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Abstract: This paper aims at a new approach for finding the solution of neutrosophic fuzzy fractional
differential equations (NFFDEs) based on the Zadeh’s Extension Principle method. NFFDEs combine
fractional-order systems with uncertainty, which deals with truth, indeterminacy, and falsity
information. This approach competently addresses the challenges modeled by both the fractional
derivatives and the indeterminate constructions characteristic of neutrosophic systems. The paper
frames the theoretical framework, advances the solution process, and validates the usefulness of the
method. Theoretical and numerical results validate that the Extension Principle method conserves vital
properties of the fundamental systems while providing flexible and inclusive representations of
uncertainty.
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1. Introduction

Difterential equation is very important techniques for theoretical Cooke [17] and Ross [27] as well
as modelling Braun and Golubitsky 87 and Sobczyk [47] based study. If formed in continuous system.
Several modifications and variation are already done in the wide field of research involving differential
equations. In that context the order of any differential equation need not always be integer, it may be
fractional order [5-87. A fractional differential equation includes derivatives of non-integer (fractional)
order which encompassing the concept of classical calculus. It models systems with memory and
hereditary belongings, apprehending complex behaviours better than traditional differential equations
ideology. These types of equations are extensively used in fields like physical sciences [97] biology
inspired model [107 and financial analysis [117]. The solutions methodology is quite different and it
needs more specialized techniques [12-157].

Theory based on uncertainty play important role for real world modelling now a days. There is
several well know ideology to capture the uncertainty when modelling. Few concepts such as interval
quantification [167] fuzzy set theory [17] intutionistic fuzzy set [187] theory etc. Fuzzy set consider the
degree of belonging ness where as intuitionistic fuzzy set capture both the belongingness and non-
belongingness [19, 207]. Apart from the previously mention settings neutrosophic set [21, 227 capture
uncertainty than others. The idea of a neutrosophic set is significant because it spreads classical fuzzy
set philosophies by letting the depiction of truth, indeterminacy and falsity by making it ideal for
manage uncertain, incomplete, and inconsistent info. Contrasting traditional models that might strict
boundaries or membership where as neutrosophic sets offer better flexibility and pragmatism in
complex decision-making problem like site selection problem [23, 247] mathematical biology [25]
Inventory control problem [267]. Transportation problem [277]. Graph theory [287 etc . This makes it
mostly powerful in settings in uncertainty modelling.

Differential equation with uncertainty is not new. The most popular differential equation with
uncertainty is fuzzy differential equation, which have importance both in theoretical [29, 307] and
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modelling [31, 327 purposes. Although fuzzy differential equation have different variation like fuzzy
fractional differential equation [83, 847 fuzzy delay differential equation [35, 367. In other hand the
neutrosophic differential equation [25, 37-447. Is taken and solved by few researchers whereas
neutrosophic fractional differential equation work is very rare [45]. The details comparative analysis is
of published paper based on neutrosophic differential equation show in table 1.

In that context we propose the neutrosphic fractional differential equation by neutrosophic
extension principle. The structure of the paper is are follows: Section 1 describes preliminary
introduction of related keyworks, Section 2 describes the preliminary ideas. Neutrosophic extension
principle is defined in Section 3. The formulation of neutrosophic differential equation is addressed in
Section 4. Section 5 stands for the solution strategy of neutrosophic fractional differential equation.

Numerical example is illustrated in Section 6. Section 7 stand for conclusion and future research scope.

Table 1.

Comparative study of published neutrosophic differential equation

Sl. Paper details Approaches used Type of differential equation Applications/
No. Theory
1 Sumathi and Antony Generalized neutrosohic Second order linear differential Theory
Crispin Sweety [377] hukuhara differentiability equation
2 Mondal, et al. [887] (a, B, y)-cut of neutrosophic First order system of Application
function method differential equation
3 Sumathi and Priya [897] (a, B, v)-cut of neutrosophic First order linear Theory and

[397 Sumathi et al.

function method

homogeneous differential

application both

equation
4 Parikh and Sahni [407] Generalized Hukuhara First order linear differential Application
[407] Parikh et al. neutrosophic differentiability equation
5 Rahaman, et al. [417] generalized Neutrosophic System of linear differential Theory and
[417] Rahaman et al. derivative equation applications both

First order linear non
homogeneous differential
equation

Generalized Hukuhara
neutrosophic differentiability

6 | Acharya, etal. [467] [42]
Acharya et al.

Applications

7 Acharya, et al. [257] Generalized neutrosophic System of linear non Applications
derivative homogenous differential
equation
8 Kamal, et al. [427] Generalized Hukuhara Second order linear Theory
Differentiability homogeneous
9 Mera, et al. [487 [45] Neutrosophic mathematical First order linear Theory
transform homogeneous
10 Momena, et al. [44] generalized neutrosophic generalized neutrosophic Application
derivative; derivative

2. Preliminaries and Basic Concepts

Fuzzy Set: Zadeh [17] A fuzzy set S is well-defined as a set of ordered pair, notationaly as
(r,us(r)), where r € X, where X is nonempty universal set. The function ug(r):X — [0,1], is called
membership function.

Zadeh’s extension principle: Zadeh [477 Let ] be a crisp set and P be a fuzzy set in J. The function
g:J = K is defined by k = g(j), then the extension principle introduces a fuzzy set R in K as R =

SUP ;Y 1
(Ue 1z )1k = (1), J € 1)} where, iz () = {feg-%k)(“"(’))'lf fo @=e
0 otherwise
Note: Zadeh's Extension Principle permits crisp functions to work on fuzzy sets uncertainty. It

encompasses functions by mapping fuzzy inputs functions to fuzzy outputs functions whereas
conserving membership grades. The output's membership functions are resolute using the supremum of
input memberships function that map to respective output value. This ideology is introductory in fuzzy
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arithmetic operations and fuzzy based decision-making. It permits applying in models to capture
imprecise data.

Example: Let, Mf be a fuzzy set given by the membership function as follows:

( 0ifj<2

j—2. ,
if2<j<e6

wa, (D=1  1ifj=6

10—j . ,
if6<j<10

4
L 0ifj>10

Let us choose a function F(j) = 3j + 2. Using the concept of Zadeh’s extension principle, another

tuzzy set F(Mf) can be determined. The membership function ofF(Mf) is obtained as follows:
0if k<8
k-8
12

if 8 <k <20

1if k=20
32—k

> if 20 <k <32
\ 0if k=32

Note: The above concepts define that how we construct a fuzzy function by considering a parameter
or variable as fuzzy in nature. Since the resulting function also obey the fuzzy rules.
Neutrosophic Set: The extension of fuzzy sets is neutrosophic fuzzy sets. Here in the neutrosophic set
Smarandache [487] one step forward of the Intuitionistic fuzzy set theory ideology. There exists several

Hr(if) (k) = 1

form of the said set. One of them is single-valued neutrosophic set. Consider an neutrosophic set My,
set U is Mye = {(Tye(k), Iye(k), Fye(k)) : k € U},
Tne(k), Ine(k), Fye(k) : U — [0,1] are considered as the degree of truthness, degree of indeterministic

on universal defined  as where

and degree of falsity function respectively for k € U, such that 0 < Ty, (k), Iye(k), Fye (k) < 3.

Table 2.

Comparison between Fuzzy, Intutitionistic fuzzy and Neutrosophic fuzzy set idea

Sl. No. Set Associated functions Conditions Advantage Disadvantage
1 Fuzzy set Membership function 0<uz(x)<1 Simple and for No way to
(,ug (x)) vague represent
concepts. contradiction in
data.
2 Intutitionistic | Membership and non- 0 < uz(x)+9;5(x) Captures Conditions
fuzzy set membership <1 hesitation restricts
(4500, 95(0)) handling
inconsistent or
contradictory
data.
3 Neutrosophic Truth, 0 deal with More complex
fuzzy set Indeterminacy < Tx(x) +1z(x) incomplete, computation
and Falsity +15(x) indeterminate, and
(Tz(x),1z(x),1z(x)) <1or,2o0r3 and interpretation.
inconsistent
information,

Note: Here in table 2 the comparison between fuzzy set, intuitionistic fuzzy and neutrosophic fuzzy set.
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Triangular neutrosophic number: Wang, et al. [227] A Triangular neutrosophic number is taken as

M = (mgyq, Mgz, My3; Myq, Myz, My3; My, Myp, My3), where the truth membership, indeterminacy and
talsity function is fixed as follows:

( k—my,
—— whenmgy, < k <my,
Moz — Mpq
1 whenk =m
TNe(k) = < k 02
Mo3 —
whenmy, < k < mys
Mp3 — My
\ 0 otherwise
whenmq; < k <my,
My —Mqy
0 whenk =m
INe(k) =9 k 12
— My
whenmy, < k < mq;
M3z — My
\ 1 otherwise
myp; —
whenmy, < k <m,,
My —Mpyq
0 whenk = m
FNe(k) =1 k 22
— My
_— When my, < k < my3
My3 — My
\ 1 otherwise

Where, 0 < Tye(k) + Iyo(k) + Fyo(k) <3 andy € M.
Parametric form of triangular neutrosophic number or, (@, f,y)-cut: The parametric setting of the
above number or the (a, 8, y)-cut is
[M]a,[f,y = {[M(li" Mg]; [M[l;" Mg]; [ML’ M]I}]}
(Mg =mg; + a(mgy — mg,)
Mg =mg3 — a(mez — mygy)
Wh M;% =mqy; — P(Mz — Myq)
ere X
M/}; =mqy + P(Myz — Myy)

M]]7 =My, — B(my, — myq)

My =my, + B(myz — myy)
with) < a,8,y <1 and0 < a + B + y <3.

Note: Its is need not necessary that we have to take triangular neutrosophic number. There exist
different variation of neutrosophic number such as trapezoidal neutrosophic number, pentagonal
neutrosophic number etc.

Mittag-Leftler function: If CDgy(t) = y(t), with y(0) =y, then the solution is y(t) = yOEg(t‘S),
where Eg (t‘g) is called Mittag-Leffler function and it expressed as,

s N w?
E5(t )—Zom,6>0
p:

Note: The Mittag-Leftler function have a vital role in fractional calculus. It generalizes the
exponential function and arises in the solutions of fractional differential equations. In particularly those
problems involving Caputo or Riemann—Liouville derivatives. Dissimilar the exponential, which defines
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memoryless progressions, the Mittag-Leftler function imprisonments power-law based decay and
memory-based effects for making it perfect for modelling real-world spectacles such as anomalous
diffusion, fluid dynamics, biological systems with hereditary properties. It appears when solving the
fractional differential equation by using Laplace transform also.

Caputo Derivative: For a function V(r) the Caputo derivative of order p € (n — 1,n) wheren € N,
1s defined as,

1 [ V()
(n—p)) (r =yt

Where I'(.) is the Gamma function and V(™ denoted the nth derivative of V.
So, for 0 < p < 1, the above definitions become

‘DEV(r) = =

1 [ V0)
FA-p)) (r=y"

Note: The Caputo derivative is very important in fractional calculus theory because it allows
fractional differential equations with initial conditions which may expressed in terms of classical
integer-order derivatives. The Caputo derivative particularly suitable for modelling dynamical systems
in science, engineering, physics and biological science where initial states are known in classical terms.
Moreover, it conserves key properties like linearity and convulsions naturally into Laplace transform
methods. It simplifying the analytical solution of fractional differential equations and attractive its real-
world applicability in initial value problems.

Caputo derivative for initial value problem: Consider the fractional differential equation of type

CD;y(r) = my(r) with initial value y(0) = y,, then the solution is written as
y(r) = Ep(—mrP)

“DYV(r) =

3. Neutrosophic Extension Principle

Extension Zadeh’s extension principle with neutrosophic uncertainty: Let V be a crisp set and B be
a neutrosophic set in V. The function g:V — Q is defined by ¢ = g(v), then the extension principle
introduces a neutrosophic set fuzzy set C in Q as € = {(q, T#(q), 1:(q), Fz(q)|q = g(v), u € U)} where,

sup

Ts(q) = {veg_l(q)(TE(”))' iff 974 (@) # ¢
inf 0 otherwise
Ie(q) = {VEg—ll(r:,)(’E(”))'if fog ) *¢

1 otherwise
and

mn
F(q) = {Ueg_l(q’;(@(v)).iff g @) * ¢
1 otherwise

Note: Neutrosophic extension principle ultimately is the extension of Zadey’s extension principal.
Our main aim is to use the theory for finding the solution of neutrosophic fractional differential
equation.

Example: Let, Eg be a neutrosophic set given by the truth, indeterminacy and falsity function as
tollows:

Edelweiss Applied Science and Technology
ISSN: 2576-8484

Vol. 9, No. 5: 1393-1405, 2025

DOI: 10.55214/25768484.v915.7172

© 2025 by the author; licensee Learning Gate



1898

r 0if x <80
(x_SO)' 80 < x < 100
20 ) /80=x
TBg(x) =< 1if x =100
(120_x)' 100 < x < 120
>0 if x <
0if x > 120
( 0if x <90
(100_x>' 90 < x < 100
10 ) U90=x
IBg(x) =< 0if x =100
(x—lOO)_ 100 < x < 110
10 if x <
0if x> 110
and
0if x <95
100 — x\ |
( z )lf955x<100
FBg(x) =< 0if x =100
x— 100\
( z )lf100<xS105
0if x > 115

Consider a function G(x) = x + 50. Using the concept of Zadeh’s extension principle, the
neutrosophic set G(Bg) can be determined. The function ofG(Bg) is obtained as follows:
( 0if x <130
x — 130\ .
( 50 )lf1305x<150
TBg(x)=< 1lif x =150
170 — x
( >0 )if150<xS170

\ 0if x =170
0if x <90
150 — x\ |
( o )lf140Sx<140
IBg(x) =3 0if x =150
(x—150
10

)if150<xS160
0if x =160

and

Edelweiss Applied Science and Technology
ISSN: 2576-8484

Vol. 9, No. 5: 1393-1405, 2025

DOI: 10.55214/25768484.v915.7172

© 2025 by the author; licensee Learning Gate



1899

0if x < 245
150 — x
(T) if 145 < x < 150
FBg(x)=< 0if x =150
x —150
(T) if 150 < x < 165

0if x =165
Theorem: If Y (¢): [to, T] = F(R) is a neutrosophic fuzzy function whose (@, 8,¥)- cut are denoted

by (7(t))a,ﬂ,y = {[y11(t, @), y12(t, @)]; [V21(t, B), y22(t, B)]; [y31 (L, V), ¥32 (L, ¥)]} for a, B,y € [0,1],
then

(1) (Y;(t))a’ﬂ'y is Elonempty~con1pact sulzset of R. ) )
(i) Y ())a, € T (O)a, T (©)p, € F(©)p, and (Y ())y, S (Y ())y, for0<a; <ay <1,0 <
Bi<B,<1,0<y; <y, <L

4. Neutrosophic Fractional Differential Equation (NFDE)
In this section we introduce neutrosophic fractional differential equation. It is obvious that the crisp

fractional differential equation and NFDE is different in nature. The idea of fuzzy difterential equation is
extended here.

Let us consider the crisp fractional differential equation of the form
{ “DYy() = F(t, ke, y (1)) )
y(to) = Yo
Where F: [tg,T] X R = R is a real valued function, yg € R, k € R is constant and § € (0,1].
The above fractional differential equation (1) is said to be neutrosohic fractional differential equation
if one of the following conditions holds:
I. The initial conditions Yy is neutrosophic fuzzy valued number
II. The coefficient or constant k is neutrosophic fuzzy valued number
I11. Both the initial conditions y, and coefficient or constant k is neutrosophic fuzzy
valued number
Here a question arises that when we consider the above cases ? Basically, for theoretical

study any one or all three may considered. But for real life model the one has to take which
is best fit for the model considered.
In this study we only consider the first cases i.e., the initial condition is neutrosophic fuzzy valued
number. In future study all cases are considered still the idea for solution strategy is quite similar.
Since the initial condition is neutrosophic fuzzy valued so the solutions also neutrosophic fuzzy valued,

so we take the whole equations form as follows and treated as neutrosophic fuzzy fractional difterential
equations:

{ “Dp3(t) = F(t,k,y (1)) @
y(to) = Yo

Where F: [ty, T] X Rf = Rf is a real valued neutrosophic function, ¥, € Rf, k € R is constant and § €

(0,1].

Note 1: For § = 1, the equation (1) converted to simple crisp ordinary differential equation and (2)

converted to neutrosophic fuzzy differential equation. Also, it should be noted that in solution if we put

the integer value of § then the solution is quite similar by not fully because we have to use some
numerical approximation restrictions.
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5. Solution of Neutrosophic Fractional Differential Equation Using Extension Principal
Method

There are several articles where extension principal is used to solve fuzzy differential equation such
as [1-47]. The idea is very popular since the derivative of fuzzy functions concepts or interval arithmetic
property is not necessary.

The solution using the extension principle is very much straight forward. Strating from crisp
solution, then maximum and minimum consideration with respect to uncertain parameters, then
submission the corresponding interval ends the solution procedure is completed. It should be noted that
different method may give different solution.

Consider the crisp solution of (2), that is the solution of (1) is as follows:
y(®) = gk, y0,t) (3)

In equation (3) the function § is crisp. The idea is that fuzzification have to done by extension
principal. In the function k, yy may be neutrosophic in nature. In this particular paper we take only the
initial value as neutrosophic number, so only we have to focus the parameter y, for applying Zadeh’s
extension principle via neutrosophic approach.

and let the (@, 8, y)-cut of the neutrosophic initial value of (2) is
Fo)apy = UP1(@), p2(@)]; [4:1(B), a2 (B)]; [ (¥), 2 (N1} (4)

This above is parametric representation or in interval form.

Theorem: If ($(t)) a5,y = {3k, y0, D)o Gk, yo, g Gk, yo, t)|y} is the solution of (2) then
g(k' Yo, t) |a = [yll(t' 0() = min {g(k' Yo, t)}; }’12(’5' (X) = max {g(k' Yo, t)}l Yo € [pl(a)' %) (0{)]]
g(k' Yo t)lﬁ = [yZI(t' B) = min {g(k'yO' t)}; YZZ(t; ﬁ) = max {g\(k' Yo, t)}l Yo € [‘h(ﬁ)) QZ(B)]]

g(k' Yo, t) |y = [y31(t' V) = min {g(k' Yo, t)}' y32(t' Y) = max {g(k' Yo, t)}l Yo € [T'l(]/), rz(]’)]]
For a, B,y € [0,1] it is obvious that y,1(t, @) < y12(t, @), Y21 (t, ) < y22(t, ) and y31(t,y) <
Y32(L,¥)-

The above theory shows that how we may find the parametric neutrosophic function with respect to a
neutrosophic parameter.

Two cases happen for the §(k, vy, t).

Case 1: g(k, t) is increasing with respect to Yy,

Then by Zade’s extension principle the solutions are written as follows

G()apy = {3 v0, e Gk, v, O)g; Gk, vo, )y } (5)
gk, y0,Ola = [g(k, p1(@), 1), §(k, p2(@), )]
Where { 9k, ¥0, )| g = [ (k, q1(B), ), §(k, q2(B), )] (6)

gk, y0, Oy = [g(e, 11 (1), 1), § (e, 12 (¥), )]
and another one is
Case 2: g(k, t) is decreasing with respect to yq
Then by Zade’s extension principle the solutions are written as follows

G)apy = {3 v0, e Gk, v, O)g5 Gk, vo, Oy } (7)
gk, y0,Ola = [ (k,p2(2), 1), §(k, p1 (@), )]
Where { §(k,¥0, )| g = [§(k, q2(B), 1), §(k, a1 (B), )] (8)

gk, yo, Oy = [gUe, 12(¥), 1), (e, 11.(¥), 1]
Note 2: Same concept is applicable if only coefficient k is neutrosophic number.
Note 3: Four cases happen if k and Yy, both are neutrosophic valued, and the cases are as follows:
Case 1: g(k, t) is increasing with respect to k and yg both
Case 2: g(k, t) is increasing with respect to k but decreasing with respect to y,
Case 3: g(k, t) is decreasing with respect to k and increasing with respect to y,
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Case 4: g(k, t) is decreasing with respect to k and yg both
It should be noted that every time the result should be checked whether it is obeying the neutrosophic
rules or not.

6. Numerical Illustrations
Example 1: Consider the fractional differential equation with neutrosophic initial value
‘DPA() = (L)

Qo = (8,12,16; 10,12,14; 11,12,15)

Solution: The solution associated with crisp fractional differential equation is
_ Py — tP t2P
0(8) = 0o, (¢7) = Qo (1 T T F(2p+1))
(we take the approximated form of Mitag-Lafler function up to third term).

an(r) i £2p
Now == =g (1 + T(p+1) F(2p+1)) >0,

It shows that the function (t) is an increasing function with respect to t.
Now the (@, 8, 7)-cut of the initial value of i, is
(Qo)apy = {[8+4a,16 — 4a]; [12 — 28,12 + 2B]; [12 - B,12 + B}

Using equation (5) in section 5, we get the neutrosophic solution

(00), , = {960,050 [%®. 95 ©]: [%®). 9 ®]}
w tP t2p tP
:{[(8+4a)(1+ >,(16—4a)<1+

T+ 1) TEp+1) T+ 1)

t2p ] tP t2r tP
e+ 1))_ ’ [(12 - 2'8)(1 TTo+D Tap+ 1))’(12 +26) (1 e+ D
t2P ] tP t2P tP
o+ 1)>_ ‘ [(12 -7 (1 e+ D T@p+ 1))’(12 ) <1 e+ D
t2P ]
T+ 1)>_}

Now the pictorial representation of the solution for p = 0.75 and t € [0,100] is as follows:

i, fand 5

- (i

Solution v alaes

Figure 1.
Solution for p = 0.75 and t € [0,100]

Note: Clearly, we that the solution obeys the conditions
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Q61 < Q8. Q5 (1) < QF (), Q5 (1) < QF (D)
for particular p = 0.75 and t € [0,100], a, B,y € [0,1], therefore it also is a neutrosophic solution.
Example 2: Consider the fractional diftferential equation with neutrosophic initial value

‘DPA(t) = —A(t)
{ZO = (30,50,70; 40,50,60; 45,50,55)
Solution: The crisp solution is A(t) = AgE,(—tP) = 4, (—1 —
third term).

dA(t) o th P
Now =% _AO( L [(p+1) F(2p+1))<0

which is an increasing function with respect to t.
The (a, 8,y)-cut of the initial value of A, is
(Zo)a,ﬁ’,y = {30+ 20a,70 — 20a]; [50 — 10,50 + 10B]; [50 — 58,50 + 58]}

Using equation (6) from section 5 we get

(Bw), = {1860, 85001 [0, 5] [850), 45O}

tP t2p tP
B {[(70 ~ 200 <_1 TTe+D T@p+ 1))’(30 +200) <_1 T+ D

tP t2pP
I'(p+1) T (2p+1)

) (approximated up to

’

2P

tP t2p
- mﬂ ; [(50 +108) <_1 “T(p+1) T(2p+ 1))’(50 —108) (—
tP t2p P (20
Te+D T@p+ 1))] [(50 o) < “T+1) TQRp+ 1)) /(50 = 57) <—

tP t2p
"T(p+1) T(2p+ 1))]}

Now the pictorial representation of the solution for p = 0.25 and t € [0,100] is as follows:

1
LR
s
07
e

0s

¥, 1 and v

4

200 150 1 1 0 1w X0 ;»ll 40 0
Solution Values

Figure 2.

Solution for p = 0.25 and t € [0,100]

Note: Clearly, we that the solution obeys the conditions
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AG(6) < AF(6), Ap(6) < AF(E), Ay (1) < AF(D)
for particular p = 0.25 and t € [0,100], a, B,y € [0,1], therefore it also is a neutrosophic solution.

7. Conclusion and Future Research Scope

In this paper, we have illustrated neutrosophic extension principal method for efficiently solving the
neutrosophic fuzzy fractional differential equations (NFFIFDEs). By participating the extension principal
method into the framework of fractional calculus ideology in neutrosophic fuzzy environments a
complex system formed. The advanced method extends classical solution strategy to handle
neutrosophic fuzzy initial conditions. Several illustrative examples demonstrated the viability,
reliability, and flexibility of the proposed method. Overall, the proposed methods provide a systematic,
reliable, and adaptable tool for dealing with fractional calculus systems influenced by multifaceted
uncertainties like neutrosophic sets.

There are various aspects for future research extension based on the present work. One of the
proposals is to extend the methodology into system of fractional differential equations with
neutrosophic uncertainty. Another development done for nonlinear systems numerical algorithm
findings rather than the analytical solutions which may difficult sometimes to obtained. By considering
several fractional derivatives like the Caputo—Fabrizio or Atangana—Baleanu derivatives with the
neutrosophic fuzzy settings which could also improve the model's capability to capture different types of
memory effects. The uncertainty parameters also change with respect to decision makers need, the
extension of neutrosophic sets such as cylindrical neutrosophic sets may considered. The core
applications may be found from the field like engineering science, mathematical biology and economics
for adopting the fractional calculus theory with uncertainty. Future research also focusses on by
integrating optimization methods in the solution methdology, which allowing for parameter
identification and system optimization in various complex neutrosophic fractional modelling.
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