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I. INTRODUCTION

Zedeh's significant paper was the first to propose fuzzy sets. This unique notion is
successfully employed in modeling uncertainty in many real-world applications. The
membership function of [0, 1] characterizes a fuzzy set. Fuzzy sets and its applications have
been significantly researched in several areas. In 1986, Atanassov created intuitionistic fuzzy
sets, which include the uncertain degree known as the uncertain margin. The uncertain
margin is equal to one less the sum of membership and non-membership. As a result, the
intuitionistic fuzzy set is defined by a membership function and a non-membership function
with values between [0, 1].

Ramot et al. [6] developed a new manner for fuzzy set extension by introducing complex
fuzzy sets in which the degree of membership is swapped by a complex value of the type
15(x).e/"s™), j = \/[—1 Where r;(x) and w,(x) are both in the range [0, 1]. The range in
complex unit disk is 7y (x).e/s™®) . In 1995, Florentin Smarandache greeted the concept of
Neutrosphic set, enables the insight of unbiased thought by greeting a new factor in the set
termed indeterminacy. As a result, the neutrosophic set was created, which contain the
components of the truth membership function (T), indeterminacy membership function (1),
and falsity membership function (F). Neutrosophic sets are engaged with the irregular
interval of [0, 1].

Wang [4] (2010) developed the idea of single-valued nuetrosophic sets (SVNS), commonly
stretching out of intuitionistic fuzzy sets, which has since been a hot study area. Fermatean
Pentapartitioned Single Valued Neutronosophic Sets, proposed by Rajashi Chatterjee et al.,
be based on Belnap's four logics and Smarandache's four numerical logics. In the FPSVNS,
indeterminacy is divided into two functions known as ‘contradiction’ (both true and false) and
'unknown' (neither true nor false), resulting in five components: Ta,Ca, Ka, Ua and Fa, which
lie in the irregular interval [0, 1].

The research applies Ramot et al. [6], Alkouri and Saleh [1], and Cai and Zhang et al. [8]'s
work to neutrosophic sets. To introduce a sophisticated neutrosophic set, we basically follow
the theory of Ramot et al. [6]. A complex valued truth membership function, a complex
valued indeterminate membership function, and a complex valued falsity membership
function define the complex neutrosophic. In addition, the complex neutrosophic set is often
used because it not only generalizes existing structures, but also defines information
accordingly.

A relation, like a set, is crucial in all engineering, science and mathematics-oriented fields.

Relations explain the logic, approximation analysis, rule-based systems, nonlinear simulation,
synthetic evaluation, classification, pattern recognition, and control. The relationship between
fuzzy sets and intuitionistic fuzzy sets has been broadly researched in the neutrosophic
surroundings. Yang et al. suggested and investigated single valued neutrosophic relations
(SVRS).

The remaining article is structured as follows: Section 2 recaps some of the core principles
associated with complicated neutrosophic sets and CNSs. In Section 3, we have to define the
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Complex Fermatean Pentapartitioned Neutrosophic Sets (CFPNSs) as a precursor to the idea of
CNR. Following that, the notion of CNR will be defined. This component also generates a
decision-making algorithm. Using the CFPNR features, this algorithm investigates the
efficacy of a variety of training strategies. In Section 4, we describe various fundamental
operations on CFPNRs, such as complement, inverse and composition. This section also
includes the definition of projection for CFPNRs. Section 5 compares CFPNR and other
current approaches to the supremacy of our suggested strategy in detail. Section 6
summarizes the paper's conclusion and proposes future study topics.

Il. PRELIMINARIES
A complex neutrosophic set is described as follows:
Definition 2.1:

A complex neutrosophic set A is described on a universe X, for any x € X, Ta(x ) a truth
membership function, an indeterminacy membership function Ia(x ), and a falsity
membership function Fa(x ) assign a complex-valued grade of Ta(x ), Ia(x), and Fa(x) in S.
The values of Ta(x), Ia(x ), and Fa(x ), as well as their sum, may be within the complex
plane’s unit circle and also have the following form:

TAX) = ps(x). €/

1A(X)=q5 (x). 75

FA(X) = 75(x). e/"s®) where ps(x), gs(x), :(x) and ug(x), vs(x), ws(x) are respectively,
real valued and p,(x), q5(x), rs;(x) €[0,1] suchthat 0 < p.(x) + qs(x) + r(x) <3.

The complex neutrosophic set S can be expressed as

A= {(x,Ty,x)= ar,Lx) = a;,F4,x) = ap: xeX)},

where T, : {X - ar: areC, |lar| < 1}, 1, : {X - a;: q;€C, |a;| < 1} and
FA : {X e aF: aFEC, |aF| S 1}, and ITA(X) + IA(X) + FA(X)I S 3

2. 2. Complex Neutrosophic Relations

Here, we define the Cartesian product of two CNSs, followed by the above definition of the
CNR.

Definition 2.2 .1

Let X and Y represent two complex neutrosophic sets over U and V, respectively. The
Cartesian product of X and Y, represented by X x Y, is a CNS described as

X XY= {v), Txxy(u,v),IyxyW,v),FxxyW,v) ):(w,v)e U X V} , where
Ty « y(u, v) is a complex valued truth membership function Iy , y(u, v) is a complex valued

indeterminacy membership function and Fy,,(u,v) is a complex- valued falsity
membership function and V(u, v)e U X V,

TX x Y(u' ‘U) = min(pX (u) pY (v) ejmin (”X(u) (HX(V))’
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I x y (, v) = max(qx (). gy (v). e/me* Ox () Ox)),

Tx x y (W, v) = max(ry (w). 1y (v). e/m* (@x(W) (@x¥)),

Definition 2.3: [7]

Consider X as a universal set. An object of the form A Fermatean pentapartitioned
neutrosophic set (FPN) A on X is writtenas A={< X, Ta,Ca,Ka,Ua,Fa) > xe X}

(Ta)}+ (Ca)® + (Ka)*+ (Ua)*+ (Fa)® <3

Here, Ta(x) is the truth membership.
Ca(x) is contradiction membership,
Ka(X) is ignorance membership

Ua (X) is unknown membership,
Fa(x) is the false membership.

I1l. COMPLEX FERMATEAN PENTAPARTITIONED NEUTROSOPHIC SETS
The definition of a complex fermatean pentapartitioned neutrosophic set is:
Definition 3.1

A complex fermatean pentapartitioned neutrosophic set A described on a universal set of X,
It is distinguished by a truth membership function Ta(x ), Ca(x) is contradiction membership
function, Ka(x) is ignorance membership function, Ua (x) is unknown membership function
and Fa(x) that fix a complex-valued grade of Ta(x ), Ca(x), Ka(x) , Ua (x) and Fa(x) in S for
any X € X. The values Ta(x), Ca(x), Ka(x), Ua (x) and Fa(x) is the false membership function.
The entire can take the following form and be contained entirely within the complex plane.

Ta(X) = ps(x). /s

CA(X) = g, (x). /75

Ka(X) = 15(x). e/"s®

Ua (X) = s¢(x). e/*s™)

FAX)= tg(x).e/Vs®  where ps(x) , q.(x) , n(x) , s(x) , t(x) and
s (), vs (%), ws (%), x5(x), ¥ ()

are respectively, real valued and pg(x), g;(x), r.(x), s¢(x), t.(x) € [0,1] such that

0 < ps(x), 4s(x)15(x), 55(x), ts(x) < 3.

The complex fermatean pentapartitioned neutrosophic set S can be expressed as

A= {(x,Ty(x) = ar, Cu(x) = ac,K4x) = ag, Us(x) = ay, F4(x) = ap: xeX)}
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where T, : {X = a;: areC,|ar| <13}, Cy 2 {X = ac: a;c€eC, |ac| < 13,
Ky : {X = ag: ageC, |lag| < 1}Uy 2 {X = ay: ayeC, lay| < 1}, and
Fa: {X - ap: apeC, |ag| < 1}, and [Ty (x) + Cu(x) + Ku(x) + Ua(x) + Fo(x)] < 3.

Definition 3.2.

Given X to be a universal set, a complex fermatean pentapartitioned neutrosophic set A is
described as:

A={<Xx, Ta(x),Ca(x), Ka(x) , Ua (X), Fa(X)) >: x € X } where Ta(x) is the degree of truth
membership, Ca(x) is called the degree of contradiction membership, Ka(x) is called the
degree of ignorance membership ,

Ua (X) is called the degree of unknown membership and Fa(x) is the degree of false
membership that has a mapping Ta: X — {z1: z1 € C: | z1| < 1}

Ca:X—>{z:22€C: |21}, Ka: X > {z3:3€C:|z3<1},Un: X—> {z4:24€C: |24 <

1}
and Fa: X — {zs: zs € C: | z5| < 1}. For all x € X, the degree of truth membership is

Ta(X) = A4(x). e'4®) | the degree of contradiction membership is Ca(X) =B, (x).e4®) the
degree of ignorance membership Ka(x) = C4(x). 4™ | the degree of unknown membership

Ua(X) = D,(x).e 4™ and the degree of false membership is Fa(X) = E,(x).e'a®
respectively.

Where Ta,Ca, Ka, Ua, FA€ [0, 1],a4, b4, 4, dg, e4 € [0,27]
0< T3) +C30) + K3() + U3(x) + F3(x) <3, i =vV—1.

0 < ai()+ bi()+ ci()+ di(x) +ef(x) <3.
3.3. Concept of complex fermatean pentapartitioned neutrosophic sets

The concept of complex valued truth membership function, complex-valued contradiction
membership function, complex valued ignorance membership function, complex valued
unknown membership function, complex valued false membership function and complex
valued is not a simple task in understanding. Real valued truth membership function, real-
valued contradiction membership function, real-valued ignorance membership function, real
valued unknown membership function, real-valued false membership function in [0, 1] can be
easily perceptive.

Understanding the concept of complex fermatean pentapartitioned neutrosophic set is

straightforward when looking at its membership functions, which are represented by the
following: ignorance, truth, contradiction, unknown, and false.
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Definition 3.3.1.

Ta(X) = ps(x). e/t
Ca(X) = g5 (x). /7™
Ka(X) = 15 (x). e/¥s(¥)
Ua (X) = s5(x). e/%s®

FA(X) = ts(x). e/Ys™

It is clear that a truth amplitude term p,(x) and a truth phase term u,(x) define the complex
grade of truth membership function. Similarly, the complex grade of contradiction
membership function is defined as a contradiction amplitude term g,(x) and a contradiction
phase term vy(x); the complex grade of ignorance membership function is defined as an
ignorance amplitude term r;(x) and a contradiction phase term wg(x); the complex grade of
unknown membership function is defined as an unknown amplitude term s;(x) and a
contradiction phase term x,(x); and the complex grade of false membership function is
defined as a false amplitude term t;(x) and a false phase term y,(x), respectively. The truth
amplitude term ps(x) equal to |T 5(x)|, the amplitude term T, (x) . The contradiction
amplitude gg(x) is equal to|C 5(x)|, ignorance amplitude r5(x) is equal to |K (X)| ,
unknown amplitude sg(x) is equal |U o(x)|, and false amplitude terms ts(x) is equal to
[F A

Neutronosophic sets are generalized into complex fermatean pentapartitioned sets.
Representing a neutrosophic set as a complex fermatean pentapartitioned neutrosophic set is a
simple task. As an illustration, the real-valued truth membership function, contradiction
membership function, ignorance membership function, unknown membership function, and
false membership function all describe the neutrosophic set S. Complex fermatean
pentapartitioned neutrosophic sets are generalizations of neutrosophic sets. A neutrosophic
set in the form of a complex fermatean pentapartitioned neutrosophic set is an easy task. For
example, the neutrosophic set S is characterized by a real-valued truth membership
function a, (x), a contradiction membership function a, (x), an ignorance membership
function a,,(x), an unknown membership function ag, (x), and a false membership
function a,_(x). By setting the truth amplitude term p,(x) is equal to as, (x) and the truth

phase term ug(x) equal to zero for all x. Similarly, we can set the contradiction amplitude
term q4(x) equal to a,, (x) and a contradiction phase term v, (x) equal to zero for all x. The
ignorance membership amplitude term r;(x) equal to a, (x) and a ignorance phase term
wg(x) equal to zero for all x. The unknown amplitude term s;(x) equal to aj, (x) and an
unknown phase term x,(x) equal to zero for all x. The false amplitude term t;(x) equal to
as. (x) and a false phase term y,(x) equal to zero for all x. Consequently, it is observed that
a fermatean pentapartitioned neutrosophic set can be generated from a complex fermatean
pentapartitioned set. The explanation that follows identifies the following: the truth amplitude
term corresponds to the real-valued grade of the truth membership function; the contradiction
amplitude term, to the real-valued grade of the contradiction membership function; the
ignorance amplitude term, to the real-valued grade of the ignorance membership function; the
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unknown amplitude term, to the real-valued grade of the unknown membership function; and
the false amplitude term, to the real-valued grade of the false membership function.

The truth phase term, contradiction phase term, ignorance phase term, unknown phase term,
and false phase term are the sole variable that separate them. This sets apart the regular
neutrosophic set from the complex fermatean neutrosophic set. Put another way, the
complicated fermatean pentapartitioned neutrosophic set will effectively transform into the
fermatean pentapartitioned neutrosophic set if all five phase terms are eliminated. The fact
that ps(x), qs(x), r(x), ss(x) and t,(x) and have [0, 1], the real-valued grade of
membership in the truth, the real-valued grade of membership in contradiction, the real-
valued grade of membership in ignorance, the real-valued grade of membership in the
unknown and the real-valued grade of false membership supports every discussion in this
article.

Accordingly, complex fermatean pentapartitioned neutrosophic sets are the most
sophisticated establishment of all existence techniques; as a result, complex fermatean
neutrosophic sets represent a unique and noteworthy idea.

3.4 lllustration of a complex fermatean pentapartitioned neutrosophic set

Problem 3.4.1.

Consider a universal set X. Then S is a complex fermatean pentapartitioned neutrosophic set
in X, as given below:

0.6e798 0.3e?74,0.5e/93,0.65e/950. 2/ 04 N 0.7e¢7%1 0.1’ 74 ,0.2e99, 0.5e/93, 0. 8¢/ 04

X1 X2
0.9¢J01 g 4] T 0.7¢J07 5 6eJ050.3¢)04

X3

Set theoretic operations on a complex fermatean pentapartitioned neutrosophic set Ramot et
al. [6] determine the complement of the membership phase term ug(x) by several possible
methods, such as uS(x) = us(x), 2n — ug(x). Zhang [8] described the complement of the
membership phase term by the rotation of us(x) by x radian as ug(x) = pus(x) + .

To define the complement of a complex fermatean pentapartitioned neutrosophic set, we
define the neutrosophic complement for the truth amplitude term p¢(x), the contradiction
amplitude term g,(x), the ignorance amplitude term r;(x), the unknown amplitude term
s¢(x), and the false amplitude term t,(x).

Definition 3.5. Complement of complex fermatean pentapartitioned neutrosophic set.
Consider A = {< X, Ta(x), Ca(x), Ka(x), Ua (x), Fa(x)) >: x € X} being a complex fermatean

pentapartitioned neutrosophic set in X. Then the complement of a complex fermatean
pentapartitioned neutrosophic set A is defined as ¢ (A) and is defined by
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c(A) ={< xT;(x),Ci(X),Ki(®),Uf(x) , Fi(x) > :x€ X},

Where T£ (x )= ¢ (ps (x). e/%®), €5 (%) = c(gs(x). e/"®), K£ (x) = c(r5(x). e/*s™),

US (%) = c(ss(x). /%3 | FE(x) = c(ts(x).e¥s®) in which ¢ ( ps(x).e/%®) = ¢
(ps(x). /4@ is such that ¢ (ps(x)) = t4(x) and us(x) = ug(x), 2w — ug(x) or ug(x) + .

Similarly, c(qs(x)) = c(ss(x))and vE(x) = vy(x), 2w — v (x) or v, (x) + m.
c(rs(x)) =1—-r(x)and rf(x) = r.(x),2m — ry;(x) or ry(x) + m.

c(s5(x)) = c(gs(x)) and s&(x) = s(x), 21 — s5(x) or s¢(x) + 7.

Finally, c(t5(x).e/s®) = c(ts(x). e5™) where ¢(ts(x)) = (ps(x)) and
wé(x) = wg(x), 2m — we(x) Or we(x) + m.

Proposition 3.6

Let us consider a complex fermatean pentapartitioned neutrososphic set A on X, then, c(c(A))
=A.

Proof By definition 3.1. , it is clearly demonstrated.

Proposition 3.7.

Let us consider two complex fermatean pentapartitioned neutrososphic sets A and B on X.
Next,c(AN B = c(A) N c(B).

Definition 3.8.

Union of complex fermatean pentapartitioned neutrososphic sets.

The union of two complex fermatean pentapartitioned neutrososphic sets A and B were
defined as follows by Ramot et al. [6]: Let us(x) = ry(x).e/™4® and ug(x) =
r(x). e/WB™ are the complex-valued membership functions of A and B respectively. Then
the membership of A U B is given by p,up(x) = ([ra(x) @ 15(x)]. e/"4u®). Since 1, (x)
and rz(x) are real valued in [0,1], the operators max and min may be used on them to
determine the membership union of several methods are provided for computing the phase
term w, g (x). Now we define the following as the union of two complex fermatean
pentapartitioned neutrososphic sets.

Given two complex fermatean pentapartitioned neutrososphic sets X, A and B are
characterized as follows:

A={<x, Ta(x),Ca(x), Ka(x),Ua(x), Fa(x)) > xe X}and
B ={<x, Ta(x),Cs(X), Ke(x), Us (X), Fa(x)) >: x e X}
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Then the union of A and B is represented as AUB and is provided as

AUB =A = {< X, Tyup(x), Caup(X) , Kgup(X) , Ugup (X) , Faup(x)) >:x€eX}

Here, the truth membership function T,,z(x) , the contradiction membership
function C,,5(x), the ignorance membership function K,z (x), the unknown membership
function U,z (x) and false membership function F, g (x) are described by

Taos () = pa(x) V pg(x). e/tavs(®)
Caup () = qa(x) V q5(x).e/vauvB®)
Kqup (%) = 14(x) Arg(x). e/Waus®)
Ugup (%) = s4(x) A sg(x). eJxauB (%)

FAUB(x) = tA(X) Atg (x) elyauB(®)

Where v and A indicate the max and min operators respectively. To calculate phase terms
ejuAuB(x)' erAUB(x), ejWAUB(x), eijUB(x) and eijUB(x) we C|arify the fo”owing:

Definitions 3.9

Given two complex fermatean pentapartitioned neutrososphic sets in X, A and B have the
following membership functions: complex-valued truth Ta(x ) and Ts(x ); complex-valued
contradiction Ca(x) and Cg(x ); complex-valued ignorance Ka(x ) and Kg(x ); complex-valued
unknown Ua(x ) and Ug(x ); and complex-valued false Fa(x ) and Fgs(x ), respectively. The
function associated with the union of the complex fermatean pentapartitioned neutrososphic
sets A and B are represented by:

0:{(ar, ac, ag, ag, ar): ar, ac, ag, ag, apeC, lar + ac + ax + ag + ag|
<5larl, lacl lakl, lak|, lar| < 1}
XA{(br, bc, bk, bg, bg): by, be, bk, bg, bp€C, |by + be + by + by + bp| <
5» |bT|: |bC|! |bK|! |bK|: |bF| < 1}
- {(dy,d¢, dg, dg, dp): dr,dc, dg, dg, dpeC, |dr + de + dg + dg + dp| <
5» |dT|J |dcl, |dK|! |d1(|, |dF| < 1}

A complex value is imposed by 6, for all x € X,

9( Ty (x), TB(X)) = Tuup(x) = dr, 9( Ca(x), CB(-X)) = Cpup(x) = d¢ '
9( Ky (x), KB(x)) = Kyup(x) = dr, 9( Ua(x), UB(x)) = Upup(x) = dy
and H(FA(x), FB(x)) = Fyup(x) = dg.

The following axiomatic conditions must be met, at the very least, by this function 8: Regarding
any

a,b,cdexye{z:zeC, |z| <1}
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Axiom 1: |6+(a,0)| = |a| , 16:(b,0)| = |b], |0k(c, D] = |c],
|6y(d,1)| = |d| and |8z(e,1)| = |e| (boundary conditions).

Axiom 2 : 07(a,x) = O7(x,a),0:(b,x) = O-(x,b), Ok(c,x) = Ox(x,¢)
0y(d,x) = 0y(x,d) and Ox(e,x) = Ox(x,e) (commutative condition).

Axiom 3 : If |x| < |y|, then |67 (a,x)| < |0r(a,¥)I, [6c (b, x)| < [6c(D, y)I

10k (¢, )| < 10k (c, )|, 10y(d, x)| < 10y (d,y)| and |0r(e,x)| < |0r (e, y)]
(Monotonic condition).

Axiom 4:07(0r(a,x),y) = Or(a,0r(x,¥)),0c(0c(b,x),y) = 0c(b,0c(x,y)),
HK(QK(C,X),}/) = QK(CI HK(X,_')/)), BU(BU(drx)fy) = HU(dr QU(X,_')/)),

and 0r(0r(e,x),y) = Or(e, 0r(x,y)) (associative condition).

It may be conceivable in a few cases that the taking after are too held:
Axiom 5: Here 6 is continuous function (continuity).

Axiom 6: [07(a,a)| > lal,[6c(b,b)| > |b],

|0k (c,c)| < |c|,|8y(d, c)| <|c|land |0x(e, e)| < |e| (super idempotency).
Axiom 7: |a| < |c| and |b| < |d|, then |8+(a, b)| < |6+(c,d)]|,

la;| < lcyl and |by| < |d4], then |6¢(ay, by)| < 16c(cq,di)]

la,| = |c,| and |b,| = |d,], then [0k (az, by)| = |0k (c2, do)|
las| = |cs| and |bs| = |d3], then |6y (as, b3)| = [0y (cs, d3)|

and |as| = |cq| and |by| = |dyl, then |6 (as, ba)| = |0p(ca, da)l
(Strict monotonicity).

The phase term of complex truth membership function, complex contradiction membership

function, complex ignorance membership function, complex unknown membership function,
and complex false membership function pertains to (0,2).Now we assume that

PTAUB(X) = paus(®) 7CICAUB(x) = qaup(x),

Tk aos ) = Taup (), Sy, () = saup(x) | tp, ,(X) = taup(x) .

We now use those forms to define the phase terms that Ramot et al [6] gave.
Taus (), Caup (%), Kaup (%), Ugup (%) and F,yp(x)) respectively.

Sum: paup(x) = pa(x) + pp(x) qaus(x) = qa(x) + qp(x)
Taup(x) = 14(x) + 15(x) Saup(x) = s4(x) +sp(x) and

taup(x) = t4(x) + tp(x).

Maximum: pyup(x) = max (pa(x). pp(x)) qaus(x) = max(q,(x).qp(x))
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raup (x) = max(r, (x). 75(x)) saup(x) = max(s,(x).sp(x)) and
taup(x) = max (t4(x). tp(x).

Minimum:  paup(x) = min (pa(x). pp(x)) qaus(x) = min(qa(x).qp(x))
Taup(x) = min(1(x). 75(x)) suup(x) = min(s4(x).sp(x)) and
taup(x) = min (t4(x). tp(x).

"A contest between the victor, the contradictor, the ignorant, the unknown, and the loser™:
pa (X)if pa> pp
(x) = { .
Pavs pe (X) if pp> Da

_(qaX)if qa> qg
Tavp(x) = { q; (x) if qz > qq

() if 1< 13

Taup (X) = g (X)if 153< 14
_(Ssa(x)if sp< s

Save (%) = :B x) if SZ < sl:
C(ta)if ta< t

taus () = IZB (x) if ?B < ti

A novel proposal was put up by Ramot et al. [6]: the "winner take all" concept for the union
of phase words is generalized to the game winner, contradictor, ignorant person, unknown
person, and loser.

Example 3.9.1

Consider x = {x;,x,,x3} as a universal set, and let A and B be complex fermatean
pentapartitioned neutrosophic sets. It can be expressed as

0.6€e08 0.3e)70.5e03 0. 65¢):0-%0, 2e)04

X

A=

. 21 . . .
0.7el01 o0.1e)%,0.2e99 0. 5103, 0. 8e)-04

X2

+

+( o.9ej'°'1,o.4ej'“,o.7ej'°'7,o.6ej'°'5 0_3ej.0.4-)
’

X3

and

. T . . .
0.8e99 0.2e'%,0.5e/03 0. 1105, 0. 4€)-0-5

X1

: _ , 41
0.6¢e01 0.1e%8, 0. 4e96 0,304 0.01€)3

X2

+
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(0.2ej'°'3,o.ej'Z“,o.6ej'°'4,0.7ej'°'5,0.5ej'°'5)

X3

0.8e):09 03¢ 2 ,0.5e1'°'3,o.1e1'°'5,o.01e]'°'4) ( o.7e]'o'l,o.le]",o.2e1'°'6,0.3e1'°'3,o.01e1'0'4)
) )

X2

ThenAUB = (

X1

<o. 9e193 0. 4el2™, 0. 604, 0. 6)-05, 0. 3ej'°'4>

X3
Definition 3.10: Intersection of a complex fermatean pentapartitioned neutrosophic set.

Considering two complex fermatean pentapartitioned neutrosophic sets A and B in X, it can
be written as

A={<Xx, Ta(x),Ca(x), Ka(x), Ua(x), Fa(x)) >: x e X }and
B={<x, Te(X),Cs(X), Ke(x), Us(X), Fe(X))>: xe X}

Next, A and B is represented as ANB and can be written as

ANB =A = {< x,Tynp X)), Canp (X), Kanp (X) , Ugnp (), Fanp (X)) >:xeX}

Here the truth membership function is denoted by T,ns (x), the contradiction membership
function is denoted by C44p5 (x), the ignorance membership function is denoted by K;n5 (),
the unknown membership function is denoted by U~z (x) and false membership function is
denoted by F,n5 (x). It can be expressed as

Tang(x) = pa(x) A pg(x). eJtanB(¥)

Cang(x) = qa(x) A qg(x). eJvanB(X)

Kung(x) = 14(x) V 15(x). e/Wans(®)

UAﬂB(x) = SA(X) \ SB(x)_ eijnB(X)

FAnB(x) = tA(X) \Y tB(x)_ erAnB(x)

Here v and A operators are indicated the max and min respectively. To compute the phase
terms ejuAnB(x), ejVAnB(x), ejWAnB(x)’ elxanB(®) gnd e/¥anB(X)

Definitions 3.11

Let us consider A and B be two complex fermatean pentapartitioned neutrososphic sets on X,

the complex-valued truth membership functions are Ta(x) and Tg(x), the complex-valued
contradiction membership functions are Ca(x) and Cg(x), the complex-valued ignorance
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membership functions are Ka(x) and Kg(x), the complex-valued unknown membership
functions are Ua(x) and Ug(X) and the complex-valued false membership functions are Fa(x)

and Fg(x) respectively. The intersection of the complex fermatean pentapartitioned
neutrososphic sets

A N B can be written as

6: {(aT' ac,ag, g, aF): ar,qc,dg, g, a'FEC) IaT + ac + ag + ag + aFI
< 5,larl,lacl,lakl, lakl, lag| < 1}

XA{(bg, b¢, by, bk, bg): by, be, bk, by, bpeC, |br + b + bx + by + bp| <
5» |bT|J |bC|!|bI(|! |bK|J |bF| S 1}

- {(dr,dc, dg, di, dp):dy, de, di, di, dpeC, |dr + de + dg + dg + dp| <
5; |dT|' |dC|' |d1(|' |d1(|' |dF| S 1}

A complex value 8, for all x € X,

9( Ty(x), TB(x)) = Tung(x) = dr, 9( Ca(x), CB(X)) = Cang(x) = d¢ )
9( Ky (x), KB(x)) = Kynp(x) = dr, 9( Ua(x), UB(X)) = Upynp(x) = dy
and 0( Fy(x), Fz(x)) = Fanp(x) = dg.

Here, the function 8 needs the following axioms:
Let a,b,c,d,e,x,ye{z:z€eC, |z| <1}

Axiom 1: |67(a,1)| = |a| ,16¢(b,1)| = |b|, |6x(c,0)| = |cl,
|0,(d,0)| = |d| and |6r(e,0)] = |e| (boundary conditions).

Axiom 2: 0r(a,x) = 0r(x,a), 0c(b,x) = c(x,b), Ox(c,x) = Ok(x,c)
Oy(d,x) = 0y(x,d) and Bz(e,x) = Oz(x,e) (commutative condition).

Axiom 3: If |x| < |y|, then |6;(a,x)| < |0r(a, ¥)|, |6c(b,x)| < 16-(b,y)|

10k (¢, ¥)| < 10k (c, ¥)|, 18y (d, x)| < |6y (d,y)| and |6F(e, x)| < |6k (e, )
(Monotonic condition).

Axiom 4: 6:(0r(a,x),y) = 0r(a,0r(x,v)),0:(6-(b,x),y) = 0-(b,0.(x,y)),
Ok (O (c,x),y) = Ok(c,0k(x,¥)), 0y (0y(d, x),¥) = Oy(d, 0y(x,¥)),

and 6 (0r(e,x),y) = Or(e, Ox(x,y)) (associative condition).

In certain circumstances, it's feasible that the following also holds true:

Axiom 5: 8 is continuous function (continuity).

Axiom 6: |67(a, a)| > |al,|0¢(b, b)| > |b],

|0k (c,c)| < |cl, 16y(d,c)| < |c|and |8z(e,e)| < |e| (super idempotency).
Axiom 7: |a| < [c| and|b| < |d], then|O64(a, b)| < |87 (c, d)|,
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lai| < lcq| & |by| < |dy], then |6c(ay, by)| < |6¢(c1,dy)l,
laz| = |c3|& |by| = |d, ], then |6k (az, by)| = |6k (c,, )]
laz| = |c3|& |bs| = |ds], then |6y (as, b3)| = |6y (c3,ds3)]

and |as| = |cq| and |by| = |dyl, then |6 (as, ba)| = [0r(ca, d4)l
(Strict monotonicity).

On the same lines by winner, contradiction person, ignorance person, unknown person, and
loser game, calculate the phase terms e/“ans(X)  g/Vans(*) @/Wans(X) gj*anB(X) gnd e/YanB(*)

Preposistion 3.12

Let A, B & C be three complex fermatean pentapartitioned neutrososphic sets on X, then
(AuB)NC=(ANB)U(ANB)

(AnB)UC=(AUB)Nn(AUB)
Proof: We merely demonstrate that portion 1 here.

Assuming that A, B and C are three complex fermatean pentapartitioned neutrososphic sets
on X, then we have

A= {<X' TA (X)' CA (X), KA (X)' UA (X), FA (X)): XE€ X},
B = {{x, Tz (%), C5 (%), Kp(x), Up (x), F5 (x)): x € X} and

C = {(x, Te(x), Cc (%), K¢ (%), Ue (%), Fe(x)): x € X}

are the complex valued truth membership function, complex-valued contradiction
membership function, complex valued ignorance membership function, complex valued
unknown membership function, complex valued false membership function.

Next, we have

Taup)nc(X) = Praus)nc (X). e/taumnc®=min( P(AuB)(x)-Pc(x)ej min(i(ayp) () uc (@)
= min (max

(P4 (x), pp(x)), pc (x)). e/ Min(max(uat s () e (9)
=max (min

(P4 (), pe (%)), min(pp (x), e (x))). e/ Max(min(uaup (9)min(us () uc(e))
=max ((p(AnC) (x), Psnc) (x)),. eJ max(uanc)(x).u@nc) (X))

eJ-Wanou@ene) ) =

= (Pancyusnc) (%) Tiancyuenc)(x)
Likewise, we may demonstrate it for Ciuyp)nc(*) = Ciancyuinc) (X)),
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K(AUB)nC(x) = K(Anc)u(Bnc) (x), U(AUB)nC(x) = U(Anc)u(Bnc)(x) & F(AUB)nC(x) =
Feancyuanc) (%) in the same way.

Preposition 3.13

Let A and B are two complex fermatean pentapartitioned neutrososphic sets on X, then
(AUB)NA=A
(AnB)UA=A

Proof: We establish it in part 1. Given A and B are two complex fermatean pentapartitioned
neutrosophic sets on X,

LetA = {(X, TA (X), CA (X)' KA (X), UA (X): l::A (X)): Xe€ X}a

B = {(x, Tg(X), C5 (%), Kz (%), Ug (x), F5(x)): x € X} are the complex valued truth, complex-
valued contradiction, complex valued ignorance, complex valued unknown, and complex valued
false membership functions.

Next,

Taup)na(x) = Praup)na (x). el aumna®= min ( Paup)(X).Da (x)) e/ min(i(aup) (M) ua(x)

=min

(max (pa(x), P (1)), Pa (1)) €/ PR LACI ()04
=Ta(x).

Likewise, we may demonstrate it for
C(AuB)nA(x) = Cy(x),
Kaupyna(x) = Ka(x), Ucaupyna(x) = Us(x)& Fraup)na(x) = F4(x) respectively.

Definition 3.14

Consider two complex fermatean pentapartitioned neutrososphic sets on X, denoted by A and B.
Thus, T (x) = pa(x). /40, C4(x) = qa(x). /74D, Ky (x) = 14 (x). €774,

Uy(x) = 54(x). /%40 F, (%) = t4(x). /Y4 and Tp(x) = pp(x). e/48X
Cp(x) = qp(x). /"8, Kp(x) = r5(x). /5™, Up(x) = sp(x). e/*s™)

Fg(x) = tg(x).e/”2™ are the corresponding complex-valued truth membership function,
complex-valued contradiction membership function, complex-valued ignorance membership
function, complex-valued unknown membership function, complex-valued false membership
function. The product of two complex fermatean pentapartitioned neutrososphic of A and B is
denoted by AoB and it can be expressed

; ; ugx) upx)
asTh o g(*) = paop(x)e/HacB(™ = (PA(X)-PB(x))-el'zn( o am ),
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va(x) VB(x))

Caop(x) = quB(x)ej”AoB(x) = (qA(x).qB(x))_ej'ZTI( 2w 2m )

i i wx) wp ()
Kpop(x) = 1aop(x)e/WaoB® = (rA(x),rB(x))_eJ-Z“( 2 2m ),

: | omf 24D xB0)
Unop(x) = spop(x)e/¥aoB@® = (SA(X)-SB(X))-QJ'ZH( 2w zm ),

i ; y4Xx) yp(x)
Fpop(x) = thop(x)e/Ya0B(®) = (tA(x).tB(x)),eJ'Z“( )

Example 3.14.1. Let X = {x;,x,,x3} be a universal set. Assume that A and B are two
complex fermatean pentapartitioned neutrosophic sets with the following characteristics:

0.6e}08™,0,3e}06™, 0,5e}03™, 0.65¢/05™, 0.2} 04T

X
0.7e)-0-1 (0.1e)02™ (.2e)-09™ (,5¢)-0-3T (0.8e)-04T
X2
0.9ej'°'1“,0.4ej'“,0.7ej'°'7“,0.6ej'°'5“,0.3ej'o"“T
+

X3

And
0.8e109T,0.2e10-2T, 0,5¢10-3T, 0,105, 0.4¢)0-5T

X1
0.6e]'.0.11't, 0.1e0.61'[, O.4ej'0'6", O.3ej'0'4'", 0.0 1ej.0.4-1T

X2

0.2ej.0.31t'0.lej.211’0_66j.0.41'r’0_7ej.0.511'0.5ej.O.ST[

X3

Then 40B =

0.48e1036™ 0,06):0-06T 0. 25¢]0-045T ¢ 065l-0-125T 08l 01T ,42¢)0-005T 0,01¢0-06T 0 08el0-27T,0,15¢]-0-06T 0 00gel-0-08T

) 1
X1 X2

0.186]'.0.0151'[’0_04_61'.1'[’0_4_2ej.0.141'[’0_42ej.0.1251t'0.159j.0.11'[

X3

Definition 3.15

Let A, (n=1,2,3...N) be a N complex fermatean pentapartitioned neutrosophic sets on X,
such that

Ty, (%) = pa, (). 7440 Cy (%) = qa, (). 740D Ky (x) = 14, (x). €7V 40D,

Up, (x) = sp, (x). 4™ F, (x) =ty (x).e/Y™ are the complex-valued truth
membership function, complex-valued contradiction membership function, complex-valued
ignorance membership function, complex-valued unknown membership function, complex-
valued false membership function respectively.
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Now the Cartesian product of A4,, is denoted by 4; X A, X ....X Ay and it can be written as

= ju x)_ .
TAl XAzX....XAN(x) = pAl XAZX---.XAN(X)'e] Aq XAZX....XAN( )_ min

= JVag x Apx..xay (X)
CA1 XAzx....XAN(x) - qu XAZX___.XAN(X).e 1 X A2X..XAN

= w xay () =
KAl XAZX----XAN('X) - rAl X Ay X...XAN (x)' eJ A1 x Azx XAN( ) = maX

= JxXAaq x Agx..xany(X) =
UA1 XA2X....XAN(x) - SAl )(AZX__")(AN(x).e 1 X AzX..XAN = max

and F 4, x a,x..xay () = t 4, x ayx...xay (X)- €774 x Agx...xAy (%)

V. §-EQUALITIES OF COMPLEX FERMATEAN PENTAPARTITIONED
NEUTROSOPHIC SETS

In this section, we discussed the distance measure and additionally the operational
characteristics of complex feramtean pentapartitioned neutrosophic sets.

Definition 4.1

The collection of all complex feramtean pentapartitioned neutrosophic sets on X is denoted
by CN(X).

Let A and B are members of CN(x). If T,(x) < Tg(x) is such that the amplitude terms

pa(x) < pg(x) and a truth phase term uy(x) < ug(x) and C,(x) < Cz(x) such that the
amplitude terms
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q4(x) < qg(x) and a contradiction phase term v,(x) < vg(x), K4(x) < Kg(x) amplitude
terms r,(x) < rg(x) and the phase terms w,(x) < wg(x), Uy(x) < Ug(x) amplitude terms
s4(x) < sg(x) and a contradiction phase terms x,(x) < xg(x), F4(x) < Fg(x) amplitude
terms t,(x) < tg(x) and a falsity phase terms y,(x) < yg(x) respectively. Then A is
contained inor equal to BthatisA € B.

Definition 4.2

The two complex fermatean pentapartitioned neutrosophic sets A and B are said to be equal if
and only if the amplitude terms are denoted by p,(x) < pg(x), g4(x) < g(x),

ra(x) < 1p(x),s4(x) < sp(x) & ty(x) < tz(x) and the phase terms are denoted by

Uy (x) < up(x), va(x) < vp(x)walx) < wp(x), x%4(x) < x5(x) & ya(x) < yp(x).

Definitions: 4.3

The distance of complex fermatean pentapartitioned neutrosophic sets is defined as
dcppns: CN(X) X CN(X) — [0,1], such that for any A, B, CeCN (X)

0 <dcppns(A,B) < 1,dcppys(A,B) =0if and only if A=B

dcrpns(A, B) = dcppys(B, A)

derpns(A,B) < deppns(4, €) + deppns(C, B).

Let deppns: CN(X) X CN(X) — [0,1] is defined as

derpns(4,B)

max(supyex|pa(x) — pe(0)|, subrex|qa(x) — qa(0)|, subxex|ta(x) — 10|, subxex|sa(x) = sp(X)|, suprexlta(x) — tz(x)) )
= max

1 1 1 1 1
max(;— Supyexlua(x) — up ()|, ﬁsupxexlm (x) = vg(x)|, ﬂsupxsxlw,q (x) — wg (x)l.ﬂsupxsxm (x) = xp (X)I.Esupxexly,q () = yp()|

Theorem 4.4

Consider A and B are two complex fermatean pentapartitined neutrosophic set on X, then
dcrpns(4, B) is also a complex fermatean pentapartitined neutrosophic set on X.

Proof: The proof is simple to understand.
Definition 4.5

Let A and B are two complex fermatean pentapartitioned neutrosophic sets on,
Then

Ty(x) = pa(x). e/ C,(x) = qu(x). 774D K, (x) = 14(x). €74,
Ug(x) = 54(x). /%4 | Fy(x) = t4(x).e7Y4™) and T (x) = pp(x).e/48™
Cp(x) = qp(x).e/"BD)  Kp(x) = r5(x).e/"B™), Ug(x) = sp(x).e/*®
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Fz(x) = tz(x).e/¥8™) are complex-valued truth membership function, complex-valued
contradiction membership function, complex-valued ignorance membership function,
complex-valued unknown membership function, complex-valued false membership function
respectively.

Then A and B are said to be 6-equal, if and only if deys(A,B) <1 —6where0<d<1it
is indicated by A = (9)B.

Preposition 4.6

Let A, B, and C are three complex fermatean pentapartitioned neutrosophic sets on X, such
that the following conditions are satisfied:

i) A=(0)B.

i) A=(1)Bifandonlyif A=B.

iii) IfA= (6)Bifandonlyif B = (§)A

iv) A= (6;)Bandd, < §; then A = (6,)B

V) IfA=(8,)B,then A = (supq;6,)B for all aej, where J is an index set.

vi) If A = (8")B andthere exist a unique & such that A = (6)B, then §' < 6 for all A,B
vii) If A = (8;)B andB = (6,)C, then A = (8)C where § = §; * §5.

Proof: The conditions 1,2,3,4 & 6 are easily demonstrable. Here only 5 & 7 are explained.

Now A = (6,)B, for all aej, we have

dcppns(4, B)

max(supyex|pa(x) — pp(0)|, subxex|qa(x) — qa(0)|, subxex|ra(x) — 15O, subxex|sa(x) = sp(X)|, suprexlta(x) — ts(x)) )
= max

1 1 1 1 1
max(;— Supyex|ua(x) — up(x)|, ﬁsupxexlm (x) = vg(x)|, ﬂsupxsxlw,q (x) — wg (x)l.ﬂsupxsxm (x) = xp (X)I.Esupxexly,q () = yp()|
<1-6,

Accordingly, SupxeleA(x) - pB(x)I <1- Supaejsa

SupxeXlQA(x) - qB(x)l <1- Supaej6aa
SupxeXer(x) - rB(x)l <1- Supaej6aa
SupxeXlsA(x) - SB(x)l <1- Supaej6av

SupxeXltA(x) - tB(x)l <1- SupaejSav and
1

EsupxeXluA(x) - uB(x)l <1- Supaej6aa
1

gsupxexlvA(x) —ug()|<1- Supaejdai

1
EsupxeXlwA(x) - WB(x)l <1- Supaej6aa
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1
EsupxeXle(x) —xp(X)|=1- SupaejSaa

2 SUPsex|¥a(¥) = Y5 (0| < 1 = supge;e.
Thus,

dcrpns(4,B)

= max

maX(SupxngA(x) = PO, suprex|qa(x) — qp(O)|, suprexlra(x) — 1300, suprex|sa(x) — spO, subyexltax) — tp(0)1)
1 1 1 1
max( SupxsxluA(x) — ug(x)l, _SupxexlvA(x) = vg(x), _SupxexlwA(x) - wp(®)l, _supxeXIXA(X) = xg()], _SupxeXWA(x) = yp()|

<1- sup[mﬁ
Hence, A = (supge;j0q)B.
7. Since A = (6,)B, we have

derpns(4,B)

maX(squex|PA(X) - PB(X)| SquexlqA(X) - qB(x)l Supxexer(X) - TB(X)I supxsxlsA(x) - SB(X)l SupxeXltA(x) - tB(X)I)
= 1 1 1 1
max max(—supmmA(x) ~ s (Ol 5 UPex |4 () = (Ol 5 Subsex|Wa () = Wa (Ol suprex |4 () = %5 ()l suprex|ya () = Y5GO
<1-4
Which implies

SUPxex|Pa(x) — pp(x)| <1 -4,
SUPxex|qa(x) — qp(x)| <1 -4y,
Supxexer(x) - TB(X)l <1- 61,
SUPxex|Sa(x) — sp(x)| <1 - 64,
SupxeXltA(x) - tB(x)l <1- 611 and
— SUPyex [ua () — up ()| <1 -6,
— SUPyex [a(x) — up (W) <18,
— SUPyex [Wa(x) — wp()| <1- 8y,

1
= Suprexlta (@) — 15001 <18,

— SUpsex|ya(x) — ya(0)| <1 -6y,
Also we have B = (6,)C , so

dcppns(4, B)

max(5uPyex|p4(¥) — P50, 5Ubrex4aC0) — G5 (O, 5UPex T2 () = T, SubrexIsa () = 55O, supgex|ta () — (D)
= 1 1 1 1 1
"N max G supexua (@) = wp (0] = 5ubaex 94 () = V5] = Subxex WaG) = Wy ()] = subeex x4 () = x5(O, 5 SUbeex 74 () = Y5
<1-6,
Which implies

SUPxex |Pa(x) — pp(X)| <1 -6,
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SupxeXlQA(x) - qB(x)l <1- 62,
Supxexer(x) - TB(X)l <1- 62,
SupxexlsA(x) - SB(x)l <1- 621

SUPrexlts(x) —tg(x)| <1-6,,and
%SqueXWA(x) —ug(x)| <1-6,,
%SupxexlvA(x) —ug(x)| £ 1—0,,
isupxeXlwA(x) —wp(x)| < 1-6,,
%Supxexle(x) —xp(x)| <1 -6,

— SUpsex|ya () — yp ()] <1 -6,

Now

derpns(A, B)

maX(squex|PB(X) = D (O, Subrex|qp(x) — qc ()|, suprex|rs(x) — re ()], subxex|ss(x) — sc ()|, supxex |ts (x) — tc (X)) )
= max
ye ()|

1 1 1 1
max( supxsxlug(x) —uc(x), _SupxexlvB(x) - Vc(x)| 5”px5x|WB(x) - Wc(x)| SupxsXIXB(x) = xc(x)], _SupxexWB(X)

Now

dCFPNS(AV C)
max (supxex |pa(x) = pc O, suprex|qa(x) — qc |, supyex|ra(x) — 1|, supyexlsa(x) — s, supyex|ta(x) — tc (X))
= max max( ye ()|

1 1 1 1 1
SupxexluA () —uc (x)l supxsxlvA () — v (x)I suzﬂxsxlwA (x) —we (x)l suprxIxA () — x¢ (x)l supxexlyA (x) —
max(supxex|pa(x) — ps (x)l. Supyexlqa(x) — g (x)l, SUpxex|ma(x) — 15 (%)], SuprXISA (x) = sp(x), supxexltA () =t () +

max (supyex |pp (x) — pc (|, supxex|qp(x) — qc (|, suprex|rs(x) — ¢ ()|, supxex|sp(x) — sc(X), supxex|tp(x) — tc(x)1)
< max 1 1 1 1 1
max (2— SUPxex [t () = up (¥, 5 suprex! Va () = v5 (05— suprexIWa () = wp O, o suPrex|xa () = X5 (O, 7 sUPrex|ya(*) = ¥ (X)I)

1 l 1 1 1
maX( Supxexlus () —uc (X)| Supxexl”s(x) - VC(X)l Supxexle(X) WC(X)l supxeXIXB () = xc(x)], _SupxeXIYB () = yc ()|
< Max((l — &) + (1 —6,),1=-6)+(1—-6,)

=(1-61)+(1—63)=1—(6,+6,-1),
From definition 4.3,

dcppns(A4,C) < 1. Therefore, deppys(4,C) < 1- 6,*6, = 1- § where § = §,*5,. Then A =
(8)C.

Theorem 4.7
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If A= (8)B, Where A&B are two complex fermatean pentapartitioned neutrosophic sets on
X then to prove that c(A) = (8)c(B) where c(A) and c(B) are the complement of the
complex fermatean pentapartitioned neutrosophic sets.

Proof: Since

dcprs(C(A). c(B))
max(squsx|pc(A) () = Pc(B)(x)|: SuprX|qc(A) () = qe(B) (x)|r5qusx|Tc(A) () — rC(B)(x)|vSupxexlsc(A)(x) — S¢(B) (x)lrsuprx|tc(A)(x) —te) (X)l)\

1 1 1 1
= max max (5= supxex [teea) (¥) = e (0| - SuPxex|vecay ) = Vo) (O 5 SuPxex|Weeay (0) = W) (0|, 7 suPxex| ey () = xe(e) ()], |
1
Zsupxex |yc(A) () = Ye® (x)l

X (sUprexta () = £ (O, P54 (1) = 55 (Ol suPreee| (L = 1300)) = (1 = 1), 5ubrex| 0 3) = GO, subrexpa @) = P GO
1 1 1
< max k X5 SUpycrl (21 = 0 (2)) = (27 = g () 5 UPaer (27 = 04(0)) = (2 = U () 5 SUprer| (2 = wy () = (2 = wy (), )

1 1
5 SuPxex| (27 = x4(0)) = (27 = x5 (D), 5 SuPrex | (27 = y4(x)) = (27— yp ()]

=dcppns(4,B) < 1-6.

V. RELATIONS BETWEEN THE CFPNS AND THEIR APPLICATIONS IN
DECISION MAKING

Definition 5.1

Consider An (n = 1, 2, 3... N) be N CFPNSs on X and T, (x) = ps(x).e/*s™ be a
complex-valued truth membership function, Ca(X) = gs(x).e/*s™ be a complex-valued

contradiction membership function, Ka(x) = r;(x).e/"s™) be a complex-valued ignorance
membership function,

Ua (X) = s5(x). e/*s™) be a complex-valued unknown membership function and

Fa(X) = tg(x).e/”s™) be a complex-valued false membership function. Then the Cartesian
products of A, indicated as A; X 4, X ... ... X Ay and it can be described as

Kay xapx...xay(X) = Tayxapx..

= max (rA1 (x1),74,(x2), - ... T4y, (xN)) . ejmax(WAl(xl)'WAz(xZ)"'"WAN(xN))
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5.2. Complex fermatean pentapartitioned neutrosophic relation
In this section, we discussed the definition of the Cartesian product of two CFPNSs and also

solve an MCDM problem using the CFPNR approach.
The Cartesian product of two CFPNSs is defined as follows:

Definition 5.3.

The two universal sets U & V and let X and Y be two CFPNSs, then the Cartesian product of
X and Y is denoted by X x Y is defined as

XXY=
{( (‘Ll,, 17), TX XY(u! 17), CX X Y(u; U)'KX X y(U-, U)' UX X y(u, U)ﬂFX X Y(ui 'U) ): (u' U)E U X V},

where Ty.y(u, v) is a complex valued truth membership function, Cyxy(u, v) is a complex
valued contradiction membership function, Ky.y(u,v) is a complex valued ignorance
membership function, Uyy(u, v) is a complex valued unknown membership function and
Fy«y(u,v) is a complex- valued falsity membership function. Thenv(u,v)e U x V,

Txxy (w,v) = min(px (). py (v)). e/min Mx W) W @)),
Cyxy (W, v) = min(q(w). gy (v)). /™ @x(W) @r®)),
Kyxy (@, v) = max(ry (w). 1y (v)). e/ma* wx@ wy @),
Uxxy (W, v) = max(sy (). sy (v)). e/ma* x(W) Gy (@),

Fyxy(u,v) = max(tx(w). ty (v)). e/max Ux@ Oy(),

Now, let's define the term CFPNR as follows:
Definition 5.4.

The two universal sets U & V and let X and Y be two CFPNSs, Then the connection of two
complex fermatean pentapartitioned neutrosophic set from X to Y of XxY is represented by

R(X, Y), where R(X, Y) € XxY.
Here R(X, Y) is the set of ordered sequences

R(X, Y) = {( (u, V), TXXY(uI v)l CXXY(uI v)l KXXY(ul'v)l UXXY(uI v), FXXY(uI v) >: (u, U)E U X
V}, where Vu e U & Vv € V,Tr(u,v) = pr(u,v). e/¥rWv),
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Cr(u,v) = qr(u,v).e/VRUY) Ko (u,v) = 15(u, v). e/VrRWY),
Ur(u,v) = sg(u,v).e*’ROY), Fp(u,v) = tg(u,v). eVROY),
The values Tz (u,v), Cg(u,v), Kg(u,v),Ug(u,v)& Fg(u,v) are in the complex plane and
both the amplitude terms pg(u,v), gg(u,v),rz(u,v), sg(u,v), tg(u,v) and the phase terms

ug(u,v), vg(u,v), wg(u,v), xg(u,v), yg (u, v) are real valued such that

Tr(u,v), Cr(u,v), Kg(u,v),Ug(u,v)& Fg(u,v) € [0,1] and
O < TR(uJ V), CR (u, V), KR (ur V); UR(ul V)r FR(u; V) < 3 .

VI. COMPLEX FERMATEAN PENTAPARTITIONED NEUTROSOPHIC
RELATION EDUCATION

When time is a significant component and indeterminacy is inevitable, CFPNR can be used to
quantify the interaction between various education variables efficiently. We now present a
relation between two CFPNSs as an example.

Example 6.1

Assume assessment is done to find the most effective teaching method that raises student
achievement. Let U denote the collection of educational strategies used with a particular set
of pupils, where

U = {u,; = cooperative leaning,u, = self — learning, u; = traditional teaching}.

Let V represent a collection of metrics measuring the interaction and academic
accomplishment of the student, where

V= { v; = academic ahievement, v, = emotional interaction,v; =
social interaction}.

Consider two CFPNSs over U and V, respectively, X and Y, which can be described as
follows:

Uz
(0.2e1'-2“(3/12), 0.68j‘2"(4/12), O_er.2n(7/12)' 0.6e1"2"(6/12), 0_3ej.2n(5/12))

Uy )
P {(0.96.21((11/12)’ O.Zej-z"(l/“), 0.1ej.2n(1/48)‘ 0.6ej-2"(1/12), 0_2ej.2n(3/12)) ’ <0‘3ej.2ﬂ(4/12)’ O.GEj'2"(4/12), Ollej.2ﬂ(4/12)’ 0_5@.21[(5/12)‘ O_BEj.Zﬂ(2/12)> ‘}

V3
(O_Sej.2n(12/12)' 0_5ej.2n(9/12)' O.ZEj‘Z"(Z/lz), 0_7ej2n(7/12), 0_56j2n(3/12))

V1 V2
v = {(O'Qeiln(lz/lz)’ 0_3ej.2n(3/12)' 0'1ej.2n(1/24)‘ 0_1ej.2n(2/12)' 0_4ej.2n(11/12)) ’ <0_4ej.27((5/12)’ 0.562“(4/12), O_3ej.2ﬂ(8/12)’ 0_3ej.2n(4/12)' 0_01ej.2ﬂ(5/12)) '}

We now calculate the relationship between the two CFPNSs, X and Y, to look into how
students' performance is impacted by contemporary teaching techniques. It is represented by
R(X, Y), such that R(X, Y) € XxY and it can be expressed as

REX,Y) = (uy,v1) (u1,v2)
4 - <0'gej.2n(11/12)’ O_Zej.Zn(l/lz)' 0_1ej.2n(1/24)‘ O_Gej.2n(2/12)' 0_4ej.2n(11/12)) ’ (O.4ei‘2"(5/12), OIZe]'.ZT[(l/lz)' O.3e1"2"(3/12), 0.66j'2“(4/12)O.ZEj‘Z"(S/lz))'
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(uy,v3) (uz, v1)
(0.8e12m(11/12) ( 2¢i2n(1/12) () 2¢12M(2/12) (. 7¢i2n(7/12) () 5ei2n(3/12))’ (0.3el2(+/12) () 312n(3/12) (. 1ei2n(2/12) () 5el2n(5/12) () Gei2n(11/12)y

(uz,v2) (uz,v3)
(O_3ej.2‘r{(4/12)' 0_5e2n(4/12)' O_3ej.2n(8/12)’ 0.591121-[(5/12), Olgejzﬂ(s/lz)y (O.3ej'2"(4/12>, O.Sej.2n(4/12), OlzejAZT[(ll/lZ), 0.7ej2n(7/12)’ 0.8e12"(3/12))'

(us,v4) (u3,v)
(02@.211(3/12)' 0'3e]'.21'[(3/12)' 0.991'2"(7/12), 0.6ej'2“(6/12), 0.4ej.2n(11/12)> 4 (0_2ej.2n(3/12)7 0.562“(4/12), 0.9ej'2"(8/12), 0.661'2"(6/12), 0.361'2"(5/12))'

(us, v3)
(0.2e127(3/12), 0,51 2(4/12) () 9¢i2n(8/12) . 7¢12n(7/12) () 5ei2n(5/12))

Assume that a 12-month period is used to measure the relationship between X and Y. In our
example, the terms of truth amplitude, contradiction amplitude, ignorance amplitude,
unknown amplitude and false amplitude of R(X, Y) is to measure the truth membership
degree of the impact of the modern methods in education on the student’s performance, the
contradiction membership degree of the effect of the recent techniques in education on the
student’s effectiveness, the ignorance membership degree of the effect of the recent
techniques in education on the student’s effectiveness, the unknown membership degree of
the effect of the recent techniques in education on the student’s effectiveness, and false
membership degree of the effect of the recent techniques in education on the student’s
effectiveness respectively. Furthermore the truth phase term, the contradiction phase term, the
ignorance phase term, the unknown phase term and false phase term of R(X, Y) represent the
period of time in which the recent techniques influence the student’s effectiveness, the time
frame within which we cannot say whether the use of contemporary methods affects students'
performance and the time frame within which such methods have no effect on the
achievement of learners, respectively. Given that the phase terms of R(X, Y) denote time
intervals and it depicts the relationship between contemporary educational practices and
students' performance over a 12-month period, the values of each complex fermatean
pentapartitioned neutrosophic value, the value of each of the truth, contradiction, ignorance,
unknown, and false phase terms should be in between 0 and 1.

6.2 Operations of the relations between the complex fermatean pentapartitoned
neutrosophic sets

In this section, we discuss about some fundamental CFPNS operations complement, inverse
and composition of CFPNRSs.

Definition 6.3

Consider R bea CFPNRon U x V,

R = {((ur V), TR (u, V), CR (ul v)) KR (ul v)l UR (ul v)l FR (u, v)>: (u, U)E U X V} Then the
complex fermatean pentapartitioned neutrosophic complement relation R represented byR¢,
and it can be written as

R¢ = {( (u, v), Tre(u, v), Cre(u, v), Kge(u, v), Uge(u, v), Fre(u, v) ): (u,v)e U X V}, where

Tre(u, V) = pre(u,v). e/¥r¢@Y) = ¢, (u,v). e/ GT=YrROY),
CRC(u’ v) = qRC(u’ V) erRC(u,V)z SR (u’ V) ej(ZTL'—XR(u,V))
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KRC(‘U_’ ‘U) = rRC(u, V). e]:WRC(u'V): 1 — rR (u’ V). ej(ZTT—WR(u,V))
Uge(u, v) = sge(u, v). e/*re V)= g, (u,v). e/ GT-VrRUY))

Fre(u,v) = tge(u,v). eYrReUN=pp(u,v). e/ GT-UrMV),

Definition 6.4. Let R be a CFPNR from X to Y and let the inverse of R is R~ from Y to X,
then it can be written as

R™Y = {{(u,v), Tg-1(u, v), Cr-1(u, v), K g-1(u, v), Up-1(u, v), Fp-1(u, v)): (v,u)e V x U}.
Where Vue U &VveV.

Tr-1(u,v) = Tr(v,u), Cg-1(u, v) = Cr(v,u), Kp-1(u, v) = Kz (v,u),

Ugp-1(u,v) = Ug(v,u), Fg-1(u,v) = Fg(v,u).

Preposition 6.5

Let X and Y be two CFPNSs over U and V and let R and S be two CFPNS relations from X
to,

Then to prove that (i) (R™1)"* = R. (i) If RS SthenR"1 c S 1,
Proof: For proving Vu € U and Vv € V, we have

(R}‘l)‘1 = {( (u,v), Tg-1(u, V), Cgr-1(u, v), Kg-1(u, v), Up-1(u, v), Fp-1(u, v) }: (v, u)e V X
U},

Where T(R_l)-1(u, v) = Tp-1(v,u) = Tx(u,v),
C(R_l)-1(u, v) = Cp-1(v,u) = Tx(u,v), K(R_l)—l(u, v) = Kp-1(v,u) = Kz(u,v),
U(R_l)—l(u, v) = Ug-1(v,u) = Ugr(u,v), F(R_l)—l(u, v) = Fp-1(v,u) = Fr(u,v).

Which implies that (R"1)"1 = R.

If R € S, then we prove that Tg (u, v) < T,(u, v)
= Tr(w,v) = Tr-1(v,u) < Ty(u,v) = Tg-1(v,u)
= Tg-1(v,u) = Tg-1(v,u),

Then, we can demonstrate that

Cr(u,v) < Cs(w,v) = Cr-1(v,u) = Cs-1(v,u),
Kp(u,v) < Ks(u,v) = Kg-1(v,u) = Kg-1(v,u),

Up(u,v) < Us(u,v) = Ug-1(v,u) = Us-1(v,u),
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Fr(w,v) < F(u,v) = Fg-1(v,u) = Fg-1(v,u).

Definition 6.6.

Let U,V&W are Universal sets and let X, Y, & Z are three CFPNSs. Assume that S is a
CFPNR connecting Y & Z, R is a CFPNR connecting X &Y. A CFPNR spanning from X to
Z can be defined as the combination of CFPNRs R and S in the following manner:

R ° S = {<(u; W); TROS (u, W); CROS (ur W)P KRoS (u; W)' URoS (u: W): FRoS (u; W)) (u; W)E U
X W},

V(u,w)e U x W and Vv € V, Tros (U, W)= Pros (U, w). e/U4res(WwW)

Where
pROS(u! W) = max[pR (u' V) »Ps (V, W)] = max[min(pX (l,l), by (V)) ’ min(py (V), bz (W)]
and ug.s(u, w) = max[ug(u,v), ps(v,w)] max[min(uX (), uy (v)) ,min(uy (v), uz(w)].
Cros (U, W)= qros (1, w). e/VR-s (W),

Where qg.s(u, w) = max[qg(u,v),qs(v,w)] =
max[min(qx (W), gy (V)) ,min(qy (v), gz(wW)]]

and vg.s(u, w) = max[vg(u,v), vs(v,w)] = max[min(vy (w), vy (v)), min(vy (v), v;(W)].

Kgos (u; W): rRoS(u, W) ejWRos(u,w),

Where

Tros(W, W) = min[rg(u,v),rs(v,w)] = min[max(rx(u),ry(v)) , max(ry(v), r;(w) and
Wgos (U, W) = min[wg (u,v),ws(v,w)] = min[max(wX(u),Wy(V)),max(wy(v),wz(w)].

Ugos(u, W)= sgos(u, w). gJXRes(WW)
Where

Sres(W, W) = min[sg(u,v),ss(v,w)] = min[max(sx(u),sy(v)),max(sy(v),sz(w)] and
XRos(W, W) = min[xz(u,v),xs(v,w)] = min[max(xx(u),xy(v)),max(xy(v),xz(w)].

Fros (U, W)= tros(u, w). e/YRes(WW)

Where
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tros(U, W) = min[tg(u,v), ts(v,w)] = min[max(tx(u), ty(V)),maX(ty(V),tz(W)] and

Yros (W, W) = min[yg(u,v), ys(v,w)] = min[max(yx (w), xyy (v)) , max(xyy (v), xy (w)].

This association can be written as R o S(u,w) = R(u,v) N S(v,w).

The application of the CFPNRs' composition in practical situations is shown in the example
that follows.

Example 6.7

Consider that X, Y & Z are three CFPNSs that reflect the sets of financial and public opinion
indicators from Malaysia, China, and Malaysia. Let us assume that the CFPNRs R & S are
used to measure the interactions between these sets over a 12-month period. R(X, Y) denotes
the impact of Chinese financial indicators on Malaysian financial indicators, S(Y, Z)
represents the impact of Japanese financial indicators on Malaysian public perception
indicators.

A new CFPNR T(X,Z) is created by combining CFPNRs R(X,Y) & S(Y,Z) and it shows that
how Malaysian public opinion indicators are impacted by Chinese financial indicators.

For the sake of illustration, consider the composition of the following two approximations in
the CFPNRs R(X,Y) &S(Y, 2).

TR (u' U), CR (u! 17), KR (u! 17), UR (u, 17), FR (u' 17)) =
(O.8ej'(11/12)“, O.4ej.(1/12)T[’ O.Zej(1/48)“, 0.6ej(3/12)ﬂt' O.Zej(3/12)‘r[)1

Whereue Xandve.

The Malaysian inflation rate and the Chinese Yuvan trade. This assesses the degree of phase
(period) of the Chinese Yuvan's exchange rates influence on Malaysia's inflation rate for
truth, contradiction, ignorance, unknown, and falsity information.

{(TR (vr W)r CR (vr W)r KR (vl W)I UR (v, W), FR (vl W)) =

<O.7ej(10/12)1'[’ 0.8ej(3/12)T[’ O.1ej(1/24)“, O.5€j(6/12)n, O.4ej(5/12)“)}

Where w € Z & v € Y are the Malaysian economy and the country's inflation rate respectively.
This approximation assesses the degree and phase (period) of the influence of the Chinese
Yuvan exchange rate on the confidence in the Malaysian economy, accounting for truth,
contradiction, ignorance, unknown, and misleading information. The result of this
composition is:

Tros (U, W), Cros(u, W), Kpos (U, W), Ugos (U, W), Fros (U, w) =

(O.8ej(11/12)“, 0.8€j(3/12)n, O.1ej(1/48)“, O.5€j(3/12)n, O.Zej(3/12)“)

The components Tros (U, W), Cros(u, W), Kgos (U, w), Ug.s(u, w), Frog(u,w) measure
respectively the truth, contradiction, ignorance, unknown and falsity for both degree and
phase (period) of the of the inflation rate in Malaysian financial system.
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Theorem 6.8.

Let X, Y& Z are three complex fermatean pentapartitioned neutrosophic sets over the
universal set U, V& W and a CFPNR R from X to Y, and a CFPNR S from Y to Z, Then(R o
$)"t=5"1oR™

Proof: Forall (u,v)eU X V & (v,w)eV x W, Then

(RoS)™*

= {( (u, W), T(ROS)_l (u, W), C(ROS)_l (u, W), K(ROS)_l (u, W), U(ROS)_l (u, W), F(ROS)_l (u, W) ): (u, W)E U
x W}

and

S~toR™1

= {((uv W), ’1-'_5‘_10}{’_1 (u, W)F C_S‘_loR_1 (uF W)F KS_loR_l (uF W)I L]_S‘_loR_1 (uF W)F F'S_loR_1 (ur W)) (u, W)E U
x W}

To demonstrate the equality, we have to prove that T(gog-1(u,w)=
TS—loR—l(u, W), C(Ros)—l(u, W) = CS_loR_l (u, W),

K (Rosy-1 (W, W) = Kg-1.-1(1, W) , Ugosy-1(u,w) = Ug-1.g-1(w,w) and Fp.5-1(u,w) =
Fo-togm (t, ).
Therefore, p(gos)-1(u, w) = pros(w, u)

= max [pr(w, v), ps(v,u)] = max [ps(v, w), pr(w, V)]

= max [min(py (v), px (W), min (pz(w), py ()]

= max [min(px (u), py (v)), min (py (v), pz(w)]

= max [ps-1(u,v), pg-1(v, w)]

=Ps-1,p-1 (u, W),

Which implies  pgos)-1(w,w) = ps-1.z-1(w,w) , Similarly we can show that
U(Rosy-1 (U, W)=Ug-1,z-1(u, W), t0 proving that
T (Rosy=1 (W, W)=T g-1,5-1(u, ).

In a similar way, we can demonstrate that it also holds for the terms contradiction, ignorance,
unknown, and falsity, completing the proof.

Theorem 6.9
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Let X, Y, Z & W be CFPNSs over the universal sets U, V, L & M respectively. Let R be a
CFPNR from X to Y, S be a CFPNR from Y to Z & T be a CFPNR from Zto W. Then R o
(SoT)=(Ro S)oT.

Proof: Forall (u,v)e U XV and (v,)eV X L, (I, m)e L X M.
Let

Ro(SoT)
= {( (u, m), TRO(SOT) (u,m), CRO(SOT) (u,m), KRo(SoT) (u, m), URo(soT) (U, m), FRO(SOT) (u, m) ): (u. m)E U x M}

(Ro S)oT
= {((u' m)' T.(Ro S)oT (u' m)' C.(Ro S)oT (u' m)! K.(Ro S)OT(u' m)! U.(Ro S)OT(u! m)! F.(Ro S)oT(u: m) ): (u: m)E U x M}

To show that Troe(sory (U, M) = T(go 5)07 (U, M), Cro(sory (U, M) = C (o 5)or (U, M)
KRO(SOT)(u' m) = K(ROS)OT(u; m), Uro(soT) (u,m) = U(ROS)OT(u' m)
and Fro(sor) (W, m) = F (go s)or (1, m).

Therefore, pgosory(w,m) = max [pg(u, v), psor (v, m)] = max
[pR (U, V), max(ps (V! D! Pr (l, m)]

= max [min (px (), py (v)), max [min (py (v), pz (1), min(pz (1), py (m) )],

= max [min (px (W), py (v)), min (py (v), pz (1)), min(pz (1), pyw (m))]

= max [max [min (px(w), py (v), min(pY(V)pr(D)' min(pz (1), py (m))]

= max [max [pgr(u,v),ps(v,D), pr (I, m)],

= max [p. s)(u, 1), pr (1, m)],

= P(Ro S)oT (u,m)

Which implies that pg.(s.ry (U, m) = p(r. s)or (1, m). Similarly we can show that
Upo(sor) (W, M) = U(go s)or (U, m). IMplies thatTr.(sory (0, m) = T(go )or (1, m).
This completes the evidence because the proofs for the terms contradiction, ignorance,
unknown, and falsity can all be demonstrated in a similar manner.

To gain a better understanding of this topic, we define projection and CFPNSs.
Definition 6.10.

Let U and V be two universal setand R bea CFPNRon U x V. Thenforallue Uandv e V,

The projection of R on U is a CFPNS R . Defined respectively by the complex valued truth,
contradiction, ignorance, unknown and falsity membership functions:
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jmax ug(u,v))
TRPU(U):mBXpR(u,V).e v :

jmax vg(u,v))
CRPU(U): mgqu(u,v).e v

. jmin wg(u,v)
K rp, (0)= min g (0, v). "

. jmin xg (u,v))
URPU(u) = mvlnsR(u,v).e v

jmin yg(u,v))

FRPU(u): mvin tr(u,v).e v

The projection of R on V is a CFPNS Rp, named respectively by the complex valued truth,
contradiction, ignorance, unknown and falsity functions:

jmaxug(u,v))
TRPV(V) ~max pr(u,v).e v )

Crp, (V)= max g (u,v). emhava(u'v))
14 u

. jminwg(u,v))
KRPV(V) = min rr(u,v).e

. jmin xg(u,v))
URPV(V) = min sg(u,v).e u

. jimin yg(u,v)
Fg, (V)= min tR(u,V).e] YR
14 u

Example 6.11

Let U = {uy, u,, uz} and V = {vy, v,} be two universal set and let R be a CFPNR on U x Vit
can be written as follows:

Uy, V- Uy, V.
R(U,V) = { . i (.1 1) i . ) , , ( 1 2) , , )
(Olgej.zrr(ll/lz), 0.28"2“(1/12), 0.161'2"(1/24), 0.661‘2"(2/12), 0‘4_61.21((11/12)) (0_4e].21't(5/12)’ 0.261'2"(1/12), 0‘3e].2ﬂ(8/12)’ 0_6e]A211(4/12)O_Ze].ZTt(S/lZ))
(uz, v1) (U3, v2)
’ (0,3ei-2“(4/12)_ 0.3ei2m(3/12) (). 1ei-2m(#/12) () 5ei-2m(5/12), Olgej.2n(11/12)> ’ (0.3ej.2‘r((4/12)' 0.5e2m(4/12) () 3¢i-2m(8/12) () 5ei2m(4/12), 0.4ej.21[(5/12)>
(uz, v1) (u3,v2)

’ (O.Zej.ZT[(ll/lz)' 0.3ej.21((3/12)’ 0.9ei-2“(7/12), 0.66j'2“(6/12), 0.4ej.2n(11/12)) ’ (0.46]'.21'((3/12)’ 0.562"(4/12), 0.861'2"(8/12), 0.7ej.2n(4/12)’ 0.3ej.2n(5/12))’

The projection R on U is given by:

Rp, (W)={ z

1
(max(0.9,0.4) e} 2mmax((11/12)(5/12)) max(0.2,0.2) e} 2m™max((1/12),(1/12)), min(0.1,0.3)el-2TMin((1/24),(8/12)) min(0.6,0.6)el-2™min((2/12),(4/12)) min(0.4,0.2)el-2TMin((11/12),(5/12))y’
Uy
(max(0_3'0_3)ej.zumax((4/12),(4/12))' max(043,045)ej 2mmax((3/12),(4/1 2)), min(0.1,0.3)ej 2mmin((4/1 z),(a/lz))’ min(O.S,O.S)eJ 2mtmin((5/1 z),(4/12))’ min(0.8,0.4)ei'2"((“/“)'(‘5/“)))
Uz
(max(0.2,0_4)ej-ZTlmax((l1/12),(3/12))vmax(0_3'0_5)ei.znmax((3/12),(4/12)),min(0_9,0_8)ej ZTrmin((7/12),(8/12))'m"“(0_5'0_7)ej anin((ﬁ/iz),(4/12)),min(0_4,o.3)ei.zn((11/1z),(5/1z))>

—_ Uy
RPU(u)_{<o_9ej.2n(11/\2)’0.Zej.2n(1/12))’ 0.1e2T(1/28) 0 gl 2((2/12) g 2e)2(5/12)y’
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U
((0'36]'.21'[(11/12)’ O.Zej'2“’(1/12)), 0_1ej.21t(1/24)’ 0.6ej'2“(2/12)), O_Zej.2n((11/12)>

Uz
( 0_4ej.21'r(11/12), 0.5ej.21't(4/12))’ 0.8e]'.21'[(7/12)' 0.6e]'.21'[((4/12)’ 0_3ej.2n(5/12)> }’
The projection R on V is given by:

Rp, (V)=

V1

11 4 11 . 1 3 3 . . 1 4 7 . N 2 5 6 A . 11\ /11y /11
{(max(o.9,0.3,0.2)el'znmax<(“) ()6 >,max(o.2,o.3,o.3)eJ Zr[max((E)'(E)'(E)>,m1n(0.1,0.1,0.t;)(e]'z"mm((ﬂ)'(ﬁ)'(ﬁ)),min(o.5,0.5,0.6)el me<(E)'(ﬁ)'(ﬁ)),min(o.e,o.s,o.s)e]'z"mln((ﬁ)'(ﬁ)'(ﬁ)))

)

V2

EYZAYE RyzaYz, [N TIVTIVES ol () () (2 (/21 2) [
(max(0.4,0.3,0.4)e z"m"x((ﬁ)(ﬁ)’(ﬁ)), max(0.2,05,0.5) I"m“((ﬁ)'(ﬁ)'(ﬁ)), min(0.3,0.3,0.8) ¢’ z"m'"«”)(”)‘(”)), min(0.6,050.7)¢" (L) ) min(0.2,0.4,03) ¢ ((“)‘(“)‘(“)))

Rp, (V)= = 5 = 5
rv(¥) {<o.g,ei»zn<%>,o.3ellz«<%>,o.lei»zn%xo.sazn<%>,0.591»2n<%>>'<0.4,ej»zn<ﬁ>,o.5azn<%>,0.3ej»zn<%>,o.5ei ) 052 )

VII. CONCLUSION

Complex valued membership functions for truth, contradiction, ignorance, unknown, and
falsehood characterize a complicated fermatean pentapartitioned neutrosophic set.
Consequently a complex valued truth membership function is a truth membership function
plus one more term.

The additional term is referred to as the phase term the conventional truth membership
function is known as the truth amplitude term. Thus, uncertainty is represented by the truth
amplitude term in this sense, periodicity in the uncertain state is represented by the phase
term. Therefore, uncertainty with periodicity as a whole is represented a complex-valued
truth membership function. Comparably, a complex-valued membership function for
contradiction denotes a periodicity, while a complex-valued membership function for
ignorance denotes periodicity, a complex-valued membership function for unknown denotes
a periodicity, and a complex-valued membership function for falsehood denotes periodicity
for falsity. Here we know, explored various fundamental features of sets, including
complement, union, intersection, complex fermatean pentapartitioned neutrosophic product
and cartesean product. Additionally, provided an interpretation of the complex fermatean
pentapartitioned neutrosophic set. Additionally, we have explored here the 6— equalities of
complex fermatean pentapartitioned neutrosophic sets. The CFPNSs are derived, examined
and utilized in this study to explain and address a real-world decision-making challenge.
Before defining the CFPNR, the Cartesian product between two CFPNSs be defined. Next,
we introduced several basic operators on the CFPNR, including the inverse and complement
of the CFPNR. The axioms, definition of CFPNR composition is also provided along with an
example that shows how to apply this idea to combine two CFPNRs to obtain practical
information. We deduced certain properties using an instructive example and offered some
theorems on the previous operation. Additionally, the notion of projection for CFPNRs is
described and given examples.
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