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1. Introduction

In 1965, Lofti A. Zadeh [14] developed Fuzzy logic, which was successfully used by him to
handle uncertainty in decision making. The concept is based on the observation that people
make decisions based on imprecise and non - numerical information. Fuzzy sets are mathe-
matical means of representing vagueness and imprecise information ( hence the term Fuzzy).
In fuzzy set concept, a membership function is defined to assign each element of the reference
system, a real value in the interval [0,1]. The membership value of an element is zero indicates

that the element does not belong to the class. The membership value of an element belongs to
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that class and other values between zero to one indicate the degree of membership to a class.
The idea of intuitionistic fuzzy set was first defined by Atanassov [1] in 1986 as a generalization
of Zadeh’s fuzzy set. The prominent feature of intuitionistic fuzzy set is that a membership
degree and a non-membership degree are assigned to each element in the set.

Florentin Smarandache [8] familiarized with the neutrosophic sets as a generalization
of fuzzy and intuitionistics fuzzy sets. Neutrosophy is a branch of philosophy which stud-
ies the origin, nature and scope of neutralities as well as their interactions with different
ideas. Smarandache introduced the term ”neutrosophic” because ”"neutrosophic” etymologi-
cally comes from ”neutrosophy” which means knowledge of neutral thought and this neutral
represents the main distinction between fuzzy, intuitionistic fuzzy and neutrosophic logic /set.

Neutrosophic sets are the more summed up class by which one can deal with uncertain
informations in a more successful way. Neutrosophic sets are characterized by three functions
truth - membership, indeterminacy - membership and falsity - membership and they are rep-
resented independently. The concept of Interval Valued Neutrospphic Set was first made into
existence by Smarandache, Wang [11]. Many other Single Valued Neutrosophic sets are found
by Smarandache [10]. M. Ramya outlined a brand new mathematical approach of Fermatean
Quadripartitioned Neutrosophic Sets (FQNS) in 2022 [7].

Graphs serve as a powerful tool for representing real-life problems. In a graph model, ob-
jects and their connections are represented as nodes and edges. Real-life problems encompass
various types of information, necessitating multiple graph types for effective modeling, includ-
ing fuzzy graphs, intuitionistic fuzzy graphs, and neutrosophic graph theory [1, 2, 3, 6]. The
most general form of graph as today, the n - SuperHyperGraph with super vertices was intro-
duced by Smarandache[9]. Recently many scientist have researched on graph in neutrosophic
environment for instance, Yang et al.[12], Arkam [2,3], Ye[13], Naz et al.[6].

The primary goal of this research is to introduce effective techniques for modeling and
addressing the decision-making issue through the use of FQNG. In this study, we define reg-
ular FQNG, complete FQNG, and strong FQNG. We present various operations on FQNG,
including rejection, symmetric difference, maximal product, and residue product, accompanied
by suitable examples. Following this, we explain the concept of degree and total degree of a
FQNG in relation to these operations, illustrated with examples. Additionally, we propose
two novel operators (the fermatean quadriparitioned neutrosophic weighted arithmetic aver-
age operator and the fermatean quadriparitioned neutrosophic weighted geometric average
operator) to tackle the fermatean quadriparitioned neutrosophic decision-making challenge.
We have applied this framework to a real-world scenario involving the selection of the best

holiday destination, utilizing FQNG and the two operators to solve the issue. The layout
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of this article is in such kind : Introduction, Preliminary, The concept of FQNGs along with

its operations and application and finally the Conclusion.

2. PRELIMINARIES

In this section some basic definitions and results that are needed in the sequel are recalled.

The following are also used in the rest of the paper:

Definition 2.1. [14] Let U be any non-empty set. A fuzzy set denoted by L in U is charac-
terized by a membership function AU — ﬁ, where I is the closed unit interval [0,1], and one
can write the fuzzy set L by the set of points,

L = {(x, \(x) : x € U}

Definition 2.2. [4] Let U be a non empty fixed set. An intuitionistic fuzzy set (IF'S in short)
L. on the universe U is an object having the form,

L = {{(x, A1, (x), Ar, (x)) : x € U)}.

where the functions A, (x) : U — [0, 1] and Ag, (x) : U — [0, 1] denote the degree of membership
and the degree of non - membership of each element x € U to the set LL, respectively and
0< S\Ti(x) + ;\Fm(x) <1 for each x € U.

Denote by IFS(U), the set of all intuitionistic fuzzy sets in U.

Definition 2.3. [8] A Neutrosophic Set L on the universe U is defined as L =
{{(x, A, (%), A, () Ar, (%)) = x € U)} where Ar, (x), A1 (x), Ar, (x) : U = Int([0,1]) satisfying
VxeU,0<Ar, (x) + A (x) + Ap, (x) < 3.

Here Ar.(x), A1 (x)andAr, (x) represents the truthness, indeterminacy and falsity member-

ship values respectively of x € U .

Definition 2.4. |[7] Let X be a universe. A Fermatean Quadripartitioned Neutrosophic
Set(FQN) L on X is an object of the form

L = {{(x, A, Ac,, Au,; Ar, ) 1 x € X)}.

(At )%+ (A, )? + (Ao, )® + (A, ) < 2

Here A, (x) is the truth membership,

Ac; (x) is the contradiction membership,

Au; () is the ignorance membership,

Ar; (x) is the falsity membership.
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3. FERMATEAN QUADRIPARTITIONED NEUTROSOPHIC
GRAPH(FQNG)

Here, we provide a novel idea of Fermatean Quadripartitioned Neutrosophic graph and ex-

amine some fundamental characteristics.

Definition 3.1. Let G = (Vg,Eg) be a graph containing no self-loop and parallel edges, where
V¢ be the set of vertices and Eg be the set of edges. Then a fermatean quadripartitioned
neutrosophic graph of G is denoted by G = (Vg, A, fi), where A= (S\T, e, Au, S\F) is a FQNS
on Vg and o = (fir, fic, fu, fir) is a fermatean quadripartitioned neutrosophic symmetric
relation on Eg C Vg x Vg (Ar : Vg — [0,1], Ac : Vg — [0,1], Ay : Vg — [0,1], Ap : Vg —
[0,1], T : Vg — [0,1], fic : Vg — [0,1], iy : Vg — [0,1], fap : Vg — [0,1]), and is defined as
follows:

i) ar((xy)) < A (7 ) A Ae(y), ¥ (xy) € Vo x Vg;

ii) Ac((x,y)) < Ac(@) A Ac(y), ¥ (xy) € Vg x Vg;

i) Au((xy)) > Au(e) V Au(y), V (xy) € Ve x Vg;

iv) ar((xy)) > Ar(2) V Ae(y), ¥ (x,y) € Vg x Vg;

If there is no edge between the vertices 5 and ~y, then ar((8,7)) = 0, ac((B,v)) = 0,
fiu((3,7)) = 0 and ig((8,7)) = 0. The FQNG G is called STRONG FQNG, if V (x,y) € Eg,
ir((xy)) = Ar(z) A M), fie((xy)) = Ac(@) A Ae(y), fiu((xy)) = Au(z) V du(y), ir((xy))
Ar(z) V Ap(y). G is called COMPLETE FQNG, if V (x,y) € Vg, ir((x,y)) = Ar(z) A
Se(y), fic((oy)) = Ael@) A Acy), fun((xy)) = Au(@) V Auly), ie((xy) = Ae(@) V de(y).
G is called REGULAR FQNG if > zpy Pr((x,y)) = constant, >° . Ac((x.y)) = constant,

> zzy Au((x,y)) = constant and 3° , fr((x,y)) = constant.

kgl

Definition 3.2. (Degree and Total Degree)

Let G = (Vg, A, /i) be the FQNG defined in the above definition. The degree of a vertex 3 € Vg
is denoted by dg(8) = ((dr)¢ (8), (dc)g (B), (du)g (B), (dr)g (B). Here (dr)g (B) = X4, ek,
fir(87), (de)g (B) = ZBWGIEG fic(B7), (du)g (B) = ZBWGEG fin(B7) and (dr)¢ (B) = ZBWEJEG
fir(B7). The total degree of a vertex v € Vg is denoted by tdg(v) = ((tdr)g(v), (tdc)g(v),
(tdv)g(v), (tdr)g(v)). Here (tdr)g(v) = 3 ep, fir(vu) + Ar(u), (tde)g(v) = X, e, fic(vu)
T Sew), (to)a(®) = Sy cn, Au(ow) + Ao(u) and (tde)g(v) = Sy cp, fu(vn) + Ae(u).

Definition 3.3. (Rejection of two FQNG)
Let R, = (5\1,;21) and Ry = (5\2,,&2) be two FQNGs of the graphs R; = (Vg,,Eg,) and
Ry = (Vg,, Eg,), respectively, where Ay = (A1, Adcy, Auys ARy ), 1 = (fimy, ey, vy, A, ); A2 =
(5\%, S\CQ, 5\U2, 5\[&), fi2 = (fity, ficy, fu,, fF, ). Then the rejection of R; and Ry is denoted by
R, ] Ry = (5\1 | 5\2,,&1 | fi2) and defined as:
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i) v (X=Y) € VRl XVR27 ;\T1 ‘ ;\Tz (x,y) = ;\T1 (m)/\S\TQ (y), j‘Cl ’ 5‘(C2 (xa y) = 5‘((:1 (x)/\;\CQ (y),
Au, | AU, (xa y) =y, (x) V Au, (y)7 AR, | AR, (.CC, y) = Ar, (33) VAR, (y)
ii) V x € Vg, and yz ¢ Eg,,

a) fir, | fir, (2, 9) (@, 2)) = Ar, () A A, (y) A A,y (2);
b) fic, | fic, ((2,9)(2,2)) = Ac, (2) A Ac, () A Acy (2);
¢) fu, | v, ((2,9) (2, 2)) = Ay, (2) V Au, () V Ay, (2);
d) fiz, | fir, (2, 9) (2, 2) = A, (2) V AR, (4) V A, (2).
iii) V x € Vg, and yz ¢ Eg,,
a) fir, | fir,((y, @) (2,2)) = Ar, () A A1y (2) A Ay (@)
b) fic, | fic, (. 2)(2,2)) = Ac, (y) A Aey(2) A Ay (@);
) fuwy | oy (9, 2)(2,2)) = Au, () V A, (2) V A, (@);
) fuy | fims ((y 2)(2,2)) = Ary (9) V Ay (2) V Apy (2)

a) fir, | fimy ((z, 2)(y,w)) = A, () A Ay (y) A Ay (2) A A, (w):
b) ﬂtcl | fic, (2, 2) () = Ac, () A Acy () A dcy (2) A Ay (w) 5
¢) fu, | frw, (2, 2)(y,w)) = Au, () V Auy () V A,y (2) V A, (w);
d) fig, | firy (2, 2) (g, w)) = Mg, (2) V Am, (1) V Ay (2) V A, (w)

Example 3.4. Consider two FQNGs R; (shown in Fig. 1a) and Ry (shown in Fig. 1b) of the
graphs R; and Rs, respectively, the rejection R, | R of Ry and Ry is shown in Fig. 1.

Theorem 3.5. Let Ry and Ry be two FQNGs of the graph’s G and Gs, respectively. Then,
the rejection R, | Ry of R; and Ry is a FQONG.

Proof. Let R; = (5\1,/11) and Ry = (5\2,;12) be two FQNGs of the graphs G; = (V1,E;) and
Gy = (Va,Ey), respectively.
i) Let « € Vq and (7, 9) ¢ Eo. Then :
(A, | firy ((,7), (@, 6)))

= S\Tl( )/\S‘Tz( )/\)‘Tz( )
= (Ar, (@) A Az, (7)) (A, (@) A Ay (6))
= ((Ary | A) (@ M)A (A, | Ar,) (@, 6))

((
(fic, | ficy ((a,7), (e, 0)))
= Acy (@) A de, (7) A Ay (6)
= (A, (@) AAe, (1)) (A, (@) A de, (9))
= ((Aey [ Aes) (@A (A, | Aey) (@, 6))
(fiu, | fw,((a,7), (@, 6)))
= Auy (@) V Au, () V A, (6)

Ramya M, Murali S, Radha R, Princy R, A Note On Different Types of Product of
Fermatean Quadripartitioned Neutrosophic Graphs




Neutrosophic Sets and Systems, Vol. 97, 2026 F'LtT_

(0.6, 0.6.0.4,0.5)

.-'/ \.
((B.21))
N )
P
I!‘:n
L
I::n
e
I::"
— \q:&;}/.»- \ {ﬂ? {]5:{]6,{]4) :’," ~ \
._.{,B, x) ) ._.{ﬁ, }'1}_; (ﬁ. Wl}__.l
e _ '\\__ ~ __,/' o TR
(0.7.0.5,0.7,0.8) (0.8,0.6,0.7,0.7) (0.7,0.6.0.5,0.5)
(0.7.0.5.0.7.0.7) (0.7.0.5.0.6.0.4)
\..\l.-. = Fy \ N /.-' ::::: b1 i l.'/,-'
(0.7.0.5.0.7.0.8) )
b
L]
wi
=
Wi
=
../_.-- = ;\..
l: (ﬂf, 21:] :|
(0.6.0.5.0.6.0.5)
FiE. 1 ﬁi I ﬁz
(0.7.0.6,0.5,0.3)
(a) (b) .;_" w ‘:j.
=
il
=
i
o
]
(0.7.0.5.0.6.0.4) (0.8.0.6.0.4.0.5) ) = .
/7 N(07,05,06,04)7 (0.6,0.4.0.6.04) _
| & p—f ] | I ettt K | |re—
(05040505 / N % L
(0.8.0.6.0.7.0. (0.7.0.5,0.7.0.8) (0.6.0.6.04.0.5)

= (A, (@) V Au, (1) (A, (@) V Au, ()

= (v, [ Ao) (@)Y ((Awy | Awy) (@, 6))
(fir, | fry ((a,7), (0, 0)))

AF, (@) V Ary (7) V AR, (6)
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= (Ar, (@) V Ary () Ar, (@) V A,y (6))
= (e, [ M) (@)Y ((Ag, | Ary) (@)
ii) Let (a1,81) ¢ Eq and 1 € Vy. Then :
(A, | fry (e, %), (B,7)))
= A, (@) A A, (B) A A, (7)
= (Ar, (@) A A, (1) (A, (B) A Ay (7))
= ((Ary | A, (@, A (g | Ar,)(8,7))
(fic, | ficy (2 7), (B,7)))
)

~_

)

= Ac, (@) Adg, (B) A Ac, (7)

= (Acy (@) A A, (1)) (e, (B) A de, (7))

= ((Ac, | Ac) (@A ((Aey | Ac)(8,7))

(o, | fw, (2 7), (B,7)))

= Auy (@) V Au, (B) V Au, (7)

= (A, (@) V Au, (1)) (A, (B) V Ay, ()

= (O, [ Aw) (@)Y (A, | Au,)(8,7))

(fim, | fimy (e, 7), (B57)))

= Ar, (@) V Ap, (B) V Ar, (7)

= (Ar, (@) V Ap, () A, (B) V Ay (7))

= ((Ar, | Am) ()Y ((Ary | Ary)(8,7))
iii) Let (a1,01) ¢ Eq and (71,0) € Eg. Then :

(frry | firy ((v,7), (B, 6)))

= A, (@) A Ar, (B) A Ay (7) A A, ()

= (Ar, (@) A Ary (1) (A, (8) A Az, (6))

= (A1, | Ar)(a, M)A ((hry | Ar,)(8,7))

(fic, | fc,((a,7), (B,9)))

= Acy (@) A A,y (B) A Acy (7) A Ay (6)

= (Acy (@) A A, (1)) (g, (B) A A,y (6))

= (A, | Ac) (@A ((Aey | Acy)(B,6))

(A, | oy (v, 7), (B,0)))

= Av, (0) V Au, (8) V Auy (7) A A, (6)

= (Auy (@) V Ay (1) (A, (B) V Aw, (6))

= (A, | Aw) (@MY ((Aw, | Au,)(8,6))

(f, | for, (v, ), (B,9)))

= Ar, (@) V AR, (B) V Ar, (7) A Ay (6)

= (Ar, (@) V Ar, (1)) (Ag, (8) V Agy (6))
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- ((5‘]1?1 | S‘FQ)(O@V))V ((;\F1 ‘ ;\Fz)(ﬁvé))
This completes the proof.

Definition 3.6. (Degree of the rejection of two FQNGs)
Let Ry = (A1, /1) and Ry = (Mg, fi2) be two FQNGs of the graphs G; = (V1,E;) and Gy =
(Vg, E9), respectively. For any vertex (aqp, 1) € Vi x Va:
(dr)g, g, (@1, B1)
= 2 (01,81), (1 ,01)) B By Ay | Az (a1, B1), (71, 61))
= D=y EVy,(B1,61)€Es 5‘T1 (a1) A firy (B1,61) +
2 (0 )EE Br=br eV, Ay (01, 71) A Aty (1) +
> () (B 1) AT1 (1) A AT, (1) A A, ((B1) A Ay (61),
(do)g, g, (a1, 1)
= D (o, 1), (v1.01)) B xE, fiCy | s (@1, B1), (71, 61))
= Y a1=m1€V1,(Br,61)€Es Ac, (1) A fue, (B1,01) +
2 (1.7 €Ey,B1 =01 €V Hey (1, 71) A Ac, (1) +
D (a1.71)EE1 (1,01 )¢Es Acy (1) Ade, () A Ae, (B1) A Ac, (1),
(dv)g, g, (01, 1)
= 2 (a1,1),(v1.01)) B xEy iUy | s (21, B1), (71, 61))
= Zm:we%,(ﬁl,&)eEz 5\U1 (041) V fiy, (ﬁl, 51) +
2 (ar 1) €EL B =61 €V, Uy (01, 71) V Ao, () +
>t ) (B )¢ AU (1) V Auy (11) V Aw, (B1) V A, (61)
(dr)g, g, (a1, 1)
= D (a1,81),(v,01))€E1 xEs W1 | r, (1, B1), (71, 01))
= 3 e (B1.01)eEs AFy (01) Vg, (B, 61) +
Z(alm)elEl,m:JleVz o, (0, 71) V 5\1&?2 (m1) +
> (o )¢ (810122 N (1) V Ay (1) V AR, ((B1) V Ar, (81).-

Definition 3.7. (Total Degree of the Rejection of two FQNGs)
Let Ry = (5\1,;11) and Ry = (;\2,,&2) be two FQNGs of the graphs G; = (V1,E;) and Gy =
(Va,E9), respectively. For any vertex (aq,31) € Vi x Va:
(tdr)g, g, (a1, B1)
= 3 (80 1) B A1 | A5 (01, B1), (71, 61)) + Ay | Ary(cut, B)
= Y 1271 €V1,(B1,61)€Es Ay () A Ay (Br,01) +
> (ot ) B Brmin Vo £y (1, 71) A ATy (1) +
Y (o1 ) (81 61)¢Es AT (@1) A AT, (1) A Ay (B1) A Ay (61) + A,y (1) A Ay (B1)
(tdo)g, g, (o1, B1)
= 3 (80 b)) e xBs A | i ((a, B1), (31,01) + Acy | Acy (0, Br)
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= Zalzmgvl,([ghgl)e& 5\(11(041) A fic,(B1,01) +
E(al,yl)EEl,ﬂlzéleVz fic, (a1, 71) A 5\02 (1) +
D (1,71 €E1 (1,01 )¢Es A (@1) AAe, (71) A Ae, (B1) A Aey (1) + Acy (@1) A Ac, (B1)
(tdv)p, g, (1, Br)
= 3 (80 b)) e xEs A0y | 0 (1, B1), (91,61)) + Aw, | Au, (0, Br)
= Za1:716V1,(51,51)61E2 ;\Ul (041) V fiy, (ﬁl, 51) +
2 (a1 ,71)€EL B =61 €V, Uy (01, 71) V Xu, () +
> (ot ) (B 1) AU (1) V Auy (11) A Awy ((B1) V Au, (61) + A, (1) V A, (B1)
(tdr)g, g, (a1, B1)
= 3 (o860 eBa s 1 | 15 (01, B1), (71,61)) + Amy | Ar, (01, B1)
= 3 eV (81.01)eEs AFy (01) V im, (B, 61) +
Z(alm)elEl,m:JleVz o, (0, 71) V 5\1&?2 (m1) +
> (o ) (81 51)¢Es AF1 (1) V Ar, (71) A Ay (B1) V AR, (61) + Ar, (1) V Mg, (B1).-

Example 3.8. We consider two FQNG R, | R, as shown in Fig. 1. Then, the degree of
the - vertex - (e, 21) - is AdRAlliRAz«l’Zﬁ =
((dr)Ry | Ro(ev, 21), ((de) Ry [ Ra(e, 21), ((du)R1 | Ro(a, 21), ((dp)R1 | Ro(a, 21)) =
(1.1,0.?,0.91 0.9), and th? tcital degree ofA thei vertex (a,z1) is th1|R2(a’ z1) =
((tdr)Ry | Ra(av, 21), ((tde)Ry | Ro(es 21), ((tdu)Ry | Ro(ev, 21),

((tdp)Ry | Ry(a, 1)) = (1.7,1.4,1.5,1.4). Similarly the degree and the total degree of the
remaining vertices is given by:

dﬂél\ﬂéz(%xl) = (O.O,O.O,O.O,0.0),tdﬂél‘ﬂé2(a,az1) = (0'7’0'5’0‘7’0‘8)’delﬁz(ﬁ’xl)
(0.0,0.0,0.0,0.0), tds (8, 71) - (0.7,0.5,0.7,0.8), dg g, (v, 1) _
(1.1,1.0,1.0, 1.0), tdyg, g (0, 31) = (1.8,1.5,1.7,1.7), dog, g, (0, wn) = (1.2,0.9,1.1,0.9),

thg g (0vw) = (1.9,14,1.7,1.3), dy @ (By) = (14,1.1,1.1,09),tdy 1 (,51)
= (22,17,1.8,16),dg, i, (Bw1) = (1.3,1.0,1.0,0.8), tdg, i (B,w1) = (2.0,1.6,15,1.3),
dg 5, (B, 21) = (1.3,1.1,0.9,0.9), tdgs o (8, 21) = (1.9,1.7,1.3,1.4)

Definition 3.9. (Symmetric Difference)
Let Ry = (5\1,;11) and Ry = (5\2,,&2) be two FQNGs of the graphs G; = (V1,E;) and Gy =
(Va,Ey), respectively. Then the symmetric difference of Rl and Rg is denoted as Rl @RQ =
(A P X2), (i1 @ fiz) and is defined as follows:

i)V (x,y) € Vi x Vy, Ar, @ Ar, (2,9) = Ar, () A A, (),

Ac, D e, (7,9) = g, () A A, (),

A, D Au, (2,9) = Ay, (2) V Ay, (),

Xe, D A, (2, y) = Ap, () V Ar, ().

ii) Vx € Vy and (y,z) € Eq,

a) fir, @ i, ((,9), (2,2)) = Ar, (2) A Ay (y, 2);
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b) fic, @ fics ((@,y), (,2)) = Ac, () A dey (y, 2);

¢) fw, D fiv,((z,y), (z,2)) = ;\ (@) V Aw, (v, 2);

d) i, @ fir, ((2,9), (2, 2)) = Aey (2) V Ap, (v, 2).-
iii)V sx € Vg and (y,z) € Eq,

a) fir, P fir, ((y, @), (2, %)) = ;\ (4, 2) A Ay (@);

b)

( )
:a(Cl @MCQ((ZJ?:B)’ (za l‘)) = ( ) N >‘(C2 (:E)
( ) = v, (y:2) V A, (2);
) = (yvz) V Ar, ().

iv)V (x ) ¢ Eq and ( W) € Eg,
a) fir, @ fir, (2, 2), (y,w)) = A, () A Ar, () A A, (2,w) 5
b) fic, @ fic, (2, 2), (y,w)) = Ac, (x) A Aey (¥) A Agy (2, w);
¢) fu, @ fiv, (2, 2), (y, ) = Ay, (2) V Au, (y) V Au, (2, w);
d) fir, EBMFQ((JC 2), (y,w)) = Ar, () V A,y (y) V A, (2, w)

a) @MTQ(( ,2), (y,w)) = i, (2,9) A Ay (2) A iy (w)
b) fic, @ fic, (2, 2), (y,w)) = fic, (2,9) A Acy(2) A ficy (w) 5
¢) i, @ fiv, (2, 2), (y, ) = fiw, (2, y) V Auy (2) V fiw, (w);
d) fir, @ fir, (7, 2), (y,w)) = fir, (2, 9) V Apy (2) V i, (w)

Example 3.10. Consider two FQNGs R; and Ry of the graphs G; and Go respectively as
shown in Figure 2a and Figure 2b. The symmetric difference R, b R, is shown in Figure 2.

(4. 5. 6.2)

(4.5, 6..4) (5.6, 5..5)
" s g L2
3. 4)
(3.5 4..1)
Fig.(2a) FONG R, Fig.(2b) FONG R,
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Theorem 3.11. Let Ry and Ry be two FQNGs of the graph’s Gy and Gy respectively. Then,
the symmetric difference R, @Rg of Ry and Ry is a FQNG.

Proof. Let R, = (5\1,;]1) and Ry = (5\2,[42) be two FQNGs of the graphs G; = (V1,E;) and
Gy = (Vy, Ey), respectively.
i) Let oy € V; and (7y1,01) € Eo. Then :
firy €D fir, (01, 1), (1, 61))

= Ar, (1) A Ay (71, 61)

= (r, (1) A dg, (11) A A, (61))

= (Ary (1) Adr, (1)) A (A, (@) A Ay (61))

= (Ar, @ Ary) (a1, m) A (A, D A, ) (1, 61)

fic, D fir, ((e1,71), (@1, 61))
= A, (a1) A Ag,(71,01)
= (Acy (1) A Ae, (1) A Ay (61))
= (Acy (1) A de, (1) A (Agy (1) A A, (61))
= (Ac, B Ae,)(1,m) A (A, B Ac,) (a1, 61)

o, D fiu, ((a1,71), (@1, 61))
= Ay, (1) V Au, (71, 61)
= (A, (1) V Au, (1) V A, (61))
= (A, (1) V Au, (7)) V (A, (1) V A, (61))
= (Au, @ Av,)(e1,m) V (A, @ Av,) (a1, 61)
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fir, €D i, ((c1,71), (a1, 61))
= Ap, (a1) V g, (71, 01)
= (Ar, (1) V Ar, (71) V AR, (61))
= (Ar, (1) V A, (1)) V (A, (1) V Ar, (61))
= (Ar, @ Ar,)(a1,71) V (A, @ A, ) (a1, 61)
ii) Let (a1,31) € E; and 71 € Va. Then :
iy D firy (a1, 71), (B15,71))
= jir, (a1, 1) A Az, (1)
= (A, (1) A (Ar, (B1) A Ary (1))
= (A, (01) A Any (1)) A (A, (B1) A Ay (1))
= (Ar, @ Any) (a1, m) A (A, O Ar,) (B, m)

fic, D fc, ((e1,7), (B1,7))
= fic (a1, B1) A Aey ()
= (Acy (1) A (A, (B1) A Agy (1))
= (Acy (1) A Ae, (1) A (A, (B1) A dcy (1))
= (Ac, D Acy) (@1, ) A (e, D Acy) (B m)
i, @ i, ((a1, 71), (B1,71))
= fi, (a1, B1) V Ay, (1)
= (Av,(01) V (A, (B1) V Agy (1))
= (A, (1) V Au, (1) V Ay (B1) V Aw, (1))
= (Au, @ Aw,)(e1,m) V (A, D Av,) (Br,m)

fir, D fw, (a1, 71), (B1,71))
= fir, (a1, B1) V Ary (1)
= (Ar, (1) V (A, (B1) V Ay (1))
= (Ar, (a1) V A, (12)) V (Mg, (B1) V Ar, (1))
= (Ar, D Ar)(a1,71) V (A, D Ary) (B, 1)
iii) Let (a1, 81) ¢ E1 and (y1,01) € Eo. Then :
fir, D fir, (o1, 71), (B1,01))
= A, (1) A Ar, (B1) A firy (1, 601)
= (A, (@) A (A, (B1) A Ay (31) A A, (61))
= (A, (1) A (Ary (1) A X, (B1) A Ay (61))
= (Ar, @ Ary) (01, m) A (A, @ Ar,)(B1,61)

V
V
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fic, D fic, ((a1,71), (B1,61))
= Ac, (1) Adgy (B1) A gy (1, 61)
= (Acy(a1) A (Ac, (B1) A Ay (1) A Ac, (61))
= (Acy (1) A (A, (1) A Ay (B1) A A, (61))
= (Ac, D Acy)(e1,71) A (Ae, D Acy) (Br, 1)

i, D fw, ((a1,71), (B, 01))
= v, (1) V Ay, (B1) V i, (71, 01)
= (Avy (1) V (A, (B1) V Au, (1) V Ay (61))
= (A, (1) V (Aw, (1) V Aw, (B1) V A, (61))
= (Au, @ Aw,)(e1,m) V (A, B Av,) (81, 61)

fir, €D A, ((e1,71), (Br,01))
= Ap, (1) V Ag, (B1) V iz, (71, 61)
= (Ap, (1) V (A, (B1) V Ay (11) V Amy (61))
= (Ar, (1) V (Ary(11) V Ar, (B1) V A, (61))
= (Ar, @ Ary) (a1, m1) V (Ar, D Ar,)(B1,61)
iv) Let (g, p1) € E1 and (71,01) € Ea. Then :
i, B fir, (01, 71), (B1,61))
= A, (01,7) A Ar, (1) A A, (61)
= (A, (1) A (Mg, (B1) A Az, (1) A Ary (61))
= (A, (a1) A (Ary (1) A A, (B1) A A, (61))
= (Ar, D Ary) (o1, m) A (A, @ Ar,) (B, 61)

fic, D fic, ((a1,71), (B1,61))
= Ay (a1,71) A Ae, (1) A A, (61)
= (Acy (1) A (A, (B1) A Agy (1) A Ag, (61))
= (Acy (1) A (e, (1) A Ay (B1) A Agy (81))
= (Ac, B Ae,)(1,m) A (Ae, B Ac,)(Br, 1)

o, D fiu, ((a1,71), (B1,61))
= v, (e1,71) V Au, (1) V A, (61)
= (A, (1) V (Au, (B1) V Au, (1) V A, (61))
= (Avy (1) V (g, (1) V Au, (B1) V Agy (61))
= (Au, @ Av,)(e1,m) V (Au, @ Av,)(Br, 1)
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fir, €D i, ((e1,71), (B1,01))
= Ap, (@1,71) V Ary (1) V A, (61)
= (Ar, (1) V (Ar, (B1) V Ay (1) V Ary (61))
= (Ar, (1) V (Ar, (71) V Ak, (B1) V Ary (61))
= (A, D Ar,)(@1,71) V (Ar, D Aw, ) (B, 61)
This completes the proof.

0

Fig. 2 {4.3.5,.5)

(va2. 1) )

‘
B e - %
_ d o

(1723, Va3) ‘ Y

Definition 3.12. (Degree of the symmetric difference of two FQNGs).
Let Ry = (5\1,;11) and Ry = (5\2,,&2) be two FQNGs of the graphs G; = (V1,E;) and Gy =
(Va,Ey), respectively. For any vertex (a1, 1) € Vi x Vg
(d7)g, g w, (1, 51)
= D (a1.81),(11,01))€Er xEs 2T D fir, (01, B1), (71, 01))
= D ar e (B )eis AT (@1) A frry (B1, 61) +
> (o1 ) frmiy Vo £y (01, 71) A Ay (1) +
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2 (a1,7)¢E1,(1,61)€Es Aty (1) A A, () A firy (Br, 61) +

> (o ) B (81 61)¢Es AT3 (01, 71) A A, (B1) A A, (61).
(do)g, @r, (01, 51)

= D (a1,81),(y1.61)) B xEs ATy D fic, (a1, B1), (71, 01))

= Y a1=m1€V1,(Br,61)€Es Ac, (1) A fugy (B1,01) +

Z(al,w)eEl,,@H:éleVz fic, (o1, 71) A S\CQ (1) +

Z(alm)gmh(ﬂh(sl)e& 5\<C1 (a1) A 5\61(71) A fic, (B1,61) +

D (1 ) (B 1) AT (A1, 71) A e, (B1) A A, (61)
(dv)g, @r, (1, 51)

= D (a1.81),(1,61))€E1 xEs AUy D A, (a1, B1), (71, 61))

= ey (B 1 )eEs AUy (1) V i, (B, 61) +

Z(al,'ﬂ)EEl,Bl:SleVg fiu, (a1, 71) V ;\Uz (m) +

2 (a1,71)¢E1 (81,61 )€Es Au, (1) V Ay, (71) V fuw, (Br, 01) +

2 (a1,71)€EL (B1.,61)¢Es Auy (a1, 71) V Aw, (B1) V A, (61).
(dr)p, g, (1, 51)

= D (a1,1),(71.01)) B xEy [y €D fims (01, B1), (11, 61))

= 3 eV (Br.61)eEs AFy (1) V fim, (B1,61) +

2 (a1, )€E1,B1 =61 €V, Ay (Q1,71) V AF, (1) +

Y (et ) (81 01 )eBs AFy (1) V Apy (11) Vi, (B, 61) +

Y (o) (Br.61)¢Es AF1 (@1,71) V AR, (B1) V Ag, (61).

Definition 3.13. (Total Degree of the Symmetric Difference of two FQNGs)
Let Ry = (5\1,@1) and Ry = (5\2,,&2) be two FQNGs of the graphs G; = (V1,Eq) and Gy =
(Vg, E9), respectively. For any vertex (a1, 1) € Vi x Va:
(tdr)g, gw, (21, 51)
=2 (a1,0), (11,61))€E1 xE2 fr, D i, ((ca, B1),
= D a1 =p1EVy,(B1,61)€Es Aty (01) A iy ((Br, 01
2 (anm)€Er B1=5, €V A (01, 71) A A, (1) +
> (ot ) (B 1)eBs AT (1) A ATy (1) A fir, (Br, 61) +
(01,m) A Ay (B1) A Ary(61) + Ar, (o) A Ar, (B1)

(71,81)) + A, | Amy(an, B)
) +

Z(041,71 JEE1,(B1,61)¢E2 )‘Tl
(tdC)Rl DR, (ala /61)
= 3 (o180 1)) e B A1 D ficy (01, B1), (71, 61)) + Acy | Ac, (o1, B1)
= 3 e (811 )eBs AT (1) A fic, (B, 61) +
2 (0 ,71)€EL =61 €V Fey (21, 71) A A, () +
S (e ) s (81 01 )eEs AT (1) A A, (71) A A, ((Br, 61) +
> (ot ) B (B¢ AT (@1, 71) A e, (B1) A e, (61) + Ay (1) A e, (B1)
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(tdv)g, @r, (1, 51)
= 3 (01801 1)) B B A0 B fi, (21, B1), (71, 61)) + A, | Aw, (01, B1)
= Y a1=meV1,(B1,61)€Es A, (1) V fig, ((B1,01) +
> (o ) B By eV B0 (01, 71) V A, (12) +
2~ (a1.71)¢E1 (1,01 )€Es Au, (1) V Ay, (71) A A, (81, 61) +
2 (a1 1) €EL, (B1,01)¢Es Ug, (a1,71) AUg (B1) A A, (81) + Au, (1) A A, (B) |
(talF)R1 DR, (041, 51)
= 3 (01801 1)) eEa B A1 D i (@1, B1), (71,61)) + Apy | Ary (0, B1)
= D=y EVy,(B1,61)<Es Ar, (1) V iy ((B1, 61) +
2 (a1 ) B f1 =1 €V, FFy (01, 71) V AR, (1) +
> (o1 ) (B 51)eEs AF2 (@1) V Ar, (1) A A, ((Br, 61) +
(o1 1) €EL (8,01 ¢Es T (a1, 71) AFe (B) A ARy (01) + Ary (1) A Ary (B1)

Example 3.14. We consider two FQNG Rl@RQ as shown in Fig. 2. Then, the degree
of the vertex (v11, Y44) is al]RA1 D> (v11, Y4a4) =
((dr)Ry @ Ra(v11,yaa), ((de)Ry D Ro(v11, yaa), ((dv)Ri D Ro(vi1, yaa), ((dp) Ry @ Ra(vi1, yas)) =
(1.1,1.5,2.4,1.8), and the total degree of the vertex (vi1,yaq) is tdg O (v11,ya4) =
((tdr)Ry EBRQ(UH,Z/M),

((tdc)Ry @ Ro(vi1, yaa), ((td )Ry D Ro(v11,ya4), (tdr)Ry D Ro(vi1, yas)) =
(1.5,2.0,3.0,2.2). Similarly the degree and the total degree of the remaining vertices is given
by:

dg, @, (v11,911) = (L1,1.1,2.4,1.8), tdg g (v11,911) = (1.5,1.4,3.0,2.2), dg o5, (v11,922)
= (1.0,1.5,2.4,1.8),

thl @Rg (1}11, y22) = (1.3, 2.0, 3.0, 2.2), dR1 @Rg (’UH, y33) = (0.4, 0.8, 2.4, 1.8), thl @Rg (1)11, y33)
= (0.5,1.0,3.0,2.2),

dR1 ®R2 (UQQ, yn) = (0.8, 0.8, 1.8, 1.5), thl ®R2 (1)22, yn) = (1.2, 1.1, 2.3, 2.0), dR1 ®R2 (UQQ, yzg)
= (0.6,1.0,1.2,1.0),

thAI @Héz (1)22, y22> = (0.9, 1.5, 1.7, 1.5), dRAl @RAz (1)22, y33) = (0.3, 0.6, 1.8, 1.5), thAl @Rg (1)22, y33)
= (0.4,0.8,2.3,2.0)

Definition 3.15. (Residue Product of two FQNGs)
Let R, = (5\1,/11) and Ry = (5\2,;}2) be two FQNGs of the graphs G; = (V1,E;) and Go
= (Vg,Eq), respectively. Then the residue product of R; and R, is denoted as R; e Ry =
(5\1 o)\, i1 ® [i2) and is defined as follows:

i)V (x,y) € Vi x Vo, A, @ Ax, (2,9) = A1, (2) A Am, (),

Ac, @ Acy (2,9) = Ac, (z) A A, (1),
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;\Ul i 5‘TUQ (.%', 3/) = 5‘TU1 (.%') \ 5“Uz (y)7
S\Fl L4 j\Fz (.Z', y) = 5\]Fl (QZ’) \ )\]FQ (y)
i)V (x,y) € E; and z # w € Vs,

a) fir,  fir, ((2, 2), (y, w)) = fir, (z,y) ;
b) fic, e fic, (2, 2), (y,w)) = fic, (2, y);
¢) fu, @ fpu,((z,2), (y, w)) = fw, (2, y)
d) fir, ® fir, ((7,2), (y;w)) = fir, (7,y)

Example 3.16. Consider two FQNGs Rl and Rg of the graphs G; and Gs respectively as
shown in Figure 3a and Figure 3b. The residue product Rl o]RE of FQNGs Rl and I@g is shown
in Fig. 3.

(6527 (45660 (4366 e T e b
; i 3.2 5.5
| 31 i B Je——— 5 t; t2
(3.5 6.8 < /43 8,8 51 P
&\ /f
9\ /R
4, /;-._,
", 4
- \ po
tz |
(4. .6, 5..5)
Fig. 3(2) FQNG R, Fig. 3(b) FQNG R,

Theorem 3.17. Let Ry and Ry be two FQNGs of the graph’s Gy and Gz respectively. Then,
the residue product of R; ¢ Ry of Ry and Ry is a FONG.

Definition 3.18. (Degree of the Residue Product of two FQNGs)
Let Ry = (A1, /1) and Ry = (Ao, fiz) be two FQNGs of the graphs G; = (V1,E;) and Gy =
(Va,Ey), respectively. For any vertex (a1, 1) € Vi x Vy:
(d7r)g, o, (21, B1)

= Z(al,gl),(%,dl))e&xm fir, ® firy ((1, B1), (71,01))

= Z(al,'yl)eEl,ﬁlyé&leVQ ﬂTl (041,’71)
(dc)g, ox, (01, 51)

= D (a1,81),(y1.,01))€E1 x5 AC1 ® e (01, Br), (71, 61))

= Z(al,'yl)e]]ihﬂl;édleVQ ﬂtcl(al”Yl)
(dv)g, or, (@15 51)

= D (a1,81),(y1,61))€E1 xEs PUL @ P (21, B1), (71, 01))
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(4.3.6..6) (4.3.6.6) (4.3.6.6)
T y P

Fig. 3FQNG E, - R,

= 2 (a1,m)€Br B8V, AU (@15 71)
(dr)g, o, (01, 51)

- 2(01»51)7(71751))61[31 Wy HFy ® fir, (1, B1), (71,01))

= 2 (a1,m)€Er B8V, 1 (A1, 71)

Definition 3.19. (Total Degree of the Residue Product of two FQNGs)
Let Ry = (5\17/11) and Ry = (5\2,,&2) be two FQNGs of the graphs G; = (V1,E;) and Gy =
(Va, Ey), respectively. For any vertex (a1, 1) € Vi x Vy:
(tdr)g, o, (1, B1)
= D (a1, 01).(v1.01))€E1 xE, Fy @ fimy (a1, B1), (71, 01)) +
Ar, ® A, (a1, 1)
= E(al,’ﬂ)e]El,ﬁl;é(leVQ fir, (a1, m1) + Ay (1) A dg, ((Ba),

(tde)g,eg, (@1, B1)
= D (an,B1).(1,61))€Ea x T, ATy @ fic, (@1, B1), (71, 61)) +
Ac, @ Ac, (a1, B1)
= 3 (o )eBr 1 21 €V s (a1, 71) + Acy (1) A g, ((B1),
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(tdu)g, o5, (@1, B1)
= 2 (a1,81),(y1.,01))€E1 x5 AUy @ A (01, B1), (71,61)) +
Ay, ® A, (a1, Bi)
= 3 (o) eBr 1 1 €V A0y (@1, 71) + Aw, (1) V A, ((B),

(tdr)g, o, (1, B1)
= D (a1,1),(v1.61))€E1 xEp FFy ® Ay (1, Br), (71,01)) +
AF, ® Mg, (a1, B1)
- E(al»’Yl)GElﬁl#&EVz fir, (a1, 71) + 5‘IF1 (o) Vv 5\F1((51)~

Example 3.20. We consider two FQNG R, e Ry as shown in Fig. 3. Then, the degree
of the vertex (S1,t1) is dig, o5, (515 11) =
((dr)Ry @ Ry(S1, 1), ((do)Ry @ Ra(S1, 1), ((dy)Ry @ Ra(S1, 11), ((dr)Ry @ Ra(S1,11)) =
(0.8,1.(?,1.1:1.1), and theA totzjl degree of t?e \iertex (S1.t1) i tdg g, (S1,t1) =
((tdr)Ry @ Ro(S1,t1), ((tdo)Ry @ Ra(S1,t1), ((tdy )Ry @ Ro(S7, 1),

((tdp)Ry @ Ry(S1,t1)) = (1.4,1.5,1.8,1.8). Similarly the degree and the total degree of the
remaining vertices is given by:

dg i, (S1,t2) = (0.7,1.0,1.0,1.0), tdys o (S1,82) = (L1,1.5,1.7,1.7),dg o (S1.t3) =
(0.9,1.0,1.1,1.1), tdgz s (S, t3) = (1.4,1.4,1.8,1.8), dg o5, (Sg,tl) =
(1.7,1.7,2.2,2.2), tdy; 5 (S, t1) = (2.1,2.2,2.8,2.8), dyg_ e (Sa,12) = (1.5,1.7,2.0,2.0),

tdy op,(S2.t2) = (1.9,2.2,2.6,2.6), dy .z (S2,t35) = (1.8,1.9,2.2,2.2),tdy; .z (Sa,t3) =
(2.2,2.3,2.9,2.9), dg . (53, 1) - (0.9,0.7, 1.1, 1.1), tdgz s (S5, t1) =
(1.3,1.0,1.7,1.7), dg s, (S3,t2) = (0.8,0.7,1.0,1.0), tds s (S3,2) = (1.2,1.0, 1.6, 1.6),

di o, (S3.13) = (09 08 1.1,1.1), tdy s, (S3,83) = (1.3,1.1, 1.7, 1.7)

tdg
tdg

Definition 3.21. (Maximal Product)
Let Ry = (5\1,/11) and Ry = (5\2,;}2) be two FQNGs of the graphs G; = (V,E;) and Go
= (Vy,Ey), respectively. Then the maximal product of R; and R, is denoted as Ry x Ry =
(A1 % Ag), (fi1 * fi2) and is defined as follows:
i)V (xy) € Vi x Va, Aq, # Mg, (2,9) = Mg, (2) A A, (9),
ey * Ac, (,9) = Acy (%) A A, (),
Ay, * A, (2,9) = Ay, (2) V Au, (1),
indent 5\]}?1 * S\]FQ (z,y) = 5\1@1 (z)V 5\1@2 (y).
i) Vx € Vy and (y,2) € Eq,
a) jir, * fir, (2, 9), (2, 2)) = Ar, (@) A Ay (y, 2);
b) fic, * fic, (%, 9), (2, 2)) = Ac, (2) A A, (9, 2);
¢) fuu, * fiv, ((,9), (z,2)) = v, (2) V A, (v, 2);
d) fim, * fir, (2, 9), (2,2)) = Ar, (2) V A, (9, 2)-
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Example 3.22. Consider two FQNGs M; and My of the graphs G; and Go respectively as
shown in Figure 4a and Figure 4b. The rejection Ml * Mg of M[l and Mg is shown in Fig. 4.

(4.3.2.1)
(3.5.4.2)
{ a ':. 2 ":,
p s
N &
Lh r
x N
; &
{55 (3 jt=®dW [y )
¥ i (3.4.5.6) (2.1,4.9)
Fig. 4{a) FQNG MM, Fig. 4{b) FQNG IM,

{-3:-'3_ ’-'%:-2)

. : (.1,3.5..6)
I:--_ {3, Z).-:I
<)
v
(@9
e (\1.3.5..6) e
(3.3.5.6) (3.4.5.6)

Fig. 4 FQNG M, » M,

Ramya M, Murali S, Radha R, Princy R, A Note On Different Types of Product of
Fermatean Quadripartitioned Neutrosophic Graphs



Neutrosophic Sets and Systems, Vol. 97, 2026 ﬁ

Theorem 3.23. Let Ry and Ry be two FQNGs of the graph’s G and Gy respectively. Then,
the maximal product R% * RQ of Rl and Rg is a FQNG.

Proof. Let R; = (5\1,/)1) and Ry = (5\2,/12) be two FQNGs of the graphs G; = (V1,E;) and
Gy = (V3, Ey), respectively.
i) Let ay € Vq and (91,01) € Eo. Then :
firy * fir, ((a1,71), (@1, 61))
= Ar, (1) A Ary (71, 61)
= (Ary (1) A dg, (1) A Ay (1))
= (A, (@1) AAm, (1)) A (A, (1) A A, (61))
= (Ar, # Ary)(a1,m)) A (Ary * Ary) (a1, 61))

fic, * fic,((a1,71), (a1,61))
= A, (a1) A Ag,(71,61)
= (Acy (1) A Ae, (1) A Ay (61))
= (Acy (1) A Ae, (7)) A (A, (1) A A, (61))
= (Ac, * Acy)(a1,m)) A (A, * Agy) (a1, 61))

i, * fiu, ((e1,m), (a1, 01))
= A, (1) V Ay, (11, 01)
= (Ap, (1) VS\UQ(%) V A, (61))
= (A, (1) V Au, (1) V (A, (1) V A, (61))
= (A, * Awy)(a1,71)) V (A, * Au,)(ar, 81))

fir, * fir, ((1,71), (o1, 01))
= Ar, (a1) V g, (71, 01)
= (Ar, (@1) V A, (11) V Ary (61))
= (Ar, (1) V A, (1)) V (A, (1) V Ar, (61))
= (Ar, * Ar,)(@1,7) V (Ar, * Ar,) (a1, 61))
ii) Let (a1,31) € E; and 71 € Va. Then :
firy * firy ((@1,71)5 (B1,71))
= jir, (a1, 1) A Az, (1)
= (A, (1) A (Ar, (B1) A Ary (1))
= (A, (1) Ay (1)) A (Mg, (B1) A Az, (1))
= (A, * Any) (a1, 7)) A (Ar, * Ar,)(B1,71))
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fic, * fic, ((o1,71), (B1,71))
= fic, (a1, B1) A Agy (1)
= (Acy (1) A (A, (B1) A Agy ()
= (Acy (1) A de, (1) A (A (BL) A Aey (1))
= (Acy * Acy)(e1,7m)) A (A, * Ac,)(B1, 7))

fu, * fu, ((a1,7), (B, m))

= fuw, (a1, B1) V Au, (1)

= (Av,(01) V (A, (B1) V Agy (1))

= (A, (1) V Aw, () V (A, (B1) V A, (1))
= (Ao, * Av,) (a1, m)) V (A, * Auy) (B, 1))

fiw, * fur, ((01,71), (B1,7))
= jir, (01, B1) V Ay (1)
= (A, (1) V (Ar, (B1) V Ary (1))
= (5\]& (1) V 5% (1)) vV (5\1171 (B1) V 5\]Fz (7))
= (Apy * Ap,)(1,7)) V (Aey % Aw,) (B1, 7))
This completes the proof.

Definition 3.24. (Degree of the Maximal product of two FQNGs).
Let Ry = (5\1,/11) and Ry = (;\2,,&2) be two FQNGs of the graphs G; = (V1,E;) and Gy =
(Va,E9), respectively. For any vertex (aq,31) € Vi x Va:
(dr)g, g, (@1, B1)
= D (an,1),(71.61)) B xEy ATy * fimy (a1, B1), (71, 61))
= Y a1=m1€V1,(Br,61)€Es A, (1) A firy ((B1,01) +
D (1,7 €Ey,B1 =61 €V, ATy (01, 71) A A, (1)
(de)g, g, (1, B1)
= D (a1, 1), (v1.01))€E1 xE, FiCy ¥ fics (@1, B1), (71, 61))
= Y a1=m1€V1,(Br,61)€Es Ac, (a1) A ficy ((B1,61) +
Z(alql)eEl,ﬁlz(SleVQ fic, (01,71) A Ay (1)
(dv)g, .5, (1, B1)
= 2 (a1,1),(v1.01)) B xEy iUy * fws (@1, B1), (71, 61))
= 3 eV (Br1)eBs AU (1) V i, (B, 61) +
2 (a1 71)€EL B =61 €V, FUy (01, 71) V 5\U2 ()
(dF)g, .5, (1, B1)
= D (01,81),(y1.,61))€E1 xEy AF1 * fimy (1, B1), (71, 61))
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= Y a1=m1€V1,(B1,61)€Es A, (a1) V fir, (Br,61) +
Z(a1,'y1)EE1,,31=61 €Vy :a]F1 (041, 71) \ )‘F2 ((71)

Definition 3.25. (Total Degree of the Maximal Product of two FQNGs)
Let Ry = (5\1,;11) and Ry = (5\2,,&2) be two FQNGs of the graphs G; = (V1,E;) and Gy =
(Va,Ey), respectively. For any vertex (a1, 1) € Vi x Vy:
(tdr)g, .z, (1, B1)

= 3 (o811 1)) B xEp ATy * fimy (01, B1), (71,81)) + Ary | Ary(cut, Bi)

= Y a1=m1€V1,(B1,61)€Es Ar, (1) A fir, ((B1,01) +

> (e ) frmiyeva 11 (01,71) A AT, (1) + Ay (@) A A, (Br)
(tde)g, g, (01, B1)

= 3 (o180 1)) B B AT * fies (a1, B1), (71,61)) + A, | Ay (a, B)

= Y a1=meV1,(B1,61)€Es Acy (@1) A fic, (B1, 61) +

D (1,7 €Ey,B1 =61 €V ATy (01, 71) A Acy (1) + Acy(@1) Adg, (B1)
(tdu)g, .z, (a1, B1)

= 3 (o180 1)) B B A0 ¥ 105 (01, B1), (71,61)) + A, | A, (a, Bi)

= D a1=y1€V1,(81,01)€E> Avy (1) V fa, (B, 61) +

2 (a1,m)€Ey,B1 =61 €V, AU (1, 71) V Au, (1) + Auy (1) A Ay, (B1)
(tdr)g, g, (1, B1)

= 3 (o801 1) B xEs A1 (01, B1), (71, 61)) + Mg, | A, (01, B1)

= 3 eV (Br.1)eBs AFy (1) V i, (Br, 61) +

(a1 ) eEr sy o £ (@1,71) V Ay (71) + Ar, (01) A Ar, (B1)-

Example 3.26. We consider two FQNG M, * My as shown in Fig. 4. Then, the degree
of the vertex (a,x) is Ay, i, (@5 @) =
((dp)M; * My (a, z), ((de)My « My(a, 2), ((dy )M % My(a, z), ((dp)M; * Ma(a, z)) =
(0.6,0.7,1.5,1.8), and the total degree of the vertex (a,z) is tdy 4 (a,z) =
((tdp)M * My (a, x), ((tde)My * My(a, 2), ((tdy)My * M (a, ),

((tdp)M; * My(a,z)) = (0.9,1.0,2.02.4). Similarly the degree and the total degree of the re-

maining vertices is given by:

i, (0:7) = (0.6,0.7,1.5,1.8) tdy; o (b,w) = (0.9,1.1,2.0,2.4),dy; 1 (a,y) =
(0.5,0.3,1.5,1.6), tdy; 3. (a,y) = (0.7,0.4,1.9,2.1), dys s (b,7) =
(0.5,0.3,1.5,1.6), tdy i (b,y) = (0.7,0.4,2.0,2.1),dyz s (b, z) = (0.6,0.7,1.5,1.7),

tdy i, (0,2) = (0.9,1.2,2.0,1.9),dyz i (a.2) = (0.6,0.7,1.5,1.7) tdyz s (a,2) =

(0.9,1.0,1.9,1.9)
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4. Arithmetic Operator and Geometric Average Operator in Fermatean Quadri-

partitioned Neutrosophic Environment
Definition 4.1. Let R = (Ar_, Ac,, Au,, Ar, ) and S = (Ar,, Ac,, Au, Ar,) be two single-valued
fermatean quadripartitioned neutrosophic sets. Then, the operational relations between R and

S are defined as follows:

) R+8 = (¥, () + M, (@) = M, (@34, (0). 38, (0) + 3, (2) = 32, (@), (2),
83 (2) + N, (@) — N, (), (2,32 (2) + A%, (&) — A2, ()M, (o),
i) R-§ = <A3 (2 >A38< z), A} < JA, <m>,1%R<x>&%§<x>,A3 (a >A3 (),
i) ak = (1— (O, (2)%, 1 — (38, (2))%, 38, (2)), X2, ()%,
) &0 = (3, ()", (O, ()%, 1 O, (2)", 1 — (4, (2))"), 2> 0
Definition 4.2. Let I@’r(r = 1,2,3,....,n) be n numbers single- valued fermatean quadri-

partitioned neutrosophic sets. Then, the fermatean quadripartitioned neutrosophic weighted
arithmetic average operator of R, with weight w = (wi, we, ws, ..., w,)" is denoted by
FQNWA“’(RL Ry, R, ,Rn) and is defined as follows:
FQNWA"(Ry, Ry, Ry, ..., R,) = 37 w, R,

= (=TT (=8 (@), 1 =TTy (1= A8 @), TIm (B8 @)™, T (8, (@)™)
where 7" w, = 1.

Definition 4.3. Let Q,«(r = 1,2,3,....,n) be n numbers single- valued fermatean quadri-
partitioned neutrosophic sets. Then, the fermatean quadripartitioned neutrosophic weighted
geometric average operator of S, with weight w = (wy, ws,ws,...,w,)" is denoted by
FQNWGw(Sl, Ss, Sg, e Sn) and is defined as follows:
FQNWGY(S1,S2,S3,...,Sn) = [T, S,

= (T (B8 ()" Tl O, (@)™, (=TT (1=38, (@), (=TT (1=, (@)*™),

where [, w, = 1

Score and Accuracy Value

Let R = (;\TR, /A\%, ;\UR’ 5\%) be a single-valued fermatean quadripartitioned neutrosophic
number. Then, its score and accuracy value is denoted by S(R) and H(R), respectively, and
is defined as follows:

. 2421, +Ac. —Ay. —Arp. . . R
S(R) = %M and H(R) = (Ar, — A, ).

Comparison Between Quadripartitioned Neutrosophic Numbers

Let R and T be two fermatean quadripartitioned neutrosophic numbers on the universe
of discourse X. Then the relation between R and T is defined as follows:
i) If S(R) > S(T),R > T.
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ii) S(R ) < S(T),R < T.

iii) S(R) = S(T),R ~ T, then we consider the following cases:
)IfH( R) > H(T),R>T

b) H(R) < H(A R< fr

¢) H(R) = H(T), R

Let A = {Al,Ag, e m} be the set of alternatives and C = {Cy, Cy,...,C,, be the set of
criteria. We consider that w; be the weight corresponding to the criteria C;(j = 1,2,...,n),
such that Ej = 1"w; = 1. In the decision-making problem, the evaluation information of
the alternative Az(l =1,2,...,m) on the criteria is represented by the form of a single-valued
neutrosophic number.,

Ai = {(Cj dr (Cg) hey (Ch) Aug (C)), Ary (C5)) =0 < A% (Ch) + A2, (Ch) + A, (Cg) +
<3 | o
AFA} (C])A— 27YJ ];72): TL}

= (ATZ’J7 ACI,]’ A]IJZ’J? AIFZ’J)'
Let 95 = (AT,,» ACys AU AR, ), 1= 1,2,m, j = 12,0

Ag

Step 1 : We construct single-valued fermatean quadripartitioned neutrosophic decision
matrix:
Do = (Dij)min
= (M A AL AR (Mo A€oy AUy, ARL,) 0 (A, Acins Ay s ARy L)
(Mo s ACo1s AUs s AFsy) (AT ACagr AUsas AFaa) *+ (Mas ACo s AUs s AR, )

(Nt s ACots AUt s B 1) (Mos Az s MUpnas ABz) - (MTns AComns Mmms M)
Step 2 : We aggregate the elements of each row of the decision matrix using fermatean
quadripartitioned neutrosophic arithmetic average operator:
Ri = FQNW AY(D;1,;.2,0; 3, -+ Din)
= =TT (= @) 1 =TT (1= A%, @), T (8, (), T (8, (2))

(1 =TI (1= 38, (€)™ 1= Ty (= 38, (C)™, T (3, (€)™, T (38, (Ci)™)
Step 3: Now, we evaluate score and accuracy value of R; :
S(R;) ) ) =
2+{1—H_?:1(1—A%&_(Cj))wj }+{1—H_?:1(1—5\%A (C'))wj}—{anl(A%AA (Cj))wj}—{l_[?:l()\f%&,(Cj))wj}

4 @ %

4—1’[}-;1(1—5\%& (Cj))wj+H;L:1(1_5\% ,( NI (A U, (C ) j_Hyzl(j‘]}%A\:(Cj))wj
—_ T Z 4 1

and
H(R:) = 1- TT, (1 A8 (G — T (B ()™
Step 4 : According to score and accuracy value, we ranking Ri, i.e., Ai, i=1,2,...n

Now, using fermatean quadripartitioned neutrosophic arithmetic average operator on the
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fermatean quadripartitioned neutrosophic decision matrix, we have solved the decision - mak-
ing problem.
Step 2 : We aggregate the elements of each row of the decision matrix using fermatean
quadripartitioned neutrosophic geometric average operator.
Qi = FQNWG"(i1,42,0i3: -, Oin)
= (T (8 (@), Ty O, (@))™), 1= Ty (1= A3, (@)™, 1= T2y (1 - A%, (2))™)
= (T, (€ IEL 02, ()1 =TT = Ab, (C)*1 = TEL (-
A, (C)™,)
Step 3:
S(Qs) -

2+{H;L:1(5"‘i)‘&_ (Cj))”j}+{l_[}"‘:1(5\%& (Cj))wj}—{l—l_[?zl(l—;\%&_ (Cj))wj}—{l—l_[}f;l(l—;\%& (C5))"7}

i ) ) )

~ ~ 3 ~ ~
[T (08 (€)' +TTm (B8 ()" +IT (1=53 (€)™ +TT, (1=38_(C;)™

3

and
H(Q:) =TT (8, (C)" = 1+ T (1 - A2, ()™

Step 4 : According to score and accuracy value, we ranking Ri, i.e., Ai, i=1,2,..n.

Fermatean Quadripartitioned Neutrosophic Decision - Making Problem for the Selection of

Best

We consider a fermatean quadripartitioned neutrosophic decision - making problem for
choosing the best holiday destination from four destination. Let the four holiday destination
be D1, Do, DgandD,4. The decision - maker must decide according to the following four crite-
ria:

1. C1 is the Travel costs.

2. (5 is the Weather preferences.

3. C3 is the Available activities.

4. (C}y is the Cultural Experiences.
The weight vector of the criteria is w = (0.2,0.3,0.4,0.1). When an expert gives his/her opin-
ion about choosing holiday destination D; under criteria C7, he/she must consider that the
possibility in which the report is correct is 0.4, and the report is accurate is 0.2, the report
is not sure is 0.3 and he/she ignoring the report is 0.5. Therefore, in Fermatean Quadriparti-
tioned Neutrosophic sense it can be written as 91,1 = (0.4,0.3,0.5,0.4). If the expert considers
the four alternatives Ay, Ao, Az, A4 concerning four different criteria C1, Csy, C3, C4 we obtain
the Fermatean Quadripartitioned Neutrosophic decision matrix as follows:
Dinn = (Di)mm
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(0.4,0.3,0.5,0.4) (0.4,0.6,0.3,0.2) (0.1,0.3,0.5,0.6) (0.4,0.3,0.4,0.6)
~](05,05,04,0.3) (0.2,0.5,0.4,0.5) (0.4,0.4,0.5,0.4) (0.3,0.4,0.3,0.4)
(0.5,0.6,0.4,0.2) (0.3,0.7,0.3,0.5) (0.4,0.4,0.5,0.5) (0.5,0.6,0.4,0.1)

(0.8,0.5,0.5,0.1) (0.5,0.6,0.4,0.3) (0.2,0.4,0.6,0.7) (0.3,0.4,0.5,0.4)
By aggregating the elements of each row of the decision matrix by using fermatean quadripar-

titioned neutrosophic arithmetic average operator, we get:

R; = FQNW A®(D;.1,0i.9,0i3; - Dim)

(1Tl (1 - X13%1.(01))“% LTI (1= AR, (G, IT (N (C))™ TTa (AR (C))™)

A’L Ai
Hence :
]R 0.0391, 0.093, 0.0149, 0.345)
R 0.0459, 0.1129, 0.0114, 0.3266)

Ry 0.0895, 0.2531, 0.0114, 0.2040)

R, = (0.1625, 0.1417, 0.0342, 0.2384 ).

Now, we find the score value of R;. S(R ) = 0.4899, S(Ry) = 0.4917, S(R3) = 0.5021, S(Ry)
= 0.4984. Based on the value of S(R;) (i = 1,2,3,4), we rank the holiday destinationsD; (i =
1,2,3,4) as follows 153 - 154 > 152 > Dl. Hence the best holiday destination is ﬁg.

~—~~ o~ —~

Now by aggregating the elements of each row of the decision matrix using fermatean quadri-
partitioned neutrosophic geometric average operator:
Qi = FQNWGY(9:1,0;2,9i3, -+, Oin)
= (Lo 08, (©)" IT (A, (C)") 1 = T = A (C))"1 = T 0 -

;\3 (C)™)

= (0.0483, 0.0245, 0.1343, 0.0545)

= (0.0704, 0.0552, 0.1107, 0.0289)
Qg = (0.1220, 0.1268, 0.1107, 0.0272)
Q4 = (0.1067, 0.0650, 0.2060, 0.0502).
Now, we find the score value of R;. S(Ql) = 0.4994, S(Qg) = 0.0.4998, S((@g) = 0.0.5006,
S(Q4) = 0.4816. Based on the value of S(Q;) (i = 1,2,3,4), we rank the holiday destinationsD;
(i=1,2,34) as follows D3 = Dy = Dy = Dy. Hence the best holiday destination is Ds.

5. CONCLUSION

Graph theory is applicable in various real-world situations, including operations research,
computer networking, economics, systems analysis, urban traffic management, and transporta-
tion. However, in practical scenarios, uncertainty can arise in nearly every problem related
to graph theory. FQNG is a well-established and valuable approach in graph theory that
models uncertain decision-making issues. This paper introduces several new operations asso-
ciated with FQNG. First, we outline the definitions of regular FQNG, complete FQNG, and
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strong FQNG. Various operations on FQNG, such as rejection, symmetric difference, maximal
product, and residue product, are provided along with suitable examples, and significant the-
orems related to them are discussed. We have also covered theorems concerning total degree
and degree within these operations, supported by relevant examples. We have also developed
two new fermatean quadripartitioned neutrosophic operators (the fermatean quadripartitioned
neutrosophic weighted arithmetic average operator and the fermatean quadripartitioned neu-
trosophic weighted geometric average operator) to address the fermatean quadripartitioned
neutrosophic decision-making challenge. We applied these operators to a real-world scenario

involving the selection of the best holiday destination using FQNG.
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