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SOME RESULTS ON MIXED FRACTIONAL
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Abstract. In this article, we study the best approximation of nonlinear mixed fractional inte-
grodifferential equation with Caputo fractional derivative by using a class of stochastic matrix
control functions. Next, using the fixed point method, we study the Ulam-Hyers and Ulam-
Hyers-Rassias stability of the non-linear fractional integrodifferential equation of the mixed type
in MB-space.

1. Introduction

Fractional calculus is an extension of natural number order calculus, which in-
volves study of integrals and derivatives of any real or complex order. It has proved its
importance in describing many physical phenomena in much better sense that leads to
grab the attention from researchers of other fields like physics, chemistry, biology etc.
Researchers have developed different initial and boundary value problems involving
fractional derivatives and study their existence, uniqueness and stability of solutions to
the problems via both analytical and numerical approach.

In [17], authors have studied the existence, uniqueness and boundedness of so-
lutions of non-linear mixed fractional integrodifferential equation with fractional non-
separated boundary conditions in Banach spaces. The Ulam stability for a class of
nonlinear mixed fractional integrodifferential equations was studied in [19]. The ex-
istence of solutions for the mixed iterative fractional integrodifferential equations has
been studied in [16]. The existence and uniqueness of solutions of fractional quasilinear
mixed integrodifferential equations with nonlocal conditions in Banach spaces has been
studied by the authors in [3]. The authors in [15] have studied nonlinear mixed frac-
tional integrodifferential equations with nonlocal condition in Banach spaces. The ex-
istence and uniqueness and Wright stability results of the Riemann-Liouville fractional
integrodifferential equations by Random controllers in MB-spaces have been studied
by the authors in [22].

In [20], the authors used a stochastic controller to stabilize pseudo stochastic Lie
bracket (derivation, derivation) in complex MB-algebras and obtained approximation
by a stochastic Lie bracket and calculated maximum error of the estimate.
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In this article, we study the distribution functions with the ranges in a class of ma-
trix algebras with the generalized triangular norms, to define MB-space and introduce
a new class of matrix control functions.

Motivated by the above cited work, aim of this work is to study the Ulam-Hyers
and Ulam-Hyers-Rassias stability of fractional non-linear integrodifferential equation
of the type,

t T
DY, y(r) = F(1,3(1)) + /O H(t,5,y(s))ds + /0 K(t.5,y(s))ds
y(0) =m

with 7 € [0,T] and a continuous function F(z,y), also H(t,s,y), K(¢,s,y) are con-
tinuous functions with respect to z,s and y on [0,7] Xx R x R, m is a fixed number,
CDg‘ . (-) denotes Caputo fractional derivative of order o, where 0 < o < 1.

(1.1)

2. Preliminaries

Let ©; =[0,T], T > 0,0, = (0,00), ©3=(0,1], ©4 = [0,0], ® =0, 1], i(O5) =
(0,1) = interior of Os.
Let

dlagMn(GS): :diag[al,---,an],a1,~~~,anE@S )

dan
where diagM, (®s) is equipped with the partial order relation:
A :=diaglay,--,a,),B:= [by,---,b,] € diagM,(Os),

A=XB<&a;<bjforevery j=1,---,n

Also, denote A <B < A #B; A< B,a; <b; forevery j=1,---,n

Define K = diaglk,---,k] in diagM,(O®s) where k € ©s. Hence, we can write
1 =diagl[l,---,1], 0 = diag[0,---,0]. In this paper, we use extension of the concept of
triangular norms on diagM,, (@5) asin ([11], [23]).

DEFINITION 2.1. A generalized triangular norm (in short GTN) on diagM,(Os)
is an operation ® : diagM,(©s) x diagM,,(©s) — diagM,(Os) satisfying the following
conditions:

. A®1=A, VA € diagM,(0s). (Boundary condition)
2. A® B=B®A, Y(A,B) € diagM,,(05)*. (Commutativity)
3. [A® (B®C)]=[(A®B)®C], ¥ (A,B,C) € diagM,(©s)>. (Associativity)

4. AXA'andB=<B = A®B=<A'®B,V (A,A',B,B) € diagMn(®5)4.
(Monotonocity)
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Also, for every A, B € diagM,,(©s) and all sequences {A,},{B,} convergingto A
and B, respectively, suppose that

li]?l(Ak ®By) =A®B,

then ® on diagM,(®s) is continuous GTN (in short CGTN). We will see some exam-
ples of CGTN.

I. ®p :diag(©s) x diag(©s) — diag(Os) defined by

A®y B =diaglay,- - ,an| ®pdiaglby,-- -, by)
= diag[min{ay,b },--- ,min{ay,, b, }],

then ®), is a CGTN, known is minimum CGTN.
2. ®p:diag(Os) x diag(©s) — diag(Os) defined by
A®pB =diaglay, - ,a,| ®pdiaglby,---,by) = diaglay -by,---,an - by),
then ®p is a CGTN, called as product CGTN.
3. ®p:diag(0Os) x diag(Os) — diag(0s) defined by

A®rB=diagla),--,a,) ®pdiaglby,---,by)
= diag[max{a; +b; — 1,0},---,max{a, + b, — 1,0}],

then ®;, is a CGTN, known as Lukasiewicz CGTN.

Now, we have some numerical examples.

M1 b 2
31 : 0
1 24 2 11
! _ala_7_:| ] [_7 7_a_] = 2 1
dzagh 5’3 ®p diag 3 0 6’8 - ®m -
4 L
L 54 8
1 -
3
0
= 1
6
1
L 8
1 11
:d [_707_7_:|
‘813768
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r1 2
1 . 0
1 . 24 2 11
! _ala_7_:| ! [_7 7_a_:| = 2 1
dzag[3 53 ®pdiag 3 0 6’3 : ®p .
4 1
L 5 8
2
9
0
= 1
15
1
L 10
T2 1 1
= diag 5,0, 7575
r1 2
. 1 . 0
1 24 2 11
; _717_7_] ! |:_7 7_7_]': 2 1
dzag[3 53 ®r diag 3 0 6’3 § @ -
4 1
L 5 8
[0
_ 0
- 0
i 0
= diag[0,0,0,0].

Let T denote a set of all matrix-distribution-function-valued (MDF-valued), left
continuous and increasing functions y : RU{—ee, 00} — diagM,(®s) such that yp =0
and Wie = 1. Also, let OT CXT are all proper mappings ¥ € % such that [~y =1
where [~ Y., denotes the left hand limit of y; as t — 7.

In X7, define “ > as given below:

Y=o sy >, VTER

Further, for each t € R,

o — 0 ift<t,
T .
1 ift>rt.

DEFINITION 2.2. Consider CGTN ®, alinear space V and MDF-valued Q:V —
O™ . Define a matrix Menger normed space (MMN-space) (W,Q, ®) as follows:

e (MMN1) Q. =92,V 1>0iff w=0.
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o (MMN2) Q¥ =Q", Vv eV, e C with o £0.

e (MMN3) Q;}Ig b Q;i @Q%, Vv, eV, 1, »n=0.
In [9, 21], approximation of equations have been studied in MN-spaces, fuzzy
metric spaces and random multi-normed spaces. The stability results and other prop-

erties for stochastic fractional differential and integral equations have been studied in
([1,2,5,6,10], [12]-[15], [18, 24, 25, 27]).

THEOREM 2.1. ([4,8]) Let (C,d) be a complete ©4-valued metric space and let
P :C — C be a strictly contractive function with Lipschitz constant | < 1. Then, for a
given element n € C, either d(P"n, P"t'n) = oo, for each n € N or there is ny € N
such that
1. d(P'n, P""'n) < o for every n > ny;
2. the fixed point N* of P is the limit point of the sequence {P"n};
3. inthe set U ={n €C:d(P"n, n) < e}, n* is the unique fixed point of P;

4. (1-0)d(n, n*) <d(n, Pn) forevery n €C.

DEFINITION 2.3. the Caputo derivative of fractional of order « is defined by

Croppn L A0 _
D f(t)_r(n_(x)/0 (t—s)1+a—"ds’ n—l<a<n, n=[a]+1, 2.1

where ] denotes the integer part of the real number o.

DEFINITION 2.4. If for every continuously differentiable function y(z) and MDF-
valued v satisfying

(CD(O)‘er(t)_F(tﬂy(t))_.fé H(t'rS’y(S))dS_.[OT K(t,s,y(s))ds)
Q, = 0,

for each t € © and T € ©,, there exists a solution x(¢) of the equation (1.1) and a
fixed number A > 0 with

Q¥(I)7x(t) j (p[T ,
A

for each t € @) and T € ©,, where A is independent of y(¢) and x(¢), then (1.1) has
Ulam-Hayers-Rassias stability.
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3. Main results

Consider the following hypothesis:

(H1) Assumethat M, Lp, Ly, Lk are positive real numbers with 3M (max{Lr,Ly,Lx})
€0Osandlet F:0; xR—Rand H, K:0; x0; xR — R, be continuous func-
tions satisfying

Q(TF(I, y)—F(t, 7)) - er—f, 3.1

Lp

forall 1 €©y,y, yeR and 7 € O, and

Q‘(rH(t7 s, y)=H(t, s, 7)) - Qy;y (3.2)
Ly
and
Q‘(EK(L' s, v)=K(t, 5, ¥)) - Q£y~ (3.3)
Lg

THEOREM 3.1. Suppose that the hypothesis ( H ) holds consider a CDF y: ©; —
R satisfying

QiDggy(f)*F(h YO)=J§H@, s, y(s))ds—Jg K1, 5, y(s))ds = ot (3.4)

Vi, s€0O, yeR and T € © and ¢ is MDF-valued, satisfying

RL o (t)

QO = ot = @, 0 gt inf ¢Y = ot (3.5)

z
M ve®, T

foreach t € ©®) and T € ©,. Then, there exists a unique CF x : @1 — R such that

\Y T
x(t) = m+REIG P (1, x(0)) +REIE, / H(t, s, x(s))ds KL I8, / K(t, 5, x(s))ds.
0 0

(3.6)
with
Q=) e . 3.7)
Proof. Lety, y € C, we define
d(y,5) =inf{1 €0, | Q0 = gt }, (3:8)

foreach r € ©) and 7 € ©,, where C = {y:©; — Risa CF}. Let P:C — C is given
by

POW) =m+F I y0)F 1 [ HG, s v()as g [ K s, (6)as

(3.9)
Vy, t€0.
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Claim 1: P is strictly contractive on C.
Let A5 € ©4 be a fixed number with d(y, y) < A5, ¥y, y € C. Then from
equation (3.8), we get
QOO g (3.10)

s
T-0
| |,i:1,2,~~~,n and [|Av|| =

n
max<;<,(As;), foreach 7, v € ©; and t € ©,. Using equations (3.2), (3.5) and (3.10),
we have

LetO=s1<sp < - <8, =T, Avj=5s;—8;1 =

Qr[.f'o“ (H(. s, y(s)~H(. 5. 5()ds) ]

_ QlimHAvHaozlrle [(H(h si; Y(si))—H(t, si, ?(Si)))AVi]
- T

o o (G s v -G, i, 65 )av]
[|Av||—0

> lim @MQ[( (t, si, y(s:)—H(t, si, ¥(s )))A‘/z]

- lnf Q[( (17 v, y(v))*l'l([7 v, y(v)))]

N Ve@l nATvI-

>~ inf Q[(H(’ v, Y(V)-H(t, v, 5(v)))]

T 1€0 T

> inf

VE@I T/l» ; Ly

9l . . o

sLu

Also, from equations (3.3), (3.5) and (3.10), we have
QT[./'OV (Kt 5, y()~K(t. 5. 3(5))ds) |

- QlimHAvHHOZ,ﬂzl [(K(h siy ¥(si)) =Kt si, i(-“i)))AVi]
- T

= lim Q ’ II:(K([7 Sivy(si)) K(I Siy ¥ ( )))AVI]
[|Av]|—0

> lim ®MQL(K(’7 si0 ¥(50)) ~K (o, . 5(50)) ) Avi]
Tlaviiso

[(K(. v. y(v)—KG. v. 5(v))]

> inf Q-3
VE@l nAvI-
> inf Q[( (&, v, y(V)) =K, v, y‘(v)))]
t€0, T
v
- Vlen®fl ¢m
= (P (3.12)

T, LK
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Now, by using equations (3.1), (3.5), (3.6), (3.10), (3.11), (3.12) we will have
Q(Py) ()= (Py)()

_ QMR- Fgo)+RLE, [ (Hsy(9)~H s 5(s)) ) ds | 8L, [T (K (s) K (@.s.5(5) ) ds]
- T

RLIG (R (1, y(0)—~F (1, 50))] K¢ [ J (H, s, y(s)~HG, s, 7(5)) ) ds]

>-§2 @Q

@ QRLza [T (&G, s, () K, s, y(s)))ds]

=0t . ®¢" . @¢

T
MLy 3MiysLy 3MZysLg

= ¢! «
3M)Ly)7 I:m"‘X{LF%LHvLK}]

(3.13)
So, we get, d(Py, Py) < 3MAy;[max{Lr, Ly, Lg}|, Vi € ©,7 € ©,.
Therefore, we deduce that d(Py, Py) < [3M (max{Lr,Lu,Lg})]d(y,y) for any
y, y € C where 3M[max{LF, Ly, LK}] € i(©s). From equation (3.6), we can find a
fixed number A € ©, such that

Qy(t)fy()(t) . Q I:’n+RLI(()X+F(t7 y(t))""RLI(())‘Jr féH(tv S, y(S))dS+RLI(()X+ f()T K(tv S, Y(S))ds_yo(t)]
T - T

- o,

for arbitrary y, € C, V1 € ©1,7 € O,.

Since F(t7 _)70(1‘)), H(t’ Sy )70(5))7 K(t’ Sy )70(5))’ .)70(1‘)7 minte@)l (Pé > Oa are
bounded, using equation (3.8) will imply that d(Py, yg) < eo. Then from Theorem 2.1,
there exists a CF x: ©; — R such that P"x — x in (C, d) and Px = x.

As y, x both are bounded on Oy, for each y € C andmin,co, 5 > 0, we get a
fixed number A; € ©4 such that

QUOO-30) o 51

A

)

=l

for any + € ©, T € ©,. Hence, d(y,, y) <o for any y € C. Therefore, we get
C={yeC|d(yy, ¥) <-oo}.Further, from Theorem 2.1 and equation (3.6) will imply
the uniqueness of yg.

Now, using the equations (3.3), (3.5) and (3.9), we get

Q)‘;(t) m—RLI(HF(t y(t RLI+f0 (t, s, y(s ))ds—RLI(‘)"+f0TK(t, s, y(s))ds - ¢

EI*‘

Thus, we get

‘L'
M’

for any t € ©; and 7 € ©, which gives

d(y, Py) <M. (3.14)
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Also, from Theorem 2.1 and equation (3.14), we deduce that

1 M
< d(P s < 3
T am(maxiLr, Ly, LD O ) S T 3tmax{Lr, L, L))

d(y, x)
which implies equation (3.7). [
THEOREM 3.2. Let Ly, Ly, Lg € ©y be fixed numbers such that 3M (max{Lp,

TLy, TLg}) € i(©s). Consider CFs F: 01 xR —R, H:0; x0; xR — R sar
isfying equations (1.1), (3.2) and (3.3) respectively. If for € > 0, T € Oy, & =

diag [e_%, ey e_%] and a CDF y: O — R satisfies
Qil)‘oﬁy(t)*F(h YO) =[G H @, 5, ¥(s))ds—[g K2, s, y(s))ds — &,

forallt, s €O, ye R and T € Oy, then we there exists a unique CF x: 01 — R
satisfying equation (3.6) and

QPO=0) ¢ M V1 €0y, VyeR. (3.15)
1-3M(max{Lg, TLy, TLg})
Proof. Lety, y € C, we define
d(y, y) =inf{n e 04| Q70 e}, (3.16)

foreach 7 € ©) and 7 € ©,, where C = {y:©; — Risa CF}. Let P:C — C is given
by

\Y T
PO =m+ LI F 1, y(0) 1, [TH G, 5, y6)ds I [ KRG s, v(s)ds
0 0
(3.17)
Vy, t € ©1. First, we prove that the operator P is strictly contractiveon C. Let A,5 € Oy

be a fixed number with d(y, y) < A5, ¥y, ¥ € C. Then from equation (3.16), we get

QO e (3.18)

vy

70|

LetO=s1<sp < <5, =T, Avi=5;—5,_1 = ,i=1,2, -+ nand ||Av|| =
n
max<;<,(As;), for each 7, v € © and 7 € ©,. Using equations (3.2) and (3.17), we

have
o [fov (H(t7 s, y(s))—H(z, s, V(s))ds)]
T

_ ofimiavi-0Zi (B, 51, ysi)~H(, si, 7(51)) ) Avi]
- T

~ lim o [(H(, 5i, y(si0)—H, 50, 7(s:)) ) Avi]
1Av]|—0
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> ‘LI;( t, si, y(si))—H(t, si, y(si)))AVi]

im
HAVH—bO n
g oL v WD-HE v ()]

ved; nAv;

i lnf SV T
veD, TAy5Ly

- ¢! . (3.19)

S
Thsln

Also, from equations (3.3) and (3.18), we have
Qr[ B (K, s, 3() =K, s, 5(s))ds) |

_ gm0 S [(K(@, s, y(50)) =K, 51, 5(50)) ) Avi]

~ lim o vy (K st () -K (@, s 5(s1)) ) Avi]
llavi-0

= lim
HAVHHO

[( K2, si, y(si))—K(t, si, f(si)))Av,-]
~ inf g[( (1 vy () =K (v, 5(0)) |

veD nAv;

(K. v. y(v) K, v. 5(v)) ]

t lnf SV T
vED, T/l),)—,LH

e . . (3.20)

T 5lx

1Y

Now, by using equations (3.1), (3.17) and (3.18), we will have
Q(TPy)(t)—(Pi)(t)

_ QP IF )~y [ (B (6) = Hs.5060) )as] 8105, [ (Kes(6)) K 5.9(5) ) ]
- T
P IF 00 -FaS0)] o " [J& (. 5, y(s)~H(. s, 7(s)) ) ds]

>-§2

@gRLm [ (K, 5, v K0 5, 3(6) as]

= &€ ®E__= ®E__t
3M/l”—,LF M2y 5TLy 3M2y5TLg

i & T .
My [max{LF. TLy, TLK}]

(3.21)
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foreach 1 € ©; and 7 € ©,. So, we get, d(Py,Py) < 3MA,5 [ max{Lp,TLy,TLg }d(y,7)]
Vi€®, T By, forany y, y € C, where 3M(max{Lr, TLy, TLg}) € i(®s). From
equation (3.6), we can find a fixed number A € O, such that

[ RLIE F (6, y(0) 4RI, [ H(t, s, y(s)ds+RLIG, JT K@, s, y(s))ds—5o(1)]
T

QPO _ g

= &€

b

>la

for arbitrary yg € C, V1 € O, T € O;.
As F(t, yo(1)), H(t, s, ¥o(s)), K(t, s, ¥o(s)), ¥o(t) are bounded and using
equation (3.16) will imply that d(Py, ¥,) < e=. Then from Theorem 2.1, there exists a
CF x:0; — R such that P"x — x in (C, d) and Px = x. By using the method that is
followed in the proof of Theorem 3.1, we obtain C = {y € C | d(yy, y) < e} . Further,
the Theorem 2.1 and equation (3.9), we get the uniqueness of yy.
Now, using the equation (3.3) and Theorem 5 in [7]
Qi(t)fmfRLIgﬁrF(t, )c(t))fRLI(‘;‘+ Jo Ht, s, )c(s»‘))dfoLIg‘+ fOTK(t, s, x(s))ds - ¢

% .
forany 1 € ®; and 7 € ©, which gives

d(y, Py) <M. (3.22)
Also, from Theorem 2.1 and equation (3.14), we deduce that

QU)o

T

Mt
1-3M(max{Lp, TLy. TLg})

which implies equation (3.15) forall t € ©;. [

REFERENCES

[11 A. ALL, K. SHAH, Y. L1, R. A. KHAN, Numerical treatment of coupled system of fractional order
partial differential equations, J. Math. Comput. Sci., 19, (2019), 74-85.

[2] M. ASADUZZAMAN, A. KILICMAN, M. Z. ALI, Presence and diversity of positive solutions for
a Caputo-type fractional order nonlinear differential equation with an advanced argument, J. Math.
Comput. Sci., 23, (2021), 230-244.

[3] M. BRAGDI, M. HAZL, Existence and uniqueness of solutions of fractional quasilinear mixed inte-
grodifferential equations with nonlocal condition in Banach spaces, Electron. J. Qual. Theory Differ.
Equ., 51, (2012), 1-16.

[4] L. CADARIU, V. RADU, Fixed points and the stability of Jensen’s functional equation, JIPAM. J.
Inequal. Pure Appl. Math., 4 (1), (2003), Article ID 4.

[5] R. CHAHARPASHLOU, R. SAADATI, A. ATANGANA, Ulam-Hyers-Rassias stability for nonlinear
v -Hilfer stochastic fractional differential equation with uncertainty, Adv. Differ. Equ. 2020, (2020),
Paper No. 339, 10 pp.

[6] C. D. CONSTANTINESCU, J. M. RAMIREZ, W. R. ZHU, An application of fractional differential
equations to risk theory, FinanceStoch., 23 (4), (2019), 1001-1024.

[71 J. V. DA CSOUSA, E. C. DE OLIVEIRA, On y— Hilfer fractional derivative, Commun. Nonlinear
Sci. Numer. Simul., 60, (2018), 72-91.

[8] J.B.DIiAz, B. MARGOLIS, A fixed point theorem of the alternative, for contractions on a generalized
complete metric space, Bull. Am. Math. Soc., 60, (1968), 305-309.



116

[9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]
[17]
[18]
[19]
[20]
[21]

[22]

[23]
[24]
[25]

[26]

[27]

V. V. KHARAT AND A. R. RESHIMKAR

M. A. EL-MONEAM, T. F. IBRAHIM, S. ELAMODY, Stability of a fractional difference equation of
high order, J. Nonlinear Sci. Appl., 12 (2), (2019), 65-74.

A.M. A. EL-SAYED, F. M. GAAFAR, Existence and uniqueness of solution for Sturm-Liouville frac-
tional differential equation with multi-point boundary condition via Caputo derivative, Adv. Differ.
Equ., 2019, (2019), Paper No. 46, 17 pp.

O. HADzZIC, E. PAP, Fixed Point Theory in Prbabilistic Metric Spaces, Mathematics and Its Applica-
tions, Kluwer Academic, Dordrecht, 536, (2001).

J. JIANG, D. O’REGAN, J. XU, Z. FU, Positive solutions for a system of nonlinear Hadamard frac-
tional differential equations involving coupled integral boundary conditions, J. Inequal. Appl. 2019,
(2019), Paper No. 204, 18 pp.

V. V. KHARAT, D. B. DHAIGUDE, D. R. HASABE, On existence of solutions for mixed nonlinear
[fractional integrodifferential inclusion with fractional integral boundary value conditions in Banach
spaces, J. Trajectory, 22 (1), (2014), 65-74.

V. V. KHARAT, D. B. DHAIGUDE, D. R. HASABE, On nonlinear mixed fractional integrodifferential
inclusion with four-point nonlocal Riemann-Liouville integral boundary conditions, Indian J. Pure
Appl. Math., 50 (4), (2019), 937-951.

S. D. KENDRE, V. V. KHARAT, On nonlinear mixed fractional integrodifferential equations with
nonlocal condition in Banach spaces, J. Appl. Anal., 20 (2), (2014), 167-175.

S. D. KENDRE, V. V. KHARAT, RAMDAS NARUTE, On existence of solution for mixed iterative
integrodifferential equations, Adv. Differ. Equ. Control Process., 15 (1), (2015), 53-66.

V. V. KHARAT, D. R. HASABE, On mixed fractional integrodifferential equations with fractional
non-separated boundary conditions, Int. J. Math. Anal., 9 (13), (2015), 611-622.

V. V. KHARAT, D. R. HASABE, D. B. DHAIGUDE, On existence of solution to mixed nonlinear
[fractional integro differential equations, Appl. Math. Sci., 11(45), (2017), 2237-2248.

V. V. KHARAT, S. R. TATE, Ulam stabilities for a class of non-linear mixed fractional integro-
differential equations, Nonlinear Studies., 27 (3), (2020), 257-278.

M. MADADI, R. SAADATI, C. PARK, J. RASSIAS, Stochastic Lie bracket (derivation, derivation) in
MB-algebras, J. Inequal. Appl., 2020(2020), 141.

M. MADADI, R. SAADATI, M. DE LA SEN, Stability of unbounded differential equations in Menger
k-normed spaces: a fixed point technique, Mathematics, 8(3), (2020), 400.

R. MESIAR, R. SAADATI, existence and uniqueness and Wright stability results of the Riemann-
Liouville Fractional integrodifferential equations by Random controllers in MB-space, Mathematics 9
(14), (2021), 1602.

B. SCHWEIZER, A. SAKLAR, Probabilistic Metric Spaces, North-Holland Series in Probability and
Applied Mathematics, North-Holland, New York, (1983).

N. SENE, Stability analysis of the generalized fractional differential equations with and without ex-
ogenous inputs, J. Nonlinear Sci. Appl., 12 (9), (2019), 562-572.

N. SENE, Global asymptotic stability of the fractional differential equations, J. Nonlinear Sci. Appl.,
13 (3), (2020), 171-175.

E. PAP, C. PARK, R. SAADATI, Additive © -random operator inequality and rhom-derivations in
fuzzy Banach algebras, Sci. Bull. Politeh. Univ. Buchar., Ser. A, Appl. Math. Phys., 82 (2), (2020),
3-14.

S. R. TATE, V. V. KHARAT, H. T. DINDE, On nonlinear mixed fractional integro-differential equa-
tions with positive constant coefficient, Filomat, 33 (17), (2019), 5623-5638.

(Received August 8, 2022) V. V. Kharat

Department of Mathematics
N. B. Navale Sinhgad College of Engg.
Kegaon, Solapur-413255, India (M.S.)

e-mail: vvkvinod9egmail . com

Anand R. Reshimkar

Department of Mathematics

D. B. F. Dayanand College of Arts and Science
Solapur-413002, India (M.S.)

e-mail: anand.reshimkaregmail .com

Fractional Differential Calculus
www.ele-math.com

fdceele-math.com



