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Abstract: Yager et. al. defined a q-rung orthopair fuzzy sets as a new general class of Pythagorean
fuzzy set in which the sum of the qth power of the support for and support against is bonded by one.
Tapan et. al. extended the concept of intuitionistic fuzzy sets as 3-rung orthopair fuzzy sets or
Fermatean fuzzy sets (FFSs). Later C. Antony et. al. introduced the concept of Fermatean
Neutrosophic Sets. In this work, we define Fermatean neutrosophic graphs and present some
operations on Fermatean neutrosophic graphs. Further, we introduce the concepts of regular
Fermatean neutrosophic graphs, strong Fermatean neutrosophic graphs, Cartesian, Composition,
Lexicographic product of Fermatean neutrosophic graphs. Finally, we give the applications of

Fermatean neutrosophic graphs.

Keywords: Pythagorean Fuzzy sets, Fermatean Fuzzy sets, Fermatean Neutrosophic sets, Fermatean
Neutrosophic graphs

1. Introduction

Mohamed [1, 2] introduced the concept of strong interval-valued Pythagorean fuzzy graphs and
established some algebraic operations. Sangeetha et al. [3] defined the concept of Pythagorean Fuzzy
Digraph (PyFDG), and PyFDG's score function in addition they proposed an algorithm for
Pythagorean shortest path in package delivery robots. Peng et al. [4] introduced the concept of
interval-valued Pythagorean fuzzy sets (IVPFSs) which is a generalization of Pythagorean Fuzzy Set
(PFS) and interval-valued intuitionistic fuzzy set. Mohanta et al. [5] introduced the idea of Dombi
picture fuzzy graph and develope some dombi picture graph operations. Akram et al. [6] proposed
a new generalization of fuzzy graph, called Simplified Interval-Valued Pythagorean Fuzzy Graph
(SIVPEGs), to describe uncertain information in graph theory. Then, they developed a series of
operations on two SIVPFGs and investigated their properties and introduced new multi-agent

decision-making approach based on SIVPFG. By integrating the concepts Pythagorean Neutrosophic
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Fuzzy Graph (PNDFG) and Dombi operator, Ajay et al. [7] defined a new concept Pythagorean
Neutrosophic Graphs by applying the concepts of Pythagorean Neutrosophic Set to fuzzy graph and
defined some of its basic definitions and properties. Ajay et al. [8, 9] proposed Pythagorean
Neutrosophic fuzzy graphs using Dombi operator called Pythagorean Neutrosophic Dombi Fuzzy
Graphs and solved a decision-making problem involving the selection of the best money-transfer
applications. Recently, they developed a new Multi Criteria Decision Making (MCDM) method using
the Pythagorean Neutrosophic graphs. Jun et al. [10] introduced Neutrosophic Cubic Sets as the
combination of cubic sets with Neutrosophic sets. They also defined different operations of such sets.
Muhammad et al. [11] applied Cubic Neutrosophic Set concept on graphs and introduced the notion
of Cubic Neutrosophic Graphs.

Senapati et al. [12, 13] proposed a new concept known as the Fermatean fuzzy set, in which the
restrictions are that the total of the third powers of the membership grades and non-membership
grades be less than one. By expanding the spatial extent of membership and non-membership grade,
FESs have a greater potential to support uncertain information. Later, they develop some Fermatean
Fuzzy Sets operations. An extensively study of Fermatean Fuzzy Set and its applications is illustrated
in [ 14 - 30]. Thamizhendhi et al. [31] defined the concept of Fermatean Fuzzy Hyper- Graphs
(FFHGs) and developed some definition and properties. Operations on single valued Neutrosophic
graphs are studied in [32] Further, the operations on Neutrosophic vague graphs are discussed in
[33]. In [34], the authors extensively studied about the concept of single valued Neutrosophic graphs.
Moreover, in [35], bipolar single valued Neutrosophic graphs are investigated with its related
properties. R. Sundareswaran et. al. introduced and studied the vulnerability parameters in
Neutrosophic environment in [36, 37].

Recently, Antony and Jansi [38] proposed a new emerging concept of Fermatean neutrosophic by
blending the concept of Neutrosophic sets and Fermatean fuzzy sets. By employing the concept of
Fermatean Neutrosophic Sets (FNSs), this paper presents the Fermatean neutrosophic graphs.
Motivated by the above-mentioned works, to the best of the authors” knowledge, there is no work
reported on the concepts of Fermatean neutrosophic graphs with the application. The major
contributions in this work are explained as follows:

1) The notions of Fermatean Neutrosophic Graphs (FNGs) are introduced. This study makes
the first attempt in the literature about the concept in Fermatean Neutrosophic graphs.

2) The importance of this new class of graphs and distinguishing this class with other existing
classes are studied.

3) In addition, the complete and strong FNG are defined. The operations like a Cartesian
product, lexicographic product, composition, union and the join of FNGs with their
properties are discussed.

4) The optimum selection of a power plant among various power plants are identified by using
FNG is made.

The layout of this article is arranged systematically as follows: Section 2 provides some basic concepts

Pythagorean Fuzzy Sets (PFS), Fermatean Fuzzy Set (FFS), Pythagorean Neutrosophic Set (PNS),
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Fermatean Neutrosophic Set (FNS) and Pythagorean Neutrosophic Fuzzy Graph (PNFG) and we
present the geometrical interpretation of Fermatean Neutrosophic Set and illustrated in subsection
2.1. In section 3, we introduce a new class of Neutrosophic graphs called Fermatean Neutrosophic
Graphs with an illustration. In Section 4, we present the idea of Size and Types of degrees in
Fermatean Neutrosophic Graphs. Finally, we discuss different types of Fermatean Neutrosophic

Graphs in Section 5. The conclusion of this research work is summarized in the last Section.
2. Preliminaries

In this section, we provide the basic concepts and definitions in of PFS, PEN, FFS, FNS, FFR, PFR and
PNFG. In 1999, Smarandache, F. introduced the following definition for Neutrosophic Sets [NS].

Definition 2.1 [39]
A fuzzy set (class) A in X is characterized by a membership (characteristic) function f,(x) which
associates with each point in X a real number in the interval [0, 1], with the value of fy(x) at x

representing the "grade of membership" of x in A.

Definition 2.2 [40]

Let Xbe a non-empty set. An intuitionistic fuzzy set A in X is an object having the form A =
{{(x, ua (%), va(x)): x € X} where the functions p, (%), va4(x) : X = [0,1] define respectively, the degree of
membership and degree of non-membership of the element x € X to the set A and for every element
XEX 0 < puy(x) + vax) < 1.

Definition 2.3 [41]

Let X be the universe. A Neutrosophic set (NS) A in X is characterized by a truth membership function
T, , an indeterminacy membership function I,, and a falsity membership function F, where Ty, I
and F, are real standard elements of [0,1]. It can be written as A = {(x, (Ta(X),[5(X),Fa(X)):x €
X, Ta,1a,Fa € 107,11 [}. There is no restriction on the sum of Ty(x),[4(x) and F5(x) and so 0~ <
Ta(x) + [, (x) + Fo(x) < 3*.

Definition 2.4 [42]
A Pythagorean fuzzy set (PFS) A on a universe of discourse X is a structure having the form as
A= {{x, Ty (x), Fy(x))| x € X}
where T, (x): X — [0,1] indicates the degree of membership and F,;(x): X — [0,1] indicates the degree
of non-membership of every element x € X to the set A, respectively, with the constraints: 0 <

(T, (0) +(F (@) < 1.

Definition 2.5 [7]
A Pythagorean neutrosophic set (PN — set) A on a universe of discourse X is a structure having the
form as

A: {(x, TA(x)'IA(x)JFA(x)H x € X}
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where T, (x): X — [0,1] indicates the degree of membership, I,(x): X — [0,1] indicates the degree of
indeterminacy-membership, and F,(x): X — [0,1] indicates the degree of non-membership of every
element x € X to the set A, respectively, with the constraints: 0 < (TA(x))2+(FA(x))2 <l and 0 <
(1,(0)* <1 then 0 < (T,(0)) +(L () *+(T, (x))* <2.

Here, T,(x) and F,;(x) are dependent component and I(x) is independent component.

Definition 2.6 [12, 13]
A Fermatean fuzzy set (FF — set) A on a universe of discourse X is a structure having the form as:
A= {(x, Ta(x), F4(0))| x € X}
where T, (x): X — [0,1] indicates the degree of membership, and F,(x): X — [0,1] indicates the degree
of non-membership of the element x € X to the set A, respectively, with the constraints :
0 < (T, +(F)’ <1
Antony et al. [36] proposed the concept of Fermatean neutrosophic set considering more possible

types of uncertainty including the measure of neutral membership. These are defined below

Definition 2.7 [36]
Fermatean neutrosophic set (FN — set) A on a universe of discourse X is a structure having the form
as:

A= {(x, Ty (x), s (x), F4(x))| x € X}
where T, (x): X — [0,1] indicates the degree of membership, I,(x): X — [0,1] indicates the degree of
indeterminacy-membership, and F,(x):X — [0,1] indicates the degree of non-membership of the
element x € X to the set A, respectively, with the constraints : 0 < (T, (x))3+(FA(x))3 <land 0 <
(1,(0))’ <1 then 0 < (Ty(x)) +(1,(0) ) +(Ta(x))* <2 vx € X.

Here, T,(x) and F,(x) are dependent component and I,(x) is independent component.

Definition 2.8 [43]
Let G = (V,E) be a graph which is an ordered pair a set of vertices (nodes or points) and a

set of edges (links or lines), which an edge is associated with two distinct vertices.

Definition 2.9 [44, 45]
Any fuzzy relation p: § X § - [0,1] can be regarded as defining a weighted graph, or fuzzy graph,
where the arc (x,y) € § x §,forallx,yin S has weight u(X,Y) € [0,1].

Definition 2.10 [46]
An intuitionistic fuzzy graph is defined as G = (V,E, i, v ), where
(1) V={vq,vy V3 ..V} (non-empty set) such that p; : V—[0,1], vi:V — [0,1] denote the
degree of membership and non-membership of the element v; € V respectively and 0 <

Hy(vi) + vi(v)) < 1foreveryv; €V,i=12..,n
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(i) EcV xVwhere p,:V xV - [0,1]and v,:V xV - [0,1] are such that uz(vi,vj) <
min{ul(vi), H1(Vj)} ,vz(vi,vl-) < max{ vl(vi),vl(vj)} and 0<y, (Vi,V]-) + vz(vi,vj) <1,0<
Hz(Vi' V]'),Vz(ViVj),T[(Vi,V]') <1 where T[(Vi, V]) =1- uz(Vi,Vj) - Vz(Vi, V]) for every (Vi,Vj) €
Ei=12,..,n

Definition 2.11 [47]
A Neutrosophic graph is of the form ¢* = (V,o,u) where ¢ = (T, I, Fy) & p = (T, I, F,)

(1) Vv ={v,v,,vs,..v,} such that T, : V — [0,1], I,:V — [0,1] and F;:V — [0,1] denote the
degree of truth-membership function, indeterminacy —membership function and falsity-
membership function of the vertex v; €V respectively and 0 < T;(v) + [;(v) + F;(v) <
3V, eV (i=12,3, ..0).

(i) T,:V xV —[01], ,:V xV — [0,1] and F,.V xV - [0,1] where T,(v;,v;),I,(v;,v;) and
F,(v;,vj) denote the degree of truth-membership function , indeterminacy ~membership
function and falsity-membership function of the edge (v;, v;) respectively such that for every
edge (v;,v)),

T,(vi,v;) < min{ T, (v), Ty (v})},
L(v,v;) < min{ L, (v), L, (v})},
Fz(vi,vj) < max{Fl(vi),Fl(vj)},
and Ty (v;, v;) + L, (vi, v;) + F> (v, v;) < 3.

Definition 2. 12 [1, 2]
A Pythagorean Fuzzy Graph on a universal set X is a pair G=(P, Q) where P is Pythagorean fuzzy

set on X and @ is a pythagorean fuzzy relation on X such that:

To(u,v) < min{Tp(u), Tp(v)}
{FQ (u, v) = max{Fp(u), Fp(v)}

and 0 < T§(w,v) + Ff(u,v) <1 forallu,v € X, where, Ty: X X X = [0,1]. Fp: X x X - [0,1] indicates

degree of membership, and degree of non-membership of Q, correspondingly.

Definition 2. 13 [31]
A Fermatean fuzzy Graph (FFG) on a universal set Xis a pair G=(P, Q) where P is Fermatean fuzzy

set on X and Q is a Fermatean fuzzy relation on X such that :

To(w,v) < min{Tp(w), Tp(v)}
{FQ (u, v) = max{Fp(u), Fp(v)}

and 0 < T§(u,v) + F3(u,v) <1 forallu,v € X, where, Ty: X x X = [0,1], Fp: X x X - [0,1] indicates
degree of membership and degree of non-membership of @, correspondingly. Here 2 is the

Fermatean fuzzy vertex set of G and @ is the Fermatean fuzzy edge set of G.

Definition 2. 14 [7]
Pythagorean Neutrosophic Fuzzy Graph (PNFG) is of the form G* = (V,o,u) where o =
(Ty, 11, Fy) & p = (Tp, I, F2)
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(1) Vv ={v,,v,,vs,..v,} such that T, : V — [0,1], I;:V — [0,1] and F;:V - [0,1] denote the
degree of truth-membership function , indeterminacy —membership function and falsity-
membership function of the vertex v; € V respectively and 0 < T;(v)? + [;(v)* + F;(v)? <
2,Vv, €V (i=12,3,..0).

(i) T,: vV xV —[01], I,:V XV — [0,1] and F,:V XV — [0,1] where Tz(vi,v]-),lz(vi,vj) and
F,(v;,v;) denote the degree of truth-membership function , indeterminacy —-membership
function and falsity-membership function of the edge (v;, v;) respectively such that for every
edge (v;,v)),

T, (v, vj) < min{ Tl(vl-),Tl(vj)},
L(v;, vj) < min{ L,(v), Il(vj)},
Fy(vy, vj) < max{F,(v,), F, (vj)} ,
and Tz(vi,vj) + Iz(vi,vj) + Fz(vi,vj) <3.

2.1 Merits and De-merits of uncertainty sets

Several researchers have been introduced different kinds of sets based on the uncertainty situations.
Each time, a new set is introduced, it gives an information about the limitations and advantages of
the new set with a comparison of an existing one. In this section, we have listed out such discussions.

Sets Advantages Limitations
Fuzzy Problems with uncertainty can be solved by fuzzy | Decision makers can be used only
- Zadeh (1965) sets with membership values. membership degree 0 < u < 1.

Intuitionistic Fuzzy -
Atanassov (1986)

The concept of fuzzy sets is inconclusive because the
exclusion of non-membership function. The IFS
incorporates both membership function, u and
nonmembership function, v with hesitation margin,
m (that is, neither membership nor nonmembership
functions), such that p + v < landp + v + 7 =
1.

Intuitionistic fuzzy sets can only
handle incomplete information not
the indeterminate information and
inconsistent information which exists
commonly in belief system. For
example, when we ask the opinion of
an expert about certain statement, he
or she may that the possibility that the
statement is true is 0.6 and the
statement is false is 0.5 and the degree
that he or she is not sure is 0.1

Neutrosophic
— Smarandache(2019)

In Neutrosophic set, indeterminacy is quantified
explicitly and truth-membership, indeterminacy
membership and falsity-membership are
independent. Neutrosophy was introduced by
Smarandache in 1995. “It is a branch of philosophy
which studies the origin, nature and scope of
neutralities,
different ideational spectra”.

as well as their interactions with

A Neutrosophic set A in X is
characterized by a truth-membership
function T,, an indeterminacy
membership function I, and a falsity-
membership function Fy.Ty(x),4(x)
and F,(x) are real standard or non-
standard subsets of ]0- ,1+ [. That is
T X 10— 1]

X -]0— 1+ [

Fi:X -]0—,14+ [ There is no
restriction on the sum of T,(x), I4(x)
and F4(x), so 0—<supT,(x)+

sup I, (x) + supF,(x) <3 +.
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Single valued
Neutrosophic

The set theoretic operators on an instance of
Neutrosophic set is single valued Neutrosophic set
(SVNS).

A Single Valued Neutrosophic Set
(SVNS) A in X is characterized by
truth-membership function Ty,
indeterminacy-membership function
Iy and falsity-membership function
F,. For each point x in
X, Ty (%), 1a(x), Fa(x) € [0,1].

Pythagorean fuzzy
-Yager (2014)

FFS is firstly proposed by Senapati and Yager (2020)
as a special case of g-rung orthopair fuzzy sets (q-
ROFS). The theory of q-ROFS which is developed by
Yager (2017) requires the sum of the gt power of
membership (e.g., support for an idea) and non-
membership (e.g., support against an idea) degrees
should be equal to or smaller than 1. It is obvious that
when q increases the space of acceptable orthopairs
will increase and this geometric area supplies more
independence to users or decision-makers while
declaring their preferences, ideas, and claims. By
setting q = 2, Yager (2014) rename the q-ROFS as
Pythagorean fuzzy sets (PFS) and developed basic
operations on them. It deals with vagueness
considering  the
nonmembership grade, v satisfying the conditions
u+v < loru + v = 1, and, it follows that u? +
v2 + n? = 1, where 7 is the Pythagorean fuzzy set
index.

membership grade, p and

Fermatean Fuzzy

- Sanapati(2019)

Senapati and Yager (2019) set q = 3 and this novel g-
ROFS is called Fermatean fuzzy sets (FFS). Under this
new concept, the decision-makers have more
freedom since they can specify their ideas about
agreeing (membership) and/or disagreeing (non-
membership) regarding the state of a subject. It deals
with vagueness considering the membership grade,
p and non-membership grade, v satisfying the
conditions u+v < loru + v = 1, and, it follows
that u® + v3 + n3 = 1, where 7 is the Pythagorean
fuzzy set index.

In a voting process, a judgement may
give based on a candidate satisfies his
expectations with a possibility of 0.80
and this candidate dissatisfies the
expectations with a possibility of 0.75.
But their sum is 1.55 (>1) and their
square sum is 1.20 (>1). the sum of the
cubes is equal to 0.93 (<1).

Pythagorean
Neutrosophic

Pythagorean fuzzy sets has limitation that their
square sum is less than or equal to 1. In neutrosophic
set, if truth membership and falsity membership are
100% dependent and indeterminacy is 100%
independent, that is 0 < Ty(x) + I,(x) + Fq(x) <
2. Sometimes in real life, we face many problems
which cannot be handled by using neutrosophic
when T, (x) + I,(x) + F4(x) > 2. In such condition, a
neutrosophic set has no ability to obtain any
satisfactory result. In Pythagorean neutrosophic set
with T and F are dependent neutrosophic
components [PNS] of condition is as their square sum
does not exceeds 2. Here, T and F are dependent
neutrosophic components and we make T4 (x), F4(x)

as Pythagorean, then (TA(x))z + (FA(x))2 < 1 with

In a voting process, a judgement may
give based on a candidate satisfies his
expectations with a possibility of 0.80
and this candidate dissatisfies the
expectations with a possibility of 0.95
and neutrally give 0.85 But their
sum is 2.80 (>2) and their square sum
is 2.265 (<2). the sum of the cubes is
equal to 1.9835 (<2).
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T4(x), F4(x) in [0,1]. If I4(x) is an Independent from
them, then 0 < I,(x) < 1. Then 0 < ((TA(x))2 +

(Fa)* + (Li®)” <
2, with Ty (x), 14 (x), F4(x) in [0,1].

Fermatean
Neutrosophic sets

Fermatean neutrosophic sets, then (TA (x))3 +
(FA (x))3 < 1 with Ty(x), F4(x) in [0,1]. If I,(x) is an
Independent from them, then 0 < I;(x) < 1.Then

0 < (Ta@)’ + (Fa@)’ + (L@)* <
2, with Ty (x), I4(x), Fy(x) in [0,1].

2.2 Flow chart of literature survey of uncertainty sets

2.3 Geometrical interpretation

The Graphical representation of sets which deal with uncertain may be useful to the reader to

understand the flow of the T, F and I values. In this section, we give a graphical representation of

membership, non-membership, and indeterminacy grades for all fuzzy sets and Neutrosophic

sets.

Intuitionistic fuzzy set

Pythagorean fuzzy set

Fermatean fuzzy Set (Benchmark
of IFS, PFS, and FFS)
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3. Fermatean neutrosophic graphs

In this section, we propose the new class of graph namely, Fermatean Neutrosophic Graph which is

associated with Fermatean Neutrosophic Set (FNS).

Definition 3.1: Let X be a universal set. A mapping P = (Tp,Ip, Fp): X x X = [0,1] is called a

Fermatean Neutrosophic relation on X such that Tp(u, v), I» (u, v), Fp(u,v) € [0,1] forall u,v € X.

Definition 3.2: Let P = (Tp,Ip,Fp) and Q = (TQ,IQ,FQ) be Fermatean Neutrosophic sets on X if Q is
Fermatean Neutrosophic relation on X, then Q is called a Fermatean Neutrosophic relation on P if
To(u,v) < min{Tp(u), Tp(v)}
Io(u,v) = max{lp(w), Ip(v)}
Fy(u,v) = max{Fp(u), Fp(v)}
if Tp(u,v), Ip(u,v), Fp(u,v) € [0,1] for all u,v € X.
Definition 3.3: A Fermatean neutrosophic graph on a universal set X is a pair G=(P, Q) where P is
Fermatean Neutrosophic set on X and Q is a Fermatean Neutrosophic relation on X such that:
To(w,v) < min{Tp(w), Tp(v)}

Io(u,v) = max{lp(w),I»(v)}
Fy(u,v) = max{Fp(u), Fp(v)}
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and 0< T3(w,v) + 15w, v) + F(w,v) <2 forall u,v €X, where , Tg: X x X = [0,1], I;: X x X -
[0,1] and Fy: X X X — [0,1] indicates degree of membership, degree of indeterminacy-membership
and degree of non-membership of Q, correspondingly.

Here, P is the Fermatean Neutrosophic vertex set of G and Q is the Fermatean Neutrosophic edge
set of G.

An example of Fermatean Neutrosophic graph is given below.

Example 3.1 Consider a Fermatean neutrosophic graph G=(®, Q) defined on G = (V, E), where P be
a Fermatean Neutrosophic set on V and Q be a Fermatean Neutrosophic relation on V, defined by
P={ (v1,(0.6, 1,0.7)),{ v,,(0.5, 0.8,0.4)),{ v5,(0.7, 0.5,0.3))}

and

0={ (v,v,, (0.4, 1,0.8)), (v,5, (0.4, 0.9,0.6)), (v, v5, (0.5, 1,0.8))}

(0.6, 1,0.7)

(04,09, 0.6)

vy

(0.5,08,04) (0.7, 0.5, 0.3)

Figure 1. Fermatean Neutrosophic graph

Definition 3.4 Let G=(, @) be A Fermatean neutrosophic graph FNG on G=( V, E). The complement
of Fermatean Neutrosophic graph is FNG G=(, ) where P = (Tp, I, Fp) and 9 = (T, Iy, Fp ), defined
by

() p=»

(i) Tp (W= Tp (W), Ip W= 1Ip(w), Fp(w) = Fp(W) VU EV

(i) Ty (wv) = |Tp(w) ATp(v) — Ty(wv)|, Tg(uv) = |Ip (W) V Ip(v) — Io(uv)| and

(iV)Ty(uwv) = |Fp(w) V Fp(v) — Fo(uv)|, forall w,v €V

Note: In the below example, T, I and F values are very close to 1. This situation will happen in the
most of real time problems. But 0 < T? + I? + F2 £ 2.So, we adopt 0 < T3 + I* + F3 < 2. Hence,

we can model this situation by Fermatean Neutrosophic graphs.

V1 (0.8, .85, 0.9)

(0.8, 0.73, 0.9) (0.7, 0.85, 0.9)

v, (0.7, .85, 0.9) Uy
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4. Size and Types of degrees in Fermatean Neutrosophic graphs
The concept of regularity has been explored by many academics on fuzzy graphs and several of its
generalizations. We will now propose a description on regularity of Fermatean Neutrosophic graphs
(FN@). First, we introduce few definitions in this context.
Definition 4.1 Let G=(®, Q) be a Fermatean Neutrosophic graph (FNG) defined on G = (V, E). The
order of G is symbolized by O(G) and defined as

OG)= QuevTr(W), Luev Ip (W), Xuev Fp(w))
Definition 4.2 Let G=(P, Q) be a Fermatean Neutrosophic graph (FNG) defined on G = (V, E). The
size of G is symbolized by S(G) and defined as

S(G)= (Zuue eTov), Yuve  lo(uv) , Xowe £ Fo (uv))

Example 4.1 Consider a Fermatean Neutrosophic graph G=(P, Q) defined on G = (V, E), where P be
a Fermatean Neutrosophic set on V and Q be a Fermatean Neutrosophic relation on V, defined by
P={ (v1,(0.6, 1,0.7)),{ v,,(0.5, 0.8,0.4)),{ v3,(0.7, 0.5,0.3))} and
Q={(v,v,,(0.4,1,0.8)), (v,v3, (0.4,0.9,0.6)),{v;,v3, (0.5,1,0.8))}
The order and size of Fermatean Neutrosophic graph displayed in Fig. 1 are
O(@) = (1.8, 2.3, 1.4) and S(G)= (1.3, 2.9, 2.2), respectively.

Definition 4.3 Let G=(®, Q) be a Fermatean Neutrosophic graph FNG defined on G= (V, E). The

degree of a vertex u of @ is symbolized by dg(u) = (dr(u), d;(u), dg(u)) and defined as
de(W)=Quzv Te (W), Xyzw I (W) , Xy Fp (W) foruv € E.

Definition 4.4 G=(?, Q) is a Fermatean Neutrosophic graph FNG defined on G= (V, E). The total

degree of a vertex u of G is symbolized by tdg(u) = (tdr(u), td;(u), tdg(u)) and defined as

td (W= Zaww To @) + T (), Zuwn o) + Ip (@), Ty Fo (w) + Fp () ) for uv € E.

Example 4.2. For the Fermatean Neutrosophic graph G in Figure 1, the degree and the total degree
of the vertices are
dg (v;)=(1.2,1.3,0.7) and tdg (v;)=(1.5,2.8,1.8) ;
dg (v;) =(1.3,1.5,1.0) and tdg (v;)=(1.8,2.5,1.8) ;
dg (v3)=(1.1, 1.8, 1.1) and tdg (v3)= (1.5, 2.8, 1.8), respectively.
The following theorem is developed to demonstrate an interesting fact regarding degree of vertices
of FNGs.
Theorem 4.1 For any Fermatean Neutrosophic graph G=(P,Q) defined on V={uy,u,, ..., u,}, the
following relation for degree of vertices of G must holds:
" dg )= 2(27;11 To(wue), 55 I (wuy), B2 FQ(ujui)) forall 1 <i<n.
i>j i>j i>j

Proof : Let V={uy, uy, ..., u,}, and G=(P, Q) be a Fermatean neutrosophic graph defined on G = (V, E)
Y de(y)=Xr, (dT(uj)' d; (), dr (uj))

= (dr(uy), d;(uy), dp(uy))+ (dr(up), d;(uy), dp (Up))+... +(dr (uy), dr (uy), dp (uy,))
=[ (T (uyuz), Ig (uyuz), Fo(wyiy)) + (To (uguz), Ip (uyus), Fo(uyus)) +...
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+(TQ (uquy), Ip(uguy), Fy (ulun))]
+[(TQ(u2u1), IQ(uzul),FQ(uZul)) + (TQ(uZuz), IQ(uZuz), FQ(uzuZ)) +...
+(TQ (uzuy), Ig(uzuy), Fy (uzun))]
+[(TQ (unuy), I (upuy), Fy (unul)) + (TQ (unuz), Ip(uyuy), Fy (unuz)) +...
+(TQ (UnpUn-1), Iy (UnUn-1), Fy (unun—l))]
=2[(TQ(u1u2),IQ(uluz),FQ(uluz)) + (TQ(u1u3), Ip(ujuz), FQ(u1u3)) +...
+(TQ (uquy), Ip(uguy), Fy (ulun))]
+ 2[(TQ(u2u3), Iy (ujyus), FQ(u2u3)) +...
+Ty (uyuy), Iy (uyuy), FQ(uzun)] +...
+2(TQ (Un—1Up), Iy (Un—1Up), FQ(un—lun))]
=2 (Z}:il To(wuy) , X750 Io(uyu;), X551 FQ(ujui))
i>j i>j i>j
Hence proved.
Theorem 4.2 For any Fermatean Neutrosophic graph G=(P,Q) defined on V={uy,u,, ..., u,}, the
following relation for total degree of vertices of G must holds:

Yj=1 td ()= (2 2721 To(wug) + X-s To(w;), 2 X751 o (wywg) + iy In () , 2 X721 Fo (ujuy) +

i>j i>j i>j
+ 20 Fp(uj)> ,foralll <i<n.

Proof : The proof directly follows from Theorem 4.1 and Definition 4.4.
Definition 4.5. A Fermatean Neutrosophic graph is complete if
To(w, v)=min{Tp (w), Tp (v)}
Iy (u, v)= max{lp(w), Ir (v)}
Fy(u, v)=max{Fp(w), Fp(v)}
We illustrate it by giving an example.
Example 4.3. Let the vertex set V = {vy, v,, v3} and the edge sets E={v,v,, v,v3, v;v5} in G'=(V, E). Take
the Fermatean Neutrosophic set P = (Tp, Ip, Fp) in V and the Fermatean Neutrosophic edge sets in
E € V x V defined by
(Tp (1), Ip (v1), Fp(v1)) = (0.6, 1,0.7)
(Tp (v2), I (v2), Fp(v2)) = (0.5,0.8,0.4)
(Tp(v3), Ip (v3), Fp(v3)) = (0.7, 0.5, 0.3)
and
(To(v1v5), Ig(v1v3), Fo(v1v,5)) = (0.5, 1,0.7)
(Tp (v2v3), Ip (V2v3), Fp(v2v3)) = (0.5, 0.8, 0.4)
(Tp(v1v3), Ip (v1V3), Fp(v1v3)) = (0.6, 1, 0.7)
Then, it is a complete FNG.
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(0.6, 1, 0.7)

(0.5, 0.8, 0.4) (0.5, 0.8, 0.4) (0.7, 0.5, 0.3)

v, v 3

Figure 2. Complete Fermatean Neutrosophic graph

Definition 4.6: The minimum degree of Fermatean Neutrosophic graph FNG, G=(P, Q) is designated
as 6(@)=(67(@), 6;(@), 6x(G)) where,

87(G)=min{d;(u)|u € V}; is minimum T-degree of G

8;(@)=min{d;(u)|u € V}; is minimum I-degree of G

8¢ (G)=min{dr(w)|u € V}; is minimum F-degree of G
Definition 4.7: The maximum degree of Fermatean Neutrosophic graph FNG, G=(P, Q) is designated
as A(G)=(Ar(G), A;(G), Ar(G)) where,

A7 (G)=max{d;(u)|u € V}; is maximum T-degree of G

A;(G)=max{d;(w)|u € V}; is maximum I-degree of G

Ap(G)=max{dp(u)|u € V}; is maximum F-degree of G
Example 4.4. Let the vertex set V = {vy,v,,v3,v,} and the edge sets E={v,v,, v,v3, V304, v1v,} in
G'=(V,E). Take the Fermatean Neutrosophic set P = (Tp,Ip,Fp) in V and the Fermatean
Neutrosophic edge sets in E & V X V defined by
(Tp (1), Ip(v1), Fp (v1)) = (0.3, 0.7, 0.5)
(Tp (v2), I (v2), Fp(v2)) = (0.6,0.5,0.7)
(Tp (v3), I (v3), Fp(v3)) = (0.8,0.3,0.7)
(Tp(a), Ip (Va), Fp(v4)) = (0.7,0.2,0.4)
and
(To(1v2), Ig(v4v,), Fy(v,v,)) = (0.3,0.7, 0.7)
(Tp (vav3), Ip (V2v3), Fp(v,v3)) = (0.4, 0.6, 0.7)
(Tp (V3v4), Ip (v304), Fp(v3v,)) = (0.6, 0.5, 0.8)
(Tp(v1v4), Ip (V114), Fp(v1v4)) = (0.3, 0.8, 0.6)
Then, it is FNG.

(0.3. 0.7, 0.5) - (0.6, 0.5,0.7)
(0.3, 0.7, 0.7)
V19 ® V2
e 2
i =
2 o
£ =1
L2 24
v“ L J V4

(0.7,02,04) (0.6,05,0.8) (0.8,0.3.0.7)
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Figure 3. Minimum and maximum degree of a Fermatean Neutrosophic graph

8(G)=(0.6,1.1,1.3); A(G)=(1,1.5,1.5)

Next, the definition of effective edge of FNG are
Definition 4.9. The edge e = (u, v) of G=(P, Q) be a FNG is called an effective edge of G is defined as
Ty (u, v)= min{Tp (), Ty ()}
I (u, v)= max{lp(u), Ip (v)}
Fo(u, v)= max{Fp(u), Fp(v)}
In Fig. 3, v;v, is an effective edge of FNG.
Definition 4.10. The effective degree of a vertex u of FNG, G=(P,Q) is defined by
de(W)=(de,(u), de, (W), de, (W) Vu € E; here dg,.(u) is the sum of the T-values of the effective edges
of FNG incident with u, d¢,(u)is the sum of the I-values of the effective edges of FNG incident with
u and d¢, (u) is the sum of the F-values of the effective edges of FNG incident with u.
Definition 4.11. The minimum effective degree of G=(P, Q) in FNG is designated as
86(G) ~(8c, (G, 8¢, (G), 8¢,(G)) where,
8er(G)-N{de, ()u € P},
8¢,(G)~N{de, ]u € P};
8¢,(G) =A\{de, (w)|u € P}
Definition 4.12. The maximum effective degree of G=(®, Q) in FNG is designated as
Ae(G) =(Be, (G), Ae, (G), A, (G)) where,
Bep (G)-V{de, (W) [u € P);
Be, (@)=V{dg, w)]u € P};
Agp(G) =V{de, (W |u € P}
Example 4.6. Let the vertex set V = {vy,v,,v3,v,} and the edge sets E={v,v,, v,v3, v3v,, v1v,} in
G'=(V,E).Take the Fermatean Neutrosophic set P = (Tp,Ip,Fp) in V and the Fermatean
Neutrosophic edge sets in E & V X V defined by
(Tp(v1), Ip (v1), Fp (v4)) = (0.3, 0.7, 0.5)
(Tp (v2), I (v2), Fp(v,)) = (0.6,0.5,0.7)
(Tp(v3), Ip (v3), Fp(v3)) = (0.8,0.3,0.7)
(Tp(va), Ip (Vs), Fp(v4)) = (0.7,0.2,0.4)
and
(To(1v2), Ig(vyv,), Fy(v,v,)) = (0.3,0.7, 0.7)
(Tp (v2v3), Ip (V2v3), Fp(v2v3)) = (0.6, 0.5, 0.7)
(Tp (v3vs), Ip (v3v4), Fp(v31,)) = (0.7, 0.3, 0.7)
(Tp (v1v4), Ip (V1v4), Fp(v104)) = (0.3, 0.8, 0.6)
Then, it is FNG.
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(0.3.0.7. 0.5) (0.3.0.7.0.7) (0.6.0.5.0.7)
"y 3.0.7.0. e
» >
S 5
v,;‘ ’v:;
(0.7,02,04) (07,03,0.7) (0.8.0.3.0.7)

Figure 4. Fermatean Neutrosophic graph

In Fig. 4, vyv,,v,v5,v3v, are the effective edges of FNG.

de(v,)=(1.3,0.7,1.1) 5¢(G) =(0.8,0.3,0.7)
de (v,)=(1.1,1.0,1.2)
de(v5)=(1.3,0.7,1.1) Ae(G) =(1.3,1.0,1.2)
de(v,)=(0.8,0.3,0.7)

Definition 4.13. The neighborhood of any vertex u in G=(P,Q)of a FNG is designated as
N (W)=(Ny(w), N (w), Np(u)) where,
Ne(w) ={veP: To(u,v) = Tp(WATr(v)};
N@w) ={ver: Io(u,v) = Iy W)VIp(v)};
Ny (w) = {v € P: Fy(u,v) = Fp(w)VFp(v)}
And N[u]=N(u) U u is called the closed neighbourhood of u.
Definition 4.14. The neighborhood degree of a vertex u in G=(P,Q)of a FNG is designated as
dy W=(dp, (W), dy,; (), dy (1)) where,
dp, (W) = Zuen) Tr(W),
da, (W) = Xuen(p) lr(W),
Ay (W) Luew ) Fr(w)
Definition 4.15. The minimum neighborhood degree of G=(P,Q) in FNG is designated as
8 (G)=(By (G), 8, (G), By, (G)) where,
8o (B)=N{doy (W) € P}
8, (G)=A{dy,(W)|u € P};
8y (G) =A{dp,(W|u € P}
Definition 4.16. The maximum neighborhood degree of G=(?,Q) in FNG is designated as
Bar (@) ~(Brg (), Ay, (G), By, (G)) where,
Borp (@=V{dyr, (0)]u € P}
Br, (@)=V{dy, @) € P} ;
Ay, (@) =V{dy,(W|u € P}
Example 4.7.
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Let the vertex set V = {v,, v,, v3, v,} and the edge sets E={v,v,, v,v3, v3v,, v1v,} in G'=(V, E). Take the

Fermatean Neutrosophic set P = (Tp,Ip, Fp) in V and the Fermatean Neutrosophic edge sets in E &
V x V defined by

(Tp (v1), Ip(v1), Fp(v1)) = (0.3, 0.7, 0.5)
(Tp(v2), Ip (v2), Fp(v2)) = (0.6, 0.5, 0.7)
(Tp(v3), Ip (v3), Fp(v3)) = (0.8,0.3,0.7)
(Tp(va), Ip (v4), Fp(vs)) = (0.7, 0.2, 0.4)

and

(To(v1v,), Ig(v4v2), Fo(v1v,)) = (0.2, 0.7, 0.8)
(Tp (v2v3), Ip (V2v3), Fp(v2v3)) = (0.6, 0.5, 0.7)
(Tp(V3v4), Ip (V3V4), Fp(v31y)) = (0.7, 0.3, 0.7)
(Tp (v1v4), Ip (V114), Fp(v1v4)) = (0.3, 0.8, 0.6)
Then, it is FNG.

(03,0705 0 000q  (06,0507)

V1 g : 9 V2

S El

w >

P 7

> 3

v.;. .v:;
(0.7,02.04)  (0.7.0.3,0.7) (0.8.0.3,0.7)

Figure 5. Fermatean Neutrosophic graph

VyV,, Vo3, U3V, are the effective edges of FNG

N (v1)=(Np (v1), Ny (v1), Np(v1)) dy(v1) = (0.6,0.5,0.7)
Ny (vy) = {vo}; M(wy) = (v} Np(vy) = {w,}

N (2)=(N7 (v), N;(v2), Np(v7)) dy(vy) = (1.1,1.0,1.2)
Ne(Wy) ={vy,v3} M(wy) = {vy, v3 ) Np(w,) = {vy,v3}

N (w3)=(N7 (v3), N; (v3), Np(v3)) dy (v3) = (1.3,0.7,1.1)
Ny (v3) = {vy, v4}; Ni(v3) = {vp, v}, VE (03) = {v, v}

N (W )=(N7 (v4), Ny (v4), Np (v4)) dy(vs) = (0.8,0.3,0.7)

Ny (Ws) = {3}, M) = w3} Ve (va) = {v3}

Sx (@) == (0.6,0.3,0.7); Ay (G) = (1.3,1.0,1.2)
Definition 4.17. The closed neighborhood degree of a vertex u of G=(?, Q)in a FNG is designated as
dy [u]=(dNT [ul, dN, [ul, dNF [u])
where,
Ay [u] = Zoenm) Tr () + Tp(w),
dy, [ul Zven ) Il (v) + Ip(w),
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A, (U] Zven ) Fp(v) + Fp(u),

Definition 4.18. The minimum closed neighborhood degree of G=(P, Q)in a FNG is designated as
8 [Gl=(8x, [G], 8, [G], 85 [G]) where,

a7 [Gl=A{dy, (W)|u € P};

S, [Gl=A{dy, (W) [u € P};

82 [G] =A{d, (W) Iu € P}

Definition 4.19. The maximum closed neighborhood degree of G=(?, Q)in a FNG is designated as
Ay [G]=(An, [G], Ay, [G], Ay [G]) Where,

Bov [G1=Mda, () € P}

Ay, [G]=/\{d]\f1(u)|u € ?} ;

Bovo[G] =M{dy, W) € P}

Example 4.8.
From Fig. 5,
N [vy][=(Nr[v1], Ny [v1], Ne[vi]) dy[v1] = (0.9,1.2,1.2)
Ne[vi] = {vy, v} M[vi] = {vy, vp} 5 Np[v1] = {vy, v,}
N [v]=(Nr[v,], M [v2], Ne[v,]) dy(vz) = (1.7,1.5,1.9)
Nrl[vo] = {vy, v, 03} N [v,] = {vy,v5,v3}; Nelvs] =
(v, vy, v3}
N [v3]=(Nr[va], N;[vs], Ne[vs]) dy(v3) = (2.1,1.0,1.8)
Nr[vs] = {vy, v5,va} Ni[vs] = {5, 05, va} Np[vs] = {v,, v5, v4}
N [a]=(Nr [Va], Ni[v4], Ne[va]) dy (vy) = (1.5,0.5,1.1)
Nr[va] = {vs, vu} Ni[va] = {vs, v4}; Np[va] = {vs, v4}

Sx[G] == (0.9,0.5,1.2); Ay [G] = (2.1,1.5,1.8)

5. Types of Fermatean neutrosophic graphs
In this section, we introduce different types of Fermatean Neutrosophic graphs based on the
degree of each node in FNG such as regular, totally regular and uniform FNGs with suitable

examples.

Definition 5.1 Let G=(%, Q) be A Fermatean Neutrosophic graph FNG defined on G = (V, E). If each
vertex of G has same degree, that is

de(W)=(ly, 1, I3) Vuev
Then G is called ( Iy, I3, I3) - regular FNG.
Example 5.2 Consider a Fermatean Neutrosophic graph G=(P, Q) defined on G = (V, E), where P be
a Fermatean Neutrosophic set on V and Q be a Fermatean Neutrosophic relation on V, defined by

P={ (vy, (0.6,1,0.7)), (v,, (0.5,0.8,0.4)), (vs, (0.7,0.5,0.3)) }
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And 9={(v,v,,(0.4,1,0.8)),(v,vs, (0.4,1,0.8)), (v,v3,(0.4,1,0.8)) }

(0.6.1.0.7)

(0.4.1.0.8) Vg

(0.6.1.0.7) (0.6.1.0.7)

Figure 6. Regular Fermatean Neutrosophic graph
We see that the degree of each vertex in G is dg(v,) = dg(v,) = dg(vs) = (1.2, 2,1.4). Hence the
Fermatean Neutrosophic graph, displayed in Fig. 6, is (1.2, 2,1.4) — regular.

Definition 5.3. A Fermatean Neutrosophic graph FNG G=(?,Q) is called Strong Fermatean
Neutrosophic graph if the following conditions are satisfied:
Ty (w, v)=min{Ty (u), Tp (v)}
I (u, v)= max{lp(w), Ir (v)}
Fo(u,v)=max{Fp(u), Fp(v)} forall u,v €E
That is, all the edges in a Fermatean Neutrosophic graph are effective edges.

An example of a Strong Fermatean neutrosophic graph is shown in Figure 7.

Example 5.4

Consider a graph G=(V, E) where the vertex set V={v;,v,,v;,v,} and the edge se
E={v,v,, v,v3, V304, V11, }. Let G=(P, Q)be a Fermatean Neutrosophic graph on V as shown in Figure
7, defined by P={(vy,(0.3,0.7,0.5)),(v,, (0.4,0.6,0.7)), (v, (0.8,0.3,0.7)),{v,, (0.7,0.2,0.4)) } and
0={ (v,v,, (0.3,0.7,0.7)), (v,v3, (0.6, 0.5,0.7)), (v3v,, (0.7,0.3,0.7)), (v, v,, (0.3,0.7,0.5))}.

3.0.7.0.5 ) 5.0.7
(0.3,0.7,0.5) (03.0.7.0.7) (0.6.0.5.0.7)
Vig 9 V2
& =
.Il ?
< =
%! o
S =
s -
v4‘ * Vg

(0.7.02.04) (07.03.07) (98 03,07)

Figure 7. Strong Fermatean Neutrosophic graph
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Following and extending the idea of uniform single valued neutrosophic graphs by Broumi et al. [32],
we describe the concept of regularity of uniform single valued neutrosophic graphs under Fermatean
neutrosophic environment.

Definition 5.5 Let G=(®, Q) be a Fermatean Neutrosophic graph FNG defined on G= (V, E), where
P = (Tp,Ip,Fp) is a Fermatean Neutrosophic sets on V and Q = (TQ, Iy, FQ) is a Fermatean
Neutrosophic relation on V. G is called uniform Fermtean Neutrosophic of level (ky,k,, k3) if
To(u, v)=kq, Ig(u, v)=k, and Fo(u,v)=k;, V (u,v) € VXV and Tp(u)= ky, Ip(u)= k, and Fp(u)= k3 V
u €V, where, 0< ky, ky, ks < 1.

Example 5.5 : The following figure is an uniform Fermatean Neutrosophic graph G=(P, Q).

0.3.0.7.0.5 - 3.0.7.0.5)
( ) (0.3.0.7.0.5) (0.3.0.7,0.5)

Vi g o V2

S 3

(¥ :)

o 54

5

& 2

v, ® ® .
(0.3.0.7.0.5) (0.3,0.7.0.5) (0.3,0.7.0.5)

Figure 8. Uniform Fermatean Neutrosophic graph
Theorem 5.6 Every uniform Fermatean Neutrosophic graph is perfectly regular Fermatean
Neutrosophic.
Proof. Let G=(P,Q) be a Fermatean Neutrosophic graph FNG defined on G= (V, E) with
V={uy, uy, ..., Uy}, then Ty (u, v)=ky, Iy(u, v)=k, and Fo(u, v)=ks3, V (u,v) € V X Vand Tp(uw)=k;, Ip(u)=
k, and Fp(u)=k3 V (u,v) €V XV, where 0 < kq,k,, ks < 1.
Then for each uin'V,
dg(w)= (dr(w), d;(w), dr(w))
:(Zuve ) (W), Yuve k Io (W), Yuve k Fy (uv))
=((n = Dky, (n = Dy, (n = Dk3)
This shows that G is ((n — 1)k;, (n — 1)k,, (n — 1)k3) regular FNG. Moreover for each vertex uin V,
tdg (u)= (tdr(w), td; (w), tdp ()

= (Zuve £ Touv) + Tp (W), Xuve g lg(uv) + Ip (W), Xuve g Fo(uv) + Fp (u))

=((n— Dky + ky, (n — Dy + ko, (n — Dks + k3)
= (nkl, nkz, le3)
This shows that G is (nky, nk,, nk;) totally regular FNG .

Theorem 5.7 If G is a uniform FNG of level (kq, k3, k3) on G= (V, E), then
a) O(G)= (nky,nk,,nks) where n=|V|.
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b) S(G)= (mk,, mk,, mks) where m=|E|.

Proof. Let G=(, Q) be a uniform Fermatean Neutrosophic graph FNG defined on G=(V, E) with
V={uy, uy, ..., u,}, then Ty (u, v)= ky, Iy(u, v)= k, and Fo(u,v)= k3, V (u,v) € VXV and Tp(u)= k4,
Ip(u)=ky and Fp(u)=k; V (u,v) € VXV, where 0 < ky, ky, k3 < 1.

a) foreach vertexuinV

O(G)= Xuev Tr(W), Xuev Ip(w) , Xyev Fp(w))
=(Zue v k1 ’ Zue v kz ’ Zue v ks)

= (nky,nk,,nk;) where n=|V|.

b) for each edge uvinE

S(G)= (Zuve E TQ (uv) ’ Zuve E IQ (uv) ’ Zuve E FQ (uv))
=(Zuve gki, Zuve gka, Zuve E k3)
= (mky, mk,, mks) where m=|E|.

Hence proved.

Remark 5.8 The underlying crisp graph of complement of a Fermatean Neutrosophic graph is always

an empty graph.

6. Operations on Fermatean Neutrosophic Graphs

In this section, we propose some important graph-theoretic operations over Fermatean Neutrosophic
graphs along with various important results and illustrative examples.

Let G,=(%;, Q1) and G,=(P,, @,) be two Fermatean Neutrosophic graphs with references to the graphs
G'=(V,, E;) and G*=(V,, E,), correspondingly, where P,& P, are the Fermatean Neutrosophic vertex
sets in V; & V, corespondingly, and Q;& Q, are the the Fermatean Neutrosophic edge sets in E; & E;,
correspondingly.

There are many operations on two graphs G'=(Vy, E;) and G*=(V,, E,),which result in a graph whose
vertex set is the Cartesian product V;& V.

In the following section, we discuss a few operations on two graphs in the structure of Fermatean

Neutrosophic sets theory and investigate their properties.

6.1 Cartesian Product of Fermatean Neutrosophic Graphs

Definition 6.1.1 The Cartesian product of two Fermatean Neutrosophic graphs G;and G,, denoted
by G, Cartesian Product G,, is defined as follows:

Gy X Gp=(Py X P,, 91 X Q3)

where
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Tp, xp, (U1, u;) = min (Tpl (W), Tp, (uz))
. Ip, xp, (U1, up) = max (1?1 (W), I, (uz))

Fp xp, (Uq, Uz) = max (F?1 (W), Fp, (uz)) V(ug,up) €V XV,

The membership value of the edges in G; X G, can be computed as

Ty,%0, ((u, u), (u, 172)) = min (Tpl W, Ty, (uz, Uz))
lg, %0, ((u, uy), (, 772)) = max (1?1 (W, Iy, (uz, ‘72))

F91X92((u' u,), (u, vz)) = max (Fyl(u),FQZ(uz,vz)) VueV,(u,v,) €E,

Toyw0, (s, ¥), (w1, ) = min (Tg, (uy, v,), T, (1))
Iglxgz((up)’): (V1x)’)) = max (Igl(u1:171)117?2 (V))
Fglxgz((up)’): (V1:V)) = max (Fgl(u1xv1)xF?2(V)) Vy €V, (u,vy) € Eq

Theorem 6.1.2 The Cartesian Product of two Fermatean Neutrosophic graphs is a Fermatean
Neutrosophic graph.

Proof suppose u € Vi, (u,, v,) € E,. Then,
Toyo, (0, 113), (u,v,)) = min (Tp, (), T, (115, v,) ),

< min (T:pl (w), min (Tgaz (uz), Ty, (Vz)))/

= min (min (T:pl (W), Tp, (uz)) ,min (Tp2 (W), Ty, (vz))),
= min(Tp,xp, (U, Us), Tp, xp, (U, 13))

loy0, (W 12), (,v,)) = max (I, (), Ig, (w2, v2)),
> max (I;)1 (u), max (Iy2 (u2), Ip, (Uz)))r
= max (max (1331 (W), Ip, (uz)) ,max (1?2 W), Ip, (vz))),

= max(Ip,xp, (U, Uz), I, xp, (W, v;))
and

Foyxa, ((112), (u,v)) = max (Fp, (), Fo, (uz,v2) ),
> max (Fg;1 (u), max (Ffpz (up), Fp, (vz))>,

= max (max (Fga1 (), Fp, (uz)) , max (ng2 (w), Fyp, (vz))),

= max (Fﬂlezpz (u, up), Fp xp, (u, Uz))
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Again, let Vy € V,, (uy,v;) € E;, then we have

Toywas (s, ¥), (01, 7)) = min (To, (uy, 1), Tr, (1)),
< min <min (Tgal (W), Tp, (v1), T, (V)))r

= min (min (Tp, (), Ty, (1)) min (T, (0, T2, )) ),
= min(Tp,xp, W1, V), Tpyp, W1, 7)) -

lg,x0, ((up ¥), (vy, V)) = max (191 (wy, 1), Ip, (V));

> max (max (Iyl (1), Ip, (1), I, ()/))),

max (max (Ip, (), I, (1)) ;max (I, (v, I, ) ),

= max(lgalx?z (U, ¥) Ip,xp, (V1 V))-

and

Fo,x0, ((up Y), (vy, V)) = max (F91 (uy, v1), Fp, (V));

> max (max (Fy, (), Fp, (v, Fp, 1)),

max (max (Fp, (), Fp, (1)) ;max (Fp, (v), Fa, (1) ),

max (F:JD1 xp, U1, V), Fp xp, (V1, V))-
Thus, in view of the definition of the Fermatean Neutrosophic, the result follows. The following

example illustrates the above defined graph-theoretic operation.

Example 6.3 Consider two Fermatean Neutrosophic G;and G, as shown in the below Figure 9.

06.1.0.7) (0.3, 0.7, 0.5) 03.07.07) 06,0507
2 " ?v
/N
/ ”~
e /W \\ ”{, n
Q. // \'\ .',/ '— o
>/ \'o P
ke / N P Ty =
N N “ o
,f [ \ o = 2
/ =2 \ > G =
/ (04.1.08 2
U; e » Us {
® ) B
P - (©6. 1,07 R, -
06.1.0.7) ©7.0208 ©OTO30D  wegs0n

Figure 9. Fermatean Neutrosophic graphs G;and G,
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Figure 10. Composition graph G; X G,
Then, the graphs G;, G, and their composition graph G; X G, are being graphically presented in the

above Figure 10.

6.2 Composition of Fermatean Neutrosophic Graphs
Definition 6.2.1 The composition of two Fermatean Neutrosophic graphs G;and G,, denoted by G, o

G,, is defined as follows:
Gy 0 Gp=(P; 0 P;, Q1 °Q5)

where
Tp,xp, (U, uz) = min (T?l (u1), Ty, (uz))

Lpyser, iy, 15) = max (I, (uy), I, (115) )

Fpyp, (1) = max (Fp, (), Fp, (13)) ¥y, uz) € Vy XV

Tglogz((ﬁ:uz). B, Vz)) = min (Tpl(ﬁ):ng (uz:vz))
Iglogz((ﬁ:uz): B, 172)) = max (1?1 B), Iy, (uz, Uz))
FQ10Q2((ﬁ’uZ)I B, Vz)) = max (F;Pl (ﬁ):ng (uz:vz)) VB €V, (upv,) EE,

Toye0, (0, ¥), (01, 7)) = min (Tg, (g, v1), T, (1)),
lgyo0, (s, ¥), (01,1)) = max (Io, (uy, v1), I, (1))
Fglogz((up Y), (v, V)) = max (Fgl (uq, v1), Fp, (V)) Vy eV, (u,vy) EE;
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TQ1°QZ ((ul' uz), (Ul. 172)) = min (T?Z (uz)v T]’Z (UZ): TQ1 (ulﬂ 171)) 4
Ig, .0, ((u1' Uuyz), (vy, 172)) = max (1?2 (uz), Ip, (v2), g, (uy, V1))
Foyog, (s, u2), (v, 0)) = max (Fp, (uz), Fp, (v,), Fo, (uy, vs) )

V((ulv u2)r (Ulv 172)) € Eo, where
E° = {(ull uZ)l (vll vz)l(u]_, 1-71) € El and uz * 772}

Theorem 6.2.2 The composition of two Fermatean Neutrosophic graphs is a Fermatean Neutrosophic
graph.
Proof: Suppose 8 € Vi, (u,,v,) € E,. Then,

Tg,.0, ((ﬁ' u,), (B, 172)) =min (T?l (B), Tg, (uz, 172))

IA

min (Tjal (), min (Tj)z (uy), Tp, (Uz)))/

= min (min (T, (8), T, (1)) min (T3, (8, T, () ),

= min(Tp,.p, (8, 12), Tpyop, (B, V3)) -

Iglogz ((ﬁ' u,), (B, Vz)) = max (1731 B, IQ2 (uy, Vz)):

v

max <1?1 (), max (1732 (u2), I, (Uz)))f

max (max (I, (8), 1, (1)), max (1, (8), Iy, () )),

max(lylopz (B, uz), I op, (B, Uz))-
and

FQ10Q2((ﬁ’u2)! (B! UZ)) = max (Fi}?l (:8)1 FQZ (uZ' UZ))'

I\

max (Fya1 (B), max (Fp2 (u2), Fp, (vz))),

max (max (Fya1 (B), Fp, (uz)) ,max (sz (B), Fp, (Uz))),

max(FPlo:pz ¥, uz):FP1on (B, Uz))-
Again, let Vy € V,, (u;,v;) € E;, then we have

To,e0, (W0, 1), (0,7)) = min (To, (uy, 1), T, (1)),

IA

min (min (Tp, (), Tp, (0, T5,()) ),

min (min (Tp, (1), T, (1), min (T, ), T3, ) ).

min(Tja1 oP, (u1; ]/): TTloTz (Ul’ ]/)) .
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and

lo,00, (1, 1), (v3,1)) = max (1o, (uy, v1), I, (1)),

v

max (max (1o, (), ks, (), 15, ),

max (max (1, (), Ip, (1)) max (Ip, (0, 1, ) ),

max(lyloaaz (U, v), Ip op, (V1) V))-

Fy.eg, ((up Y), (vy, V)) = max (F91 (uy, v1), Fp, (V));

v

max (max (Fp, (), Fr, 0, Fp, (1)),

max (max (Fp, (), Fp, (1)) max (Fp, (v0), Fp, ),

= max (F?10?2 (uy, v), Fp op, (V1) V))-

Further, if ((ul,uz), (vl,vz)) € E°, (uy,v,) € E; and u, # v,, then we have

and

Ty, -0, ((up uy), (vq, Uz)) = min (T?Z (u2), Tp, (v2), Ty, (uq, U1))

IQl°Qz ((ul' uz), (171, 172)) =

IA

min (T, (), Ty, (05), min (T, (), T, () )

min (T, (4,), Ty, (v2), min (T, (), Ty, ()
= min(Tp, op, (U1, Uz), Tp,op, (V1,V2)

max (Igyz (uy), Ip, (vy), Iy, (uy, U1))

I\

max (Ip, (u,), Iy, (v,), max (Ip, (), I, () ))

max (I:pZ (uz), Ip, (v;), max (1331 (up), I, (vl)))

max(ITIOfPZ (ul' uz)/ IPloTz (vll UZ)

Fy, .0, ((u1: uy), (vq, 172)) = max (FIPZ (uz), Fp, V), Fy, (uq, U1))

I\

max (Fp, (4,), Fp, (v,), max (Fp, (uy), Fp, (v ))

max (Fp, (4,), Fp, (v,), max (Fp, (uy), Fp, (v)))

max(Fp,.p, (Uy, U2), Fp,op, (V1,V;)

Thus, in view of the definition of the Fermatean Neutrosophic, the result follows. The following

example illustrates the above defined graph-theoretic operation.
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Example 6.2.3
Consider two Fermatean Neutrosophic G;and G, as shown in the below Figure 11.
Then, the graphs G;, G, and their composition graph G, o G, are being graphically presented in the
below Figure 12.
(0.6.0.5,0N

(0.3.0.7,0.5) (0.6,1,0.7)
(0.3,0.7.0.7) (0.5,0.7.0.7) 05.1.0.7)

i .
. 9 1 # . =
Gy &,

vy

Figure 11. Fermatean Neutrosophic graphs G,and G,

(uy,v,)(0.3,0.7,0.7) (u3,,)( 0.5,0.7,0.7)

(uy,v,)(0.3,1,0.7) (0.3.1.0.7) (uz,v,)( 0.6,1,0.7)

Figure 11. Composition graph G, o G,
6.3 The lexicographic product
Definition 6.3.1 The lexicographic product of two Fermatean Neutrosophic graphs G;and G,
denoted by G, - G,, is defined as follows:

Gy - Gzz(?1 P2, Q1 'Qz)

Tpy .5, 1y, 15) = min (Tp, (1), T, (115) )
. Iy, (113, 115) = max (I, (uy), Iy, (115) )

Fpyap, (s, ) = max (Fp, (uy), Fp, (13)) ¥y, 15) € Py - P,

To,0,((Bu2), (B, 1)) = min (T?1 (B), Ty, (uy, Uz))
. lo,.0,((B,12), (8,v2)) = max (I, (B, Ig, (uz, v2))
Fo,0,((B1112), (8,v2)) = max (Fp, (B), Fo, (42, v2)) ¥ B € Vi, (g v,) € B

Ty, 0, ((ul' uy), (v1, Vz)) =min (T91 (ug, v1), Ty, (uz, Uz)) )
b Iy, 0, ((ul' uy), (v1, Vz)) = max (191 (ug, v1), Iy, (uz, Uz))

Fop0, (s, u2), (v3, 1)) = max (Fo, (uy, v1), Fo, (13, v,)) ¥ (s, v1) € By, (15, v,) €

Theorem 6.3.2 The lexicographic product of two Fermatean Neutrosophic graphs is also the
Fermatean Neutrosophic graph.
Proof: We have two cases.

Case 1:V B € Vy, (u,, v,) € E,. Then,
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and

To,0,((B,uz), (B, 1)) = min (T?l(ﬁ)'TQZ (uZ’UZ))'
< min (Ty1 (8), min (Tga2 (u2), Tp, (vz))),

= min (min (Ty1 (B), Tp, (uz)) ,min (Tyz (B), Tp, (‘72)))/
= min(Tp,op, (B, Uz), Tp,op, (B, 1)) -

loy0,((B,112), (B, v,)) = max (Ip, (B), Io, (12, 1)),
> max (I, (8), max Iy, (1), I, () ) ),
= max (max (1, (B), I, (u2))  max (1, (B), I, (”z)))f
= max(Ip,p, (B, u2), Ipyep, (B, v2))-
For0,((B,u2), (B,v,)) = max (Fp, (B), Fo, (uz, v)),
> max (Fp, (8), max (F, (), Fr, () ),

= max (max (Fs, (8), Fr, (1)), max (Fy, (6), Fs, () ),

= max(F:PloPZ(,B:uz)'FTlo?z(:BJUZ))'

Case 2:V (uy,v;) € E;, (uy,v,) €EE,

and

Ty,-0, ((up uy), (vy, Vz)) =min (T91 (g, 1), T, (uz, Vz))
< min <min (TQl(ul),TQI(vl)),min (ng(uz),TQZ(vz))),

= min <min (TQl(ul), ng(uz)) ,min (TQ1 (v1), Ty, (vz))>,

= min(Tp,.p, (U1, Uz), Tp,.p,(V1,V3)) -

Igl-gz((upuz)' (w1, Vz)) = max (191 (uq, v1), Iy, (uy, Vz))
> max (max (Igl(ul), Igl(v1)) , max (Igz(uz), Iy, (vz))),
= max (max (Igl(ul), Iy, (uz)) ,max (IQl(vl), Iy, (vz))),

= max(lyl.pz(ul, uz),I?l.Tz(vl,vz)) .

For0, (s, u2), (03, 0)) = max (Fo, (uy, v1), Fo, (15, v,) )
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v

max (max (FQl(ul), Fgl(v1)) ,max (FQz (uy), Fy, (vz))),

max <max (FQl(ul), Fg, (uz)) ,max (FQl(vl), Fy, (vz))),

max(F?l.ju2 (uy, uz), Fp .p, (v1, 172)) .
Example 6.3.3
Consider two Fermatean neutrosophic G;and G, as shown in the below Figure 13.

Then, lexicographic product the graphs G;, G, ( G; ° G;) is graphically presented in the below Figure 14.

0.3,0.7.05 06,0507 (©3.07.07) (0.6.1,0.7)
©3.07. )(0_10_10_7) (0.5,1,0.7)

U, a u
Vig & V: e ® 2

G, G,

Figure 13. Fermatean neutrosophic graphs G;and G,

(3, 2,)(0.3,0.7.07)  (03.07.0.7) (u3,v:)( 0.5,0.7,0.7)

(03.1.07)
05.1.0.7)

(u2,v4)( 03,107 (03.1.0.7) (uy,v,)( 0.6,1,0.7)

Figure 14. Lexicographic product the graphs G;, G, (G, ° G,)
6.4 Union of Fermatean Neutrosophic Graphs
Definition 6.4.1 The union of two Fermatean Neutrosophic graphs G;and G,, denoted by G; U G, is
defined as follows:
Gy U G=(PLUP,, 0, UQ,)
where
ijl(u) lf u € V1 - V2
o Tpup, (W)= Tp,(w) ifu€eV,—-V
max (Ty1 W), Tp, (v)) ifuev,uv,
Iyl(u) lf u € Vl - V2
Ip,up, (W)= Ip, (w) ifueVv, -V,
min (Ip, W), I, (v)) if w €V, UV,
F:pl(u) lfu E Vl - Vz
Fpup, (W)= Fp, (u) ifuev,—-v,
min (Fpl(u),sz (v)) ifuev,uy,
To,(w,v)  if (w,v) €E —E,
o Tyuo,(uv)= Ty, (u,v) if (wv) € €E,—E,;
max (Tgl(u, v), Ty, (u, v)) if (w,v) €EE,UE,
Iy, (w,v) if (w,v)€E —E,
Io,u0, (1, v)= Iy, (u,v) if (wv)€E,—E;
min (Igl(u, v),lp, (u, v)) if (wv) €EE VE,
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Fo,(w,v) if (wv) €E —E,
Fo,u0, (1, v)= Fo,(u,v) if (wv)€E,—E;

min (FQl(u, v), Fy, (u, v)) if (u,v) €E,UE,

6.5 Join of Fermatean Neutrosophic Graphs

Definition 6.5.1 The join of two Fermatean Neutrosophic graphs G;and G,, denoted by G;+ G, is
defined as follows:
Gyt Go=(Py + P, Q1 + Qo)

where

Tg}l(u) lfu E Vl - VZ
[ ] T:P1+?2 (u)= T?Z (u) lf ue VZ - Vl
Tp,up,(W) if u€Vy UV,
I:Pl(u) lfu E Vl - VZ
Ip vp, (W=} Ip,(w)  ifueV, -V
Ipyp,(W) if u€V, UV,
F:Pl(u) lfu E Vl - VZ
Fp yp,(wW)={ Fp,(w)  ifueV,—V
Fp up,(W) ifu€Viul,
Ty, (w,v) if (u,v) €€EE, —E,
o To 0, v)=y To,(w,v) if (wv)€E,—E
T91UQZ (u, U) lf (u, U) € E]_ V] Ez
Iy, (w,v) if (u,v) €EE; —E,
IQ1+Q2(u’ 17): IQZ(u' U) lf (u, U) € EZ - El
191UQZ(u’ U) lf (u, U) € E]_ U Ez
Fo,(w,v)  if (w,v) €EE —E,
Fo 40, W v)={ Fo,(w,v)  if (w,v) €E; —E;
Fo,u0,w,v) if (u,v) EE, UE,

Ty,+0,(,v) = min (T:,,l (), Ty, (v)) if (u,v) € E’
lgy 0, v) = max (I, (u), Iy, (v) ) if (w, v) € E’
Fou+0,(w v) = max (Fp, (), Fp, () ) if (u, v) € E"
where E’denotes the set of all the edge joining the nodes of V;and V,.
Example 6.5.2

Consider two Fermatean Neutrosophic G,and G, as shown in the below Figure 13.

Then, the join of two Fermatean Neutrosophic graphs G;and G,, denoted by G;+ G, is graphically
presented in the below Figure 14.

(0.6,1.0.7)
(06.05.07) (0.5,0.7,0.7)
03.07.05) 120707 (0.5.1.0.7)

u
Vg s U2 e

e
G: Gl
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(1,)(0.50.7,07 (030707  (42)(061,07)

= =
S S
° S
e e
(05.1.07)
(v,)(0.3,0.7,0.5) (v2)(0.6,0.5,0.7)

Theorem 6.5.3 The union and join of two Fermatean Neutrosophic graphs are also Fermatean
Neutrosophic graphs.

Proof The proof can be outlined similarly as the proof of Theorem 6.3.2.

7. Applications of FNG

Recent days, many researchers who have studied the decision-making problems in different sectors
like production, manufacturing, social networking, etc. by using fuzzy, neutrosophic tools [49 — 66].
Sriganesh et. al. [48] investigated the selection of the best power plant among three of the major power
plants like hydroelectric power plant, thermal power plant, and nuclear power plant using a graph-
theoretic approach. They used digraph characteristic between the factors and cofactors in the
selection of the power plant. The interdependency of the factors and their inheritances are identified
and they have been represented by using numerical values in their work. Among all these decision-
making problems, power plants play a prominent role in for all industry sectors that depend on
exergy processes. This section reports the selection of the best power plant among six of the major
power plants using Fermatean Neutrosophic graph-theoretic approach. A power plant or power
generating station where electric power is generated and distributed on a mass scale. It can be
classified into different types based on the fuel used for the generation of electricity. There are many
power plants depend on the availability of coal, fuel, wind, and water, etc. We have considered the
following six power plants in this case study.

Hydroelectric power plant (P,): Electricity is produced in a hydroelectric power plant by the flow
of water from a height that is used to drive the turbine. The fast-flowing water is converted into
mechanical energy when the turbine rotates which is further converted into electric power by the
generator.

Thermal power plants (P;): It converts heat energy into electricity. The heat energy is used to convert
fluid into gas which turns the turbine producing mechanical energy which is an intermediate in the
process and is converted into electricity in the generators.

A nuclear power plant (P3): It is similar to a thermal power plant but in nuclear power plants, a
nuclear reactor acts as the heat source. In a nuclear reactor, controlled nuclear fission takes place
which produces an enormous amount of heat. This heat is dissipated in the water, and it is converted

into high-pressure steam which in turn runs the turbine.
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Geothermal power plant (P,): The geothermal power plants are related to other steam turbine
thermal power plants. In this heat from the fuel source is used to heat water or any other working
fluid. The working fluid is then used to rotate on the turbine of a generator, for producing electricity.
Tidal power plant (P5): Tidal power or tidal energy is a form of hydropower that converts energy
derived from tides primarily into useful forms of electricity. Although not yet generally used, tidal
energy has the potential to generate future electricity.

Solar power plant (P4): A solar power plant is based on the conversion of sunlight into electricity
either directly photovoltaics or indirectly using concentrated solar power. Concentrated solar power

systems use lenses, mirrors and tracking systems to focus a large area of sunlight into a small beam.

lofd el il

WTLEAR FOMNTR PLANT NETUBAL TAS COAL POMNIA PLANT
FUAMK LA T
. : : >—/
e Bo Wl
Bl (A ! TIHEE
= QCeus MIDROELECT I WO PO TR PLANT
GROTMEAV AL FONIN AT
POWEN PUANY
g 2
BEE wloy By
iT*i=l [ i1 99

SONAN POMER PLANT CONCENT BATING SOLAR TIBAL POWER PLANT
PONCH PLANT

Figure 16. Different power plants

The identification of a site for a power plant selection depends on various factors like land, space,
water, cost, transport, fuel, availability of cooling water, nature of the load, etc. Apart from these

factors, there are a few sub-factors involving in this process (Figure. 17).

Water (W)

Lecation (L)
Cooling

Distance from Load

i J Heat Exchan

Machmery Cost // Avaitabiity

Best Power Plant

En T fssion Cost Transportation
ergy Transmission Cos -
Cost Nature Quality
Cast (C) Fuel(F)

Figure 17. Fishbone diagram representing the necessities for setting up a power plant
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In the process of applying FNG in finding the best power plant. FNG can be represented as a matrix
whose rows and columns are the sub-factors. Let V = { P,, P,, P3, P,, Ps, Ps} be the six different power
plants under the selection on the basis of wishing parameters or attributes set A = {L ,W,C, F}. The

following figures represents the Fermatean Neutrosophic graphs of location, water, cost, and fuel.

(0.95,0.85,0.80) £,(0.95,0.85.0.80) P,(0.90,0.850420)
P‘\OAQ;.J.ﬂS,O.SJi @ (0.90,0.85.0.80)
" =
o 3 @
= - [~
~ ] =
= o o
= P a
& =1 &
(=) r~ o
S s =
o

P,(0.95.0,82,03)
P,{0.87,0.85,0.88) P,(0.90,0,.820.80)

(D.87.0.85,0.88) 0.87,0.85,0.88)

Figure 18. Location based Fermatean Neutrosophic graphs
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Figure 19. Water based Fermatean Neutrosophic graphs
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(08709009,
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Figure 20. Cost based Fermatean Neutrosophic graphs
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Figure 21. Fuel based Fermatean Neutrosophic graphs
We construct the incidence matrix for P(L), P(C),P(W),P(F) listed below:
P(L)
(0,0,0) (0.95,0.85,0.80) (0,0,0) (0.95,0.82,0.83) (0,0,0) (0,0,0)
(0.95,0.85,0.80) (0,0,0) (0.90,0.85,0.80) (0,0,0) (0.87,0.85,0.88) (0,0,0)
(0,0,0) (0.90,0.85,0.80) (0,0,0) (0,0,0) (0,0,0) (0.90,0.85,0.85)
(0.95,0.82,0.83) (0,0,0) (0,0,0) (0,0,0) (0.87,0.85,0.8) (0,0,0)
(0,0,0) (0.87,0.85,0.88) (0,0,0) (0.87,0.85,0.8) (0,0,0) (0.87,0.85,0.88)
(0,0,0) (0,0,0) (0.90,0.85,0.85) (0,0,0) (0.87,0.85,0.88) (0,0,0)

P(W)

(0,0,0) (0.75,0.85,0.80) (0,0,0) (0.75,0.85,0.83) (0.75,0.85,0.88) (0,0,0)
(0.91,0.82,0.80) (0,0,0) (0.91,0.82,0.80) (0.75,0.82,0.83) (0,0,0) (0.70,0.82,0.80)

_ (0,0,0) (0.91,0.82,0.80) (0,0,0) (0,0,0) (0,0,0) (0.70,0.82,0.80)

~ | (0.75,0.85,0.83) (0.75,0.82,0.83) (0,0,0) (0,0,0) (0.95,0.85,0.80) (0,0,0)
(0.75,0.85,0.88) (0,0,0) (0,0,0) (0.77,0.85,0.88) (0,0,0) (0.70,0.85,0.88)

(0,0,0) (0.70,0.82,0.80) (0.95,0.85,0.80) (0,0,00) (0.70,0.85,0.88) (0,0,0)

P(0)

(0,0,0) (0.70,0.85,0.89) (0,0,0) (0.80,0.95,0.87) (0.95,0.85,0.80) (0,0,0)
(0.70,0.85,0.80) (0,0,0) (0.80,0.83,0.91) (0,0,0) (0.87,0.90,0.92) (0,0,0)

B (0,0,0) (0.80,0.83,0.91) (0,0,0) (0,0,0) (0,0,0) (0.87,0.90,0.92)
(0.80,0.95,0.87) (0,0,0) (0,0,0) (0,0,0) (0.80,0.95,0.92) (0,0,0)
(0.82,0.90,0.92) (0.87,0.85,0.80) (0,0,0) (0.80,0.95,0.92) (0,0,0) (0.87,0.90,0.92)

(0,0,0) (0,0,0) (0.90,0.80,0.91) (0,0,0) (0.87,0.90,0.92) (0,0,0)
P(F) =

(0,0,0) (0,0,0) (0,0,0) (0.95,0.85,0.80) (0,0,0) (0.85,0.78,0.80)

(0,0,0) (0,0,0) (0,0,0) (0,0,0) (0.87,0.85,0.88) (0.82,0.85,0.80)
(0.90,0.82,0.84) (0,0,0) (0,0,0) (0,0,0) (0,0,0) (0,0,0)
(0.95,0.82,0.84) (0,0,0) (0.90,0.82,0.84) (0,0,0) (0,0,0) (0,0,0)

(0,0,0) (0.87,0.85,0.88) (0,0,0) (0,0,0) (0,0,0) (0,0,0)
(0.85,0.78,0.80) (0.82,0.85,0.80) (0,0,0) (0,0,0) (0,0,0) (0,0,0)
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The incidence matrix of resultant FING is obtained from the combination of all attributes for each

power plant

Py P, P, P, Ps P, Overall
P,y 0.333333 0.32 0.333333 0.61 0.323333 0.326667 2.246667
P, 0.35 0.333333 0.333333 0.33 0.326667 0.35 2.023333

P, 0.326667 0.313333 0.333333 0.333333 0.343333 0.326667 1.976667

P, 0.61 0.333333 0.326667 0.333333 0.343333 0.333333 2.28
Ps 0.326667 0.323333 0.333333 0.343333 0.333333 0.326667 1.986667
P 0.326667 0.313333 0.313333 0.333333 0.326667 0.333333 1.946667

P(with respect all attributes)

(0,0,0) (0,0.85,0.89) (0,000  (0.75,0.95,0.87) (0,0.850.88) (0,0.78,0.80)

(0,0.85,0.80) (0,0,0) (0,0,0) (0,0.82,0.83)  (0,0.90,0.92) (0,0.85,0.80)

| (0082084 (0085091)  (0,0,0) (0,0,0) 0,00)  (0,0.90,0.92)

~ ] (0.75,095,087)  (0,00)  (0,0.82,0.84) (0,0,0) (0,095,092)  (0,0,0) |

\ (0,0.90,0.92)  (0,0.85,0.88)  (0,0,0) (0,0.95,0.92) (0,00)  (0,0.90,0.92) /
(0,0.78,0.80)  (0,0.85,0.80) (0,0.85,0.91) (0,0,0) (0,0.90,092)  (0,0,0)

Tabular representation of score values of incidence matrix of resultant FNG with average score

T+I1+1-F
3

function S =

Clearly, the maximum score value is 2.28, scored by the plant P,. According the data Geothermal

power plant is the beast choice.

8. Conclusion

Fuzzy theory plays a vital role in uncertainty situations. The extension of fuzzy sets are the popular
Intuitionistic fuzzy sets and then Smarandache introduced the most general concept called the
Neutrosophic sets. There are many variants of NS are available in the literature like Pythagorean
Neutrosophic, Single Valued Neutrosophic, Bipolar Neutrosophic sets. In the list, we have
introduced a new class of set namely, Fermatean Neutrosophic sets in this work. We have discussed
various types of Fermatean Neutrosophic graphs and the properties of these graphs in this paper. We
also apply this new type of graph in a decision making problem. We are extending our research on
this new concept to introduce Fermatean Neutrosophic number and Fermatean triangle and

trapezoidal Neutrosophic number and its applications in our future work.
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