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Abstract. This paper aims to explore the existence results of a certain type of Caputo
fractional g-difference equations in Banach spaces. To achieve this goal, we employ a
fixed point theorem that relies on the concept of measure of noncompactness and the
convex-power condensing operator. We give an illustrative example in the last section.
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1 Introduction

Fractional differential equations have recently been applied in various areas of engineering,
mathematics, physics, and other applied sciences. For more details on the applications of
fractional calculus, the reader is directed to the books of Herrmann [18], Hilfer [19] and
Tarasov [32]. For some fundamental results in the theory of fractional calculus and fractional
differential equations we refer the reader to the monographs of Abbas et al. [1-3], Kilbas et
al. [21], Samko et al. [31], and Zhou et al. [33].

The measure of noncompactness is a fundamental tool used in the theory of nonlinear
analysis. This concept was first introduced by Alvarez in his pioneering article [8], and later
further developed by Ménch [24], Banas and Goebel [10], and other researchers in the litera-
ture. The measure of noncompactness finds applications in various fields of applied mathe-
matics, such as the theory of differential equations [5,25]. In [14,26,30], Salim et al. applied
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the notion of measure of noncompactness to examine differential equations in Banach spaces.

In [22], the authors investigated the existence and Ulam-Hyers-Rassias stability of random
solutions to the following random implicit fractional g-difference equation:

(“D5a) (9,0) = p(9,a(9,6), (‘D5a)(8,6),8); 8 € ©:=[0,x], s € ¥,

x(0,6) = ap(6); 6 €Y,

where g € (0,1), ¢ € (0,1], « > 0, (¥,.A) is a measurable space, &y : ¥ — R is a mea-
surable function, ¥ : ® x RZ x ¥ — R is a given function, and CDg is the Caputo frac-
tional g-difference derivative of order {. The outcomes are given by the implementation of
the fixed point theory, including Itoh’s random fixed point theorem, the nonlinear alterna-
tive of Schaefer’s type demonstrated by Dhage, and another random fixed point theorem
of Dhage, specifically applied in Banach algebras. Furthermore, additional insights regard-
ing the extremal and random extremal solutions are established based on the Carathéodory
conditions and certain forms of monotonicity. The general theory of linear g-difference equa-
tions is investigated in the works of Adams [4] and Carmichael [13]. Meanwhile, Ahmad et
al. conducted a study on several existence results for various types of nonlinear fractional
g-difference equations in [6,7,16]. In [11], Boutiara et Benbachir studied some existence and
uniqueness results to a fractional g-difference coupled system with integral boundary con-
ditions via topological degree theory. The positive solutions of g-difference equations were
examined by El-Shahed and Hassan [15]. Finally, the authors of [29] delved into the topolog-
ical structure of solution sets for fractional g-difference inclusions, using Filippov’s theorem.

In this paper, we consider the following fractional g-difference equation
(“DFE)(B) = 9(8,8(8)); ¥ € ©:= [0, ], (1.1)
with the initial condition

§0)=¢oer, (1.2)

where g € (0,1), @ € (0,1], » >0, p : ©® X F — F is a given continuous function, f is a
real (or complex) Banach space with norm || - [|, and “Df is the Caputo fractional g-difference
derivative of order .

The present article has been organized as follows: In Section 2, some basic definitions and
lemmas related to fractional calculus are recalled. In Section 3, by means of the fixed point
theory combined with the concept of measure of noncompactness and the convex-power
condensing operator, the existence of solutions for the problem (1.1)-(1.2) are obtained. At
the end, we give an example to illustrate our main findings.

2 Preliminaries

Let C(©) :=C(O,F) ={p: 0 — F, p continuous} be the Banach space with norm

18]l := sup [|E(D)]],
9cO
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L}(®) denotes the space of measurable functions x : ® — F which are Bochner integrable
with the norm

Ixlla =/®||x(t)]|dt.

For w € R, we set

The g-analogue of the power (w — @)" is
(w—-@)9 =1, (w-0)" =TT""}Hw - ©¢"); v,® €R, n € N.

w — @gF

); w,®,m e R.

Definition 2.1. [20] We define the g-gamma function by

1—q)
(1—g) 1’

Definition 2.2. [20] We define the g-beta function by

T,(9) = $eR—{0,-1,-2,...}

Bulo,9) = [ (1-0)s Vor a0

Notice that
ERYICAYIC)

Tl +e)

Definition 2.3. [20] Let ¢ : © — [ a function. We define the g-derivative of order n € IN of
¢ by (D92)(8) = ¢(9),

Iy(1+8) = [8]44(8), and B4(¢, )

®,0)(0) = (30)0) = S =E00, 5 20, (9,0(0) = lim(2,2)(0),

and
(D58)(8) = (949;7'6)(9); €O, ne{1,2,...}.
Set @y := {9q" : n € N} U {0}.
Definition 2.4. [20] Let ¢ : ®y — F a function. We define the g-integral of ¢ by

(58)(8) = [ €(5)dys = Y- 00— a)q"e(6q")
n=0
(D41,8)(8) = &(¥), while if § is continuous at 0, then
(I1D48)(8) = ¢(8) — £(0).

Let ¢ : © — [ a function and @ € R} := [0, o).
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Definition 2.5. [5] We define the Riemann-Liouville fractional g-integral of order @ of a
function ¢ by (13@')(19) = ¢(9), and

— gs)(@-1)
e o) = [ O e 0 c e

g(@)

Lemma 2.6. [27] For A € (—1,00):

r,(A+1)
@9 () _ q _ (A+cD) <
(Iq(19 a)™M)(9) F(A+w+1)<ﬁ a) 0<a<?®< oz
Fora=AX=0: .
@ S ()
(Iql)(ﬂ) I},(l%—a))l9 '

Definition 2.7. [28] We define the Riemann-Liouville fractional g-derivative of order @ of a
function ¢ by (@2@)(19) = ¢(9), and

(@76)(8) = (7" 72)(8); B € ©,
where [@] is the integer part of @.

Definition 2.8. [28] We define the Caputo fractional g-derivative of order @ of a function ¢
by (“D7¢)(¢) = £(8), and

(CD2¢)(8) = (I °D%e) (8); ¢ € ©.
Lemma 2.9. [28] Let @ € Ry.
-1 4k

(1 “DFO) =8(0) = ¥ 15 (DR

In particular, if @ € (0,1), then
(Iy “DFE)(9) = £(8) — £(0).
Lemma 2.10. (1.1)-(1.2) is equivalent to the integral equation
¢(8) =G+ (I79) (9).
Mx denote the class of all bounded subsets of a metric space X.

Definition 2.11. [10] Let X be a complete metric space and ¢ : Mx — R4 a map. ¢ is called
a measure of noncompactness on X if, for all k, ki, k, € Mx,

(a) Regularity: o(k) = 0 if and only if k is precompact,
(b) Invariance under closure: o(k) = o(k),

(c) Semi-additivity: o(k; Uk,) = max{e(ks), o(kz)}.
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Definition 2.12. [10] Let / be a Banach space and (), be the family of bounded subsets of
[ . The Kuratowski measure of noncompactness is the map ¢ : Oy — R defined by

0(%) =inf{e > 0: T C UL, T, diam(T;) < e},

where T € ().
Properties. The map ¢ satisfies:

(1) 0(%T) =0 & T is compact (T is relatively compact).

2) o(T) = o(%).

(3) T1 C % = 0(%1) < 0(%).

(4) o(T1+%2) < o(%1) +0(T2)-

(5) 0(AT) = [Ae(T), A € R.

(6) o(conv ) = o(F).

Lemma 2.13. [9] Let k C C(®) be bounded and equicontinuous. Then o(k(9)) is continuous on @
and oc (k) = maxgep 0(k(9)).

Lemma 2.14. [9] Let k C F be bounded. Then for each € > 0, there exists a sequence {{, }n>1 C k
such that

o(k) <20({Cn}n>1) +e

Definition 2.15. A subset k C L!(®) is uniformly integrable if there exists ¥ € L!(®) such
that
¢(9) <y(9); forall ¢ € kand a.e. ¥ € O.

Lemma 2.16. [17] Let {Gu}n>1 C Ll(F ) be an uniformly integrable, then the function ¥
0({&n}n>1) is measurable, and

@({A§Q$NBL2)t§24§d&%@ﬂmnﬁ&

We denote by co, the closure of convex hull.

Definition 2.17. Let X be a real Banach space. An operator X : X — X is a convex-power
condensing about ¢y and no, if N is a continuous and bounded operator, and there exist
¢o € X and a positive integer ng such that for any bounded and nonprecompact subset
SCX,

o(RU™E(S)) < o(S),

where
NI£)(5) = R(S), RO (S) = RN (S)}); n=2,3,- -

Theorem 2.18. [23] Let X be a real Banach space and k C X be a bounded, closed and convex set in
X. If there exist ¢y € k and a positive integer ng such that X : k — k be a convex-power condensing
operator about Co and no, then the operator R has at least one fixed point in k.
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3 Main results

Definition 3.1. By a solution of the problem (1.1)-(1.2) we mean a continuous function ¢ that
satisfies the equation (1.1) on © and the initial condition (1.2).
Assumptions:

(Hy) The function ¢ — @(8,¢) is measurable on © for each ¢ € F, and the function ¢
©(8,¢, x) is continuous on F for a.e. ¥ € ©.

(Hz) There exists p € C(©,Ry), such that
o8, O < A+ |E)p(8); forae O €O, andeach & € [,

and for some positive integer v, we have

. (Ty(1+v@))”
Pt = xgp(ﬂ) < Le

(H3) For each bounded set k C F and for each ¢ € ®, we have
o(p(8,k)) < p(d)e(k).

Theorem 3.2. Assume (Hy) — (H3) hold. If

p*%(ﬂ
b= —— <1, 3.1
I(@+1) 3-1)

then the problem (1.1)-(1.2) admits at least one solution defined on ©.

Proof. Consider the operator & : C(©) — C(@) defined by

(BE)(9) = & + / G "S p(s,éj(s))dqs; deo. (3.2)

o ol + ¢
ol +
R> 1—¢ 7
and Vg := {w € C(O) : |w]|e < R}.
For any ¢ € C(©) and each ¢ € ©, we have

@)

—gs)@=1)
< oo+ [ EEEL 0+ 16) s

_ (@0-1)
IED®) < &l + /Owrj?rrm&a(s»udqs

8 (9 — (0-1)
< el +pem) [T
prx?(R+1)
< ||§0H+W
= |IGoll +4(R+1)
< R.
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Thus
I1Z2()llo < R. (3.3)

Then E(VR) C Vk.
Step 1. & : Vg — Vg is continuous.
Let {¢ }nen be a sequence such that &, — ¢ in V. Then, for each ¢ € ©, we have

_ (@-1)
I(BE0(8) — (BE) (@) < /0‘9%um(s,cn(s))—p(s,as))ndqs-

Since ¢, — ¢ as n — oo, then from Lebesgue’s dominated convergence theorem we get
IE2(¢n) —E(&)|l0 — 0 as n — oo.

Step 2. E(VR) is bounded and equicontinuous.
Since E(VR) C Vg and Vy is bounded, then E(VR) is bounded.
Next, let 91,9, € O, % < ¥ and let ¢ € V. Thus, we have

1(2¢)(82) = (E&) ()|

i _aey(@-1) ) — gs)(@-1)
[ et = [ TR ot 2]

Hence, we get

_ _ 43 ( )
1(E¢)(82) — (EZ) (%)l S/&l WP(S)UJFHC(S)H)%S
(

i [ | Y (B—g9) Y
0

p(s)(L+ 115 (s)l)dys

I(@) Fq(w)
) — (@0-1)
< p*(1+R) /: (%2 qu(iz))) dgs
) 0l (92 —gs) @V (8 —gs) @Y
TR /0 qu(w) e N

As 91 — 1, the right-hand side of the above inequality tends to zero.

Step 3. £ : c0E(VR) — c0E(VR) is a convex-power condensing operator.
Set () = c0E(VR). Let x € Q). We will prove that there exists a positive integer 1y such that
for any bounded and nonprecompact subset k C (),

0c(N™ (k) < gc(k).

Foranyk C ), and xy € k, N (”'X)(]k) C Vg is equicontinuous. Therefore, from Lemma 2.13
we have

0c (N (1)) = max o(NU) (k) (8)); n = 1,2, 64)

Let € > 0. By Lemma 2.14, there exists a sequence {{, },>1 C k such that

o EM(K)() = e(E(k)(9))
[

W@(S,{gn(s)}nzl)dqs} e

AN
N
o)
S—
—~
<
=
|
»
SN—
S)
=
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Now, by Lemma 2.16, and (H3) we have

o(E0Y (k) (9))

IN

—g)(@-1)
4{/019 %Q(@(s,{én(s)}nzl))%s} te

IN

_gy@-1)
4 { [ %e({w)}@)dqs} +e

_ )@
4p*oc (k) {/0‘9 %dqs} te

4p*9°

IN

IN

Since the last inequality is true for every € > 0, we infer that

oV W)(8)) < £y el

Again by using Lemma 2.14, for any € > 0, there exists a sequence {wy },>1 C co{E1 (k)}
such that

o(E*V(K)(8)) = o(E(co{EM (K)})(9))
4

(s, {wn(s) }n>1)dqs} +e€

IN
N

VAN
=
—_—~
S—
>
=
=
T
-
—~
5L =
\-/8
=

— = —a(p(s, {wn(S)}n>1))qu} +e€

VA
.

=
*

—3 (@0-1)

/Ol9 %Q({w”(s)}nzﬂdqs} + €
—g)@-1)
—g)@-1)

U

. 4p 0 (0q — S)(cofl)sw
(1+w)QC(k){/o Iy(@) dqs}+€

(4p*)2 0 (9g — S)(w—l)sw
rq(1+w)QC(k) {/0 T, (@) dqs} te

(VAN

I

=

*
—N— ——
S—

(VAN
.

(VAN
.
=
!
-

VAN
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On the other hand, we have

/19 (ﬁq_s)(w—l)swd . (ﬂq)Zw /19 <1 B S)(wl) (S)wdqs
0 Iy(@) 7 Ty(@) Jo 9 %) oq

< e /1(1 — x)@Dx®q x
- (@) Jo 7
192@ ( . )
= —B(@o1+@
rq(w)ﬁq

8@ Ty(@)Ty(1+ @)
I(@) Ty(1420)
920 I,(1+w)

I,(1+2w)

Hence, we obtain

IN

(4p")? S T,(1+ @)
5,0+ ) {’92 T, (1 +20) } e
(417*)2192@
I,(1+2w)

0(E* (k) (9))

VAN

Qc(k) + €.

As the last inequality is true for every € > 0, we get

419*)2192@

o= ()(8)) < LT sac(k).

Repeating the process for n = 3,4,-- -, for each ¢ € ©, we can shown by mathematical
induction that

oc (k). (3.5)

By induction, suppose that (3.5) holds for some n and check (3.5) for n + 1.
By using Lemma 2.14, for any € > 0, there exists a sequence {y,},>1 C co{E"¥) (k)} such
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that

o(ET(K)(8) = e(E(co{E™Y (K)})(9))

_ o)(@-1)

< 2@{/0"%p(s,{yn(s)}nzl)dqs}Jre
— ¢)(@-1)

< 4{/019 wqrq(sc)o)Q(p(S,{yn(s)}n>l))dqs}+€

_ o\(@-1)
ﬂ %e({ynwmms} +e

¢ (99 —s) @V
Ih(@)

S—
1S}
_

INA
S

=
*

A

=

=

*
—N— ——
S—

Q(C‘O{y(””‘)(k)}(S))qu} +e

¢ _ o)(@w—1)
< 4y {/0 (ﬁqrq(sz,) Q(y(”"‘)(k)(s))dqs} +e
. (4p*)n 9 (l9q _ S)((D—l)snw
< 4p Fq(l—l—no’)){/o r,(@) dqs}—l-e
*\1 (n+1)@
< (4p7)" ot oc(k) +e.

I,1+(n+1)w)
Thus, as the last inequality is true for every € > 0, we get

(4p*>n+119(n+1)w
T,(1+ (n+ 1oy 2 (k)

o(EMTY (k) (8)) <

From (3.4), we get

ae(E" (1) = maxa(="(1)(6)) < LEI S 0c k)

Since
(4p*)n%nw B (4p*)n%n@
T, (1+no) (g —0as n— oo,
1 [”w]q (1—gq)ne-1

then, there exists a positive integer ng = v, such that

(4p*)n0%710(0

Hence, for any bounded and nonprecompact subset k C (), we have
0c (™M (k) < gc(k).

Therefore, Z : () — () is a convex-power condensing operator. Theorem 2.18 implies that &
has a fixed point which is a solution of problem (1.1)-(1.2).
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4 Example

Let the Banach space

"= {(j: (51162/"'1671/"') : i ’én‘ < OO}

n=1

under the norm

1€l = ;|€n|'

Consider the problem

; (4.1)

where
87 (27" + ,(9)) sind
n(9,6) = ; 9e(0,1],
onto:6) 64L(1+ [|E]l + v8) (1 + [1E]ln) (0.1
on(0,8) =0,
with
1
L> 8].—%(%)’ = (pllpbw-/@n,...), ﬂl’ldé = (Clz§2w~~/§n/~~~)~

For each ¢ € (0, 1], we have

lo(8,E®)lln = i [0 (5,u(5))

87 | sin 8|

(1 +11¢ln)-
AL+ [IE]ln + V) (L + 1)
Thus, the hypothesis (Hy) is satisfied with
873 | sin 0|
p(ﬁ — T, 19 e (0, 1],
p(0) = 0.
So; we have p* < 64%, and then
p*x” 1 1
= < < <L
Ty(1+@) = 64LTy(1+5) ~ 64

Hence, by Theorem 3.2 the problem (4.1) has at least one solution defined on [0, 1].
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5 Conclusions

In the present research, we have investigated existence criteria for the solutions of Caputo
fractional g-difference equations in Banach spaces. To achieve the desired results for the given
problem, the fixed-point approach was used with the concept of measure of noncompactness
and the convex-power condensing operator. An example is provided to demonstrate how the
major results can be applied. Our results in the given configuration are novel and substan-
tially contribute to the literature on this new field of study. We feel that there are multiple
potential study avenues such as coupled systems, problems with infinite delays, and many
more. We hope that this article will serve as a starting point for such an undertaking.

Declarations

Availability of data and materials

Data sharing not applicable to this paper as no data sets were generated or analyzed during
the current study.

Funding

Not available.

Authors’ contributions

The study was carried out in collaboration of all authors. All authors read and approved the
final manuscript.

Conflict of interest

The authors have no conflicts of interest to declare.

References

[1] S. ABBAS, M. BENCHOHRA, J. R. GRAEF AND ]. HENDERSON, Implicit fractional differential
and integral equations: existence and stability, De Gruyter Series in Nonlinear Analysis and
Applications, Vol. 26, De Gruyter, Berlin, 2018. DOI

[2] S. ABBAS, M. BENCHOHRA, J. E. LAZREG, ]. J. NIETO AND Y. ZHOU, Fractional differential
equations and inclusions: classical and advanced topics, Series on Analysis, Applications and
Computation, Vol. 10, World Scientific, Singapore, 2023. DOI

[3] S. ABBAS, M. BENCHOHRA AND G. M. N'GUEREKATA, Advanced fractional differential and
integral equations, Mathematics research developments series, Nova Science Publishers,
New York, 2015. URL

[4] C. R. Apawms, On the linear ordinary g-difference equation, Annals of Mathematics, Second
Series, 30(1/4) (1928), 195-205. DOI


https://doi.org/10.1515/9783110553819
https://doi.org/10.1142/12993
https://novapublishers.com/shop/advanced-fractional-differential-and-integral-equations/
https://doi.org/10.2307/1968274

Fractional g-difference equations 13

[5] R. AGarwaAL, Certain fractional g-integrals and q-derivatives, Mathematical Proceedings of
the Cambridge Philosophical Society, 66(2) (1969), 365-370. DOI

[6] B. AumAD, Boundary value problem for nonlinear third order q-difference equations, Electronic
Journal of Differential Equations, 2011(94) (2011), 1-7. URL

[7] B. AumaAD, S. K. NTouYas AND L. K. PUrRNARAS, Existence results for nonlocal boundary
value problems of nonlinear fractional q-difference equations, Advances in Difference Equa-
tions, 140(2012) (2012), 1-15. DOI

[8] J. C. ALVAREZ, Measure of noncompactness and fixed points of nonexpansive condensing map-
pings in locally convex spaces, Revista de la Real Academia de Ciencias Exactas, Fisicas y
Naturales, Serie A. Matematicas Madrid, 79(1-2) (1985), 53-66.

[9] J. P. AuBiN, 1. EKELAND, Applied Nonlinear Analysis, John Wiley Sons, New York, 1984.
URL

[10] J. BANAS AND K. GOEBEL, Measures of Noncompactness in Banach Spaces, Lecture Notes in
Pure and Applied Maths, New York-Basel, Marcel Dekker Inc, New York, 1980. URL

[11] A. Boutiara, M. BENBACHIR, Existence and uniqueness results to a fractional q-difference
coupled system with integral boundary conditions via topological degree theory, International
Journal of Nonlinear Analysis and Applications, 13(1) (2022), 3197-3211. DOI

[12] F. BROWDER, On the convergence of successive approximations for nonlinear functional equa-
tions, Indagationes Mathematicae, 30(1) (1968), 27-35. URL

[13] R. D. CARMICHAEL, The general theory of linear g-difference equations, American journal of
mathematics, 34(2) (1912), 147-168. URL

[14] C. DerBazI, H. HAMMOUCHE, A. SALIM AND M. BENCHOHRA, Weak solutions for fractional
Langevin equations involving two fractional orders in banach spaces, Afrika Matematika, 34(1)
(2023), 1. DOI

[15] M. E1-SHAaHED, H. A. HAssaN, Positive solutions of g-difference equation, Proceedings of
the American Mathematical Society, 138(5) (2010), 1733-1738. URL

[16] S. ETemaD, S. K. NTouvas AND B. AHmAD, Existence theory for a fractional g-integro-
difference equation with g-integral boundary conditions of different orders, Mathematics, 7(8)
(2019), 1-15. DOI

[17] H. R. HEINnzZ, On the behavior of measure of noncompactness with respect to differentiation and
integration of vector-valued functions, Nonlinear Analysis: Theory, Methods and Applica-
tions, 7(12) (1983), 1351-1371. DOI

[18] R. HERRMANN, Fractional calculus: An Introduction for Physicists, World Scientific Publish-
ing Company: Singapore, 2011. DOI

[19] R. HiLrer, Applications of Fractional Calculus in Physics, World Scientific: Singapore, 2000.
DOI

[20] V. Kac anD P. CHEUNG, Quantum Calculus, Springer, New York, 2002. DOI


https://doi.org/10.1017/S0305004100045060
https://ejde.math.txstate.edu/Volumes/2011/94/abstr.html
https://doi.org/10.1186/1687-1847-2012-140
https://store.doverpublications.com/0486453243.html
http://math.sci.am/content/measures-noncompactness-banach-spaces
https://doi.org/10.22075/ijnaa.2021.21951.2306
https://core.ac.uk/download/pdf/82612565.pdf
https://www.jstor.org/stable/pdf/2369887.pdf
https://doi.org/10.1007/s13370-022-01035-3
https://www.ams.org/journals/proc/2010-138-05/S0002-9939-09-10185-5/S0002-9939-09-10185-5.pdf
https://doi.org/10.3390/math7080659
https://doi.org/10.1016/0362-546X(83)90006-8
https://doi.org/10.1142/11107 
https://doi.org/10.1142/3779
https://doi.org/10.1007/978-1-4613-0071-7

14 A. Salim, S. Abbas, M. Benchohra and |.E. Lazreg

[21] A. A. KiLas, H. M. Srivastava AND J. J. TrRujiLLo, Theory and Applications of Fractional
Differential Equations, North-Holland Mathematics Studies, , Vol. 204, Elsevier Science
B.V, Amsterdam, 2006. URL

[22] N. LarLeD], A. SaLiM, J-E. LAZREG, S. ABBAS, B. AHMAD AND M. BENCHOHRA, On im-
plicit fractional q-difference equations: Analysis and stability. Mathematical Methods in the
Applied Sciences, 45(17) (2022), 10775-10797. DOI

[23] L. L1y, E Guo, C. Wu anD Y. Wu, Existence theorems of global solutions for nonlinear Volterra
type integral equations in Banach spaces, Journal of Mathematical Analysis and Applica-
tions, 309(2) (2005), 638-649. DOI

[24] H. MONcH, Boundary value problems for nonlinear ordinary differential equations of second or-
der in Banach spaces, Nonlinear Analysis: Theory, Methods and Applications, 4(5) (1980),
985-999. DOI

[25] D. O’'REGAN, Fixed point theory for weakly sequentially continuous mapping, Mathematical
and Computer Modelling, 27(5) (1998), 1-14. DOI

[26] W. Ranou, A. Sariv, J. E. LAzZREG AND M. BENCHOHRA, Existence and stability results
for impulsive implicit fractional differential equations with delay and Riesz—Caputo derivative,
Mediterranean Journal of Mathematics, 20(3) (2023), 143. DOI

[27] P. M. Rajkovic, S. D. MARINKOVIC AND M-S. STaNKoVIC, Fractional integrals and deriva-
tives in g-calculus, Applicable analysis and discrete mathematics,1(1) (2007), 311-323,
University of Belgrade, Serbia. URL

[28] P. M. Rajkovic, S. D. MARINKOVIC AND M. S. StaNKovIC, On g-analogues of Caputo deriva-
tive and Mittag-Leffler function, Fractional calculus and applied analysis, 10(4) (2007),
359-373. URL

[29] A. SaLmm, S. ABBas, M. BENCHOHRA AND E. KARAPINAR, A Filippov’s theorem and topo-
logical structure of solution sets for fractional q-difference inclusions, Dynamic Systems and
Applications, 31 (2022), 17-34. DOI

[30] A. SALiM AND M. BENCHOHRA, Existence and uniqueness results for generalized Caputo it-
erative fractional boundary value problems, Fractional Differential Calculus, 12(1) (2022),
197-208. DOI

[31] S. G. Samko, A. A. KiLBas aND O. I. MARICHEV, Fractional Integrals and Derivatives:
Theory and Applications, Gordon and Breach, Amsterdam, 1987. URL

[32] V. E. Tarasov, Fractional Dynamics: Application of Fractional Calculus to Dynamics of Parti-
cles, Fields and Media, Springer, Heidelberg; Higher Education Press, Beijing, 2010. URL

[33] Y. Znov, J. R. WANG AND L. ZHANG, Basic Theory of Fractional Differential Equations, Sec-
ond edition. World Scientific Publishing Co. Pte. Ltd, Hackensack, NJ, 2017. DOI


https://www.elsevier.com/books/theory-and-applications-of-fractional-differential-equations/kilbas/978-0-444-51832-3
 https://doi.org/10.1002/mma.8417
https://doi.org/10.1016/j.jmaa.2004.10.069
https://doi.org/10.1016/0362-546X(80)90010-3
https://doi.org/10.1016/S0895-7177(98)00014-4
https://doi.org/10.1007/s00009-023-02356-8
https://www.jstor.org/stable/43666058
http://eudml.org/doc/11332
https://doi.org/10.46719/dsa202231.01.02
http://dx.doi.org/10.7153/fdc-2022-12-12
https://www.scinapse.io/papers/1530054495
https://link.springer.com/book/10.1007/978-3-642-14003-7#about-this-book
https://doi.org/10.1142/10238

	Introduction
	Preliminaries
	Main results
	Example
	Conclusions

