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Abstract: This paper deals with some existence and Ulam stability results for Caputo-Fabrizio type fractional differential inclusions with
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Ulam-Hyers-Rassias stability. Next we present two examples in the last section.
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1. Introduction

Fractional order differential equations have recently been
applied in various areas of engineering, mathematics,
physics and bio-engineering, and other applied sciences
[32].
fractional calculus and fractional differential equations we
refer the reader to the monographs [2,4, 5,20, 34, 35], and
the references therein.

For some fundamental results in the theory of

The stability of functional equations was originally raised
by Ulam [33]) and then followed by Hyers [17]. In 1978,
Rassias [25] provided a remarkable generalization of the
Ulam-Hyers stability of mappings by considering variables.
The concept of stability for a functional equation arises
when we replace the functional equation by an inequality
which acts as a perturbation of the equation. Considerable
attention has been given to the study of the Ulam-Hyers
and Ulam-Hyers-Rassias stability for all kinds of functional
equations; one can see the monographs of [2,5, 18], and the
papers [7, 8, 24,26,27] discussed the Ulam-Hyers stability
for operatorial equations and inclusions. More details from
historical points of view and recent developments of such

stabilities are reported in [19,26].

Recently, considerable attention has been given to the
existence of solutions of initial and boundary value problems
for fractional differential equations with Caputo-Fabrizio
derivative; see [1,3,6,9-11, 14,15,21,22,28-31].

Motivated by the above papers, in this article we discuss
the existence and the Ulam stability of solutions for the
following problem of Random Caputo-Fabrizio fractional
differential inclusions

(CFDyu) (1, w) € F(t,ut,w),w), t € 1:=[0,T], we Q,

u(t, wli=o = ¢(w),

(1.1)
where T > 0, ““Df is the Caputo-Fabrizio fractional
derivative of order r € (0, 1), (Q2, A) is a measurable space
(that is, € is a set with a o-algebra (A of subsets of Q called
the measurable sets), ¢ : Q — R is a measurable, bounded
function, F : I xR x Q — P(R) is a given multivalued map,

P(R) is the family of all nonempty subsets of R.
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2. Preliminaries

Let C be the Banach space of all continuous functions v

from [ into R with the supremum (uniform) norm

IVlic := sup ().
tel
As usual, L'(I) denotes the space of measurable functions

v : I — R which are Lebesgue integrable with the norm

Vil = f;'v(t)ldt'

Let L*(/) be the Banach space of measurable functions u :
I — R which are essentially bounded, equipped with the

norm
[ll|f» = inf{c > 0 : u(®)| <c, a.e.t€1}.

Definition 2.1. Ler P(Y) be the family of all nonempty
subsets of Y C R and C be a mapping from Q into P(Y).
A mapping T : {(w,u) : w C Qy Cc Cw)} — Y is
called a random operator with stochastic domain C if C
is measurable (i.e for all closed A C Y, {w c Q,C(w) N
A # 0} is measurable) and for all open D C Y and all
ucY{wcQ:ucCw),Tw,u) C D}is measurable. T
will be called continuous if every T(w) is continuous. For
Q — Y is called
a random (stochastic) fixed point of T if for P-almost all
w C Q,u(w) C C(w) and T(w)u(w) = u(w) and for all open
D c Y, {wcQ:ulw) C D} is measurable.

a random operator T, a mapping u :

For each u € C and w € Q, define the set of selections of
F by

SrouW)={v:Q — Ll(I) cv(t,w) € F(t,u(t,w),w); t € I}.

Let (E,|| - ||) be a Banach space, and denote P, (E) = {A €
P(E) : A closed}, Ppy(E) = {A € P(E) : A bounded},
P, (E) ={A € P(E) : A compact and convex}.

Consider H; : P(E) X P(E) — [0, 00) U {0} given by

H,(A, B) = max {sup d(a, B),supd(A, b)} ,
acA beB

where d(A, b) = inf e d(a, b), d(a, B) = infpep d(a, b). Then
(Praci(E), Hy) is a Hausdorff metric space.
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Definition 2.2. A multifunction F : Q — E is called A-
measurable if. for any open subset B of E, the set F~1(B) =
(weQ: Fw)n B # 0} € A. Note that if F(w) € P.(E) for
all w € Q, then F is measurable if and only if F"'(D) € A
Q — Eis
called a measurable selector for a measurable multifunction
F:Q — E,ifuw) € Fw). Let M € P.(E), then a mapping
f QXM — E is called a random operator if, for each

for all D € P, (E). A measurable operator u :

u € M, the mapping f(.,u) : Q — E is measurable. An
operator u : Q — E is said to be a random fixed point of F

if u is measurable and u(w) € F(w,u(w)) for all w € Q.

Definition 2.3. A multifunction F : QX E — P(E) is said to
be Carathéodory, if F(-,u) is measurable for all u € E and

F(w, ) is continuous for all w € Q.

Definition 2.4. A multivalued map F : I X E X Q — P.,(E)

is said to be random Carathéodory if

(i) (t,w) —> F(t,u,w) is jointly measurable for each u €
E; and

(ii) u v— F(t,u,w) is Hausdorff continuous for almost all
tel, we Q.

Definition 2.5. [I16] Let E be a Banach space. If F :
I X E — P(E) is Carathéodory, then the multivalued
mapping, (t,u(t)) — F(t,u(t)), is jointly measurable for any

measurable E-valued function u on I.

Definition 2.6. A multivalued random operator N : QXE —
Pu(E) is called multivalued random contraction if there is a

measurable function k : Q — [0, 00) such that
Hy(Nw)u, N(w)v) < k(w)llu = vllg,

forall u,v € E andw € Q, where k(w) € [0, 1) on Q.

Let us recall some definitions and properties of Caputo-

Fabrizio fractional operators.

Definition 2.7. [11, 22] The Caputo-Fabrizio fractional
integral of order 0 < r < 1 for a function w € L'(I) is
defined, for T > 0, by

2(1-r) 2r v
mrne-n""" uoe-n fo wxdx.

where M(r) is a normalization constant depending on 7.

Frw(r) =
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Definition 2.8. [11, 22] The Caputo-Fabrizio fractional
derivative for a function w € C'(I) of order 0 < r < 1,
is defined, for T € I, by

CF rr _2-rM(r) fT T B ,
D'w(r) = 0.0 Js eXp( - r(T x))w (x)dx.

Note that (FD")(w) = O if and only if w is a constant

function.

Example 2.9. []]]
1- For h(t) = tand 0 < r < 1, we have

LT

“"D'h)@) =

=

2-Forg(t)=eY, 1>0and0 < r < 1, we have

%em(l - exp(—/l -1 irt)).

Lemma 2.10. [/0] A function u is a random solution of

“FDg)(r) =

problem (1.1) if and only if u satisfies the following integral
equation

u(t,w) = C(w) + a,v(t,w) + b, f v(s, w)ds 2.1)
0

where v € S po,(W), and
Cw) = ¢p(w) — a,v(0, w).

Now, we consider the Ulam stability for the problem (1.1).
Lete >0and ® : I X Q — [0, o) be a continuous function.

We consider the following inequalities
Hy((F Dhu)(t, w), F(t,u(t,w),w)) < € tel, we Q. (2.2)

Hd((CFD(’)u)(t, w), F(t,u(t,w),w)) < O, w); tel, we Q.
(2.3)

Hy((CF DLu)(t, w), F(t, u(t, w), w)) < ed(t,w); t €I, we Q.
(2.4)

Definition 2.11. [4,26] The problem (1.1) is Ulam-Hyers
stable if there exists a real number cp > 0 such that for each
Q — C, of the
inequality (2.2) there exists a random solution v : Q — C,
of (1.1) with

€ > 0 and for each random solution u :

lu(t,w) —v(t,w)| < ecp; t€l, we Q.
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Definition 2.12. [4,26] The problem (1.1) is generalized
Ulam-Hyers stable if there exists cp € C([0, ), [0, 00)) with
cr(0) = 0 such that for each € > 0 and for each random
Q — C, of the inequality (2.2) there exists a
random solution v : Q — C,, of (1.1) with

solution u :

lu(t, w) — v(t,w)| < cp(e); tel, we Q.

Definition 2.13. [4,26] The problem (1.1) is Ulam-Hyers-
Rassias stable with respect to @ if there exists a real number
cro > 0 such that for each € > 0 and for each random
solution u : Q — C, of the inequality (2.4) there exists a

random solution v : Q — C, of (1.1) with
lu(t, w) —v(t,w)| < ecra®@(t,w); t€l, we Q.

Definition 2.14. [4,26] The problem (1.1) is generalized
Ulam-Hyers-Rassias stable with respect to @ if there exists
a real number cpo > 0 such that for each random solution
u: Q — C, of the inequality (2.3), there exists a random
solution v : Q — C, of (1.1) with

[u(t, w) = v(t,w)| < cro®(t,w); t€l, we Q.

Remark 2.15. It is clear that

(i) Definition 2.11 = Definition 2.12,
(ii) Definition 2.13 = Definition 2.14,
(iii) Definition 2.13 for ®(-,-) = 1 = Definition 2.11.

One can have similar remarks for the inequalities (2.2)
and (2.4).
In the sequel, we need the following random multi-valued

fixed point theorems.

Theorem 2.16. [13] Let (Q,A) be a complete o-finite
measure space, X be a separable Banach space, M(Q, X)
be the space of all measurable X-valued functions defined
on Q,and let N : QX X — P, (X) be a continuous
and condensing multi-valued random operator. If the set
{fu e M(Q,X) : Au € N(w)u} is bounded for each w € Q
and all A > 1, then N(w) has a random fixed point.

Theorem 2.17. [23] Let (Q, A) be a complete o-finite
measure space, E a separable Banach space, and let N
QXE — P.(E) be a random multi-valued contraction. Then

N(W) has a random fixed point.
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3. Existence and Ulam-Hyers-Rassias stability results

In this section, we are concerned with the existence and
the Ulam-Hyers-Rassias stability for problem (1.1). Let us
start by defining what we mean by a random solution of the
problem (1.1).

Definition 3.1. By a random solution of the problem (1.1)
we mean a measurable function u : Q — C, that satisfies
the condition u(0,w) = ¢(w), and the equation (°F Dyu)(t, w)
=v(t,w)on I X Q, where v € S o, (W).

3.1. The convex case

We present now some existence and Ulam stabilities
results for the problem (1.1) with convex valued right hand
side.

The following hypotheses will be used in the sequel.

(H;) The multifunction F : IXRXQ — P, ,(R) is random
Carathéodory on I X R x Q.

(H,) There exists a measurable and bounded function [ :
Q — L*(,[0, »)) satisfying, for eachw € Q,t € [
and u,u € R,

Hy(F(t,u,w), F(t,u,w)) < I(t,w)|lu — ul,

and
d(0, F(t,0,w)) < I(t,w); fort eI,

with

I* = sup [li(w)l|=

weQ

(H3) For each bounded set D C C, the set {t > v(t,w) : v €
S Fou(w) : u € D} is equicontinuous.

(H4) There exists Ap > 0 such that foreachr € I, and w € Q,
we have

FLo)t,w) < 260, w).

Theorem 3.2. Assume that the hypotheses (H,) — (H3) hold.
If I'a, < 1, then the problem (1.1) has a random solution
defined on I x Q.

Remark 3.3. For each u : Q — C, the set Sp,(w) is

nonempty since by (H)), F has a measurable selection (see
[12], Theorem II1.6).
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Remark 3.4. The hypothesis (H,) implies that, for every
tel, ueRandw € Q, we get

Hy(F(t,u,w), F(t,0,w)) < I(t,w)|u],

and
H;0, F(t,u,w)) < Hy0,F(,0,w))
+Hy(F(t,u,w), F(t,0,w))
< I(t,w)(1 + |u)).
Proof. Set

¢" = suplp(w)].

weQ

Define a multivalued operator N : Q x C — P(C) by,

(Nowu) (@) = {h: Q = C 2 ht, w) = p(w)+

a,(v(t,w) —v(0,w)) + b, f’ v(s,wds,t e l,ve SFOM(W)}.
’ 3.D
The map ¢ is measurable for all w € Q. Again, as the integral
is continuous on /, for each v € S ., (w), then N(w) defines a
multivalued mapping N : QxXC — P(C). Thus u is a random
solution for the problem (1.1) if and only if u € N(w)u.
We shall show that the multivalued operator N satisfies all
conditions of Theorem 2.16. The proof will be given in
several steps.
Step 1. N(w) is a multi-valued random operator on C.
Since F(t,u,w) is strong random Carathéodory, the map
w — F(ty,u,w) is measurable in view of Definition 2.5.

Therefore, the map

w - o(w) + a,(v(t,w) —v(0,w)) + b,f v(s,w)ds,
0

is measurable. As a result, N(w) is a multi-valued random
operator on C.

Step 2. Nw)u € P.,(C) for each u € C.
Indeed, if h;, h, belong to N(w)u, then there exist vi, v, €
S Fou(w) such that for each t € I and w € Q, we have for
i=1,2,

!
hi(t,w) = ¢w) + a,(vi(t,w) — v;(0,w)) + b,f vi(s, w)ds.
0
Let0 <d < 1. Then, foreachr €I and w € Q, we get
(dhy + (1 = dhp)(t, w) = a,([dvy + (1 = d)v2])(t, W)
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—[dvi + (1 = d)v2])(0, w))
+b, [ [dvi + (1 = d)va])(s, w)ds.

Since S ro,(w) is convex (because F has convex values), we
get
(dhy + (1 = Dh)(-,w) € N(w)u.

Step 3. N(w) is continuous and completely continuous.
We give the proof of this step in several claims.

Claim 1: N(w) is continuous.
Let {u,} be a sequence such that u, — u in C. Then from
(H»), foreacht € [ and w € Q, we have

H;(F(t, u,(t,w),w), F(t,u(t,w),w))

IA

1(t, w)|u, (£, w) — u(t, w)|

< Dl w) —u(,wllc = 0asn — oo.
Thus, we obtain
Hd(F(t’ ul’l(t’ W)7 W)a F(t7 I/l(t, W)7 W)) - 0 asn — oo.

Claim 2: N(w) maps bounded sets into bounded sets in C.
LetB, ={ueC:
Then for each h € N(w)u, there exists v € S o, (w) such that

[lullc < n}beboundedsetinC, and u € B,

I3
h(t,w) = p(w) + a,(v(t, w) — v(0, w)) + b, f v(s, w)ds.
0
By (H,), for each t € I and w € Q, we obtain

[h(t, W)l < ¢l + ax(jv(t, w)l + [v(0, w)l)

sy [ vt

¢+ aorl(t, w)(L + [u(t, w)l)
+apl(t, w)(1 + |u(0, w)l)

+b, ft (s, w)(A + lu(s, w)Dd's
¢+ Cfrl(t’ w)(1 + u(t, w)l)

+a l(t, w)(1 + |¢p(w)])

+b, ft (s, w)(1 + lu(s, w)Dd's
¢+ c?,l*(l +¢)+al'(1+1n)
+b, ft (1 + p)ds

o+ cfrl*(l +¢")+1"(a, + Th,)(1 +1)
L.

IA

IA

IA

IA
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Claim 3: N(w) maps bounded sets into equicontinuous
sets in C.
Lett,t, € I, t; < 7, and let B, be a bounded set of C as in
claim 2, and let u € B, and 1 € N(w)u. Then, there exists

v € S Fou(w) such that for each w € Q, we obtain

|A(t2, w) = h(t, W)l < a vty w) — v(t, w)l

5]
+b,f [v(s, w)lds
n

arh’(tz, W) - v(tl s W)'

+brl*(1 + T])(l‘z —1).

IA

From (H3), the right-hand side of the above inequality tends
to zero; as t; — f». As a consequence of the Claims 1 to 3,
and the Arzela-Ascoli theorem, we can conclude that N(w) is
continuous and completely continuous multi-valued random
operator.

Step 4: The set & :=
some A > 1.
Let u € C be arbitrary and let w € Q be fixed such that
Au € N(w)u for all A > 1. Then, there exists v € S go, (W)

{u € C: Au € N(w)u} is bounded for

such that for each ¢ € I, we have

Au(t,w) = g(w) + a,(v(t, w) — v(0, w)) + b,f v(s, w)ds.
0

This implies by (H-) that,

el < O & )+ 0, w)

+—f [v(s, w)lds

< dtw) + al(t, w)(1 + Jult, w)))
+a, I(t, w)(1 + |u(0, w)|)
+b,f I(s, w)(1 + |u(s,w)|)ds

0

< ¢+ la,(1+¢") + Fa(1 + |u@,w))

+b,I* f (1 + |u(s, w)|)ds.
0
Thus

1+ I'a,)(1 +¢%)

1+ |u(z, <
. w) -

By applying the classical Gronwall lemma, we get

(1 + Fa)(1 +¢*) b1 f’
=i P\TTra )y O
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1+ Fa)(1 + ¢) Th,I*
1 - l*a, 1-1la, )"
Hence
1+ a1+ ¢ Th,I*
lu(t,w)| < (4 +la,)X +¢)exp -1
1 - l*a, 1 - l*a,

M.

This gives ||ullc < M.
As a consequence of Steps 1 to 4, together with Theorem
2.16, N has a random fixed point # which is a random

solution to problem (1.1). |

Now, we are concerned with the generalized Ulam-Hyers-
Rassias stability of our problem (1.1).

Theorem 3.5. Assume that the hypotheses (H,) — (Hy) hold.
If I'a, < 1, then the problem (1.1) is generalized Ulam-

Hyers-Rassias stable.

Proof. Let u be a random solution of the inequality (2.3),
and let us assume that v is a random solution of problem
(1.1). Thus, we have

v(t,w) = o(w) + a,(f,(t,w) — £,(0,w)) + b, f F(s,wyds,
0

where f, € S o, (w). From the inequality (2.3) for each ¢ € I,
and w € QQ, we have

ut, w) — ¢w) — a,(fu(t,w) — fu(0,w)) — b, fot Juls,wyds

< CF o)1, w),

where f, € SFou(w). From hypotheses (H,) and (H,), for
eacht € I, and w € Q, we get

lu(t, w) —v(t,w)| <

u(t,w) — ¢(w) — ar(fu(t,w)

_fu(O’W))_brf Ju(s,w)ds
0

+arl fu(t,w) = fi(t, w)l
+ar fu(0, w) = £,(0, w)|

b f fusaw) — fos,w)lds
0

“Fro),w)

IA

+au(t,w) — v(t, w)|

+*a,Ju(0, w) — v(0, w)|

Mathematical Modelling and Control

+I'b, ft lu(s, w) — v(s, w)|ds
(CFI(’)G);(I, w)

+Fa |u(t,w) — v(t,w)|

+I'b, ft lu(s, w) — v(s, w)lds
o ®(1, 1(/)1/)

IA

+Fa |u(t,w) — v(t, w)|
!
+l*b,f lu(s, w) — v(s, w)lds.
0

Thus

Ao
1-Fa,

I*b, g
f lu(s, w) — v(s, w)|ds.
ar Jo

lu(t, w) —v(t,w)] <

O(t, w)

+
-0

From the classical Gronwall lemma, we get

I'b, !
O(t, w) exp f ds
1- l*ar 0
Ao

Tib,
®
- rla eXp(l - l*a,) @w)

CF,q)(I)(l‘, w).

Ao

lu(t, w) = v(t, w) —ra

IA

Finally, our problem (1.1) is generalized Ulam-Hyers-
Rassias stable. m]

3.2. The nonconvex case

We present now some existence and Ulam stabilities
results for the problem (1.1) with non-convex valued right
hand side.

The following hypotheses will be used in the sequel.

(Ho1) The multifunction F : I X R X Q — P.,(R) is random
Carathéodory on 7 X R X Q.

(Hpz) There exists a measurable and bounded function [ :
Q — L*(1,[0, 0)) satisfying, for eachw € Q, r € |
and u,u € R,

Hy(F(t,u,w), F(t, 1, w)) < t7I(t, w)lu — l.

Set
I = sup [lI(w)||z.

weQ
Theorem 3.6. Assume that the hypotheses (Hy) and (Hy,)
hold. If
I"(a, +Th,) < 1, (3.2)
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then the problem (1.1) has at least one random solution
defined on I x Q.

Proof. Let N : Q x C — P(C) be the multivalued operator
defined in (3.1).

random operator on C. We shall show in two steps that the

We know that N(w) is a multi-valued

multivalued operator N satisfies all conditions of Theorem
2.17.

Step 1. Nw)u € P(C) for each u € C.
Let {u,},50 € N(w)u be such that u,, — i in C. Then, &t € C
and there exists f,, € S roy, (W) be such that, for each ¢ € 1
and w € QQ, we have

u,(t, w) = ¢(w) + a,(f.,,t, w) = £,,(0,w)) + b, f Ju, (s, w)ds.
0

Using the fact that F has compact values and from (Hy;),
we may pass to a subsequence if necessary to get that f,
converges to f, in L'(I), and hence f, € S pou(w). Then, for

eachr e I and w € Q, we get

u,(t,w) — a(t,w) =

dw) + a,(fut,w) = f.(0,w))
+b, f fu(s,w)ds.
0

So, it € N(w)u.
Step 2. There exists 0 < A < 1 such that, for eachw € Q,

H;(Nw)u, Nw)u) < A||lu —ul|c for each u,u € C.

Let u,u € C and h € N(w)u. Then, there exists f(t,w) €
F(t, u(t,w),w) such that for each r € I and w € Q, we have

h(t,w) = ¢p(w) + a,(f(z,w) = f(O,w)) + b, fot f(s,wids.
From (Hyy,) it follows that
H(F(t,u(t,w), w), F(t,u(t,w), w)) < I(t, w)lu(t, w) — u(t, w)l.
Hence, there exists v € S ., such that
[f@t,w) = v, w)| < I(t, w)lu(t, w) — u(t, w)|.
Consider U : I x Q — P(R) defined by

Uit,w) = {vt,w)eR:|f(t,w)—v(t,w)

< I(t, w)lu(t,w) — u(t,w)|}.

Mathematical Modelling and Control

Since the multivalued operator u(t,w) = U(t,w) N

F(t,u(t,w),w) is measurable (see [12, Proposition II1.4]),
there exists a function 7(1, w) which is a measurable
selection for u. So, ?(t, w) € F(t,u(t,w),w), and for each

telandw € Q, we get
Lf(tw) = f&, W)l < 1, wlu(t, w) = Tt w)l.
Let us define foreachr € I and w € Q,
ht,w) = p(w) + a,(f(t, w) = f(O,w)) + b, fo t f(s,w)ds.

Then, for each ¢ € I and w € Q, we obtain

h(t,w) = h(t.w)| < alfult,w) = f(t,w)]
+a,1£u(0,w) = f(O,w)|
+b, f 1. w) = s wids
< al, vov)lu(t, w) — u(t,w)|

+b, f I(s, w)|u(s, w) — u(s, w)|ds.
0

Hence

i = hlic < I*(@r + Thy)llu - alc.

By an analogous relation, obtained by interchanging the

roles of u and u, it follows that
Hy(Nwu, Nowyu) < I"(a, + Th,)|lu — ullc.

So by (3.2), N is random contraction and thus, by Theorem
2.17, N has a random fixed point u which is a random

solution to problem (1.1). O

Now, we can state (without proof) the following
generalized Ulam-Hyers-Rassias stability result.

Theorem 3.7. Assume that the hypotheses (Hyi), (Hpy),
(Hy) and the condition (3.2) hold. Then the problem (1.1)

is generalized Ulam-Hyers-Rassias stable.
4. Examples

Let Q = (—o0,0) be equipped with the usual o-algebra
consisting of Lebesgue measurable subsets of (—o0, 0).
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Example 4.1. Consider the following problem of Caputo-

Fabrizio fractional differential inclusion

we Q,

(CF D u)(t, w) € F(t, u(t, w), w); 1 € [0, 1],
ulO,w)y=1+ w2,

4.1)

where

F(t,u(t,w),w) = {v :Q — C(0, 1L, R) : |Ai(t, u(t,w), w)|

< |V(W)| < |f2(t’ M(l, W),W)|},

te[0,1], we Q,with fi, f> : [0, ] X R X Q — R, such that
u

1, ult, 5 = T 5 o 0.
St ut,w), w) T W+ el

and
u
(1 + W2)elo+t !

We assume that F is closed and convex valued. A simple

L u(t,w),w) =

computation shows that the conditions of Theorem 3.2 are
satisfied. Hence, the problem (4.1) has at least one random
solution defined on [0, 1].

Also, the hypothesis (H3) is satisfied with

et
=T

and Ao = M(1/2) (1 - e-l—f).
Indeed, for each t € [0, 1], and w € Q, we get
Do)t w) < M1/2)(1-e)e

Ao ®(t, w).

Consequently, Theorem 3.5 implies that the problem (4.1) is

generalized Ulam-Hyers-Rassias stable.

Example 4.2. . Consider now the following problem of

fractional differential inclusion

weQ,

u(0,w) = -

1+w??

{(CF D; u)(t, w) € F(t,u(t, w), w); 1 € [0, 1],

“4.2)
where fort € [0,1], w € Q,

1+7

F(t,u(t,w),w) = (1 + w2 + |u(t, w))el0+

[u(t,w)—1, u(t,w)].

1
27
computations show that the conditions of Theorem 3.6 are

Set r = and assume that F is closed valued. Simple

satisfied. Hence, the problem (4.2) has at least one random
solution defined on [0, 1]. Also, Theorem 3.7 implies that the

problem (4.2) is generalized Ulam-Hyers-Rassias stable.

Mathematical Modelling and Control

5. Conclusions

We have provided some sufficient conditions ensuring
the existence and Ulam stability of solutions of Random
Caputo-Fabrizio type fractional differential inclusions with
convex and non-convex right hand side. We have used
some multi-valued random fixed point theorems and a
suitable Gronwall type inequality. Two examples have
been presented. In a forthcoming work we shall consider
the problem (1.1) on the half line and make use of the
diagonalization process together with some properties in the

Fréchet space.
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