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This paper introduces a novel definition of the fractional order derivative for fuzzy set-
valued functions (FSVF), utilizing the concept of granular difference, which we refer
to as the new conformable fractional granular derivative (NCFGD). It also presents the
corresponding integral, termed the new conformable fractional granular integral
(NCFGI). In terms of results, the basic properties of both the NCFGD and NCFGI are
rigorously established and proven, providing a strong mathematical foundation for these
new operators. Several illustrative examples demonstrate the effectiveness and
applicability of the proposed definitions. Additionally, the paper explores methods for
solving the new conformable fractional granular initial value problem (NCFG IVP),
which is integral to understanding the behavior of fuzzy set-valued functions under
fractional calculus. We apply these methods to solve new conformable fractional
granular differential equations (NCFG DEQqs) related to growth and decay models,
offering a more flexible approach to modeling dynamic systems with fuzzy uncertainty.
This approach offers a more flexible and adaptive framework for modeling dynamic
systems characterized by fuzzy uncertainty, as it allows for fractional order
differentiation. The incorporation of these concepts into the solution of fuzzy fractional
differential equations ensures more precise and adaptable models. Ultimately, these
findings contribute significantly to advancing both fuzzy calculus and fractional
calculus, enhancing the understanding and modeling of complex systems with
uncertainty.

1. INTRODUCTION

11].
Fractional derivatives have seen significant development

Since 19th century, the theory of fuzzy sets has found
numerous applications in science and engineering domains to
address uncertainty in real-world processes. Recently, the
fuzzy calculus has emerged to handle the challenges posed by
vagueness and imprecision inherent in various situations, with
applications of fuzzy derivatives being extensively analyzed
across different research areas. In 1965, Zadeh [1] first
developed the theory of fuzzy sets. Several authors have since
introduced derivatives for fuzzy functions [2-6]. However,
fuzzy DEqs involving these derivatives had some drawbacks,
such as the absence of a unique solution, unbounded solution
diameters, monotonicity, Unnatural Behavior in Modelling
(UBM). Mazandarani et al. [7] later introduced a granular
derivative using the horizontal membership function (H.M.F"),
which is more efficient than the aforementioned derivatives.
H.M.F. for FSVFs was introduced by Piegat and Plucinski [8,
9], who recently distinguished between the H.M.F. and the
inverse membership function. Recently, Nagalakshmi and
Suresh Kumar presented a solution of initial and boundary
value problems for FSVF under granular differentiability [10,
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over the past few decades, dating back to the introduction of
fractional calculus in 1695. Fractional calculus is used in
mathematical models of real-world phenomena, with the
fractional Riemann-Liouville and fractional Caputo
derivatives [12] being the most frequently used. The fractional
R-L and Caputo gH-derivatives [13, 14], as well as SGH fuzzy
fractional derivatives [6], have been introduced and discussed.
Fuzzy fractional DEqs under generalized differentiability and
granular Caputo and R-L fractional derivatives for fuzzy non-
integer order linear dynamic systems have also been explored
[15, 16].

Khalil et al. [17] proposed the new derivative called the
conformable fractional derivative, proving fundamental
characteristics that differentiate it from existing formulations.
Anderson and Ulness [18] later presented a more precise
conformable derivative motivated by a proportional derivative
controller. This new derivative's main advantage is that the
derivative of order zero acts as the identity operator, a property
not satisfied by earlier fractional derivatives. The study of
conformable fractional calculus in time scales was introduced
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by Segi Rahmat [19].

The fuzzy fractional DEqs may lack similar analytical
properties, limiting theoretical analyses and modeling studies.
The motivation for developing NCFGD is to overcome
limitations associated with classical fuzzy fractional
derivatives and improve the computational convenience of the
methods used for solving practical applications of fractional
order DEgs in various scientific and engineering disciplines.
This paper aims to addresses a fuzzy fractional calculus (FFC)
under NCFGD using the concept of H.M.F. Our approach is
natural and shares advantages with crisp functions. We obtain
the solution to some example problems and illustrate them by
graphically.

The paper is grouped into sections: Section 2 provides the
key idea of FFC. Moving forward, Section 3 introduces the
novel concept of the NCFGD and discuss its fundamental
principles. Section 4 presents the definition of the NCFGI.
Section 5 derives NCFG DEgs and demonstrates the examples
on the earlier discussed theoretical results.

2. PRELIMINARIES

Below are the key notions of FFC that will be employed
throughout the paper.

R - denotes the set of real number set.

K - denotes the set of fuzzy number set on R.

A proportional derivative controller for controller y with
respect to time t has the algorithm

d
V() = lep (0) + kg e ()

where, ky, is the proportional gain, k, is the derivative gain,
and e be the error between the state and process variables.
Based on this, a new conformable derivative was introduced
below.

Definition 2.1 [18§]
The continuous functions kg, k1:[0,1] X R — [0, o) that
plirgl.]. kl (p'u) = 19 pli‘rg'_"_ kO (pl u) =0
lir{l_ ki, (p,u) =0, lir{l_ko puw=1,VpeR
P~ P~
kl(plu) * O'p € [0'1) kO(pl u) * Olp € (011]

Now we define the new conformable fractional derivative
as,

dF
DPF(u) = ky(p,w)F(w) + ko(p,w) —

where, k;is called as proportional gain and k, is called as
derivative gain.

A fuzzy number (FN) 7i: R — [0, 1] is defined as a normal,
fuzzy convex, upper semi-continuous, and compactly
supported sets of real numbers.

The function F(u):[c,d] SR —>K; is FSVF and
[F(w)]® = [FE(w), F§(w)], where Fg(w), F§(u) are left and
right end points of § — level set [F]°.

Definition 2.2 [7]
The FN 7i whose HM.F. n9": [0,1] x [0,1] - [c,d] is
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defined as n9 (6, 1,) = u and H() = n9"(5, r,) .

Moreover, n97 (8, 1,) = nf + (n§ — nf)r,, where §, 7, in

[0, 1] and 7, is the relative distance measure (RDM) variable.
Note 2.1 The inverse H.M.F. is defined as

(1

[RGO1 = | inf min 9" (y,5,), sup max n” (1,7,)
SY Th sy ™

where, gr refer to the information granule contained in u €
[c,d], & € [0,1] is the membership degree of u in 7i(u) and
1, € [0,1] is the relative-distance-measure (RDM) variable
which make possible to find points lying between the end
points of § — level set of FN 1. For r;, = 0, we obtain the left
and for r;, = 1, we get the right point.

Note 2.2 The HM.F. of triangular FN i = (w,, w,, w3) is
defined as H(7) = [w; + (w; — w1)8] + [(1 — 8) (w3 —
wl)]rw

Remark. [20] The following properties hold for any two
FNs m,, m, are:

1) Linearity: H (7, + m,) = H(m,) + H(Ai,).

2) H(a m,) = a H(M,), a is real valued constant.

Definition 2.3 [7] Let ii;, fi,are two FNs and * represents
one of the arithmetic operators +, —,= and X. Then i, * @i, is
aFN 71 such that H(71) = H({,) * H({,) provided 0 € H({,)
when * denotes division operator.

Note 2.2 [7] If m;, M, , M3 € K; then the following
relations holds:

L. M, -, = _[7712 - 7711]

2. T’Fl]_ - T’ﬁ-l - 0
3. iy -y =1
4, [7’711 + mz]fflg = 7’7117’713 + ﬁlszlg

Note 2.3 [7] The fuzzy numbers 11;and 11, are equal if and
only if their HM.F.s are equal i.e., M, = m, & H(M,)=
H(7i,) and whenever H (i) = H(#i,) then i, = i, for all
T, = I'm, € [0,1].

Note 2.4 [16] Let G is FSVF, then HM.F. of F (G(u)) is
defined as H [F (H (G(u)))]

Definition 2.4 [7] Let 7i,, M,be two FNs, then DI9": K; X
K; - R* U {0} is defined as

D9T[M,, Myl = sup  max |m{" (81, ) —my (8 1y,

8§€[0,1] TmqTmze(0,1]
Definition 2.5 [7] Suppose that F: [c,d] € R — K, be the
FSVF, if there exists an FN dgrf@) o K, such that

du

Flu+h] —Flu]  dg,Fu)
h ~ du

lim
h-0
The limit exists in the (D97, K;) metric space is called as the
granular differentiable (gr-differentiable) of F at u € [c, d].
Theorem 2.1 [7] Let F:[c,d] € R — K, be FSVF is gr-
differentiable at the point u € [c, d] if and only if its H.M.F. is
differentiable with respect to u at that point.

Moreover,
u dgrF(w) _ 9 u
du

Jdu

(r)



Definition 2.6 [7] Suppose the continuous FSVF F: [c,d] €
R — K, with HM.F. F9"(u, §,1y) is integrable on u € [c, d]

and fcd F(u)du is the integral of F on [c,d]. The FSVF F is
said to be granularly integrable in [c, d] if there exists a FN
i = [* F(wdu such that H(®) = [ H[F(W)]du.
Theorem 2.2 [7] If the FSVF F:[c,d] S R - K, is gr-
differentiable, 222
du
then

be a continuous FSVF in interval [c, d],

a/d,. F(u) - -
J;(gdu )duzF(d)—F(c)

3. NEW CONFORMABLE FRACTIONAL GRANULAR
DERIVATIVE

Definition 3.1 Let FSVF F:[c,d] € R — K, is said to be
new conformable fractional granular derivative if Ve >
0,39 > 0, |h| < 9 such that

Dy, (ky F(w) + koF' (W), D, F(w) < €

where, F'(u) is granular derivative of FSVF F (u).
On a limit basis, we write above as,

DEFw) = [ky F(w) + ko F'(w)]
Fu+h)-Fw)

exists, we say that F(u) is new conformable fractional
granular differentiable.

Theorem 3.1 The FSVF F(u) is a new conformable
fractional granular derivative at point u € [c, d] if its H.M.F.
is differentiable with respect to the point u. Furthermore,

- d
H[D;rF(U)] = k;F9"(u, §,1p) + ky ou F9"(u, §,1g)

Proof. We know that,

HIF )] = P (w8, 1)

u

Consider,

H[Dgrﬁ(u)] = H[k1ﬁ(u) + koﬁl(u)]
=k H[FW] + koH[F' (w)]
=k F9"(u,6,17) + kg aa—qur(u, 8, 7%).
Example 3.1 Suppose that F(u) = e where 5=
(3,5,7) for u € [0,1]. Since H[5] = [3 + 28 + 4(1 — &)r5]
then from Theorem 3.1, we have

H[D,F(w) | =[(1 —p)uP —pu'™P (3+25 +4(1 -
6) Ts)]e_[3+25+4(1_5)T5]”.

Therefore

~ 5
[Dg F@W)]” = H([(1 - p)u?
—pul™® (3+268
+ 4(1 _ 5) rs)]e_[3+25+4(1_5)T5]u).
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Theorem 3.2 The FSVFs F(u), G(u) and the continuous
functions defined as kg, k;:[0,1] X R — [0, ), then the
following properties hold:

1. DY [F(w) + G(w)] = Dy, F(u) + Dg,.G (w)
2. Dy, [€] = k4€,V constants ¢ € K;
3. Dy, [F(w) Gw)] = Fw)DF,G(u) + G(w)Dy, F(u) — ki F(w)G(w)
4 DP M _ M ﬁ(u)DgT?(u)—ﬁ(u)Dgrﬁ(u)
“Por |Ew 18w [Gaw]®
Proof.
(1) From Theorem 3.1, we have H[Dng(u)] =

kyF97 (1, 8,1¢) + ko~ F97 (11,8, 1¢).
Consider,

H [D;T (F‘(u) + G(u))]
= kl(Fgr(u, §,1rp) + G9"(u, §, rG))
d
+ko 7 (F9"(w, 8,15) + GI" (1, 8,15))
= le‘gT(u, 6,TF) + legr(u, 6, T'G)
d d
+ko aF‘gr(u, 6, rp) + ko a Ggr(u, 6, TG)

:(legr(u, 6,17) + koaa—quT(u, 6, rp))
d
+| k,GI"(w,8,715) + koaGm(u, 6,75)

= H (D, Fw)) + H (D, G(w))
= H[D},F(u) + D}, G (w)]

From Note 2.3, we have Dgr

DJ.G(w).

(2) From Theorem 3.1, we have H[Dgrli(u)] =
k.F97(u, 8, 1) + ky %Fgr(u, S, 1g).
H[D), €] = k97 (8, 1) + ko %cgr(& ro) =

(Fw + Gw) = D) F(w) +

Consider,
k.ic97(8,r,).

From Note 2.3, we have D;’r [¢é] = k¢, Vconstants ¢ € K;.

(3) From Theorem 3.1, we have H [D;rﬁ(u)] =

kyF9" (1, 8,1¢) + Ko = F97 (11,8, 1),

Consider,
H[D*(F(w)G W) )]
=k,F9"(u, 8, rz)G9" (u, §,rg)

a

+ko o (FI" (w, 8, rp) G" (w, 8, 16))
= F9"(u, 8, r5) <k1G9T(u, 8,16) + ko 2 GI" (u,5, rG)>
+koGI" (u, §,rg) % FI9"(u, §,rp)
+k,F9" (u, 8, rp)GI" (u, 8, rg)-k F9" (u, 6, rg)GI97 (u, §, rg)
=F9" (u, §, rg) (klc;gr(u, 8,1rg) + kO%Ggr(u, 5, rG))

+GI9"(u, 8,1¢) (legr(u, S, 1) + ko % FI9"(u, 5, rF))

-k F9"(u, 8, rp)GI" (u, 8, 1)
=H[F(w)]H[D},G(w)] + H[GW)|H D}, F(w)]
-le[F(u)]H[G(u)] .

From Note 2.3, we have DP[F(w)G(u)] = F(w)D},G(w) +
GDEFw) — Ky (F(u)a(u)).



(4) From Theorem 3.1, we have H[D} F(w)]=
kyF97 (1,8, 1) + ko o F97 (11,8, ).

Consider,
H {8, ()] = , Zowdre) 9 (7 (ubre))
9r \ew /1 ~ "leorwsrg) 0 ou \GIT(wErg)
FI97 (u,8,rp)

1 GIT(u,8,rg)
Ggr(u,S,rG)%Fgr(u,8,rp)—Fgr(u,S,Bq,)%Ggr(u,S,rg)
[GIT(u,6,rg)]?

0
FI97 (u,8,rp)
1 GIT(w,8,r6)
koGgr(u,S,rG)%Fgr(u,S,rF)—koFgr(u,S,rF)%Ggr(u,S,rg)

[GIT(w,8,rg)]?
+ k1GI"(w,8,rg) FI" (u,8,rp) —k1FI" (u, 8, rg) GI"(u, 8, rg)

[GI™(w,8,rg)]?

Ggr(u,a,rc)(kiFgf(u,a,rp)+ko%Fgr(u,8,rF)>

FI" (u,8,rp)
1 GIT(u,8,r¢)

(GI7(u,8,r))°

FI7 (u,S,rF)<k1Ggr(u,8,rG)+k0%Ggr(u,5,rG))

(Ggr(u,&r(;,))2
K H(?(u)) . H(G(u)) H (Dgrif(u)> - H(F‘(u)) H(DEGwW))
" h(Ew) (Ee)]
From Note 23, we have »(z2)= kl% +

a(u)ngj(u)-ﬁ(u)ng;d(u)
(e’

Example 3.2 Suppose that F(u) = 5cosu and G(u) =
5sinu, where 5 = (3, 5, 7) foru € [0,1] then we have

HFw)]=1[3 + 26 + 4(1 —&)rs]cosu
H[GW] =13 + 28 + 4(1 — §)rs] sinu

Using the Theorem 3.2, we get

(1)
H[DS.(F+G)| =13 + 26 + 41 — &)rs]
[(1 —p)uP(cosu + sinu) + pul™P(cosu — sinu)]

Therefore
[DP.(F+G)]° =
H™Y([3+ 28 +4(1 — 8)r5][(1 — p)uP(cosu + sinu)
+ pul~P(cos u — sinu)])
(2)

H[D).(F-G)] =
[3+25+4(1—8)]rs[(1 —p)uP(cos u— sin u) —
pul~P(cos u + sin u) ]

Therefore
[0}, (F - )" =
HY([3+ 26 +4(1 — 8&)]rs[(1 — p)uP (cosu — sinu)
— pul~P(cosu + sinu)])

A3) .
H[D).(FG)] =
[3+28+4(1 - 8)rs)?
[(1 — p) uP sinucosu + pu~P(cos? u — sin® u)]
Therefore

D5 (FB)] =
HY([3+4 28+ 4(1 — &)rs]?[(1 — p)uPsinucosu
+ pul~P(cos? u — sin? w)])
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4. NEW CONFORMABLE FRACTIONAL GRANULAR
INTEGRAL

Definition 4.1 Let F(u) be a continuous function whose

HMF. F9"(u,8,rg) is integrable on u € [c,d] . Let
f:%‘;’(gﬂds is new conformable fractional integral on [c,
o (P,

d]. Then the FSVF F is called as a new conformable fractional
granular integrable on [c, d] if there exists a FN m =
fcu F&eos) yo such that H (m) = fcu HF®)]eo@s) ;o recall

ko (p.s) ko(p.s)
ukq (p,v)

that eg(u,s) = e s ko@D "
Theorem 4.1 Let the FSVFs F(u), G(u): R — K, then

p

IP[Fw) + G| = 15, Fw) + 1),G(w)

Proof. From the definition of NCFGI,

H (17, (Faw) + Gw)]

:fu H[F(s)+G(s)]eo (u,s) ds

¢ ko(p.s)

_ ruH[FE(®)]eows) u H[G(s)]eo(ws)

-] ds + [ HIEDIeo0s)
¢ ko(ps)

- u[ig, (F)] + 1[5, (6]

ko (p,s)

From Note 2.3, we get
I8 [Fw) + Gw)] = 15, Fw) + I),.G(w).

Theorem 4.2 Suppose FSVFs F(u), G(u) be new
conformable fractional granular differentiable as needed and
let the functions kg, k; be continuous and satisfy Definition
2.1, then the derivative of the definite integral of FSVF F is

given by Dy, (fcu%ds) =F(u).
“F(s)eo(u, s) )]
H |D? J —————ds
[ QT( c k()(p: S)
ko (poa0) d (f“Fgr(s,S,rF)eo(u,s)
= ,U) —
o'P du\J, ko(p,s)

ds>
u FI97(5,8,rp)eq (1,s)
+ kl (p) u) fC ko (:,S)O ds

_kl (p' u) u FgT (S, 8! rF) eO (u, S)
ko(p,w) J. ko (p, )
FI7(u, §,rp)eq (u, u)
kO (p' u)
FI7(s,8,rp)eq(u, s)

u
+k ,uJ.
R D)
UFE(s, 8, rp)eq(u, s)

=_k , U f dS+Fgr uﬁslr
1(p ) . ko (p’ S) ( F)
u Fgr ) 8’ )
+k, (p, u)J' (s,6,17) eo(u, ) ds
c

ko(p,s)
= F9"(u, 8, rp)= H[F(w)].

Proof.

= kO(p' u) [

From the Note 2.3, we get

D2, (J;“F‘(s)eo(u, s)

(. 5) ds> = F@)



5. NEW CONFORMABLE FRACTIONAL GRANULAR
IVP AND APPLICATIONS

Consider NCFG IVP,
Dy, Gu) = F (u,Gw)) @)
G(uo) = 50 3)

where, G:[c,d| SR> K, , F:[c,d] » K, XK, is called
fuzzy mapping and initial condition as G, € K;.

To obtain the solution of NCFG IVP Eq. (2), we follow the
method given below:

Apply HM.F. on Eq. (2), we get

d
klcgr(u,6,7b) +'kozﬂz(;gr(u,6,rb)
=F9"(u,G9" (u, 6,15),75)

“4)

Ggr(u0,6,rg) = G()gr(6;TGO) (5)
where, 7,75, € [0,1]. Hence, Eq. (2) is converted as a
partial differential Eq. (4) in single independent variable u.
Therefore, this equation is considered as conformable
fractional DEq.
The Solution corresponding to the Eq. (4) is taken as,
H(GwW)) = 6 (u,6,75) (6)
Take inverse H.M.F. on Eq. (6), we get the §-cut solution
corresponding to the NCGF IVP (2) as

sup max G9" (u,vy,rg)

8sy<1 TG

[Cw] = [52321 min " (.Y, rc),

Example 5.1 Consider the growth model NCFG IVP with
the initial condition as triangular FN.

Dg.G(w) = 0.5G(w), u € [0,5] (7)

Subject to, G(0) = [0.4,0.6,0.9] 8)

Now, [G(0)]° = [0.4 + 0.25,0.9 — 0.35] where & € [0,1].
Apply HM.F. on Eq. (7) and Eq. (8), we get

d
put P - GI"(w, 8,75) + (1 = p)uP G (u, 8,75)

€))
=0.5G69(u,6,15)
H[G(0)] = 0.4+ 0.25 + 0.5(1 — &)rg (10)
where, 1; € [0,1].
Solving Eq. (9) and Eq. (10), we get
G9"(u,8,15) =04+ 0.26 + 0.5(1 — &)rg]
0.5u7”_(1—p)u(2p)_1 (11)

e p2 2p2
which gives the solution corresponding to Eq. (9).

Take inverse HM.F. on Eq. (11), we get the § —cuts
solution corresponding to the IVP (7) as
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sup max GI" (u,y,rg)

~ 8
=1 i in GI7
[Ga]” =], inf, min G" (w, v, c), Sup ma

Using MATLAB draws & —level sets and presented in
Figure 1.

30 - : L
-1
—6—G(u) \
——Gi(u) /]
25t —AF F
»//
i
YLk
| A
,’( v"/ / *’, O
= I ‘¥ &2
=) F /X @
o " ¥ %
- ﬁ/*¥
s
10} V554
e "4 / [,
77 /Eﬁfd{
B2
5 -
08

Figure 1. The solution span in granular form corresponding
to the IVP (7) withp = 0.5

Example 5.2 Consider the decay model NCFG IVP with the
initial condition as triangular FN.

Dg.G(w) = —0.3 G(w),u € [0,1] (12)
Subject to G(0) = (3.97,4.3,5.1) (13)
Now [G(0)]° = [3.97 + 0.335,5.1 — 0.85] , where &€

[0,1].
Apply HM.F. on Eq. (12) and Eq. (13), we get

d
pulTP =G (u,6,7) + (1 — PP G (u,6,75)

(14)
=-0.3G9"(u,6,75)
. ~ gr
with [G(0)]” (8,75) = 3.97 + 0335 (15)
+1.13 (1 = o)rg
where, 1; € [0,1].
Solving Eq. (14) and Eq. (15), we get
GI9"(u,d,1z) =[3.97 + 0.336 + 1.13 (1 — §)r¢]
(16)

[—0.3u1’ (a-pulp-1
el P? 2p?

which gives the solution corresponding to the Eq. (14).
Using inverse H.M.F. on Eq. (16), we get

6ol =|

inf minG9" (u,y,rg), sup maxG9" (u,y,rg)
Ssys<1 rg §<y<1 TG

which is the § —cuts solution corresponding to the IVP (13),
using MATLAB draws & —level sets and presented in Figure
2.
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Figure 2. The solution span in granular form corresponding
to the IVP (12) with p=0.5
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Figure 3. The solution span in granular form corresponding
to the IVP (17) with p=0.5

Example 5.3 A body with temperature (100,130, 150)°F
kept in an environment of L = (5,10,15)°F. Then NCFG
IVP that describes the temperature inside the body G(u) is
modeled by

DP.G(w) = —k[G(w) — (5,10,15)], u € [0,5] (17)
Subject to, G (0) = (100,130, 150) (18)

Now, taking ==, then [G(0)]" = [100 + 308,150 —
208] where 6 € [0,1].

Apply HM.F. on Eq. (17) and Eq. (18) and in particular, we
relax the non-zero condition on k, i.e., we take k; =
0 and k, = pu'~?, we have

10 2 Gor u,6,7,)
PE u T

=—0.1[GY9" (w,8,75) — (5 + 56 + 10(1 — 8)1,]

(19)

H[G(0)] = 100 + 305 + 50(1 — &)rg, (20)

where B¢, B, € [0,1].
Solving Eq. (19) and Eq. (20), we get

GI"(u,8,15) =[5+58 +10(1 — &)r]
[—0.1u7"] (21)
+[95 + 256 + (1 — &)(50rg, — 107,)] e! P*

which gives the solution corresponding to the Eq. (19).
Using inverse H.M.F. on Eq. (21), we get

[G(u)](S = | inf minG9" (u,y,1rg), sup max G9" (u,y,rg)
dsy=1 rg S<ys1 TG

which is the § —cuts solution corresponding to the IVP (17),
using MATLAB draws § —level sets and presented in Figure
3.

6. CONCLUSION

We have constructed a theoretical framework for NCFGD
and its corresponding integral NCFGI. Our approach utilizes
the HM.F. to define and analyze these concepts. We
demonstrate the application of NCFGD and NCFGI to solve
IVPs associated with fuzzy fractional differential equations
involving growth, decay and colling processes. By
incorporating the relative-distance-measure variable, our
method ensures unique and accurate solutions, which are
comparable to those obtained for crisp functions. We provide
detailed examples and graphical illustrations to showcase the
effectiveness of our approach. Future work will focus on
extending the NCFGD and NCFGI framework to more
complex systems, including BVPs and systems of DEgs.
Additionally, we intend to investigate the potential
applications of our approach in various fields, including
control theory, signal processing, and biological systems with
appropriate data sets.
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