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1 Introduction

The theory of fuzzy subsets, introduced by Lotfi Zadeh in 1965 [16], has become a foundational
concept in fuzzy logic. It was not until 1986, however, that Atanassov expanded this notion by
introducing the concept of intuitionistic fuzzy subsets [2]. This extension, known as the theory
of intuitionistic fuzzy sets, has gained significant importance and has become a critical area for
investigating various problems.

In [4], the authors examine the following nonlinear intuitionistic fuzzy fractional evolution

problem:
CyDla(t) = Ax(t) + f(t, z(t)) ey
x(to) = zo € IF",

Additionally, the authors in [11] demonstrated the existence and uniqueness of solutions for
the following non-local intuitionistic fuzzy fractional differential equations:

'(t) = Aw(t) + f(t, x(t))
ZL’(O) =29+ g(tl,tg, A ,tp,flf(.)),

2)

In this paper, we investigate the existence and uniqueness of solutions for a specific intuitionistic
fuzzy fractional evolution problem with non-local conditions:

CuDy.u(t) = Au(t) + F(tu(t), tel=[0,T] 3)

u(O) =1Ug + h(tla o, ..., n7u('))7

where A : [F' — [F' is an operator generating an intuitionistic fuzzy semigroup (S(t));>0 on
IF*', $; Dy, is the generalized Caputo fractional derivative of order v € (0,1), uy € IF", and
F I x IF' — IF! and h are given functions.

To address this problem, we will first introduce the foundational concepts and necessary
results from intuitionistic fuzzy set theory. We will then explore the generalized Caputo derivative
for intuitionistic fuzzy sets and the embedding theorem. Additionally, we will investigate the
intuitionistic fuzzy semigroup and introduce relevant notions for the L, space in Section 2.

In Section 3, we will present specific assumptions related to our problem, derive the solution
formula for Problem 3, and prove both the existence and uniqueness of its solution.

Finally, Section 4 will provide a concise conclusion.

2 Preliminaires

In this part we will try to present all the basic concepts necessary in our study.
Definition 1. [9] The set of intuitionistic fuzzy numbers is defined by:

IF' = IF(R) = {(u,0) : R — [0,1]*, 0 <u+v < 1},
and it checks the following properties:
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1) Forall (u,v) € IF" is normal, i.e.: There exist a,b € R such that: u(a) = 1 and v(b) = 1.

2) Forall (u,v) € IF" is intuitionistic convex, that is to say:
o uis fuzzy convex: u(Aa + (1 — A\)b) > min{u(a), u(b)} , Ya,b € R, YA € [0, 1].
e v is fuzzy concave: v(Aa+ (1 — \)b) < max{v(a),v(b)}, Va,b € R, VA € [0, 1].

3) Forall (u,v) € IF, uis lower continuous and v is upper continuous.

4) supp(u,0) = {a € R, v(a) < 1} is bounded.

And we define zero intuitionistic fuzzy set by:

A _ (170);a:Oa
O(a)_{ (0,1); a#0

Definition 2. [9] For « € [0, 1], we define the upper and lower a-cut as follows:

[(u,0)], ={a R, u(a) > a}.
[(u,0)]* ={a eR, v(a) <1—a}.

And we can write:

[{u, 0)], = [[{w, )" (), [, 0)] ()]

and
[{u,0)]" = [[(w, 0)]; (a), [{u, 0)]," ()]
With,
[(u,0)] () = inf{z € R"; u(z) > a},
u,0)]F (0) = supfz € R™; u(2) > a,
[(u,0)]; (o) = inf{z € R"; v(z) <1—a},
[(u,0)] " (o) =sup{z € R"; v(z) <1—a}

Proposition 1. /9] Let (u;,0,), (1, 05) € IFL, we have :

1) {ug,01) = (ug,09) & [(ug,01)], = [(u2,02)], , [{u1,01)]" = [(uz,02)]" , Va € [0,1].

2) ((ur,01) @ (u2,02)) (z) = (Sup min(u; (), us(y)), inf maX(Ul($)7U2(y))>»

Z=aty z=w+y

and according to the extension of Zadeh, we have:

[(u1,01) @ (U2, 02)], = [(u1,01)], + [(ua, 02)],, ,
[(u1,01) @ (ug, 02)]" = [(ug, 01)]" + [(ug, 02)]".
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3) /\<U1701> = </\u1,)\01> s VA eR,

and according to the extension of Zadeh, we have:

[Aur, 1)), = Af(ur, 01)],,,
A, 01)]" = A [(ug,00)]%.

If/\ =0, then )\<u1, Ul> = 6

Theorem 2. [9] Let M = {M,, M* « € [0,1]} be the family of subsets of R, for which the
following properties are verified:

1) M, C M* forall o € [0,1].
2) a<B= MszgC M,and MP C M® forall a, 3 € [0,1].
3) M, and M*® are two non-empty compact convex subsets in R for all o € [0, 1].
4) For all non-decreansing sequences c;; — « on [0, 1], we have:
My =NMiM,, , M* =N M.

Then, we define u and v by:

0 l:fa¢M07
u(a) =
sup{a € [0,1] :a € My} ifa € My,
- 0
o(a) = 1 ifa ¢ M°,

1 —sup{a € 0,1]:a € M*} ifae M°

Therefore, (u,0) € IF', M, = [(u,0)]_, and M* = [(u,0)]".
Remark 1. i) The family {[(u,0)],,[(u,0)]* , a € [0,1]} satisfies the previous properties
of Theorem 2.

ii) Forall o € |0, 1] we have:
[{u, 0)],  [{u,0)]%.

Definition 3. [9] Let (11, 01), (12, 05) € IF, we define the following two distances on IF'*:

doo ({11, 01), (U2, 02)) = lasel(l& | [<u1,01>]ff (o) = [<u2702>]j () |

+ 2 up | 0] (@) — [, 02 (@)
ae(0,1]

+ 2 a0 (@)~ (), (@)
a€e(0,1]

2 wo0 ) (@) = (vl (@)
ae(0,1]

and, for p € [0; +00[ we have:
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1 Vo0 @) = )] (@) 17 do
3 T el; (@) = [ wa)) (@) P de)? ),

then, (IF', d,) is a complete metric space.
Now, we move on to define the Hukuhara difference between two intuitionistic fuzzy numbers.

Definition 4. [10] Let (uy,01), (u,05) € IFY, then the generalized difference of Hukuhara
between two numbers of IF" is defined by:

<U1,U1> @gH <Ll2,02> = <Ll3,03> = <u1,01> = <u2,02) D <u3,03>.

For what follows, let g : [0, 7] — IF! be a function with an intuitionistic fuzzy value, then
its representation av—level is:

[g]a = [ga,laga,r] )
[g]” = [o*',0""],

with, ga.i» Gar» g% and g®" are the bounds (left and right) of the function at the a—level.

Definition 5. [10] Let g : [0,T] — IF", then the generalized Hukuhara derivative of g at t, is
defined by:

' . 8(t) ©gm 8(to)

8y (fo) = Jim === ==

I

if g:q 5(to) € IFY, and we say that g is generalized Hukuhara differentiable (g H —differentiable)
at to.

l

Therefore, if gq1, go,» 9% and g*" should be continuous functions at ¢, and should be

differentiable at ¢y;, and their derivatives should exist, we can separate two types of
g H —differentiability for a function with value in [F''. We say that g is [(i) — g H]—differentiable
at g if:

/

(0] = |(8a0)" (8a) ]
] = [(6™) (@]

We say that g is [(ii) — g H|—differentiable at ¢ if:

(0] = |(8ar) "+ (52 ]
] = @) (@]
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Remark 2. We can define the generalized derivative of higher order by:

g - ga
n n—1)\/
anr = (ggi gn-
Definition 6. [10] Let g : [0,7] — IF'", we say that g is of class C", m € N if gg}) exists

and continues, with respect to metric d..

If 901, Ga.r, 9%'and g*" are Riemann integrable on [0, T, then,

Jor® = Wl ool U™ oy

Definition 7. [10] Let g : [0,7] — IF', we say that g is integrable on [0,T), if a1, Gar, 8
and g*" are integrable on [0, T].

2.1 Intuitionistic fuzzy generalized Caputo derivative

Let g : [0,7] —> IF" be an intuitionistic fuzzy-valued integrable function on [0, 7], and let
v € (n — 1,n] with n € N*. Then its a—levels are defined by:

[g]a = [ga,bga,r] 5
6] = [g™,0""],
Where’ ga,h gom“a gml) ga,r € Cn([07 T])
Then,
L[ 1o\ L[ WING
N, = {—/ t— )" (gau) (s ,—/ t—5)""" (Gar)" s}
and

1 t 1 t
e = [a= e, 1 [am o).
I'(v) Jo I'(v) Jo
Proposition 3. The family {N,,N*, a € (0,1)} defines an intuitionistic fuzzy element.

Definition 8. The intuitionistic fuzzy preceding item is called the generalized Caputo derivative
of g, we denote it by CDg+g. We say that g is “/[(i) — gH|—differentiable at t, if:

|:gHD0+g} [CD0+gOz l;C Dg+ga,r} )

[gHD0+9} [“Dg 9. D g™,
and that g is °/[(ii) — gH|—differentiable at t if:

[CDo-s-ga T7C Dg+ga,l} )

[ Dy g™, CD0+9 }

[gHD0+ g}

[ HD0+9}
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As in the previuos definition, we will give the difinition of intuitionistic fuzzy fractional
Riemann-Liouville integral. If the a—levels of g : [0, 7] —> IF" are given by:
(0], = [8ais 8ol
o] = [g*,9°7].

and g, 1, Ga.r, %!, g7 are Riemann integrable on (0, T']. Since the family:

{l6], = [0t 9ar] - [0)" = [0™, 0™7] }
builds an intuitionistic element and the integral preserves the monotony, then the family
{As, A% a € (0,1)}, where:

1 1

A= [ =000 5 [ = 970,00

and

o [ 1 [ _ gyl R _S’Y—la,rs-
A= g [= e 5 [ =)

defines an intuitionistic fuzzy element, which is the Riemann—Liouville fractional integral of g

1
on (0, T), which we denote: e f(f(t — )7 1g(s).
Y

Definition 9. The Riemann—Liouville fractional integral of g on (0,T) is defined as:

lg(t) = ﬁ / (t — sy g(s)ds

with, v € (n — 1,n).
2.2 Embedding theorem and intuitionistic fuzzy oa—semigroup

Since the elements of IF* are closed (Hausdorff topology) and convex, so we can apply the result
of [15].

Theorem 4. We can extend IF* in a normed space.
Proof. See [4]. [l

Theorem 5. There exists a Banach space X such that IF* can be embedded as a convex cone C
with vertex 0 in X. Furthermore, the following conditions hold true:

~

The embedding j is isometric,
2. The addition in X induces the addition in IF?,

3. The multiplication by a non-negative real number in X induces the corresponding operation
in IF,

4. C—C={a—b,a,be C}isdensein X,

5. Cisclosed.
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Definition 10. A continuous one-parameter intuitionistic fuzzy a—semigroup {T,(t),t > 0} of
operators on IF" is defined by the following conditions:

1. Forany fixedt > 0, T,(t) is a continuous operator defined on IF" into IF",

2. Forany (u,v), T,(t) (u,v) is strongly continuous in t, with the metric d;.
3T ((t+9)%) =To (%) Ta ((9)%).
4. Forall (u,v),(r,9) € IF" we have:

dy (To(t) (u,0) , Ta(t) (x,9)) < Me¥™ | V¢t >0, M > 0.

We call such a family 7, (¢) simply intuitionistic fuzzy av—semigroup of type w. The strict
a—infinitesimal generator A, of an intuitionistic fuzzy a—semigroup 7,(t) is defined by:

Aqr = lim TA(t) (u,0) , (u,0) € IF",

The right side exists in IF*.
We define the domain of A,, by:

D(A,) = {(u, 0) € IF", lim T (¢) (u, v) exist} .
—
Lemma 1. If the family {T,(t),t > 0} is an intuitionistic fuzzy c—semigroup of type w, then
J Ta(t) 77 Y is a nonlinear a—semigroup of type w on C.

Lemma 2. If A, is an intuitionistic fuzzy infinitesimal generator of an intuitionistic fuzzy

a—semigroup of type w{T,(t) }i>0. Then j A, j~" is the infinitesimal generator of j T, (t) j .

Proof. See [4]. O]

2.3 The L,—space

Let (€2,.A, P) be a complete probability space.

Definition 11. (cf. [14, 17]) An intuitionistic fuzzy random variable * (IFRV for short) is a Borel
measurable function X : (Q, A) — (IF',d,).

The norm || || of an intuitionistic fuzzy number (u,v) € [F! is defined by:
1 1
) || =dy ((u,0),0 =| [(u,0 =— sup |a|+= inf b|.
I 0) | = o ((0,9). 00.0) =1 (.00l = 5 s> |45, int 0]

If £ || X ||< oo, then the expected value EX exists. X is called a second-order IFRV, provided
E || X ||*< oco. Let,

L(Q,AP) = {X | X is an IFRV with /doo(X, 0(1,0))°dP(w) < oo}
Q

* The concept of “intuitionistic fuzzy random variable” has already been researched, though in a completely
different sense, by Parvathi and Radhika in [14], and another approach to the concept is also discussed by Zainali,
Akbari and Noughabi in [17].
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The family of all second-order IFRVs is denoted by Lo (IF'') (L, for short). Any two IFRVs X
and Y are called equivalent if P(X # Y') = 0. All of the equivalent elements in L, are identified.
Define:

2

o(X,Y) = (/ doo(X, Y)QdP) , X,Y € L.
Q
The norm || X ||; of an element X € Ly is defined by:

2

X = 6,0u0) = ( [ dulCX.000)0P)
Proposition 6. (L., ©) is a complete metric space.
In addition ¢ satisfies that, forany X, Y, Z € Ly , A\ k € R:
D) o X+Z,Y+7Z)=pX,Y).
2) o AX,AY) =| A | (X, Y).
3) pAX,EX) <[ A=K [|] X [l2.

Definition 12. Let (X,,),>1 be a sequence in Ly, we call that X,, converges in mean square, or
ms-converges, to X asn — 0o, if p(X,,, X) — 0, and we write X,, —"*° X orlim,,_,, X, = X.

Definition 13. Let T be a finite or an infinite interval in R. A mapping X : T' — L, is called
a second-order intuitionistic fuzzy stochastic process (IFSP for short). If X is continuous at a
t € T with respect to the metric p, then we call X continuous in mean square or ms-continuous

at t. If X is ms-continuous at every t € T', then we call X ms-continuous.

3 Nonlocal intuitionistic fuzzy evolution problem

In this part, we are interested in studying the existence and uniqueness of the solution to the
following problem:

Gy Dlut) = Au(t) + F(t,u(t)), tel=1[0,T] @)
w(0) = ug + h(ty, ta, ... ty,u()),

withO <t <tg<---<t,<T.
We assume the following hypotheses:

(Hy) A: D(A) C IF' — IF" is an operator that generates a strongly continuous semigroup
(S(t))¢>0. There are two constants M and w € R? such that:

P(S(Hu, S()v) < Me“tp(u,v), ¥t >0, u,0 € Ly N D(A).

(Hy) F : I x Ly — Ly is an ms-continuous intuitionistic fuzzy mapping with respect to ¢,
which satisfies a generalized Lipschitz condition, i.e., there exists a constant M such that:

O(F(t,u), F(t,0)) < Mpp(u,0), ¥Vt >0, u,0 € Lo.
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(H3) h:I™x Ly — Ly satisfies a generalized Lipschitz condition, i.e., there exists a constant
M, such that:

o(h(ty,ta, ..., to,u(.), h(t1, ta, ... 1, 0(.))) < Mpp(u,0) , VE€ T, u,0 € L.

Lemma 3. Let F : [a,b] — IF' be a fuzzy-valued function such that ]:;H e C™F'([a,b]) N
L™ ([a, b)), then:
g1 (gu D3 F) (t) = F(t) Ogn Fa).

We denote:

sqn(u) = +, if uis </[(i) — gH]—differentiable,
7 | e(-1), ifuis “[(ii) — gH]—differentiable.

Definition 14. Letu : [ — Lo.

1. Ifwis ¢/[(i)—qgH|]—differentiable, then the problem (4) is equivalent to the integral equation:

1 t
ult) = S(0) oo + hltn fo, -t WO + s / (t — s F(s,u(s))ds.
0
2. If u is ¢/[(i1) — gH|]—differentiable, then the problem (4) is equivalent to the integral

equation:

w(t) = S(t) [uo + h(tr,tas ..t ul.))] © %) /0 (t— sY=1F (s, u(s))ds.

Theorem 7. [6] Consider ‘U : T' — X to be a set of continuous functions. Then U is a relative
compact set if and only if U is equicontinuous and for any t € T, 0 (t) is a relative compact set
in X.

Theorem 8. [6] Let *U be a closed convex subset of a Banach space X. If A : ¥ — Y is
continuous and 0 = A(Q) is compact, then A has a fixed point in B.

Theorem 9. Suppose that the hypotheses (H,)—(Hj) are verified, then problem (4) admits a

unique solution in [0, 0] with:

0 mln{ ,wOg(MKh+F(7+1))’wOg(MMh+F(’7+1>>}

With,
©(F(t,),00,0) < Kp,

ga(h(tl, to, ..., u(.)), 0(170)) < Kh.

Proof. Just before commencing the demonstration, we give:

H(u,0) = sup o(u(t),v(t)).

0<t<9
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Let B = {u € Ly, H(u,uy) < o} be the space of mean-square-continuous fuzzy intuitionistic
applications.
Let R : B — B be an operator defined by:

S(t) [uo + h(ty, ta, ..ty u(.) fo 7L F (s, u(s))ds,
Ru(t) =
S(t) [vo + h(ty, to, ... th,u(.))] © W fo (t — )71 F(s,u(s))ds

First, showing that the operator R is ms-continuous and H(Ru,uy) < o, it follows that F is
ms-continuous. Suppose that u is ¢/[(i) — gH|—differentiable, then we have:

 (Ru(t +€), Ru(t))
t+&
= QA+ ) o+ bt ot w0+ s [ (s s ),

S(t) [uo + h(ts, oy .t u( )] + —— [ (t—s) " F(s,u(s))ds)

1
L'(v) Jo
S go(S(t—kf)uO,S(t)uo) ‘f‘gﬁ( (t—f—g)h(tl tg ,u(.)),S(t)h(thtg, RN ,tn,u(.)))

1 [t 1

+ @ (W/o (t+¢&—s) " F(s,u(s))ds, o /. (t—s)7 LF(s,u(s))ds )

< (St + Eug, S(t)ug) + (St + E)h(ty, ta, ..., tu,u(.)), S(E)h(t1, ta, ... tn,u(.)))

t
3
+¢<ﬁ/0(t+§—s)7 LF(s,u(s dsO(m)

t+e t
v (g [ e Fnds i [0 = Pt >>d)
< Me?t (p(S(E)ug, ug) + ©(S(E)h(ty, ta, ... tn,u(.)), hty, ta, . ;u(.))))

()
+¢<ﬁ/oé(t+§ s L F (s, u(s dsO(lo)

(t =)o (F(s + & uls +€), Fs,u(s))) ds.

L(7) Jo
Now if uis ¢/[(ii) — gH|]—differentiable, inside the identical way we have got:
¢ (Ru(t + &), Ru(?))

. t+&
=p(S{t+¢&) uo + h(ty, ta, ..., to,u(.))]© ?i) /0 (t+&—5)" 1 F(s,u(s))ds,

-1 t _
ﬁ%lwﬂ)f@wwg
< Me* (5(S(Eio, 10) + G(SEh(t1, o, b u(), Attt ()

o (m5 [+ €= Fsulopas o)

1 3
I'(v) Jo
f [ (s + 6 uts + €0, Fsu(e))
F(fy) O s ® S , U(S s S, Uu(s S.

S(t) ug + h(ty, tay ... tn,u())] ©
_|_
_|_
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It is evident that, when £ — 0:
(S(§)uo, uo) — 0,

O(S(E)h(t1,ta, ... ty,u(.)), h(t1,ta, ... tn,u(.))) = 0,

© (ﬁ /Og(t + & —5)7 F(s,u(s))ds, 0(1,0)) — 0.

Thus, consistently with the dominated convergence theorem, we find:

I 1
F | =l Gl +.9). Fs ) ds 0

Then, R is ms-continuous in /.
As aresult, we have that if u is ¢/[(i) — g H|—differentiable,

o (Ru(t), up) = ¢ (su) o + Aty ta, -t u())] + F_’Y)/o (t— s)v—lf(s,u(s))ds,%)

));0(1,0))

v (i [ 97 F w06 000)

< B4+ Me“o(h(ty, ta, ...y, u(.)), 01,0))

+ L)/0 (t— )" o(F(s,u(s)),001,0))ds

['(y
K

1

(
< p(S(t)ug, up) + (St h(t1, ta, . ..ty u(

Similarly, if w is ¢/[(ii) — g H|—differentiable, we obtain:

o (Ru(t), uo) = (S(t) o+ Attt ()] © s [ (6 S)V_lf(s,u(S))ds,uo)
0
- TKp
S B + ./\/le Kh + m
Then,
H (Ru(t), uo) = Sup @ (Ru(t), uo)
< B+ MK, + %

<o.

Hence, (L2, ¢) is a complete metric space.

Let C([0,0], La) = {u : [0,0] — Lo | u(t) is ms-continuous}. Let us show that this space
is complete.
Let us show that B is a closed subset of C'([0, 0], Lo).
Let {u,,} be a sequence in B such that u,, — u € C([0, 0], L,. Then,

p(u(t), uo) < @(u(t), um(t)) + (1), uo),
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H(u,up) = sup @(u(t), uo)

0<t<9

< H(u, ) + H(wp, Up)
<o+p.

So u € B, which implies that B is a closed subset of C([0, 6], L2). As a result, 3 is a complete
metric space.

Now let us show that the operator R is a contraction. Let u, v € BB, we have:

0 (Ru(t), Ro(t)) < @ (SOt ta, - . tny (), S(EVR(t1, o, . 1, 0()

+o (ﬁ /O (= sYLF (s, u(s))ds, ﬁ /0 - swlf(s,n(s))ds)

< MM (u(t),0(0) + 5P (u(e). 000
We achieve,
H(Ru, Ro) < oigge{MhMewt@(ut)’ o(t)) + % /0 (t —5) o(u(s),v(s))ds}
< (Mh./\/le“’e + —rj(\;lj_ml)) H(u,v)

Mp07
I'(y+1)
Hence, 2R admits a fixed point Ru = u € C([0, 6], L) is:

Since, (Mh/\/lewe + ) < 1, then fR is a contracting operator.

(S(t)[uo + h(tr, ta, ..., tn,u())]
+ﬁ [t — s F(s,u(s))ds, if wis ¢/[(i) — gH]-differentiable,

S(t) [ug + h(ty, ta, ... tn,u(.))]
@% fot(t —s)7 L F(s,u(s))ds, if wis /[(ii) — gH]-differentiable.

\

4 Conclusion

In conclusion, this paper provides important insights into the existence and uniqueness of solutions
for intuitionistic fuzzy evolution problems with nonlocal conditions, employing generalized
Caputo derivatives. By integrating concepts from semigroup theory, mean-square calculus
techniques, and contraction mapping principles, our study establishes a robust mathematical
framework that is crucial for effectively addressing these complex problems.

227



Acknowledgement

The authors would like to express their sincere appreciation to the referees for their very helpful

suggestions and many kind comments.

References

[1]

(2]

(3]

(4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

Arhrrabi, E., Elomari, M., Melliani, S., & Chadli, L. S. (2023). Fuzzy fractional boundary
value problems with Hilfer fractional derivatives. Asia Pacific Journal of Mathematics, 10,
Article 4.

Atanassov, K. (1986). Intuitionistic fuzzy sets. Fuzzy Sets and Systems, 20(1), 87-96.

Ben Amma, B., Melliani, S., & Chadli, L. S. (2018). The Cauchy problem for intuitionistic
fuzzy differential equations. Notes on Intuitionistic Fuzzy Sets, 24(1), 37-47.

Elomari, M., Melliani, S., & Chadli, L. S. (2016). Evolution problem with intuitionistic
fuzzy fractional derivative. Notes on Intuitionistic Fuzzy Sets, 22(3), 80-90.

Elomari, M., Melliani, S., & Chadli, L. S. (2017). Solution of intuitionistic fuzzy fractional
differential equations. Annals of Fuzzy Mathematics and Informatics, 13(3), 379-391.

Lakshmikantham, V., & Leela, S. (1981). Nonlinear Differential Equations in Abstract
Spaces. Pergamon Press, New York.

Melliani, S., Bakhadach, I., Elomari, M., & Chadli, L. S. (2018). Intuitionistic fuzzy
Dirichlet problem. Notes on Intuitionistic Fuzzy Sets, 24(4), 72-84.

Melliani, S., Elomari, M., Atraoui, M., & Chadli, L. S. (2015). Intuitionistic fuzzy
differential equation with nonlocal condition. Notes on Intuitionistic Fuzzy Sets, 21(4),
58-68.

Melliani, S., Elomari, M., Chadli, L. S., & Ettoussi, R. (2015). Intuitionistic fuzzy metric
space. Notes on Intuitionistic Fuzzy Sets, 211, 43-53.

Melliani, S., Elomari, M., Chadli, L. S., & Ettoussi, R. (2015). Extension of Hukuhara
difference in intuitionistic fuzzy set theory. Notes on Intuitionistic Fuzzy Sets, 21(4), 34—47.

Melliani, S., Elomari, M., Chadli, L. S., & Ettoussi, R. (2015). Intuitionistic fuzzy fractional
equation. Notes on Intuitionistic Fuzzy Sets, 21(4), 76-89.

Melliani, S., Elomari, M., & Elmfadel, A. (2017). Intuitionistic fuzzy fractional boundary
value problem. Notes on Intuitionistic Fuzzy Sets, 23(1), 31-41.

Oufkir, K., El Mfadel, A., Melliani, S., Elomari, M., & Sadiki, H. (2023). On fractional
evolution equations with an extended psi-fractional derivative. Filomat, 37(21), 7231-7240.

228



[14] Parvathi, R., & Radhika, C. (2015). Intuitionistic fuzzy random variable. Notes on
Intuitionistic Fuzzy Sets, 21(1), 69-80.

[15] Radstrom, H. (1952). An embedding theorem for spaces of convex sets. Proceedings of the
American Mathematical Society, 3, 165—-169.

[16] Zadeh, L. A. (1965) Fuzzy sets. Information and Control, 8, 338-353.

[17] Zainali, Z., Akbari, M. G., & Noughabi, H. A. (2015). Intuitionistic fuzzy random variable
and testing hypothesis about its variance. Soft Computing, 19, 2681-2689.

229



