) )_ D)0t +1)

r(t) A%x(¢) ( v (2)

< - Av“(t)) <0
t-1 ¢ )
H(O)O(E+1) t) 95! 0]

So r(t) A“x(t)/¥(¢) is a non-increasing sequence on [t,, 00) where £, > t; is sufficiently large.
Then we have

t-1 o
G(t) = G(t2) + F(l—“)zw%

_ rOr(1- o) A%(0) 2L 9(s)
= 9(t) 7(s)

s=ty

I
>
Q
F.t

and then

oGO _ (AG0)0) - GOAs(D)
(8(t)> - 3(t)8(t +1)

< s s —800) <0
)8t +1) ﬂ<_>2

(£) £—s=ty r(S)

Then G(£)/5(t) is a non-increasing sequence on [t3,00) where t3 > £, is sufficiently large.
So the proof is complete. O

Theorem 1 Assume that (7) holds and there exists a positive sequence y such that, for all

sufficiently large t,
r -1 1 L (5))?
o 3 P S s s OO ) o

If there exist positive sequences B, A such that, for all sufficiently large t,

A(t)

- AMB <0 11
oY T (t) < (11)
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and

o B £)(AB.2)
rli‘?osup;<x<c+1)a@)z<c(s)Z ()) ar(- a)ﬁ(;)) > 12

Then every solution of Eq. (1) is oscillatory.

Proof Suppose to the contrary that x(¢) is a non-oscillatory solution of Eq. (1). Then, with-
out loss of generality, we may assume that there is a solution x(¢) of Eq. (1) such that x(¢) > 0
on [ty,00), where £ is sufficiently large. From Lemma 3, x(¢) satisfies Case 1 or Case 2.
Firstly, let Case 1 hold. Then we define the following function:

c(®) Ala() A(r(5) A%x(2)))

w(t) =y () a(t) A(r(t) A%x(t))

For t € [, 00), we have

Aw(t) = Ay (1)

ot +1) () Aa(d) A(r(t) A%x(2)))
N (”A( PONGORZI0) )
ot +1) 4()G(2)

vi+1) "V A+ DAGE+ DAz + 1)
c(t) Ala(®) A(r(t) A%x(1))) Aa(t) A(r(2) A%x(t)))
aO)AFO) A K E)alt + VAG(E+ ) A + 1))

= Ay(?)

-y(t)

Since a(t) A(r(t) A“x(t))/¢(t) is a non-increasing sequence on [¢1,00), we have

a(t + DA(r(t + 1) A%(t + 1)) _ a(t) A(r(t) A%x(t))
ot +1) - B(2)

From Lemma 4, we obtain

G(t)
a(t+ 1At + 1) A%x(t + 1))
1 G(t) AG(t) A(r(t) A%x(t))

- a(t +1) AG(t) A(r(t) A%x(2)) A(r(t + 1) A%x(t + 1))

1 ) S 0s) at) < ¢(s) alt +1)
Z e ) <% 2 @)( o 2 E) B+ Dalt)

_ r-a) o6 (€60
9P+ 1) Zz r(s) (Ztl a(s))

and

wlt+ 1) | L1-0) $3906) ($390)
Aw(t) < Ay, (f) S+ ) -y (®)q( 19([)¢(t+1 Z(_(Za(s))

&a}z(t+ 1)
Cot) YA+ 1)
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Setting 1 =2, A = (43 t))l/z‘“ 3 ) and B = %(T))l/zAm(t) using Lemma 1, we obtain

t-1

F(l-a) <96 (96 . <) 2
2ot =y 005055 g (Z ﬂ) * 2o 7 O)

Summing both sides of the above inequality from ¢3 to ¢ — 1, we get

N T =a)y(s)g(s) T 0W) (b)) cls)(Ay,(s)?
Z( 9(s)p(s +1) ;r(u) L,:Zna(u) w0

s=t3

< w(t3) — o(t) < w(t3).

This contradicts (10). Now we consider Case 2. Then we define the following function:

r(t) A%x(t)

wy () = B(t) 0

Then

Awn(t) = 2 2D ﬁ(t)A(r(t)Aax(t)>

+
Bt +1) G(t)

w(t+1) ) A(r(e) A%x(2))G(E) — r(t) A%x(t) AG(£)
B(t+1) +h < G()G(t +1) >

= AB(2)

_ w(t+1) A(r(t) A%x(t)) () A%x(t) AG(t)
Aﬂ(t)ﬂ(t D POy P9 Goee

Hence we have

-1 .
Gt =Gt)+T'1-a) Z V(S);’A(S)x(s)

s=t]

t-1

> I(1-a)r(t)A“x(t) Y %

That is,

G(t)

———— > T (1-a)A%() = AG(t)
") X5

and
A(GOY _ AG@)A(E) — G() AL ®)
(W) ) AOME+1)

G(2) A(t)
A+ 1)( O zll rls

Ak(t)) <0

Thus we have G(t)/A(t) is eventually non-increasing and

G(t) - A®)

Git+1) — At+1) (13)
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Using the fact that r(£) A%x(¢) is strictly decreasing, we have
r(e) A%x(t) > r(t + 1) A%(t + 1)

and AG(¢) > 0, then G(¢ + 1) > G(¢), it follows that

ot +1) A(r() A%x(2))
Aws(t) < Aﬁ+(t)m + ﬁ(t)w
_ P -wp) ot +1)

r(t) B2t +1)

From 8, we have

() A(a(m) A(r(u) A*x(w))) — c(€) A(a@®) A(r()) A%x(2)))
u-1

=-2_4)G(s)

s=t

for AG(t) > 0, and letting # — oo, we get

—e(t) A (a® A(r() A*x(1))) < -G(£) Y _q(s)

s=t

or
G o0
Ala®OA(r(O) A () (—Z

And so

u-1 oo
a() A (r(w) Ax(w) - a(t) A(r@) A*x(1)) = G(1) ) (% > q(v)).

Letting u — 00, we have

A(r(£) A“x(2)) ‘G(t)ﬁ Z(c(s) D aqlv ))

due to limy,_, o a(u) A(r(u) A*x(u)) = k < 0. Then, by (13), we obtain
A(r(t) A%x(t)) Gt 1 K1 &
Ge+1) - G+ 1)%2:(?) Zq(y))

M) 1 K1 &
= THe+ 1) alo) £ ((—Z )

So,

ot+1) M) 1 K1 &
Awx(t) = AR O3 = AE+1) EZ<£Z )

§=

I(1-a)B(t) w3t +1)
) B+ )

Page 8 of 13



Adiguzel Advances in Difference Equations (2018) 2018:445 Page9of 13

Setting A =2, A = (1#'3“)1/2 “’2(”1), and B

T ’7)1/2Aﬂ+(t) using Lemma 1, we

_1
- i( T
obtain

[e¢]

A 1 rt)(AB. (1)
sz(f)f—ﬁ“)ﬂﬂl)(—Z( g D ) "I wp

Summing both sides of the above inequality from ¢, to ¢ — 1, we have

- PY 9 I > (¢)(ABL(£))?
;(ﬂ(i)m “Da Z( Z ) ar(- a)ﬂ(;)>
< wy(tz) — wa(t) < wa(ta) < 00,

which contradicts (12). So, the proof is complete. g

Theorem 2 Let (7) hold. Assume that there exists a positive sequence y such that, for all

sufficiently large t,
. — r(1-o) < 9(u) a(s)ﬁ(su)mms))z
,‘LTOS“P_Z<V(5)”’(S) T D 2 ey &) (14)

If there exist positive sequences B, A such that (11) and (12) hold, then Eq. (1) is oscillatory.

Proof Suppose to the contrary that x(¢) is a non-oscillatory solution of (1). Then, without
loss of generality, we may assume that there is a solution x(¢) of Eq. (1) such that x(¢) > 0 on
[£0, 00) where ¢y is sufficiently large. From Lemma 3, x(¢) satisfies Case 1 or Case 2. Firstly,
let Case 1 hold. Then we define the following function:

c(t) Ala() A(r(6) A"x(2)))
r(t) A%x(t) ’

n(t) =y(2)

For t € [tg, 00), we have

Ar( = Ay ™Y L L A(C(t)A(a(t)A(r(t)A"‘x(t)))>

y(t+1) r(t) A*x(t)
B w(t+1) q(t)G(t)
= A0 YO DA D)
0 C(t)A(d(t)A(V(t)A"‘x(t)))A(V(t)A“x(t))'

r(e) A*x(t)r(t + 1) A%x(t + 1)

From Lemma 4, we obtain

t-1 1
A(r(t)A%x()) = % ) A(a(t)A(r(t) A%x(1))),
r(t+ 1)A%x(t + 1) - D+ 1)
- r(t) A%x(t) - v
B () - r(t+1)A%(t + 1)
D(E+1) — r(t) A%x(t)

’
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or
r(t+1)9(t) - AG(t)
r@9(E+1) — AG(E+1)
and
G(t) _I'l-a) Gt) AG(®)
r(t+1)A%x(E+1)  r(t+1) AG®E) AG(t+1)
_ra-qo (@i&) r(t+1)9(2)
T or(+1) \ 9(0) purs r(s) | r()9 (¢ +1)
T(l-a) a0
T 9@+ 1) Zt —)
Hence,

Am(t) < AV+(t)n(t+ D t)q F(l o) Z 2 (s)

S R TS = 7(s)
7 (2 () ity dty 72(e + 1)

T
O+l alt) yAe+ 1)

ZS !1 c(s) )1/271 (t+1)
a(t

In Lemma 1, choosing A =2, A = (V t+1 %(%)U2

,and B
) Oy YL to s

Ay, (t), we obtain
F-o) ¢~ 96)  ad(+ DAy )

Am(t) < —y(t)q(?) PerD 2270 " aporyl 1

Summing both sides of the above inequality from 3 to ¢ — 1, we have

- F(1-a) < 0 (w) a(S)l‘}(S+1)(AJ/+(S))2
Z(y(sm(s) o) gr(u) OO L

=n(t)-7m(?)

<7m(ty) < 00,

which contradicts (14). And the proof of Case 2 is the same as that of Theorem 1 and hence

is omitted. This completes the proof. d

Theorem 3 Let (7) hold. Assume that there exists a positive sequence y such that, for all

sufficiently large t,

5(s) r(s)p(s)(Ay,(s))? ~
o pz( 5641 " ay e yey o Z;'ioﬁ>_°°' 1

If there exist positive sequences 3, A such that (11) and (12) hold, then Eq. (1) is oscillatory.

Page 10 0of 13
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Proof Suppose to the contrary that x(¢) is a non-oscillatory solution of (1). Then, without
loss of generality, we may assume that there is a solution x(¢) of Eq. (1) such that x(¢) > 0 on
[to, 00), where ¢, is sufficiently large. From Lemma 3, x(¢) satisfies Case 1 or Case 2. Firstly,
let Case 1 hold. Then we define the following function:

c(t)Ala(t) A(r(5) A%x(2)))
G(2)

v(t) =y (t)

For ¢ € [¢y,00), we get

Av(t) = Ay(t)

v(t+1) c(t)Ala(t) A(r(t) A%x(t)))
Y+ 1) “”A< 0 )
B v(t+1) q(t)G(t)
=8O ) Y%
() Aa(®) A1) A*x(£)) AG(H)

GG+ 1)

-y(®)

From Lemma 4, we have

11
AG(H) = % (it)) 3 %) L; (“;)”(S (A (a®A(r(6)A"x(1)))

and

G(2) - 5(¢)
Gt+1) — 8(t+1)

Thus we obtain

D e

Av(t) < A)’Jr(t)ﬁ 5+ 1)

t-1

1 v2(t+1)
V(t)¢(t) Z Z c(s) y2(t+1)

Then, setting A = 2,

v S R 1\ e
i (r(t)qb(t) Zt;‘@ < 5) vy

1 r()¢(t) 12
=§(y(t)zttl ¢(S)Z ] L)) Ay, (t)

using Lemma 1, we obtain

8@, rinet )(AJ/+( t)?

O =TS oy e
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Summing both sides of the above inequality from ¢, to ¢ — 1, we have

t-1
5(s) r(s)p(s)(Ay.(s)) >
(8)q(s) =v(ta) - ()
Z< SR RD S D S VA

< () <00,

which contradicts (15). The proof of Case 2 is the same as that of Theorem 1 and hence is
omitted. This completes the proof. O

3 Applications
Example 1 Consider the following fractional difference equation for ¢ > 2:

t—1+a
A3 (t) + -2< Z (t—s—1) (s)) =0. (16)

s=tp

This corresponds to Eq. (1) with a € (0,1], £y = 2, c(¢) = a(t) = r(¢) = 1, and g(¢) = 2. Then
o) = AMt) =t —t1, 0(t) = Zs tz(s t1), y(t) = B(¢) = t. For k € (0,1), it can be written
kt < §(t) <t K2£2/2 <9 () < 122, K313 < Y7, KPs* < £33 So,

. ra- Ol)J/(S)qS) B () ¢(u) _c(s)(Ays(s)?
t1—1>nolo supZ( d(s+1) Z Z dy(s) )

rl-awks* 1
> I_I,IEOSUPZ(W @) =

s=t3

and
t-1 o] e8]
| BOME) S 1 HENAB. )
tli‘?osup;( A(¢ + Dal0) Z;(% ;"(”) “ara —a)ﬁ(§)>

t-1 2 x [ >
. ¢ - .
ztlilgosup;<(g+l)z<z1/2 _m)

Thus, (16) is oscillatory from Theorem 1.

Acknowledgements
The author is grateful to the scholars who provided the literature sources.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Competing interests
The author declares that they have no competing interests.

Authors’ contributions
HA contributed to the work totally, and he read and approved the final version of the manuscript.



Adiguzel Advances in Difference Equations (2018) 2018:445

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Received: 2 October 2018 Accepted: 26 November 2018 Published online: 04 December 2018

References

1.
2.

3.
. Ogrekgi, S, Misir, A, Tiryaki, A.: On the oscillation of a second-order nonlinear differential equations with damping.

19.
20.

21.
22.

23.
24.

25.
26.
27.
28.
29.
30.
31

32.
33

Diethelm, K:: The Analysis of Fractional Differential Equations. Springer, Berlin (2010)

Kilbas, A, Srivastava, H., Trujillo, J.: Theory and Applications of Fractional Differential Equations. Elsevier, Amsterdam
(2006)

Ogrekci, S.: Interval oscillation criteria for second-order functional differential equations. SIGMA 36(2), 351-359 (2018)

Miskolc Math. Notes 18(1), 365-378 (2017)

. Ogrekgi, S.: New interval oscillation criteria for second-order functional differential equations with nonlinear

damping. Open Math. 13(1), 239-246 (2015)

. Sadhasivam, V., Kavitha, J,, Nagajothi, N.: Oscillation of neutral fractional order partial differential equations with

damping term. Int. J. Pure Appl. Math. 115(9), 47-64 (2017)
Hasil, P, Vesely, M.: Oscillation and non-oscillation criteria for linear and half-linear difference equations. J. Math. Anal.
Appl. 452(1), 401-428 (2017)

. Hasil, P, Vesely, M.: Oscillation constants for half-linear difference equations with coefficients having mean values.

Adv. Differ. Equ. 2015, 210 (2015)

. Sugie, J, Tanaka, M.: Nonoscillation theorems for second-order linear difference equations via the Riccati-type

transformation. Proc. Am. Math. Soc. 145(5), 2059-2073 (2017)
Zhang, C, Agarwal, RP, Bohner, M, Li, T.: Oscillation of fourth-order delay dynamic equations. Sci. China Math. 58(1),
143-160 (2015)

. Grace, SR, Agarwal, R.P, Sae-Jie, W.: Monotone and oscillatory behavior of certain fourth order nonlinear dynamic

equations. Dyn. Syst. Appl. 19(1), 25-32 (2010)

. Grace, SR, Bohner, M,, Sun, S.: Oscillation of fourth-order dynamic equations. Hacet. J. Math. Stat. 39, 545-553 (2010)
. Grace, SR, Argawal, RP, Pinelas, S.: On the oscillation of fourth order superlinear dynamic equations on time scales.

Dyn. Syst. Appl. 20, 45-54 (2011)

. Li, T, Thandapani, E, Tang, S.: Oscillation theorems for fourth-order delay dynamic equations on time scales. Bull.

Math. Anal. Appl. 3,190-199 (2011)

. Liu, T, Zheng, B, Meng, F.: Oscillation on a class of differential equations of fractional order. Math. Probl. Eng. 2013,

Article ID 830836 (2013)
Qin, H., Zheng, B.: Oscillation of a class of fractional differential equations with damping term. Sci. World J. 2013,
Article ID 685621 (2013)

. Ogrekci, S.: Interval oscillation criteria for functional differential equations of fractional order. Adv. Differ. Equ. 2015, 3

(2015)

. Muthulakshmi, V,, Pavithra, S.: Interval oscillation criteria for forced fractional differential equations with mixed

nonlinearities. Glob. J. Pure Appl. Math. 13(9), 6343-6353 (2017)

Chen, D-X.: Oscillation criteria of fractional differential equations. Adv. Differ. Equ. 2012, 33 (2012)

Zheng, B.: Oscillation for a class of nonlinear fractional differential equations with damping term. J. Adv. Math. Stud.
6(1),107-115 (2013)

Xu, R.: Oscillation criteria for nonlinear fractional differential equations. J. Appl. Math. 2013, Article ID 971357 (2013)
Secer, A, Adiguzel, H.: Oscillation of solutions for a class of nonlinear fractional difference equations. J. Nonlinear Sci.
Appl. 9(11), 5862-5869 (2016)

Abdalla, B.: On the oscillation of g-fractional difference equations. Adv. Differ. Equ. 2017, 254 (2017)

Abdalla, B, Abodayeh, K., Abdeljawad, T. Alzabut, J.: New oscillation criteria for forced nonlinear fractional difference
equations. Vietnam J. Math. 45(4), 609-618 (2017)

Alzabut, J.O, Abdeljawad, T.: Sufficient conditions for the oscillation of nonlinear fractional difference equations.

J. Fract. Calc. Appl. 5(1), 177-187 (2014)

Bai, Z, Xu, R.: The asymptotic behavior of solutions for a class of nonlinear fractional difference equations with
damping term. Discrete Dyn. Nat. Soc. 2018, Article ID 5232147 (2018)

Chatzarakis, G.E., Gokulraj, P, Kalaimani, T, Sadhasivam, V.: Oscillatory solutions of nonlinear fractional difference
equations. Int. J. Differ. Equ. 13(1), 19-31 (2018)

Sagayaraj, MR, Selvam, A.G.M,, Loganathan, M.P: On the oscillation of nonlinear fractional difference equations.
Math. Aterna 4, 220-224 (2014)

Selvam, A.G.M,, Sagayaraj, M.R,, Loganathan, M.P: Oscillatory behavior of a class of fractional difference equations
with damping. Int. J. Appl. Math. Res. 3(3), 220-224 (2014)

Li, W.N.: Oscillation results for certain forced fractional difference equations with damping term. Adv. Differ. Equ.
2016, 70 (2016)

Sagayaraj, MR, Selvam, A.G.M,, Loganathan, M.P: Oscillation criteria for a class of discrete nonlinear fractional
equations. Bull. Soc. Math. Serv. Stand. 3(1), 27-35 (2014)

Atici, FM,, Eloe, PW.: Initial value problems in discrete fractional calculus. Proc. Am. Math. Soc. 137(3), 981-989 (2008)
Hardy, G.H, Littlewood, J.E, Polya, G.: Inequalities. Cambridge University Press, Cambridge (1988)

Page 13 0f 13



	Oscillatory behavior of solutions of certain fractional difference equations
	Abstract
	Keywords

	Introduction and preliminaries
	Main results
	Applications
	Acknowledgements
	Funding
	Availability of data and materials
	Competing interests
	Authors' contributions
	Publisher's Note
	References


