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illustration on the basis of fuzzy difference equations.
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1. Introduction

The uncertainty theory has a significant impact on how various real-life models are handled in
the scientific and engineering fields. Recent years of research on theory and modelling with
uncertainty have grown [1-11]. Fuzzy set theory is one of the uncertainties. After the introduction of
the fuzzy set by Zadeh [12] and the intuitionistic fuzzy set by Atanassov [13], the ambiguity theories
have geared up dramatically. After that, Smarandache [14] proposed the concept of the
neutrosophic set. We are already aware that the neutrosophic set considers the truth membership
function, the indeterminacy membership function and the falsity membership function
simultaneously. Rahaman et al. did the solution of the second-order linear intuitionistic fuzzy
difference equation in the paper [15]. This makes them more applicable and productive than the
general fuzzy and intuitionistic fuzzy set concepts. In the paper [16], Das et al. showed an application
of decision making of a Neutrosophic fuzzy set. A new process was developed with fuzzy clustering
based on the association matrix of neutrosophic in the work [17].

Neutrosophic number primarily addresses undetermined, insufficient and inconsistent data. As
research continues to execution, we notice that the single-valued neutrosophic set idea is provided
by Wang et al. [18], which is the extension part of the neutrosophic set. Ye [19] structured the notion
of neutrosophic sets simply and Peng et al. [20,21] presented some basic ideas on these aggregation
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operators with novel operations. Researchers have recently focused on neutrosophic sets and
numbers with different kinds of extensions, such as several forms of triangular neutrosophic sets
[22], multi-valued neutrosophic sets [23], neutrosophic refined sets [24], interval-valued
neutrosophic soft rough sets [25], generalized neutrosophic soft sets [26], single-valued neutrosophic
numbers [27], trapezoidal neutrosophic numbers [28], non-linear neutrosophic numbers [29], type-
2 neutrosophic numbers [30], etc. Deeba et al. solve a fuzzy difference equation with an application
in the research paper [31]. The model of CO2 level in blood is simulated with a fuzzy difference
equation and easily processed by Deeba et al. [32] in the work. Lakshmikantham and Vatsala [33]
mainly explain the initial theory of fuzzy difference equations. Papaschinopoulos et al. [34] explored
the fuzzy difference equation of first-order rational type. Also, in the paper [35], Papaschinopoulos
and Stefanidou give an elaborate description of boundedness and the behavior of the solutions
asymptotically of a fuzzy difference equation. Umekkan et al. [36] give a financial application of fuzzy
difference equations. Zhang et al. [37] provided the behavior of the proper solutions to fuzzy non-
linear difference equations. Memarbashi and Ghasemabadi [38] processed the fuzzy difference
equations of Volterra form in the work. A fuzzy difference equation of rational type were addressed
by Stefanidou and Papaschinopoulos [39] in the study. The application of fuzzy difference equations
in finance is also considered and structured by Konstantinos et al. [40] in the research work.

2. Preliminary part

Preliminary mathematical tools are described in this section. The definition and properties of
neutrosophic sets are mentioned as follows: Fuzzy sets and their extensions are applied in various
real-life applications, including solutions of differential equations [8], series solutions [11], decision-
making problems [41-45], mathematical modelling [46-48] and many more.

2.1 Fuzzy set

Consider that, V be a universal set of discourse, where a fuzzy set U defined on it. Therefore, the
fuzzy set U can be written as [49]:
U={(nng@):nev} (1)
here, the membership function of the fuzzy set U is ug(n) when, pg: V - [0,1].

2.2 Intuitionistic fuzzy set (IFS): [50,51]

Let us choose that, K be a universal set of discourse, where an intuitionistic fuzzy set K defined
on this. Then, the intuitionistic fuzzy set K is denoted as
K={(b,nx®)vx()):p € K} (2)
where the membership and the non-membership function of the intuitionistic fuzzy set K are
ug(p) and v(p), respectively with uz(p), vz (p): K- [0,1] and 0 < pi(p) + vg(p) <1Vp EK.
Remark 1: In the intuitionistic fuzzy set (IFS) K define in above, if the membership function
(u R(f’)) and non-membership function (Vﬁ(b)) are satisfies the condition 0 < pug(p) +vg(p) <1
V p € K, then the IFS is called a dependable intuitionistic fuzzy set; otherwise undependable
intuitionistic fuzzy set.
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2.3 Neutrosophic fuzzy set (NFS)

Select that, H be a universal set of discourse, where a neutrosophic fuzzy set W defined on it.
Then, the neutrosophic fuzzy set W is denoted as [52,53]:

W = {(enw®, mg(),vy(e)): ¢ € H} (3)

where the membership, indeterminacy membership and non-membership functions of the

neutrosophic  fuzzy set (W) are pg(e), mg(e) and vg(e), respectively with
ng(e), my(e), vg(e): H = [0,1]and 0 < pg(e) + m(e) +vg(e) < 1Ve e H.

Remark 2: In the neutrosophic fuzzy set (NFS) WU define in above, if the membership function
(uw(c)), indeterminacy membership function (nw(c)) and non-membership function (V(p(G)) are
satisfies the condition 0 < pg(e) + Tp(e) +vy(e) <1 Vg €H, then the NFS is called a
dependable neutrosophic fuzzy set; otherwise, it is an undependable neutrosophic fuzzy set. In this
study, we consider the dependable neutrosophic fuzzy set as a neutrosophic fuzzy set (NFS) for
further computation.

2.4 Triangular neutrosophic fuzzy number (TNFN)

Consider that H be a universal set of discourse, a Triangular Neutrosophic Fuzzy set (TNFS) £
defined on this. Then, the triangular neutrosophic fuzzy set £ is defined as [54]:
L= {(L @) )v i )): (31,32, 33 D1, D2, 93; b1, D2, D3): [ € I‘F} (4)
where the membership (uﬁ([,)), indeterminacy membership (nz([,)) and non-membership

(Vf;(‘L )) functions of the neutrosophic fuzzy set £ are represented as
531

— Jif3 =<3
241
1 sif [=
w@y={ 1t UiTE 5)
S i % <[<133
33—32
0 ; otherwise
v2—), s
— ;ify <<,
2701
0 sif [=
@) =1,0  Uim (6)
- iy <[<Dp;
3702
1 ;otherwise
and
bbz__I;L ;if < <D,
2 1
0 sif [=
vigy=1 .0 YI=n )
oy, U D2<[=Ds
3 2
1 ; otherwise

where, 0 < p;() + L) +v:E) <1VLEL 34,%,3301,02,93 01, 52,b3 € £ and 33 <
%2 <3391 <Dy <13, by <bh, <Ds.
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2.5 Parametric form of triangular neutrosophic number: [55]

The parametric form of triangular neutrosophic fuzzy number (£), described by

L={(L,nz®)mz@)v (L)) (31320335 91,92, 935 b1, bas b3)h[:€ H}, it can also said that
(a, B,y) —cut of this triangular neutrosophic fuzzy number (L) is the parametric presentation.
Here, in a classical way, it is presented that

Li(0) =2 +a(z2-31)
L (o) =33 — a(33—32)
Ly (B) =9, — B(n2—11)
L, (B) =92 + B(v3—1,)
L (v) =b2 —v(2 —bH1)
L, (¥) =1, +v(s —by)

(8)

2.6 Example of triangular neutrosophic number

Let us consider that H be a universal set of discourse, a triangular neutrosophic fuzzy number
(TNFN) £ defined on this. Then, the triangular neutrosophic fuzzy number £ is defined as [55]:

L={(L,n@)m:E)v () (357 256 357):[€ R} (9)

where the membership, indeterminacy membership and non-membership function of the
neutrosophic fuzzy number £ are pz(f,), mz([,) and v ([, respectively and are denoted as

(= 5if3s<f<5 (22 5if3<[<5
)1 iff=5 1 if[=5
b =07y ifs<r<7 |2 Lifs< <7 o)
7-5 "’ - 2 ’ -
\ 0 ;otherwise \ 0 ;otherwise
(2L sif2s<f<s (T if2<{<5
() =1 0 iff=5 = 0 sifd=5 (11)
22 oLifs<f<6 |2 Lifs<f<6
\ 1 s otherwise \ 1 ;otherwise
and
= jifesf<s  (EE if3ss<s
VL) = 0 ;if[=5 _ 0 ;if[=5 (12)
YL ogifs<f=<7 |EL if5<[<7
1 ;otherwise 1 ;otherwise

where, (3,5,7; 2,5,6; 3,5,7) E Rand3 <5<7; 2<5<6; 3<5<7.Thegraphicalstructure
of the triangular neutrosophic fuzzy number (TNFN) £ depicted in Figure 1.
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Membership function

(rz())

Indeterminacy membership
function (z(f,))

Non-membership function

— T (vz()

0
(0,0) 3 5 7 R

Fig. 1. Geometric representation of a triangular neutrosophic fuzzy number (TNFN) £

Remarks 3: In the fuzzy set with one membership function, namely the true membership function,
which only depicts the belongingness of the element in the set and in the intuitionistic fuzzy set has
two membership functions, namely the true membership function and non-membership function,
which describes the belongingness and non-belongingness of the element in the set. Further, in the
neutrosophic fuzzy set, there are three membership functions, namely the membership function,
indeterminacy membership function and non-membership function, which represent belongingness,
unknown and non-belongingness of the element in the set, respectively. Therefore, the neutrosophic
fuzzy describes the element’s position more specifically than the fuzzy set and intuitionistic fuzzy set.

3. Difference equation with neutrosophic variable

The form of a g-th order linear difference equation is
Zryp = b1Zr+p—1 + bZZr+p—2 + et prr +d, (13)
where by, b, ...,bp and d, are known constants.
The difference Equation (13) is called the neutrosophic difference equation if
i.  Allthe initial conditions or some of the initial conditions are neutrosophic numbers,
ii.  The coefficient or coefficients of the difference Equation (13) are neutrosophic numbers,
iii.  The initial conditions and coefficient or coefficients are neutrosophic numbers.
Theorem 1: [56] Let m € N, m = 2. A linear homogeneous system of m first order difference
equations are given in matrix form as
Zyy1=GZy (14)
where Z, = (ZL, 22, ...,Z™7, G = (gij)mxm, ij=1,2,..,m.
Now, the required solution of Equation (14) is
Z,=G"Z,, r€N (15)

Theorem 2: [57] Characterization theorem on neutrosophic number:
Let us choose the neutrosophic initial valued difference equation problem

{ZNT+1 = /g(zr'r) (16)

Zy=0 = Zp
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where #: E* X Zso = E*, i.e.,
i.  The parametric form of the function is defined below as follows
#Lr(2Lr (@), 23, (@), 7, @), Br 1 (2L (@), 2R r (@), 7, @);
[#(r )] o 5.y = | B2 (220 B, 2R (B).7, B), 87, (221 (B), 2R (B). 7. B);
#2022 ), 2R (), 1Y) B2 (22 (1), 2R, (V) 1Y)

i.  Thefunctions #,(z.(), z} (@), 7, @), $4 (2L (@), 2} (@), 7, @),
#2r (22 (B), 22 (B), 7, B), $2, (22 (B), 2+ (B), 7, B), $2+ (22+ (), 22 (1), 7 ¥),

zﬁgm(zir(y),zgm(y),r, y) are considered as continuous functions forany €,> 03 a
6, > 0, then,

|$2, (2L (@), 2} (@), 7, @) — Fir (ZLl.rl (@), zg ., (@), 11, a)| <€, forall a €[0,1]

with ||(z (@), z4 - (@), 7, @) — (2}, (@), z} (@), 71, @) || < 8; where T, 71 € Zs,

and forany €,>03ad, > 0, then
|$2:(2ir (@), 2k - (@), 7, @) = B2, (2L, (), Zit, (), 72, @) | <E; forall a €[0,1]
with || (2. (@), z4 , (@), 7, @) — (21, (@), 2}, (@), 75, @) || < 82, where T, 1, € Zsy.

Similarly, the continuity of the remaining four functions #2,(z%,.(8),z%,(B),7.B),

#4220+ (B), 22 (B), 1, B), #ir (22 (1), 22, V), 17 ), #3 (22+ (1), 23, (¥), 7, ¥) can be defined with
this process.

The difference Equation (16) gives to the system of six difference equations described as below
(2L re1(@) = $1-(200 (), 23, (a), 7, @)
2 r41(0) = $r,(2L,(@), 23+ (@), T, @)
2t i1 (B) = $2- (22, (B), 24+ (B), 7, B)
28 r1(B) = $3(22+(B), 22, (B), 7, B)
Zir 1) = #2220, 22, (1) 1)
241 = $ir (22 1), 22 (V). 7)

(Z%,rzo(a) = le,,O(a)
Z}%,rzo(a) = Z}%,o (a)
Zir=0(B) = z1,0(B)
Zir=0(B) = Zg o (B)
ZI%,T=0(‘V) = ZI%,O(V)
\Zkr=0(¥) = Zg,o(¥)
Note 1: Every single neutrosophic difference equation is transformed into a system of six crisp
difference equations with the help of the characterization theorem. In this article, we have selected
only a single dependent variable difference equation in a neutrosophic atmosphere.

Definition 1: [58] Strong and weak solution of neutrosophic difference equation:
The solutions of the difference Equation (16) are described as

with the initial conditions <

a) A strong solution when
zr (@) < zg,(a)
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7t (B) < 7, (B)

7t () < zp - (¥)
and

[ZLr(a)] >0,— [ZR H(@)] <0
[ZLr(.B)] <0, [ZRr(ﬁ)] >0
E [ZL,r(V)] < 0’ E [ZR,r()/)] >0
forevery a, B,y €[0,1].
b) A weak solution when
zi,(a) 2 zg, (@)

21, (B) = zz,(B)
21 () = zg, ()

and
[ZLr(a)] <0,— [z}w(a)] >0
7 2 (22, (B)] > 0,2 [z, (B)] < 0
5 [ZL,T(V)] >0, E [Z}\’,r(y)] <0

da
i
B

forevery a, B,y €[0,1].

Note 2: Perhaps the strong and weak solution strategy won't happen in certain areas. In this case,
the strong and weak solution both exists in the particular time interval or particular interval of «, 8
or y. If neither strong nor weak solutions occur, we will call them non-proposed neutrosophic
solutions. We recommended taking strong solutions in those cases.

4. Neutrosophic fuzzy sets in financial applications in discrete system

In the research work [59], Kwapisz explores the basic difference equations that explain the
balance of a bank deposit. Here, we consider two cases, these are
Case 1. In this case, consider the scenario involving a bank deposit. We know that every bank has
a limit for making a stable deposit. Here, the money gets cut when it is deposited under the exact
limit. In this paper, E be the cutting rate and R be the deposit amount of money. We actually want
to detect the final amount of money after deposit it by s years. Now, the difference equation is
Rs11 =Rs—E (17)
where s is the non-negative integer and E > 0.
Now, apply the neutrosophic numbers in Equation (17), we get
Rev1n=R,—E (18)

We take the (a, B, y)-cuts of the equation (18), i.e.,
{[4Res1, $Rosr [ Rovr, PRt |s [, BRoa ]}
= {19, $R.J; [ Ry, URSJ; [Ry, BRG]} — {19E, 4E7; [ B, BE ) [1E, 1E]}

Therefore, we have the following system of crisp difference Equation (15) by characterization
theorems
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(Rs+1=Rs — FE

*Rs41=FRs — E
"Ross = R — UE

S b (19)
rits+1 — rils l

h _ h h
le+1 - le - rE
h — h h
krRs+1 - rRs - lE

Now, the primary balance of the money deposits R, be a neutrosophic number and the
(a, B, y) —cut presentation of this is {[OI‘RO, “Rol; [%RO, ERO]; [\;RO,XRO]}. So, the sequence of the
required solution of Equation (19) is
(%Rs = Ry — SSE
*Rs = SRy — SOILE
PRy = PR, — sPE
PRy = PRy — s°E
YRy =Ry —S)E
\YRs = /Ry — sYE

(20)

Note 1: The neutrosophic parametric solution of Equation (20) is a divergent solution.

Case 2. This is the case; we show how capitalisation works. Consider that a specific amount of
money is deposited in a bank account to get the interest. Here, R, be the amount of money that is
deposited in the bank account to get interest by specific order and 4 be the interest rate. The system
is typically used in financial transactions for deposits that accrue interest by years. We actually want
to identify the final amount of money after s years of accumulation. Now, the resulting difference
equation is

Rsy1 = Rs + 1R, (21)

where s be the non-negative integer number.
Consider the Equation (21) in the neutrosophic environment with the initial deposit balance R,,.
So,
Rs11 = Rs — 1Ry (22)

Let us choose the (a, B,y) —cuts representation of 4 is {["l‘/i, %“l; %i, E/L], ‘;/i, X/L]} Then,
Equation (21) can be indicated into a crisp parametric system of Equation (13), s.t.,
(Rs+1 = GRs + Fi/Ro

“Res1 = SR + $iT Ry
J Rss1 = TRs + BafiRy
PRsi1 = pRs + FitR
"Rer1 = "Ry + Vi'R,
\IRs1 = JRs + J41Ro

(23)

Solving the system of first order linear non-homogeneous difference equations, which is already
mentioned in Equation (23) and the details solution process have been discussed elaborately in [44],
we have

270



Spectrum of Engineering and Management Sciences
Volume 2, Issue 1 (2024) 263-280

(Rs = 9Ro + TR
*Rs = ¥Ry + sFiTR
"Ry = "Ro + shifR,
PRy = BRo + sPilR,
YRy = YRy + s Ry
\YRs = JRo + s]i{Ry

(24)

Remarks 4: In this paper, we explore only two cases of financial applications in discrete system
under neutrosophic uncertain environment. In this case, we choose a bank deposit related incident
exact limitation with specific cutting rate. And, then, we show the work of capitalization with the
certain amount of interest rate.

5. Numerical illustration

The numerical example of this proposed model is presented in this section. Numerical
illustrations are presented as follows:

Example 1. Choose a situation related to the bank deposit [60]. Each bank has a specific limit for
making a permanent deposit. In this problem, the money gets cut when it is deposited under a
particular limit. Here, E be the cutting rate and R, = 2000€ be the deposit amount of money. We
actually want to identify the amount of money after depositing it in the 3 years. Now, the difference
equation is

Rsy1 =Rs—E (25)

In Equation (25),s =3 and E > 0.

Now, apply the neutrosophic numbers in Equation (25), we get

_ Rs11 =Rs—E _ (26)
where E = {0.022,0.023,0.024; 0.021,0.022,0.023; 0.023,0.024,0.025} and R, = 2000€ is
the fixed amount.

We take the (o, B,y) —cuts of the equation (26), i.e.,

{[Ol(Rs+11 (7)"(R5+1]; [%Rs+1' ERS+1]; [’iRs+1' ’;Rs+1]}
= {[OILRS' *Rs]; I:ERS' ERS]; [%Rs: }rl'Rs]} - {[OI(E' FE]; [%E: EE]; [}%E, ’;E]}

Now, if the initial balance of the money deposits R, be a neutrosophic number and the
(o, B,y) —cuts presentation of £ is {[0.022 + 0.001a, 0.024 — 0.001a ];[0.022 — 0.001,0.022 +
0.00183];[0.024 — 0.001y, 0.024 + 0.001y]} . So, the sequence of the required solution is,
(GRs = 2000 — 5(0.024 — 0.001«)
YR, = 2000 — s(0.022 + 0.001a)
PRy = 2000 — 5(0.022 + 0.001p)
ERS = 2000 — 5(0.022 — 0.001p)
YRs = 2000 — 5(0.024 + 0.001y)
\YR,; = 2000 — 5(0.024 — 0.001y)

Here, ﬁo is the fixed value and then, we put, s =0, 0.2, 0.4, 0.6, 0.8,1,...,3 which is a crisp
number and find the required solution of itand 0 < (a, B,y) < 1.
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2D Plot of ['R(s) and "R(s)
T

1990.99 | S i g
1999.98 —
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1999 96 —

;‘R(s) and

1999 95 [~ ; b R A

1999 94 — H SR Sy —

1999.93

1999.92 ! [ ! !
o 05 1 15 2 25 3

Fig. 2. Membership curve of solutions of Example 1 at @« = 0.5 in 2D

3D Plot of l”R(t) and ':R(s)

2000
2000 —
1999.99
1999.99 —|
1999.98
1999.98 —|
BRI~ 1999.97
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T 1999.96 —
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3 100005
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1999.95 —
100005
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1999.93 —| 1990.94
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1999.92 ~ 1
T — = = 3 1999.93
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a

Fig. 3. Membership curve of solutions of Example 1 at & € [0,1] in 3D

2D Plot of 7R(s) and 7R(s)

= T
e i : —a—R(9
TS i o Ris)

1909.99 — Bl : 7]

1999 96 ~

R(s) and “R(s)

4
|

1099.95 — Rt -
1999.94 i . " i

199993 — ' : ~

1999.92 1 L 1 L L
S P

Fig. 4. Indeterminacy membership curve of solutions of Example 1 at § = 0.5 in 2D
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3D Plot of /R(s) and “R(s)

2000
2000 —
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B 1999.96 -
&
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Fig. 5. Indeterminacy membership curve of solutions of Example 1 at § € [0,1] in 3D

20 Plot of 'R(s) and 'R(s)
T

T
‘.\\
1909.99 T .
i e ] {
199998 - s : R
e
2y
1999.04 — ! i ST, o
199993 i i T
1099.92 ! - - L B
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Fig. 6. Non-membership curve of solutions of Example 1 aty = 0.5in 2D

3D Plot of [R(s) and 'R(s)

2000
2000 —
1990.99
1999.99
1999.98 — 190000
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1999.93 — 190094
199992 ————— ————y
T T T == _1}-![')’1’. % 1900.03
09 08 o7 71 3 25
08 05 04 03 i 15
02 g1 % 05

Fig. 7. Non-membership curve of solutions of Example 1 aty € [0,1]in 3D

Figure 2 and Figure 3 represent the solution space of the membership function of Example 1 in
two and three dimensional spaces, respectively. Similarly, Figure 4 and Figure 5 represent the
solution space of the indeterminacy membership function of Example 1 in two and three dimensional
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spaces, respectively. Further, Figure 6 and Figure 7 represent the solution space of the non-
membership function of Example 1 in two and three dimensional paces, respectively. All the solution
spaces are triangular in form.

Example 2. Select that the specific amount of money is deposited in a bank account to get the
interest [61]. Here, R, be the order to get interest and 4 = {0.022,0.023,
0.024; 0.021,0.022,0.023; 0.023,0.024,0.025} be the interest rate. We define the final amount of
money after 3 years of accumulation. Now, the resulting difference equation is

Rsy1 = Rs + 1R, (27)
where s be the crisp number.

Consider Equation (27) in the neutrosophic environment with the initial deposit balance R,. So

Rs+1 = Rs — iR, (28)

Let us choose the (a, B,y) —cuts representation of 4 is {[0.022 + 0.001a, 0.024 —
0.001a ];[0.022 — 0.001,0.022 + 0.00153]; [0.024 — 0.001y, 0.024 + 0.001y]} and R, =
2000<€ is the fixed value of money. Then, after indicating the crisp parametric systems of Equation
(28), we solve the system of first order linear non-homogeneous difference equations and the
detailed solution of this is
(9Rs = 2000 —4(0.022 + 0.001a)2000  [GRs = 2000 — i(44 + 2a)

YR, = 2000 — 4(0.024 — 0.001a)2000 R, = 2000 — i(48 — 2a)
PRy = 2000 — (0.022 — 0.001/3)2000 ] PRy = 2000 — (44 — 2B)
PR, = 2000 — 4(0.022 + 0.0018)2000 | PR, = 2000 — i(44 + 2p)
YRs = 2000 — 4(0.024 — 0.001y)2000 YRy = 2000 — (48 — 2y)
\YR, = 2000 — i(0.024 + 0.001y)2000  \ YR, = 2000 — (48 + 2y)

Now, we put, 4 =20, 0.2, 0.4, 0.6, 0.8,1,...,3 which is a crisp number to get the required
solution of itand 0 < (a, B,y) < 1.

20 Plot of [‘R(l) and *R(l)
T

T
SRy

Fig. 8. Membership curve of solutions of Example 2 at a = 0.5in 2D

274



Spectrum of Engineering and Management Sciences
Volume 2, Issue 1 (2024) 263-280

3D Plot of ['R(i) and ["R(i)
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Fig. 9. Membership curve of solutions of Example 2 at & € [0,1] in 3D
2 Plot of R(i) and /R(i)
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Fig. 10. Indeterminacy membership curve of solutions of Example 2 at § =
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Fig. 11. Indeterminacy membership curve of solutions of Example 2 at 8 € [0,1] in 3D
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20 Plot of TR(l) and 'R(l)

“R(i) and Rii)
l

1850
0

Fig. 12. Non-membership curve of solutions of Example 2aty = 1in 2D

3D Plot of [R(i) and JR(i)

2000
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1840
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Fig. 13. Non-membership curve of solutions of Example 2 aty € [0,1] in 3D

Figure 8 and Figure 9 represent the solution space of the membership function of Example 2 in
two and three dimensional spaces, respectively. Similarly, Figure 10 and Figure 11 represent the
solution space of the indeterminacy membership function of Example 2 in two and three dimensional
spaces, respectively. Further, Figure 12 and Figure 13 represent the solution space of the non-
membership function of Example 2 in two and three dimensional paces, respectively. All the solution
spaces are triangular in form.

6. Conclusions and future research scope

The Neutrosophic fuzzy sets in financial modelling convey a powerful framework for handling the
uncertainty and ambiguity of data in discrete systems. Neutrosophic sets account for three degrees
of membership, i.e., truth, uncertainty and falsehood, which helps in making more nuanced
decisions. This methodology is particularly effective in handling situations such as banking problems,
stock market analysis, portfolio optimization, etc. In this paper, the fuzzy difference equation used in
the neutrosophic environment helps to increase the predictive accuracy and reliability of financial
models. In addition, neutrosophic fuzzy systems facilitate the growth of adaptive algorithms capable
of responding to real-world financial environments. In this research work, we consider two different
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banking related problems in a fuzzy neutrosophic environment with the help of basic difference
equations.

In this section, the future research outlines on this topic are described. This work can be extended
with different cases of financial applications in discrete systems. Anybody can apply a different fuzzy
environment to process the application. In the numerical illustration section, real-life banking related
problems can be further explored with the help of mathematical examples. In a word, it can be said
that, to enhance further performance, it can focus on refining computational processes and analysing
the hybrid models that combine neutrosophic sets with other machine learning methods to further
boost performance in the difficult field of financial systems.
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